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Executive Summary
Executive Summary

In 2010, a National Climate Change
Adaptation Research Plan (NARP) was
developed for the marine ecosystems
and biodiversity theme of climate change
adaptation (Mapstone et al. 2010). The
Marine NARP aims to identify priority
research questions for climate change
adaptation issues relevant to Australia’s
marine ecosystems. This NARP was
updated in 2012 (Holbrook et al. 2012) and
now in 2017.

The identification of the revised (hereafter) 2016
priority research questions was based on an
extensive literature review of the 2010 and 2012
questions received for the period 2009-2015. Original
questions that have been largely addressed, or are
no longer the highest priority, have been removed.
Other questions have been revised to reflect
refined needs, and some new questions have been
proposed. In some cases, only the highest priority
question of several alternatives has been retained.
The revised goal was to have three to four questions
in each category (including continuing, revised and
new questions) structured around:

In 2016 a drafting team undertook a review of the
National Climate Change Adaptation Research
Facility (NCCARF) Marine Biodiversity and Resources
National Adaptation Research Plan (NARP) priority
research questions. Revised (both new and 2012)
priority questions have been identified for the same
five sector-based categories as used in the previous
two NARP iterations (Mapstone et al. 2010 and
Holbrook et al. 2012). However categories are
now ordered to reflect that, without healthy and
diverse marine systems, uses of the species and
environment will also be diminished (Table A). Crosscutting questions are also identified, as in previous
iterations. The categories are:

1. Impacts and vulnerability, of relevant species,
habitats, and/or dependent sectors
2. Adaptation options and pathways to maintain
biological or human structure and function
3. Management, policy and governance
issues around adaptation – adapting
policy and governance.
The new draft questions underwent stakeholder
review and feedback between October and February
2017, and this document now includes these
updates. We thank the reviewers for their comments
and suggestions.

• Marine biodiversity and conservation
• Marine resource industries
ºº Fisheries
ºº Aquaculture
ºº Tourism
• Cross-cutting questions
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Table A. New priority research questions for the revised Marine NARP.
Marine biodiversity and conservation

Category of Q

1.1 What are the critical thresholds (e.g. warming, acidification) to ecosystem change
and how close might any ecosystems be to a potential ‘tipping point’?

Impact

1.2 Which ecosystems and species of conservation priority require adaptation
management and supporting research, based on their status, value,
vulnerability to climate change, and what are the feasible adaptation
options? How can a risk-based approach inform this prioritisation?

Adaptation

1.3 How can the barriers, limits and costs to implementing adaptation policy be overcome?

Policy & governance

1.4 How should conservation managers and planners modify their practices to
reduce or manage climate change risks and enhance adaptation options?

Policy & governance

Marine resource industries

Category of Q

Aquaculture
2.1 What are the most likely effects of climate change on key environmental variables
affecting aquaculture operations (including ocean temperature, stratification
and oxygenation, freshwater runoff or availability, and extreme wind and wave
events), and which regions are most vulnerable to such changes?

Impact

2.2 How can aquaculture businesses adapt to climate change effects either by
minimising adverse impacts or taking advantage of opportunities?

Adaptation

2.3 What are the key aquaculture policy issues that need to be addressed to enable adaptation
to climate change? How will aquaculture be affected by future climate adaptation policies
in other sectors, such as fisheries, coastal land use planning and water management?

Policy & governance

Fisheries
3.1 What options or opportunities are there for commercial fishers in identified vulnerable fisheries
to adapt to climate change effects through changing target species, capture methods and
management regime, risk management, or industry diversification, relocation or divestment?

Adaptation

3.2 What are the key fisheries policy issues that need to be addressed to enable adaptation
to climate change (e.g. dealing with fixed fishery zones when the stock distribution is
changing and development of harvest strategies that are robust to climate change effects)?

Policy & governance

3.3 How will fisheries policy be affected by future mitigation and adaptation
policies in other sectors, such as no-harvest conservation measures?

Policy & governance

3.4 How have enablers to adaptation been used and barriers to adaptation overcome? What
significant changes in fisheries have occurred before because of extrinsic factors and
what can be learned from those changes that will inform adaptation to climate change?

Policy & governance

Marine tourism
4.1 What tourism sites will be most vulnerable to climate change
and how might impacts be overcome?

Impact

4.2 How can the adaptive capacity of the marine tourism industry
be enhanced to cope with climate change impacts?

Adaptation

Cross-cutting issues
5.1 What are the key interactions across sectors, cumulative impacts and cross-jurisdictional
issues that will affect the development of adaptation strategies in each sector?

Adaptation

5.2 How can land-based and marine climate change adaptation decisions and
policies be developed and implemented so as to be mutually supportive?

Policy & governance

5.3 What are likely climate-related changes to the distribution and frequency
of marine diseases, and how can these risks be managed?

Impact

5.4 What adaptation-mitigation activities could be usefully developed
in coastal or marine areas that are potentially win-win?

Adaptation

2
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There is now widespread acceptance in Australian
society of the need to respond to climate change,
with changes in our climate already being observed
both in Australia and around the globe. For instance,
in 2015 NASA reported that the Earth’s surface
temperatures were the warmest since modern
records began in 1880. In 2016, Arctic winter sea ice
reached the lowest maximum extent in the satellite
record, replacing 2015’s record low. In Australia,
Sydney had a record run of 36 days of temperatures
above 26oC, breaking the previous record of 19 days
set in 2014. And there have been dramatic impacts
linked to these weather events: an aerial survey of
the northern Great Barrier Reef showed that 95%
of reefs were affected by bleaching during the 2016
bleaching event, and mortality is estimated at 22%.
The Australian Government has acknowledged the
need to respond to climate change by meeting its
internationally agreed targets and by supporting an
effective international response.

1.1 Global policy context
for adaptation
The global policy context is managed through
the United Nations Framework Convention on
Climate Change (UNFCCC), and sets the scene
for Australia’s response to climate change. The
principle international mechanism for climate change
response is the Paris Agreement, which emerged
from the UNFCCC Conference of the Parties in
December 2015 (COP21). The Agreement covers
both adaptation and mitigation efforts, and sets out
goals for each.

The Paris Agreement
establishes a global goal
to significantly strengthen
national adaptation efforts

For adaptation, the stated goal in the Agreement is
set out in Article 7:
Adaptation – The Paris Agreement establishes
a global goal to significantly strengthen national
adaptation efforts – enhancing adaptive capacity,
strengthening resilience and reduction of
vulnerability to climate change – through support
and international cooperation. It also recognizes
that adaptation is a global challenge faced by all.
All Parties should submit and update periodically
an adaptation communication on their priorities,
implementation and support needs, plans and
actions. Developing country Parties will receive
enhanced support for adaptation actions.
Goals for mitigation are set through the Intended
Nationally Declared Contributions (INDCs) to global
emissions reduction put forward by individual
nations. Although the Agreement states that the
target is to limit global temperature increase to
no more than 2oC above pre-industrial levels, at
the present time the sum total of declared INDCs
will most likely lead to a rise of around 2.6oC.
The agreement came into force on 4 November
2016 once it had been ratified by 55 countries
representing at least 55% of global emissions.
Article 13 of the Agreement obliges all countries to
have a transparent and robust accounting system
that will enable them to report on their actions relating
to mitigation, adaptation and support, and that will
be subject to international review. Linked to this is
a ‘global stocktake’ that will take place in 2023 and
subsequently every five years to assess collective
progress in meeting the purpose of the Agreement
The Intergovernmental Panel on Climate Change
(IPCC) is responsible for assessment of the scientific
knowledge on climate change, as a basis for the
negotiations carried out through the UNFCCC. It
prepares periodic Assessment Reports, the most
recent of which was the Fifth Assessment, published
in a number of volumes through 2013 and 2014. The
IPCC has embarked on a Sixth Assessment, due to
report in time for the 2023 global stocktake.
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1.2 National policy context for
the National Climate Change
Adaptation Research Plans
The Australian Government is committed to
undertaking and supporting adaptation to climate
change. In this context, the term ‘adaptation’ refers to
the practical actions undertaken by society to reduce
the adverse risks of climate change on human and
natural systems, as well as to harness any beneficial
opportunities that climate change may generate.
The basis for guidance on government action on
adaptation in 2016 remains the National Climate
Change Adaptation Framework (the Adaptation
Framework) that was endorsed by the Councils
of Australian Governments (COAG) in 2007. The
Adaptation Framework identifies possible actions to
assist adaptation to climate change by vulnerable
sectors and regions, such as water resources,
human health, settlements and infrastructure, and
coasts. It also identifies actions to enhance the
knowledge base that underpins climate change and
to improve national coordination of climate change
adaptation research. The Adaptation Framework
to date has catalysed a broad range of initiatives
and institutions, including the establishment of the
National Climate Change Adaptation Research
Facility (NCCARF) in 2007 followed by further funding
for NCCARF in 2014.

4

In 2015, the Australian Government developed
the National Climate Resilience and Adaptation
Strategy (the Adaptation Strategy) which outlines
the roles of governments including the critical role
to ensure the right institutional environment to
support and promote action to address climate
risks. This includes outlining the role of the Australian
Government, which is to ensure the provision of
authoritative climate science and information to
ensure that those in society can make informed
decisions and changes to their behaviour to address
climate risks. The Adaptation Strategy specifically
‘affirms a set of principles to guide effective
adaptation practice and resilience building, looks at
leading practice nationally, and considers areas for
future review, consultation and action’ (p.5). These
principles are:
1. Shared responsibility
2. Factoring climate risks into decision making
3. An evidence-based, risk management approach
4. Helping the vulnerable
5. Collaborative, values-based choices
6. Revisiting decisions and outcomes over time.
The National Climate Change Adaptation Research
Plans (NARPs) are one important route for developing
capacity by articulating the key knowledge gaps
for an evidence-based, risk management-based
approach for adaptation knowledge and action.
Also important is to outline clear direction for
investment in science, technology and innovation for
adaptation that will help to manage climate risks and
emerging opportunities.
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1.3 Background to the NARPs
NCCARF was established by the Australian
Government in 2007 (and then further funded
from 2014 to 2017) to coordinate and lead the
Australian research community in generating the
biophysical, social and economic information and
tools needed to facilitate adaptation to climate
change. A key role of NCCARF is to coordinate
the development of the National Climate Change
Adaptation Research Plans (NARPs) across a range
of priority areas. This exercise is led by NCCARF’s
National Adaptation Networks that, as communities
of researchers and practitioners, aim to connect
researchers and research users in government,
sectors and communities with a view to building
and maintaining the capacity to adapt to a changing
climate. The current National Adaptation Networks
focus on four key challenge areas in adaptation;
Natural Ecosystems; Settlements and Infrastructure;
Social, Economic and Institutional Dimensions; and
Vulnerable Communities (for more information www.
nccarf.edu.au/content/adaptation-networks)

The NARPs are research plans, addressing specific
topics, which aim to identify critical gaps in the
information required by governments, industry and
the community to develop and implement effective
adaptation responses to climate change. The gaps
that are identified by research providers, policy
makers and practitioners through this process
can be used to set research priorities. The NARPs
provide an outline for a strategic approach to priority
research aimed at informing managers, policy
makers and the public in order to facilitate better
decisions that help to maximise Australia’s potential
to adapt to climate change.
The first NARPS were developed during the period
2009-2010 and covered eight priority areas:
emergency management, human health, marine
biodiversity and resources, primary industries,
settlements and infrastructure, terrestrial biodiversity,
freshwater biodiversity and social economic and
institutional dimensions of adaptation. An Indigenous
communities NARP was developed in 2012. Several of
the NARPS were revised during 2011- 2013 and now,
in 2016, there is another round of NARP revisions. The
revisions timetable is outlined in Table 1.

Table 1: Timetable of NARP development and revision.
Original NARPs

Previous revision
of NARPs

Current revision
of NARPS

Emergency Management (2010)

Revised in 2012

-

Human Health (2009)

Revised in 2012

-

Marine Ecosystems and Biodiversity (2010)

Revised in 2012

Under revision in 2016

Primary Industries (2009)

Revised in 2013

-

Settlements and Infrastructure (2010)

Revised in 2012

Under revision in 2016

Terrestrial Ecosystems and Biodiversity (2011)

Revised in 2013

Under revision in 2016

Freshwater Ecosystems and Biodiversity (2011)

-

Under revision in 2016

Social, Economic and Institutional Dimensions (2011)

-

Under revision in 2016

Indigenous Communities (2012)

-
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1.4 Revision of the NARPs
The revision of the NARPs broadly follows
a process of four steps:
1. Appointing a writing team of topic experts
2. Reviewing the scientific literature published
since the previous version of the NARP
3. Undertaking consultation workshops with
researchers, practitioners and policy makers
4. Collating the material into an
annotated list of priorities
5. Subsequently, each of the NARP teams
has customised this process to suit
their topic and stakeholders.

6
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2. Context

The aim of the National Climate Change
Adaptation Research Plans is to identify
priority research required to inform policy
and management aimed at implementing
adaptation actions to protect Australia’s
biodiversity under a changing climate.
This process helps to identify and prioritise knowledge
gaps, suggest research to fill these gaps, strengthen
linkages between researchers and stakeholder/
end-user groups, reduce duplication of research and
maximise return on public investment in research. To
assist this process, our analysis provides a significant
review and consultation process in order to identify
research gaps, stakeholders and research provider
needs, and collaborative possibilities and synergies,
thereby delivering a valuable resource for terrestrially
focused research providers and end-users.
The Marine Biodiversity and Resources NARP
(Marine NARP) delivers a resource for research
providers by helping to locate relevant research
information more efficiently, and by ensuring that
proposed research is strategic and targeted at the
needs of the end-users. It provides a resource for
end-users by delivering a repository of biodiversity
research prioritisation by identifying the areas of
research where stakeholder interests overlap. Finally,
the report can also be used by funding bodies to
help guide the prioritisation of resources into future
marine biodiversity research.
To develop the 2017 updates of the Marine NARP,
the Natural Ecosystems Network organised a review
and writing team. This team reviewed the previous
NARPs (the original NARP in 2010 and the update in
2012) and identified research priorities and changes
given the progress in knowledge and research since
the date of the last NARP update.

This document updates the 2012 review, by
quantifying the coverage of questions over the
period 2009-2015, and qualitatively describing the
literature published since the last review (including
literature published in 2016). The literature review
is structured in a manner that reports against
the research questions that were updated in
Holbrook et al. (2012). Based on the total body of
published literature since January 2009 and projects
completed, the remaining priority questions are
identified. As with the original questions from 2010,
the same sectoral theme areas and a fifth crosscutting theme are retained. These themes are:
1. Aquaculture
2. Commercial and recreational fishing
3. Conservation management
4. Tourism and non-extractive recreational uses
5. Cross-cutting issues.
In considering the body of work funded as part of
the Marine NARP, this review draws heavily on a
recent review by Creighton et al. (2015) covering
the Australia-wide program of research into marine
biodiversity and fisheries with a focus on the
opportunities for policy and management. They
generated a checklist of thirteen elements to steer
progress towards improving marine policy and
management in three broad areas: preconditioning;
future proofing; and transformational changes and
opportunities.

The Marine NARP (Mapstone et al. 2010) identified a
series of priority questions relevant to climate change
adaptation for Australia’s marine biodiversity and
resources. These questions were reviewed in 2012
by Holbrook and Johnson (2012) who provided the
first review of literature relevant to these questions,
identified relevant funded projects and identified
some key existing knowledge gaps, and then
updated the priority questions (Holbrook et al. 2012).

National Climate Change Adaptation Research Plan | Marine biodiversity and resources
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Methods: literature review
The drafting team examined the marine climate
change literature for Australia and sought to identify
the contribution of a large research programme,
the NCCARF’s National Adaptation Research
Programme, to this body of literature. This was
achieved by considering the frequency of literature
addressing the key questions regarding impacts and
adaptive capacity for Australian marine communities
under climate change from the primary scientific
literature [Web of Science (WoS) literature search]
and from the specific Marine NARP funded projects
(a list provided in Creighton et al. 2015).
The team specifically ask whether conventional
scientific research endeavours are addressing the
key issues of climate change for marine sectors
(aquaculture, fisheries, conservation, tourism
and cross-cutting themes), or whether strategic
investment in research via a large structured
research programme is required to specifically target
the key climate change questions for the Australian
marine environment.
Comparison of conventional versus targeted
literature across the key questions of climate
change was performed by examining two discrete
periods, firstly during the period 2009 to 2011
‘before’ the implementation of the large targeted
NARP research programme and covering the period
reviewed by Holbrook and Johnson (2012), and
secondly ‘after’ the period unique to this review
and covering the implementation of NARP projects
from 2012 to 2015. In addition, the literature was
scored for the breadth in terms of the taxonomic
groups considered, plus study types (e.g. lab, field
or modelling studies), marine realms, habitats, and
life-stages for example (for full list of 45 breadth
categories see Appendix 1). Contrasts in literature
type and breadth between periods, plus trends
through time (by year) for climate change related
research for Australia was also performed and gaps
in research coverage, either against key questions
or research breadth, were identified.

8

Literature addressing issues of climate change for the
Australian marine environment was searched using
the WoS database and the open online search tools
for the period 1 Jan 2009 to 31 December 2015
– thus seven years of data for analysis. Returned
records were screened for appropriateness (i.e.
those meeting the minimum criteria of Australian,
marine and climate change): they were compiled and
then categorised according to whether or not they
addressed, in some capacity, at least one or more
of the set of 31 key NARP questions (Appendix 2).
Literature claiming to ‘have implications for climate
change’ was excluded unless a mechanistic link to
particular climate change stressors was made or
inferred by the study.
Literature was managed with endnote reference
software and with an excel database. The WoS
search was based on keywords (25 words from
the key questions are listed in Appendix 1). A focal
journal approach (where all publications in say 10
journals are screened over the seven year period)
was not used due to the suspected spread of
journals in use.

Summary of literature
review findings
The keyword search returned a total of 4,839
publications. These were screened for relevance
to this review by first reading the title and then the
abstract for clarification. Eliminated topics included
paleo, international research not including Australian
specific, terrestrial/freshwater, superficial reference
to climate change (e.g. ‘these results will have
implications for climate change’ without providing a
clear link as to why this is the case).
The structured WoS literature search returned 4,839
records in total across all searches to yield 404
(8.35%), relevant scientific articles addressing marine
climate change in Australia spanning aquaculture,
fisheries, conservation, and tourism sectors. Split
by period 1 (2009-2011) and period 2 (2012-2015),
the total number of articles were 123 and 281
respectively. The 404 articles were from 160 different
journals with 50% of all articles coming from 18
journals; the five journals supplying most articles in
descending order were Plos One, Global Change
Biology, Marine Ecology Progress Series, Marine &
Freshwater research and Marine Biology (Figure 1 –
full figure available on request).
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The drafting team did not consider grey literature
which is not comprehensively collated in WoS or
other search engines, with the exception of the
Fisheries Research and Development Corporation
(FRDC)/Department of Environment and Energy
(DEE)/NARP specific grey literature. This choice
does mean that some known grey literature may be
missed, for example additional output from the FRDC
competitive grants program may have been relevant.
The team noted that both the included and notincluded grey literature also produced peer reviewed
papers arising from the same project. While delays
in publishing after completion of research can occur
(Cvitanovic et al. 2014 – 40 months), the NARP
research projects did see faster publishing times
due to a push by the funders to focus on publishing
outputs. However, the team concedes that a number
of the funded projects may have outputs counted
in both primary and grey categories but considers
the instances of such double counting to be minor.
The alternative would have been to eliminate grey
literature entirely, which would have missed the
NARP project reports which specifically addressed
the research questions.
• Period 1: three reports (with three
associated primary publications)
• Period 2: 23 reports (with 45
associated primary publications)

To estimate the efficiency of our structured WoS
search, the structured search was compared to
the semi-structured journal and author search by
Holbrook and Johnson 2014 (H&J) who reviewed
Australian marine resources and biodiversity climate
change literature for the period 2009-2011. Over
the same period, the H&J literature search returned
174 articles. Eliminating grey literature (which our
method did not cover) and general international
studies resulted in a total of 77 papers from H&J.
Our structured WoS search identified 57 (i.e. missed
20) of these 77 papers (74% success). However,
based on WoS searches using the author, title and
keywords for these 20 missing papers, we could not
locate 14 of these, indicating they were not indexed
in WoS. Eliminating these 14 papers (i.e. 77 - 14
= 63 papers), we failed to locate only six papers; a
success rate of 90.5%. Thus, we consider that our
systematic and repeatable WOS search located 7490.5% of the relevant literature in H&J. Conversely,
our WoS search located a total of 123 papers,
thus the semi-structured approach of H&J missed
46 papers in our set (37.4%, 123 - 77 = 46). If our
search that yielded 123 papers represented 7490.5% of the literature, then the complete Australian
literature in the period 2009-2011 is between 136
-166 papers. Although we cannot test our sampling
approach for the second period of time (2012-2015),
assuming the same search efficiency, our full sample
should be suitably robust for analysis of trends.

Figure 1: Rank and cumulative contribution of different journals to publications on the returned literature
following WoS search focussed on Australian marine climate change, 2009-2015. Top five journals listed in the
text. Figure available on request from lead author.
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3. Summary of knowledge gaps
addressed in NCCARF Phase 1
3. Summary of knowledge gaps

The first Marine NARP (Mapstone et al.
2010) identified research knowledge gaps
with respect to helping marine systems
adapt to climate change, and developed
priority research questions to enable
researchers to focus their efforts on filling
these gaps.

The 26 NARP-funded research projects were
undertaken in the period 2010-2015, and are
described in the following sub-sections of the
literature review. All reports are available from the
FRDC website (http://www.frdc.com.au/research/
final-reports/Pages/default.aspx). The reports
covered each of the five categories of priority
questions, with many projects addressing questions
in more than one category. In total, aquaculture was
covered by five, fisheries by 17, conservation by
11, tourism by six, and crosscutting issues by 12
projects, respectively (Table 2).
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Table 2: Summary of 26 NARP-funded research projects for the period 2010-2015. Key findings are taken
from Creighton et al. (2016). Relevance to each of the five categories is noted by a check. These reports are
available from http://frdc.com.au/research/final-reports/Pages/default.aspx.

Project focus

Project title

Oceanographic
environment

Understanding the biophysical implications of climate change in South
Eastern Australia: Modelling of physical drivers and future changes

Aquaculture

Ensuring the Australian oyster industry adapts to a changing climate: a natural resource
and industry spatial information portal for knowledge and informed adaptation frameworks

Fisheries and
aquaculture

Development and testing of a national integrated climate
change adaptation assessment framework

Fisheries and
aquaculture

Vulnerability of an iconic Australian finfish [barramundi, Lates calcarifer]
and related industries to altered climate across tropical Australia

Fisheries

Growth opportunities for Australian fisheries and aquaculture under climate change

Fisheries

Risk assessment of impacts of climate change for key species in South Eastern Australia

Fisheries

Identifying management objectives hierarchies and weightings
for four key fisheries in South Eastern Australia

Fisheries

Identification of climate-driven species shifts and adaptation options for
recreational fishers: learning general lessons from a data rich case

Fisheries

Management implications of climate change effect on fisheries in Western Australia

Fisheries

Effects of climate change on reproduction, larval development and
population growth of coral trout [Plectropomus spp]

Fisheries

Implications of climate change on fisheries resources of northern
Australia – vulnerability assessment and adaptation options

Fisheries

Implications of climate change for recreational fishers and the recreational fishing industry

Fisheries

Preparing fisheries for climate change – assessing alternative adaptive
options for four key fisheries in South Eastern Australia

12
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Fisheries

Conservation

Tourism

√

√

√

√

There is a common need to access information that is
both locally relevant and nationally positioned

√

Adaptation frameworks should foster decision strategies based on a
combination of fishery performance and human socioeconomic performance
Both wild caught and cultured barramundi are likely to extend south in
range and total population and it is recommended that resource planners
begin to implement various scenarios into fisheries planning models

√

Cross cutting

Aquaculture

Development and improvement of the existing physical models
is not a roadblock to further fishery adaptation planning

Key finding

√

√

√

Stronger connection between different sectors and
segments in the supply chain confers resilience

√

Fisheries managers need to be proactive in positioning themselves to
undertake a strategic and structured approach to adaptation planning

√

It is important to articulate the objectives of fisheries management
as an early step in fisheries adaptive management and of integrating
climate change driven changes into this process

√

Long-term fisher collected data sets offer opportunities to
investigate complex interactions between species-level change,
environmental signals and anthropocentric impacts

√

Monitoring of key environmental variables and habitat is essential to enable
early detection of changes in abundance and therefore allow for proper
assessment and management recommendations before fishing takes place

√

Recognising the sensitivity of coral trout to increasing temperature, ocean acidification
and climate – induced habitat degradation the imperative is to understand how these
affect will manifest in terms of the productivity and sustainability of wild fisheries

√

Appropriate adaptation must include detailed analysis of options;
prioritisation of adaptation responses; impact assessment and profitability
analysis for indigenous. Recreational and commercial fishers; and detailed
specification of the pathways and actions to be implemented

√

Management activities that assist in ensuring resilience of fish populations
will be a useful first strategy in responding to a changing climate

√

The design, application and review of management strategies will require
improved understanding of biology such as recruitment dynamics and
ecology; increased monitoring of key biophysical attributes and stocks to
populate models; harvest strategies that deliver sustainable economic yield;
and extension of model outputs into management decision making

√

√

√
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Project focus

Project title

Fisheries
and marine
biodiversity

Potential futures for Australia’s South Eastern marine
ecosystems, quantitative Atlantis projections

Fisheries
and marine
biodiversity

Revitalising Australia’s Estuaries

Fisheries
and marine
biodiversity

Estuarine and nearshore ecosystems – assessing alternative adaptive management
strategies for the management of estuarine and coastal ecosystems

Marine
biodiversity

Human intervention options for seabirds and marine mammals under climate change

Marine
biodiversity

Changing currents in marine biodiversity governance and
management: responding to climate change

Marine
biodiversity

Adaptive management of temperate reefs to minimise effects of climate change:
Developing new effective approaches for ecological monitoring and predictive modelling

Marine
biodiversity

Pre-adapting a Tasmanian coastal ecosystem to ongoing climate
change by reintroducing a locally extinct species

Marine
biodiversity

Adapting to the effects of climate change on Australia’s deep marine reserves

Carbon
sequestration

Comparative sequestration and mitigation opportunities
across the Australian landscape and its land uses

Coastal tourism
and amenity

Beach and surf tourism and recreation in Australia: vulnerability and adaptation

Community led
adaptation

A marine climate change adaptation blueprint for coastal regional communities

Knowledge

Climate change adaptation: Building community and industry knowledge

14
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Cross cutting

Tourism

Conservation

Fisheries

Aquaculture

Key finding

Integrative adaptive management across all users of the marine and coastal
environments is the most effective means of maintaining sustainable, desirable
and productive marine ecosystems under all levels of global change

√

√

The return on investing in restoration ecology of Australia’s
coastal ecosystems well exceeds the benefits accrued from all
prior major Australian initiatives in environmental repair

√

√

√

Ensuring ecosystem robustness and resilience are maintained at
whole-of-resource scale is essential to ensure public good outcomes

√

√

√

Direct interventions exist and must be tested for efficacy

√

Common challenges are improving knowledge of the social-ecological system;
stakeholder communication and information; improving capacity to deal with
uncertainty and complexity; preparedness for change; lack of broad public
and political support for the values of marine biodiversity; and integration
and coordination gaps amongst and across government agencies

√

√

Long-term monitoring is essential for detecting and describing
change and informing appropriate management responses

√

√

√

√

A comprehensive decision framework is essential to
assess conservation translocation proposals

√

Adaptation strategies involving assisted translocation and the use of
artificial substrates may be required to conserve the cold water coral
reefs that characterise seamounts in the South East Marine Reserve

√

Carbon storage and sequestration in coastal ecosystems provides an additional
tool to mitigate globally; an opportunity to strengthen socioeconomic resilience
of Australia’s coastal communities and industries; avoids significant emissions
from ecosystem degradation; and supports wetland conservation efforts

√

Coastal managers will need to utilise a menu of adaptive management strategies to
minimise the economic losses associated with climate change impacts on beaches

√

√

Key components of community response include working within a boundary
organisation; integrating climate change with other stressors; combining
biophysical and human dimensions; being inclusive and encompassing the
entire marine community; combining qualitative and quantitative approaches;
and ensuring access to up to date information and research findings

√

√

√

√

√

To increase knowledge uptake requires specialised understanding and approaches

√

√

√

√

√
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As an overall summary for each question category,
the trend in publications over time is shown for
each question. In most cases there is a drop for
2015, which means that NARP funding mattered: a
decline in funding for these questions led to a decline
in publications, the question has been answered
and so there is now a decline general literature, or
the literature for 2015 was incomplete when the
databases were searched in March 2016. The last
explanation is most likely, and so the trend for 2015
should be cautiously interpreted, and thus the ‘2015
pattern’ was not used in determining if the question
had been addressed sufficiently. The review focused
on Australian papers, and where appropriate,
comments on the type of studies that have been
completed, such as empirical, model-based, method,
review, or meta-analysis papers. Each section
concludes with a statement regarding the ongoing
importance of each question as a funding priority.
Overall, the impact questions in each category
have received more attention than the management
application questions (Figure 2). For fisheries,
conservation, and marine tourism the literature
frequency distribution slopes from left (with impact
questions) to the right with adaptation management of
policy questions. In aquaculture the spread was more
balanced with all questions receiving approximately
equal attention. This pattern was observed in both the
2009-2011 period (reviewed by Holbrook & Johnson
2012) and the 2012-2015 period which is the present
review period.

250

a.

2009-2015

b.

2009-2011

200
150
100
50
0
100

No. articles

The following sections summarise the primary literature
and NARP reports that address each question (see
Table 2). This review builds on Holbrook and Johnson
(2012) and the Holbrook et al. (2012) NARP update,
which updated information presented in Mapstone et
al. (2010). This is not a comprehensive review of all
material that is relevant to each question, but provides
higher level comments and cites limited key or
example literature only. The references are listed below
each section to facilitate easier review and access to
key material.

The contribution of the NARP literature against each
question was more balanced than in the general
literature suggesting that NARP projects paid more
attention to application of the research than the
general scientific literature (Figure 2D). The overall
pattern suggests that increased attention needs to be
focused on the application of research to management
and policy questions. This need is also reflected in our
revision of the priority questions.
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The priority research questions aim to identify
critical questions for research required by
governments, industry and the community to
develop and implement effective adaptation
responses to climate change.
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Figure 2: Frequency histogram of the number of
articles addressing the key marine climate change
questions (1.1 – 4.7) within the sectors of aquaculture,
fisheries, conservation and tourism for (a) whole
literature review period from 2009 to 2015, (b) the
‘before’ NARP period, (c) the ‘after’ NARP period,
and (d) the proportion of articles addressing the each
question within the NARP and non-NARP literature.
Note the y-axis differs between each panel to clearly
show the pattern of research across each topic.
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4.1 Aquaculture
Of the six original aquaculture research questions
(Appendix 3), 1.1 and 1.2 received the most
attention, and 1.4 the least (Figure 3). Research
output increased slowly, peaking in 2014, and then
the decline is more apparent in 2015, which is likely
due to incomplete databases when the literature
search was conducted.

Figure 3: Publications addressing the aquaculture
priority questions published in the years 2009-2015.
Source: Figure available on request from lead author.
4.1.1 Farmed species
Which farmed species in which locations
are most likely to be impacted as a result of
climate change?
Aquaculture of marine species in Australia occurs
on land in ponds and tanks, in brackish, coastal and
fully marine waters. Climate change can influence all
of these operations, with temperate locations most
susceptible to increasing water temperature (Hobday
& Poloczanska 2010), while coastal land-based
operations in low-lying coastal areas are likely to be
impacted by increased flooding due to storm surge
and more extreme rainfall events (Hodgkinson et al.
2014; De Silva & Soto 2009). Projections of greater
and accelerated ocean warming on Australia’s east
coast and in the Tasman Sea, and the strengthening
of the East Australian Current (EAC), are likely to
impact on the growth rates of many species and
to change the location of suitable environments for
aquaculture (Hobday & Poloczanska 2010, Kelly et
al. 2015), and impact the coastal communities that
depend on aquaculture for economic and social
returns (van Putten et al. 2014).

18

Increasing water temperature are of primary concern
in temperate waters, as these increases could
exceed the optimal temperature range of species
currently cultured in temperate locations (De Silva
& Soto 2009). Aquaculture production in southern
cooler waters, particularly around Tasmania, is of
particular concern, with the salmon industry most
at risk since this species is already farmed near
its upper thermal limit during summer months
(Battaglene et al. 2008). Southern bluefin tuna are
another cool water species captured and farmed
in South Australia and likely to be impacted by
increasing water temperature (Eveson et al. 2015).
Doubleday et al. (2013) developed and tested a
method for assessing the risk of climate change
to aquaculture species and industries. The semiquantitative risk assessment was applied to seven
major industries and showed that oysters farmed
from wild spat (Sydney rock oysters Saccostrea
glomerata) were at most risk from climate change,
with warm temperate hatchery-based finfish species
(yellowtail kingfish Seriola lalandi) least at risk. This
study provides critical guidance for scientists,
resource managers and stakeholders for future
research, both in addressing key knowledge gaps
and focussing the development of more detailed risk
analyses for high risk aquaculture industries. While
the focus was south-east Australia the method can
be applied anywhere. Jerry et al. (2014) considered
a specific species, barramundi, and provide an
example of how to assess impacts once priority has
been determined using, for example, the Doubleday
et al. (2015) screening method.
References
Doubleday, Z. A., Clarke, S. M., Li, X., Pecl, G.
T., Ward, T. M., Battaglene, S., ... & Jennings, S.
M. (2013). Assessing the risk of climate change
to aquaculture: a case study from south-east
Australia. Aquaculture Environment Interactions, 3(2),
163-175.
Eveson, J. P., Hobday, A. J., Hartog, J. R., Spillman,
C. M. & Rough, K. M. (2015). Seasonal forecasting
of tuna habitat in the Great Australian Bight. Fisheries
Research, 170, 39-49.
Hodgkinson, J. H., Hobday, A. J. & Pinkard, E. A.
(2014). Climate adaptation in Australia’s resourceextraction industries: ready or not? Regional
Environmental Change, 14(4), 1663-1678.
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Jerry, D.R., Smith-Keune, C., Caton, A.G., Pirozzi,
I., Hodgson, L., van der Waal, J. & Hutson, K.S.
(2014). Vulnerability of an iconic Australian finfish
(barramundi, Lates calcarifer) and related industries
to altered climate across tropical Australia FRDC
2010/521.
Kelly, P., Clementson, L. & Lyne, V. (2015). Decadal
and seasonal changes in temperature, salinity,
nitrate, and chlorophyll in inshore and offshore waters
along southeast Australia. Journal of Geophysical
Research: Oceans, 120(6), 4226-4244.
van Putten, I., Metcalf, S., Frusher, S., Marshall,
N. & Tull, M. (2014). Fishing for the impacts of
climate change in the marine sector: a case
study. International Journal of Climate Change
Strategies and Management, 6(4), 421-441.
4.1.2 Environmental variables for aquaculture
What are the most likely effects of climate
change on key environmental variables
affecting aquaculture operations, including
ocean temperature, stratification and
oxygenation, freshwater runoff or availability,
and extreme wind and wave events and which
regions are most vulnerable to such changes?
The key environmental variables affecting aquaculture
have been identified for some time (Lough & Hobday
2011, Lenton et al. 2016), such as extreme water
temperatures and shifts in temperature regimes that
are likely to affect growth, survival and abundance
of various aquaculture species. South-east Australia
is a climate warming hotspot (Hobday & Pecl 2014),

while extreme events occur all around Australia
(Hodgkinson et al. 2014, Oliver et al. 2015). Recent
work on marine heatwaves has shown the frequency
and impact of these extremes is rising (Oliver et al.
2014). Extreme sea surface temperatures (SSTs)
are projected to increase in the Tasman Sea with
a greater than 50% chance that annual maximum
SSTs will increase by at least 2°C in this hotspot.
This change is significantly different than that which
might be expected because of random chance in an
unchanged climate.
The impacts of ocean acidification in aquaculture
are less certain, and remain a subject of interest for
vulnerable life history stages of calcifying organisms.
Acidification of estuarine waters can also be
caused by runoff from acid sulphate soils (ASS),
which occurs on floodplains worldwide. Calcifying
organisms exposed for even short periods (one to
two months) to runoff from ASS suffer 80% mortality
and slowed growth. Sampling within three estuaries
of New South Wales, Australia, showed that the
oyster Saccostrea glomerata and gastropods were
less abundant at ASS-affected sites compared to
reference sites. However, even at ASS-affected
sites, oyster and gastropod abundances were
within the range encountered in control estuaries
(Amaral et al. 2011). These land-derived effects
have largely been ignored, and may need attention
in some areas. Richards et al. (2015) examined the
implications of ocean acidification (OA) on prawn and
scallop fisheries in Queensland and compared the
adaptive capacity of wild and aquaculture fisheries,
showing that wild populations of prawns and
scallops appear to be more vulnerable to OA and
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climate-induced stresses than aquaculture-based
populations. They note that aquaculture is likely to be
more viable in the long term than the wild fishery as
aquaculture facilities allow water quality monitoring
and modification to avoid excessive exposure to
temperature and acidification changes in the ocean.
Disease, potentially related to climate change, has
also emerged as a real threat in recent years (Leung
& Bates 2012), and needs more attention. There
have been several examples of disease outbreaks
in south-eastern Australia, which have threatened
aquaculture operations.
References
Amaral, V., Cabral, H. N. & Bishop, M. J. (2011).
Resistance among wild invertebrate populations to
recurrent estuarine acidification. Estuarine, Coastal and
Shelf Science, 93(4), 460-467.
Hobday, A. J. & Pecl, G. T. (2014). Identification of
global marine hotspots: sentinels for change and
vanguards for adaptation action. Reviews in Fish
Biology and Fisheries, 24(2), 415-425.
Kelly, P., Clementson, L. & Lyne, V. (2015). Decadal
and seasonal changes in temperature, salinity, nitrate,
and chlorophyll in inshore and offshore waters along
southeast Australia. Journal of Geophysical Research:
Oceans, 120(6), 4226-4244.
Lenton, A., McInnes, K. L. & O’Grady, J. G. (2015).
Marine projections of Warming and Ocean Acidification
in the Australasian Region. Australian Meteorological
and Oceanographic Journal 65(1), 1-28.
Leung, T. L. & Bates, A. E. (2013). More rapid and
severe disease outbreaks for aquaculture at the
tropics: implications for food security. Journal of
Applied Ecology, 50(1), 215-222.
Lough, J. M. & Hobday, A. J. (2011). Observed
climate change in Australian marine and
freshwater environments. Marine and Freshwater
Research, 62(9), 984-999.
Oliver, E. C., Wotherspoon, S. J., Chamberlain, M. A. &
Holbrook, N. J. (2014). Projected Tasman Sea extremes
in sea surface temperature through the twenty-first
century. Journal of Climate, 27(5), 1980-1998.
Richards, R. G., Davidson, A. T., Meynecke, J. O.,
Beattie, K., Hernaman, V., Lynam, T. & van Putten, I.
E. (2015). Effects and mitigations of ocean acidification
on wild and aquaculture scallop and prawn fisheries in
Queensland, Australia. Fisheries Research, 161, 42-56.
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4.1.3 Policy changes for aquaculture
What are likely policy changes driven by climate
change that will affect aquaculture businesses
either directly through changes in access
to suitable locations, and natural resources
such as freshwater or marine-based feeds or
indirectly because of changes in harvest marine
policies, affecting feed supplies or non-marine
climate adaptation and mitigation policies?
As noted by Holbrook and Johnson (2012), the major
gap in knowledge for adaptation policy remains the
lack of long-term planning and zoning decisions on the
ability of aquaculture operations to relocate to more
suitable locations, either landward or to new sites.
There has been emphasis in both research and
adaptation efforts on the production end of
supply chains with impacts further along the chain
generally overlooked (Hobday et al. 2014, 2015).
Lim-Camacho et al. (2015) argued that a holistic
biophysical and socio-economic system view of
seafood industries, as represented by end-toend supply chains, may lead to an additional set
of options in the face of climate change, thus
maximizing opportunities for improved fishery
profitability, while also reducing the potential for
maladaptation. They showed there were a range of
actions targeting different stages of the supply chain,
although most were related to the production end of
the supply chain. There are chain-wide adaptation
strategies that can present win-win scenarios, where
commercial objectives beyond adaptation can also
be addressed alongside direct or indirect impacts
of climate. Likewise, certain adaptation strategies
in place at one stage of the chain may have varying
implications on other stages of the chain.
Aquaculture businesses are seeking to reduce
dependence on wild-caught feed, driven by social
and market pressures more than climate change
(Farmery et al. 2015). Policy changes aimed at
reducing greenhouse gas emissions have lapsed
in recent years (e.g. carbon tax) and so costs
that increase the cost of production, packaging
and distribution activities have not yet occurred
(Cochrane et al. 2009). In preparation for carbon
emission labelling, the energy budget of some
products such as lobsters and prawns has been
derived (e.g. Farmery et al. 2015, van Putten et al.
2015), and the industry is probably ahead of the
labelling regulation at this stage.
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S. & Watson, R. A. (2015). Domestic or imported? An
assessment of carbon footprints and sustainability
of seafood consumed in Australia. Environmental
Science and Policy, 54, 35-43.
Hobday, A. J., Bustamante, R. H., Farmery, A.,
Fleming, A., Frusher, S., Green, B. S., ... & Pascoe,
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London. pp. 139-155.
Hobday, A. J., Bustamante, R. H., Farmery, A.,
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Marine National Adaptation Program 2011/233.
Lim-Camacho, L., Hobday, A. J., Bustamante,
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4.1.4 Social and economic role of marine
resource industries
Which local or regional communities or
economies are most dependent on aquaculture
businesses and how will changes in
aquaculture production (especially decline in
activity) affect those vulnerable communities
socially and economically?
The NARP-funded Coastal Communities project
(Frusher et al. 2015) has comprehensively addressed
this question. The work by Metcalf et al. (2015)
developed an approach to assess the adaptive
capacity, resource dependence, local climate change
exposure and biological sensitivity in three Australian
coastal communities: St Helens, Tasmania; Bowen,
Queensland; and Geraldton, Western Australia.
Higher adaptive capacity was associated with larger
population size (i.e. Geraldton) whereas greater
resource dependence, and lower human and natural
capital, were associated with smaller populations
(St Helens and Bowen). Socioeconomic vulnerability
was greatly influenced by climate exposure and
sensitivity with the moderately sized Bowen
having the highest socioeconomic vulnerability to
climate change. Adaptation strategies that utilized
available assets, improved adaptive capacity, or
reduced socioeconomic vulnerability were identified
in partnership with local communities, including
increased and diversified employment opportunities,
the re-establishment of local fish markets, and
improved education and communication. The level of
resources, or ‘capitals’, available to communities can
indicate where barriers and enablers to adaptation
exist. Identified barriers to adaptation included a
heavy reliance on one sector for employment and a
lack of physical capital.
Van Putten et al. (2014) investigated the role of
climate and non-climate drivers in shaping three
commercial marine sectors: fishing, aquaculture
and marine tourism, using in-depth semi-structured
interviews in a coastal community in southeast
Australia. At a community level, people are aware of
climate change impacts on the marine environment
and recognised the potential effect of climate
change on business profitability. The profitability of
aquaculture (oysters) was affected through mostly
a downward pressure on product price. No positive
impacts were reported for the aquaculture sector in
this study location.
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Coastal communities may be forced to reshape
their economic activities and diversify across the
portfolio of marine industries. For example, van
Putten et al. (2016a) showed that while fishing and
aquaculture are reliant on several overlapping upand downstream industries and some synergies
exist with marine tourism, little overlap exists with
other marine industries. Although marine tourism
is the largest employer in small regional coastal
communities across all states, employment in fishing
and aquaculture is more important in small regional
coastal communities than in any other type of
community. These communities are most at risk of
not being able to build or maintain intricate industry
connections necessary for diversifying into new
marine industries. The differences in the structure
of the marine sector among coastal communities
according to their location and size suggests that
a decline in traditional marine industries will have a
disproportional effect on the economic security and
therefore the social well-being of certain groups.
This highlights the need for targeted locationspecific governance and policy responses in coastal
communities in order to build resilience and improve
adaptive capacity among the marine sector.
References
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van Putten, I., Cvitanovic, C. & Fulton, E. A. (2016).
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van Putten, I., Metcalf, S., Frusher, S., Marshall,
N. & Tull, M. (2014). Fishing for the impacts of
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4.1.5 Options for marine resource businesses
to adapt to climate change
What options are there for businesses to adapt
to climate change effects either by minimising
adverse impacts or taking advantage of
opportunities, including through selective
breeding, changing or diversifying farmed
species, relocating, expanding or contracting
business sites or improving environmental
control through infrastructure development?
What are the barriers to implementing such
changes and how might they be overcome?
Recent work has shown that aquaculture
businesses have a range of options to adapt to
climate change, including risk-based management
approaches such as use of seasonal forecasts to
reduce uncertainty (Spillman et al. 2015, Hobday
et al. 2016), selective breeding, or relocating
to more suitable conditions (Batteglene et al.
2008). For example, seasonal forecasts are
useful when a range of options are available for
implementation in response to the forecasts. The
use of seasonal forecasts in supporting effective
marine management may also represent a useful
stepping stone to improved decision making and
industry resilience at longer timescales (Spillman et
al. 2015, Hobday et al. 2016). Information about
future conditions, such as provided by seasonal
forecasting, can assist aquaculture managers in
development of production plans that will be more
robust to short-term environmental variability and
represents the first adaptation step on a pathway
to coping with longer term climate change. A range
of climate-informed seafood businesses are now
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undertaking climate-proofing activities as a matter of
course, and this area has moved from research to
application. Lim-Camacho et al. (2015) interviewed
stakeholders and showed that many adaptation
options exist for aquaculture businesses, which
as a whole have moved to a position of general
awareness and are now developing strategies (e.g.
Rubio et al. 2013). Climate adaptation requires
large capital investments that could be provided
not only by traditional sources like governments
and banks, but also by derivatives markets (Little
et al. 2015). Such markets would allow two parties
with different tolerances and expectations about
climate risks to transact for their mutual benefit and,
in so doing, finance climate adaptation. Little et al.
(2015) proposed such an approach for aquaculture
industries exposed to the risk of higher sea surface
temperature to finance adaptation strategies through
the sale of derivative contracts. Such contracts
provide a real incentive to parties with different
climate outlooks, or risk exposure to take a market
assessment of climate change, but have not yet been
seriously considered by any sector.
References
Hobday, A. J., Spillman, C. M., Paige Eveson,
J. & Hartog, J. R. (2016). Seasonal forecasting
for decision support in marine fisheries and
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Lim-Camacho, L., Hobday, A. J., Bustamante,
R. H., Farmery, A., Fleming, A., Frusher, S., ... &
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for Australian seafood supply chains. Regional
Environmental Change, 15(4), 595-606.
Little, L. R., Hobday, A. J., Parslow, J., Davies, C. R.
& Grafton, R. Q. (2015). Funding climate adaptation
strategies with climate derivatives. Climate Risk
Management, 8, 9-15.

4.1.6 Learning from change
What significant changes in aquaculture have
already occurred because of extrinsic factors
and what can be learned from those changes
that will inform adaptation to climate change?
Environmental and non-environmental extrinsic
factors have already affected the way aquaculture
businesses are undertaken. For example, ecocertification and consumer demands have seen
substantial efforts to reduce the level of fish
used in industries such as salmon and prawns.
Environmental extremes, such as cyclones and
marine heatwaves, provide a window into the future.
These lessons for businesses have prompted new
thinking. For example, seasonal forecasts are now
used in a several industries (Spillman & Hobday
2014, Spillman et al. 2015). Lockwood et al. (2013)
developed a range of scenarios to explore options.
Overall, research has shown that this sector as a
whole is dynamic and flexible, and should adapt
well, provided information and financing is available,
however, there may be regional differences in the way
individual communities adapt (see Q1.4).
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4.2 Fisheries

4.2.1 Changes in fisheries stocks

Of the six original fisheries research questions
(Appendix 3), Question 2.1 received the most
attention, and Question 2.3 the least, although
compared to aquaculture more attention has been
paid to wild commercial fisheries (Figure 4). Research
output was generally high overall, increased to 2014,
and with an apparent decline in 2015, which is likely
due to incomplete databases when the literature
search was conducted.

Which fishery stocks, in which locations, are
most likely to change as a result of climate
change? What will those changes be (e.g. in
distribution, productivity) and when are they
likely to appear under alternative climate
change scenarios?

Figure 4: Publications addressing the fisheries priority
questions published in the years 2009-2015. Source:
Figure available on request from lead author.

Since the last NARP update (Holbrook & Johnson
2012), more research has identified the Tasman
Sea as a major global warming hotspot (Hobday &
Pecl 2014) which is also projected to experience an
increase in extreme temperatures (Oliver et al. 2014).
In this area impacts on fish and fisheries are expected
(Pecl et al. 2014a, 2014b, 2011) with changes in
distribution most commonly observed and predicted
(Sunday et al. 2015). In tropical regions, changes in
habitat quality and productivity declines seem more
likely (Pratchett et al. 2011). Southwest Western
Australia has also experienced long-term change
(Caputi et al. 2015) as well as extreme events, both
leading to long-term ecosystem change. Wernberg
et al. (2016) reported a rapid climate-driven regime
shift of Australian temperate reef communities, which
saw kelp forests replaced by persistent seaweed
turfs. The 2011 marine heat waves forced a 100 km
range contraction of extensive kelp forests and
saw temperate species replaced by seaweeds,
invertebrates, corals, and fishes characteristic of
subtropical and tropical waters.

The 2011 marine
heat waves forced
a 100-kilometre
range contraction
of extensive kelp forests
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This community-wide tropicalisation fundamentally
altered key ecological processes, suppressing the
recovery of kelp forests. These extremes can result
in different signals to the long-term projections. In the
same region, de Lestang and Caputi (2015) suggest
that as climate change models project a progressive
reduction in the strength of the Leeuwin Current, there
may be a greater northward lobster migration and
a shift in the biomass of lobsters more towards the
northern end of the fishery. The puerulus settlement of
the western rock lobster fishery has also been adversely
affected by changes in the timing of spawning due to
warming winter temperatures (de Lestang et al. 2014).
Elevated water temperature can act as a stressor
impacting the immune responses of molluscs, such
as abalone, potentially increasing their susceptibility
to microbial infections (Dang et al. 2012). Pecl et al.
2014 developed an objective, flexible and cost effective
framework for prioritising future ecological research and
subsequent investment in adaptation responses using
key species within the fast warming region of southeastern Australia. This approach has enabled fisheries
managers to understand likely changes to fisheries
under a range of climate change scenarios, highlighted
critical research gaps and priorities, and assisted marine
industries to identify adaptation strategies that maximise
positive outcomes.
Three related NARP projects examined the impact
of climate change on commercial fisheries in the
southeast (Pecl et al. 2014), north (Welch et al.
2015) and west (Caputi et al. 2014) of Australia. The
southeast project provided a detailed assessment
of how commercially targeted species in State and
Commonwealth fisheries may be affected by climate
change, and a similar approach was followed in the
Northern Australia report, which provides an overview
of all commercial species and undertakes a case
study analysis of five species. The Western Australian
project carried out a basic review of management
arrangements in terms of robustness under predicted
changes and identified the need for flexibility in
fisheries management to rapidly respond to variability.
Overall, existing research provides plentiful information
on the effects of climate change but only touches on
the next step of informing Australian fisheries managers
of options for adaptation to climate change effects. The
ability of Australian fisheries management processes
to adapt to these changes is as yet unknown and
steps now need to be made towards this adaptation to
ensure appropriate management practices which will
ensure sustainable fishing into the future.
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4.2.2 Variables in fishery access
What and where are the most likely effects
of climate change on key variables affecting
fishery access, including wind and wave
climatologies and boating access?
Coastal areas in tropical Australia are projected to
experience more intense storms and severe weather
events that can reduce fishery access, as well as
destroy or severely damage fisheries assets and
infrastructure such as landing sites, boats and gear
(Holbrook & Johnson 2012). Increased storm and
wave activity may reduce (i) the number of days
commercial and recreational fishers can fish, (ii)
access to some locations for both boat and shorebased fishers, and (iii) the seasonal availability of fish.
Southern Australia is likely to see enhanced wind and
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wave events (Hemer et al. 2013), while more intense
extreme wind events are projected for north-east
Australia. Higher sea levels will exacerbate inundation
of coastal fishing infrastructure (Lenton et al. 2016).
However in southwest Western Australia there has
been a decrease in winter storms occurring since the
1970s and this trend is projected to continue (Indian
Ocean Climate Initiative 2012) which should result in
an increase in days available for fishing.
References
Hemer, M. A., Fan, Y., Mori, N., Semedo, A. & Wang,
X. L. (2013). Projected changes in wave climate
from a multi-model ensemble. Nature Climate
Change, 3(5), 471-476.
Indian Ocean Climate Initiative (IOCI) (2012). Western
Australia’s Weather and Climate: A Synthesis of
Indian Ocean Climate Initiative Stage 3 Research.
CSIRO and BoM, Australia. B. Bates, C. Frederiksen
& J. Wormworth (eds).
Lenton, A., McInnes, K. L. & O’Grady, J. G. (2015).
Marine projections of warming and ocean acidification
in the Australasian Region. Australian Meteorological
and Oceanographic Journal. 65(1), 1-28.

National Climate Change Adaptation Research Plan | Marine biodiversity and resources

4. Priority research questions

4.2.3 Social and economic impacts
regional communities
Which local or regional communities
or economies, if any, are dependent on
commercial or recreational fishing? How will
changes in fisheries (especially decline in
activity) affect those vulnerable communities
socially and economically?
Norman-Lopez et al. (2011) estimated the climaterelated economic impact on Australian marine
fisheries and associated sectors for the year
2030, based on expected biophysical changes
to the resource and an Input-Output model to
capture impacts on the broader economy. Despite
considerable uncertainties surrounding potential
changes to the biological productivity of capture
fisheries, the results suggest that most Australian
fisheries and their related sectors could benefit
from climate change, as the climate projections
used showed increased production in the north
and a resulting increase in fishery profits, although
considerable biophysical uncertainties were
acknowledged. Appropriate adaptations could further
enhance the benefits and reduce the losses to the
fisheries investigated.
van Putten et al. (2016) showed that the economic
sectors of smaller coastal communities have
historically been driven by marine based economic
activities like fishing, which is now declining in
many locations around Australia. However, in some
communities other marine related activities such
as aquaculture, tourism, off shore oil and gas,
ports, and transport are growing. While fishing and
aquaculture are reliant on several overlapping upand downstream industries, and some synergies
exist with marine tourism, there is little overlap with
other marine industries. Although marine tourism
is the largest employer in small regional coastal
communities across all states, employment in fishing
and aquaculture is more important in small regional
coastal communities than in any other type of
community. These communities are most at risk of
not being able to build or maintain intricate industry
connections necessary for diversifying into new
marine industries. The differences in the structure
of the marine sector among coastal communities
according to their location and size suggests that
a decline in traditional marine industries will have a
disproportional effect on the economic security and
thus social well-being of certain communities, and

highlights the need for targeted and location specific
governance and policy responses to build resilience
among the marine sector in coastal communities.
At regional levels, reducing the vulnerability of coastal
communities to marine climate change requires that
communities have some intrinsic capacity to adapt
(Metcalf et al. 2015). Their study of socioeconomic
vulnerability to climate change in three Australian
coastal communities: St Helens, Tasmania; Bowen,
Queensland; and Geraldton, Western Australia
showed higher adaptive capacity was associated
with larger population size (i.e. Geraldton) whereas
greater resource dependence, and lower human
and natural capital were associated with smaller
populations (St Helens & Bowen). Socioeconomic
vulnerability was greatly influenced by climate
exposure and sensitivity with the moderately
sized Bowen having the highest socioeconomic
vulnerability to climate change. Adaptation
strategies that utilized available assets, improved
adaptive capacity, or reduced socioeconomic
vulnerability were identified in partnership with local
communities, including increased and diversified
employment opportunities, the re-establishment
of local fish markets, and improved education
and communication. The level of resources, or
‘capitals’, available to communities can indicate
where barriers and enablers to adaptation exist.
Identified barriers to adaptation included a heavy
reliance on one sector for employment and a lack
of physical capital. Metcalf et al. (2014) further show
that identifying effective adaptation strategies for
coastal communities dependent on marine resources
and impacted by climate change can be difficult due
to the dynamic nature of marine ecosystems. The
task is more difficult if current and predicted shifts
in social and economic trends are considered. They
identified adaptation strategies that alter positive
feedback cycles contributing to a continued decline
in population, local employment and retail spending.
For instance, the diversification of employment
opportunities and the attraction of new residents
of different ages would be beneficial in preventing
further population decline. Some impacts of climate
change can be combated through recreational bag
or size limits and monitoring of popular range-shifted
species that are currently unmanaged, to reduce the
potential for excessive removal.
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At a community level, people involved in, or
associated with, marine sectors are aware of climate
change impacts on the marine environment and
the potential effect of climate change on business
profitability is generally recognised (van Putten et al.
2014). To ensure the combined marine sectors retain
a viable component of the economic focus of coastal
communities, there is a need to understand what
drives participation in the marine sector, and what is
the role of climate change in this participation.

Metcalf, S. J., van Putten, E. I., Frusher, S. D., Tull,
M. & Marshall, N. (2014). Adaptation options for
marine industries and coastal communities using
community structure and dynamics. Sustainability
Science, 9(3), 247-261.
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4.2.4 Policy changes for commercial fisheries
What are the likely policy changes driven by
climate change that will affect commercial
fisheries either directly through changes
in harvest policies or indirectly because of
changes in non-harvest marine policies or
changes in non-marine climate adaptation or
mitigation policies?
There has been little advance since the general
review of Holbrook and Johnson (2012), and the
same conclusions remain valid. Management
policies aimed at protecting marine biodiversity
in the face of climate change through zoning that
excludes commercial fishing may cause future
user conflicts. As stocks move—without adequate
management— to new areas that are designated
for recreational or no fishing activity, and stocks
diminish in commercial fishing areas, commercial
fishers will have less access to these resources
(Hobday & Poloczanska 2010). Policy changes that
focus on adaptation of agriculture, heavy industry
or urban centres to changing rainfall patterns, for
example, the construction of more flood control,
drainage and irrigation schemes, are likely to
exacerbate the direct impacts of climate change
on fisheries that target species reliant on river flow
and estuarine habitats (e.g. barramundi, prawns)
(Badjeck et al. 2010, Koehn et al. 2011). Policy
changes have been discontinued that were aimed
at reducing greenhouse gas emissions (e.g. carbon
tax) that were likely to increase the costs of fuel, and
the storage and distribution for capture fisheries.
Jennings et al. (2013) compared management
objectives and weightings for four key fisheries
in south eastern Australia, and evaluated
alternative management arrangements. They
used the Analytic Hierarchy Process (AHP) to
develop a weighted hierarchy of objectives in
four south-eastern Australian fisheries. Surveys
of stakeholders showed fishers had a very strong
preference for ensuring that adaptations support
environmental and ecological values, particularly
through sustaining the harvested population.
However, differences between stakeholder groups
were more marked, with economic objectives
considered more important by commercial fishers,
and social objectives by recreational fishers, than
by other groups. This suggests the possibility
of conflicts between groups when determining
appropriate adaptation strategies, as alternative

strategies will have different economic and
social outcomes even if achieving comparable
environmental outcomes.
Overall, there is a recognised need for reform but
there has been slow progress on ground (Creighton
et al. 2016).
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4.2.5 Opportunities for commercial fishers
What options or opportunities are there for
commercial fishers in identified vulnerable
fisheries to adapt to climate change effects
through changing target species, capture
methods and management regime, or industry
diversification, relocation or divestment?
Research in recent years has identified a wide
range of adaptation options for fishers to cope with
climate change. These options include managing for
exposure to environmental conditions through the
use of tools such as seasonal forecasting (Hobday
et al. 2016), changing target species to take
advantage of new arrivals in the region (Robinson
et al. 2015), and maintaining the environment
in its present state by culling range expanding
species (Tracey et al. 2015). The warming along the
southeast coast of Australia has seen a polewards
shift in the distribution of the long-spined sea urchin
Centrostephanus rodgersii. Barren areas formed by
the destructive overgrazing of kelp beds by invading
C. rodgersii are associated with a dramatic loss
of habitat, species diversity and productivity (Ling
2008). Tracey et al. (2015) argue that systematic
culling of C. rodgersii in spatially discrete areas is
effective to control their abundance, although the
efficacy of such approaches in maintaining fisheries
productivity is unclear.
Such habitat management represents one adaptation
approach to offset climate impacts. Estuary repair
represents an outstanding return on investment,
possibly far greater than most of Australia’s previous
environmental repair initiatives and with clearly
demonstrated outcomes across the Australian
food and services economies. Crieghton et al.
(2015) developed a business case that shows
that an Australia-wide investment of $350 million
into estuarine repair will be returned in less than
five years, due to improved commercial fisheries
productivity of a limited number of fish, shellfish and
crustacean species.
In the Great Australian Bight, recent environmental
changes have modified the summer distribution of
southern bluefin tuna (SBT, Thunnus maccoyii). This
has affected the timing and location of fishing activity
and contributed to economic impacts, at the same
time as international competition lowering the value
of catch. The SBT purse-seine fishery is managed
under a strict quota, so catching more fish is not an
option to reduce fixed costs; instead fish must be
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caught more efficiently in a changing environment.
Eveson et al. (2015) developed a seasonal forecast
application, updated daily, which is now being used
by SBT fishers to help maintain profitability in a
changing environment.
Adaptation options following the extreme marine
heat wave which affected 2000 km of the midwest
coast of Australia in 2010/11 austral summer were
the focus of study by Caputi et al. (2016). A 99%
mortality of Roei abalone (Haliotis roei) and major
reductions in recruitment of scallops (Amusium
balloti), king (Penaeus latisulcatus) and tiger (P.
esculentus) prawns, and blue swimmer crabs were
followed by management imposing effort reductions
and spatial/temporal closures to protect spawning
stocks, and restocking is being evaluated. This study
illustrates that fisheries management under extreme
temperature events requires an early identification of
temperature hot spots, early detection of abundance
changes, and flexible harvest strategies which allow
a quick response to minimize the effect of heavy
fishing on poor recruitment to enable protection of
the spawning stock. Monitoring the abundance of
pre-recruits provide an early indication of changes
in recruitment to the fishery that enables a quick
response to these changes (Caputi et al. 2014).
One NARP project (Pecl et al. 2014) considered
the overall effects of climate change on four major
fished species and concluded that impacts overall
are likely to be negative, with future catches likely
to be below historical levels. Adaption options
that maintain biomasses at levels likely to enhance
resilience to increased variability in recruitment
success may need to be established. These biomass
levels may also improve economic performance by
reducing the costs of fishing and increasing prices.
There are opportunities to improve the governance
systems of many fisheries to enhance adaption to
climate change and other stressors. Formal harvest
strategies need to be established in several fisheries.
These should be explicitly designed to provide
resilience to climate change impacts. Ecological,
economic, social and community performance
indicators need to be established in most fisheries.
Importantly, transparent mechanism for making
trade-offs between competing objectives need to be
developed. Ideally, complimentary Harvest Strategies
would be established across jurisdictions.
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Attention to economic aspects can also help fisheries
cope with climate change. The move of some
fisheries such as the northern prawn fishery and the
western rock lobster fishery (Caputi et al. 2015) to
target the more conservative maximum economic
yield level of fishing provides increased ecological
resilience in the stocks. For example, van Putten et
al. (2013) identify twelve economic attributes strongly
related to fishery economic resilience to climate
change, including fisher product mix, supply chain
diversification, fleet flexibility, and co-management
approaches. They argue that evaluating the
economic resilience of regional fisheries using this
integrated, interdisciplinary framework provides a
basis for undertaking assessments of climate change
impacts and economic vulnerability.
While climate change has been a consideration for
Australian fisheries, emphasis in both research and
adaptation effort has been at the production end of
supply chains (Hobday et al. 2014). Lim-Camacho et
al. 2015 worked with stakeholders to describe a range
of actions targeting different stages of the supply
chain. They noted chain-wide adaptation strategies
that can present win–win scenarios, where commercial
objectives beyond adaptation can also be addressed
alongside direct or indirect impacts of climate.
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4.2.6 Opportunities for recreational fishers

4.2.7 Enablers and barriers for adaptation

What options or opportunities exist or might
become available for recreational fishers in
identified vulnerable fisheries to adapt to climate
change effects through changing target species
or preferred fishing method or travelling to
pursue their preferred target species or method?

How have enablers been used and barriers to
adaptation been overcome? What significant
changes in fisheries have occurred before
because of extrinsic factors and what can be
learned from those changes that will inform
adaptation to climate change?

Recreational fisheries have received less attention with
regard to adaptation efforts. As noted by Holbrook and
Johnson (2012), recreational fishers will have flexibility
to adapt to changes in fish distribution and seasonality,
with options to target alternative species, fish at
different times, or move to new fishing locations in the
vicinity. The limited work to date suggests that most
recreational fishers will keep fishing in the same areas,
just adapting to new species or abundances. In areas
of southern Australia, where new species are occurring,
fishers are quick to take advantage of opportunities
(Robinson et al. 2015).

Significant changes in fisheries have occurred in the
past due to a range of extrinsic factors. When these
crises have occurred there have been adjustments,
although not without economic and social
challenges. In areas currently planning adaptation to
climate change it is because the signals are very clear
and fishers are experiencing contemporary change.
Similarly, following extreme events such as cyclones
and marine heat waves, there is considerable
opportunity for barriers to be overcome and new
strategies to be employed. The current pace of
climate change though, suggests lessons from the
past will be less useful into the future, and the pace
of research for fisheries now means there is plenty of
material to consider. Regions where warming is most
rapid will be among those to experience impacts first
and can provide a guide for management elsewhere
(Frusher et al. 2014).

Gledhill et al. (2015) worked with recreational
spearfishers to collate and examine spearfishing club
data collected from competitions held throughout
south-eastern Australia from the 1960s until the
present, representing one of the most extensive citizen
science datasets for marine species in the region.
The data proved suitable for demonstrating change
in coastal fish communities, some of which were
consistent with expectations given a warming climate
over the period considered. An attitudinal survey of
divers showed most had noticed some change in the
environment and were adapting autonomously. A new
citizen science database (REDmap) is also providing
valuable information on changes in distribution of
fishes of interest to the recreational sector (Robinson
et al. 2015).
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In south-east Australia there has been (i) early
reporting of changes (ii) early documentation of
impacts, and (iii) earlier development and promotion
of adaptation options. A background of change in
the political position around climate change and was
facilitated by four preconditioning factors: (i) early
observations of rapid oceanic change that coincided
with (ii) biological change which together provided
a focus for action, (iii) the strong marine orientation
and history of management in the region, and (iv) the
presence of well-developed networks. Frusher et al.
(2014) argue for the critical role of inter-disciplinary
engagement and stakeholder participation in
supporting industry and government adaptation
planning.
Hodgkinson et al. (2014) considered the response
of the fishing industry to historical major climate
impacts, showing significant impacts on productivity
and limited resilience. Projected climate change
and variability are likely to exacerbate impacts on
these industries through new or intensified hazards.
Although risk management controls to minimize
climate-related impacts do exist, a new approach
incorporating future climate projections in addition
to historical experiences would better prepare the
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sector to reduce vulnerability to changing climate.
They argue that wholesale transformation may
not be appropriate or necessary at this time for
these industries, and in most cases anticipatory,
incremental adaptation should be encouraged, while
larger-scale changes are considered in the longer
term. Additionally, to overcome some of the barriers
and promote the drivers of adaptation, a model
of adaptive governance coupled with greater use
of climate champions may be the most effective
method for improving adaptation uptake in the
fishing sector.
Creighton et al. (2016) argue for the need to foster
resilience through habitat repair and protection,
improve resource allocation strategies, fine-tune
fisheries management systems, and enhance whole
of government approaches and policies. They identify
13 elements in three broad areas: preconditioning;
future proofing; and transformational changes and
opportunities. Arising from these elements is a suite
of priority strategies that provide guidance for marine
managers, policy practitioners, and stakeholders as
they prepare for a future under climate change.
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4.3 Marine biodiversity
and conservation
The four original biodiversity and conservation
questions (Appendix 3) have received high and
sustained attention compared to fisheries and
aquaculture. Question 3.1 has received the most
attention, research output was generally high overall,
increased to 2014, with an apparent decline in 2015,
which is likely due to incomplete databases when the
literature search was conducted (Figure 5).

Figure 5: Publications addressing the marine
biodiversity and conservation priority questions
published in the years 2009-2015. Source: Figure
available on request from lead author.
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4.3.1 Adaptation management for priority
ecosystems and species
Which ecosystems and species of conservation
priority most require adaptation management
and supporting research, based on their status,
value, vulnerability to climate change and the
feasibility of adaptive responses?
There has been a large amount of research on the
impacts of climate change on a range of species
throughout Australia and tropical and temperate
waters. The impact of climate change on iconic
species such as albatross (Alderman & Hobday
2016), marine mammals (Schumann et al. 2013) and
reef species such as coral trout (Pratchett et al. in
review) have documented. The impacts of both longterm and extreme events have all been considered.
Temperature has been the dominant factor explored,
however, more recently ocean acidification has
also received considerable experimental attention.
Methods have been developed, experimental
systems designed, and observational networks
established. Adaptation options have been both
species and habitat focused. Marine megafauna,
which include seabirds, marine turtles, marine
mammals, sharks and rays, are considered
particularly vulnerable to climate change, due to
dependence on particular habitats for some life
stages (Fuentes et al. 2014). Management of marine
mega-fauna in a changing climate is constrained
by a series of uncertainties, often related to climate
change projections, ecological responses, and
the effectiveness of strategies in alleviating climate
change impacts.
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Temperate Australia is a global hotspot for marine
biodiversity and its waters have experienced 2-4
times faster rates of ocean warming than the global
average (Wernberg et al. 2011). Observed impacts
are region specific with the greatest number of
species responses attributable to climate change
reported in south-eastern Australia, where recent
ocean warming has been most pronounced (e.g.
Sunday et al. 2015). Here, a decline of giant
kelp (Macrocystis pyrifera) and poleward range
extension of a key herbivore (sea urchin) and other
trophically important reef organisms has occurred.
Because of the east-west orientation of the south
coast, most of Australia’s temperate waters are
found within a narrow latitudinal band, where any
southward movement of isotherms is likely to affect
species across very large areas. Future increases in
temperature are likely to result in further range shifts
of macroalgae and associated species, with range
contractions and local extinctions to be expected
for species that have their northern limits along the
southern coastline. Thus, developing adaptation
options for species and ecosystems in these
temperate regions is a priority.
In tropical areas, major impacts on coral reef
systems have occurred, including loss of coral
cover (De’Ath et al. 2012), changes in species
composition and productivity (Welch et al. 2014),
fish distribution (Feary et al. 2013), and greater
vulnerability to bleaching events (Ainsworth et
al. 2016). These have combined consequences
for structure and function of coral reefs, and the
ecosystem services they provide (Pratchett et al.
2008). Coral reef ecosystems are an important
conservation priority that most require adaptation
management and supporting research, based on
their status, value, vulnerability to climate change.
Extreme climatic events can trigger abrupt and
often lasting change in ecosystems via the reduction
or elimination of habitat-forming species such as
kelp and corals (Thomson et al. 2015, Wernberg
et al. 2016). However, while the frequency and/or
intensity of extreme events is predicted to increase
under climate change, the impact of these events
on many foundation species and the ecosystems
they support remains poorly understood. Thomson
et al. (2015) worked on the seagrass meadows of
Shark Bay, Western Australia - a model system to
investigate the impacts of extreme temperatures
on ecosystems. Following the western Australian
marine heat wave in late summer 2010/11, there

was a catastrophic (more than 90%) seagrass
dieback in several regions of Shark Bay. This
reduction in habitat quality corresponded with a
decline in the health status of largely herbivorous
green turtles in the two years following the 2011
heatwave, providing evidence of long-term,
community-level impacts of this extreme event.
Experimental evidence suggests that ocean
acidification will result in negative effects on
calcifying algae and animals, with coral reef systems
considered most at risk. More importantly, recent
experiments suggest the combined effects of climate
change and non-climate stressors (overharvesting,
reduced water quality) will lower the resilience of
temperate marine communities to perturbations (e.g.
storms, diseases, and introduced species), many
of which are also predicted to increase in frequency
and/or severity (Wernberg et al. 2011).
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4.3.2 Thresholds and tipping points
What are the critical thresholds to ecosystem
change and how close is the ecosystem to
such ‘tipping points’? How can we improve our
measurement of marine ecosystems to account
for ecosystem dynamics and processes?
A key consideration in assessing impacts of climate
change is the possibility of synergistic effects with
other human-induced stressors. In the ocean, climate
change and overfishing pose two of the greatest
challenges to the structure and functioning of marine
ecosystems. Critical thresholds have been identified
in a number of systems throughout Australia
including on temperate (Ling et al. 2015), tropical
and deep-sea reefs (Thresher et al. 2015). Models
have also shown that interactions between multiple
human-induced stressors can exacerbate nonlinear
responses of ecosystems to climate change and limit
the adaptive capacity of these systems. Management
actions focused on reducing the risk of catastrophic
phase shift in ecosystems are particularly urgent in
the face of ongoing warming (Ling et al. 2009).
In eastern Tasmania, range extension of the
ecologically important long-spined sea urchin
(Centrostephanus rodgersii), has led to loss of
biodiversity and important rocky reef ecosystem
services. Coincident with the overgrazing is heavy
fishing of reef-based predators including the spiny
lobster Jasus edwardsii.
Ling et al. (2009) showed that the removal of large
predatory lobsters reduced the resilience of kelp
beds to respond to the climate-driven range shift
of the sea urchin and thus increased the risk of
catastrophic shifts from kelp-dominated states to
widespread sea urchin barrens as a result of urchin
overgrazing. Unfortunately, Marzloff et al. (2013)
used an ecosystem model to show that rebuilding
populations of large rock lobsters, which predate the
urchins, will be effective in limiting ongoing formation
of sea urchins barrens habitat, but that the chances
of restoring seaweed beds from extensive barrens
are relatively low if management relies solely on
rebuilding stocks of large rock lobsters. Moreover,
even when it does occur, seaweed bed restoration
takes up to three decades in the simulations and so
is arguably unrealistic to implement under short-term
fishery management plans.
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North of Sydney, Verges et al. (2014) reported
a phase-shift away from macroalgal dominance
caused by tropical herbivores extending their range
into temperate regions facilitated by the polewardflowing boundary currents. Emerging evidence
suggests similar phenomena are occurring in other
temperate regions, with increasing occurrence of
tropical fishes on temperate reefs (Verges et al.
2014). On the west coast, Wernberg et al. (2016)
reported a rapid climate-driven regime shift of
Australian temperate reef communities, which lost
their defining kelp forests and became dominated
by persistent seaweed turfs. After decades of
ocean warming, extreme marine heat waves forced
a 100 km range contraction of extensive kelp
forests and saw temperate species replaced by
seaweeds, invertebrates, corals, and fishes that are
characteristic of subtropical and tropical waters.
Tropical reef systems can undergo shifts from coral
to algal-dominated states following disturbances and
these shifts in community structure may be stable
and difficult to reverse. Thompson and Dolman
(2010) examined near-shore coral communities
of the Great Barrier Reef (Australia), based on
350 annual observations of benthic community
change. A simulation model parameterised with
these observations indicated that while recovery
rates of hard corals were sufficient to compensate
for impacts associated with cyclones and crownof-thorns starfish, a significant change in the
composition of the community and a rapid decline
in hard coral cover has occurred since the advent
of mass bleaching. Their model predicts that if
bleaching events continue to occur with the same
frequency and severity as in the recent past that
the cover of Acroporidae will continue to decline.
Although some live coral cover remains on nearshore reefs, and recovery is observed during interdisturbance periods, it appears that this system will
not be resilient to the recent disturbance regime
over the long-term. In 2016 the Great Barrier Reef
experienced the worst mass coral bleaching event
on record, with new research showing that coral
mortality rates average 67% and 26% in the Northern
and Far Northern sectors respectively (https://www.
coralcoe.org.au/media-releases/life-and-deathafter-great-barrier-reef-bleaching). Mortality was
much lower in the Central (6%) and Southern (1%)
sectors. The Northern and Far Nothern sectors of
the reef could take over a decade to recover from
the magnitude and spatial scale of coral mortality
and could be subjected to further disturbance

during this time. Conservation strategies for coral reefs
should focus on both mitigating local factors that act
synergistically to increase the susceptibility of corals to
climate change while promoting initiatives that maximise
the recovery potential from inevitable disturbances.
Griffith et al. (2011) simulated the effects of fishing
and acidification-related benthic mortality on the
southeast Australian marine ecosystem to the year
2050. For 61 functional groups or species, the
cumulative effects of moderate ocean acidification
and fishing were additive (30%), synergistic (33%),
and antagonistic (37%). Strong ocean acidification
resulted in additive (22%), synergistic (40%), and
antagonistic (38%) effects. The greatest impact was
on the demersal food web, with fishing impacting
predation and acidification affecting benthic
production. Areas that have been subject to intensive
fishing were the most susceptible to acidification
effect, although fishing also mitigated some of the
decline in biodiversity observed with moderate
acidification. The model suggested that ocean
acidification and long-term fisheries exploitation
could act synergistically with the increasing sensitivity
to change from long-term (decades) fisheries
exploitation causing unexpected restructuring of the
pelagic and demersal food webs. Major regime shifts
occur around year 2040. Griffith et al. (2011) showed
that greater focus is needed on how differential
fisheries exploitation of marine resources may
exacerbate or accelerate effects of environmental
changes such as ocean acidification.
To detect tipping points that will be important in
developing policy and management responses, more
comprehensive observation networks are needed
in Australia’s oceans. Models will continue to plan
important role in both detecting future thresholds
and attributing past change. Remote sensing may be
particularly valuable when national assessment and
coverage is important, such as for estuaries.
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4.3.3 Governance of marine biodiversity
How will goals and governance for conservation
of Australia’s marine biodiversity need to
change to adapt to climate change impacts?
What are the barriers, limits and costs to
implementing adaptation and effective policy
responses to climate change?
There has been no systemic study of the legal or
governance reforms needed to promote adaptation
of marine biodiversity and resources. Analysis of
terrestrial conservation and resources laws suggests
that the objectives of conservation laws may require
reconsideration to reflect that preservation of current
ecosystems and assemblages is increasingly
unattainable, to embrace a new understanding of
what constitutes natural or native conditions in a given
area, and to modify goals of in situ conservation for
all species threatened by climate change (McDonald
et al. 2016, McCormack & McDonald 2014). The
designation of protected area boundaries and area
management may need to be become more dynamic
to secure the protection of the highest quality habitat
under changing conditions, and new areas may be
required. Similarly, the legal regimes for environmental
impact assessment, including biodiversity offsetting,
require significant reform to account more explicitly
for future climate change (McDonald et al. 2016).
While there is overlap in the regulatory framework
for terrestrial and marine conservation, such as the
environmental impact assessment requirements
of the national-level Environment Protection and
Biodiversity Conservation Act 1999, more work is
still needed to determine what reforms are needed to
make the legal regime for marine conservation and
resource management more adaptive. This will also
be informed by an understanding of the barriers and
costs to reform. This remains an important priority
research area.
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4.3.4 Adaptation planning and management
for conservation
How should conservation managers and
planners adapt their practices to ameliorate
climate change risks and enhance adaptation
options? What intervention strategies will
increase system resilience and improve the time
within which biological systems can adjust to a
future climate?
As the climate continues to change, the impacts
on species and ecosystems will become significant
and widespread and many current approaches to
conservation will become increasingly difficult and
ineffective. The timing of biological changes is not
always clear, but it is possible to anticipate which
aspects might change and which might persist.
This provides the basis of practical approaches for
anticipating the implications for biodiversity and the
ecosystem benefits and services that society enjoys
(Dunlop et al. 2013).
Thinking about the timing of decisions along a
pathway helps people frame adaptation as a series
of decisions over time, instead of a once-off choice
(Stafford Smith et al. 2011). Adaptation options
selected now, without considering alternative futures,
may become ineffective or even maladaptive in
the future. Thinking about decision timing draws
people’s attention to the importance of path
dependency in adaptation decision-making. This
helps people understand how important it can be
to take a long-term perspective in order to avoid
inadvertently setting out along an undesirable path.
The concept of adaptation pathways emphasises
the importance of both decision timing and decision
context and frames adaptation as the evolution
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over time of the decision contexts that enable and
constrain adaptation decisions (Wise et al. 2014).
Instead of seeing pathways as only a sequence of
decisions, the adaptation pathways concept helps
people view adaptation in terms of the evolution of
systems of values, rules, and knowledge. This helps
broaden the perspective on adaptation away from
narrow framings of decision problems and helps us
to understand the importance of uncertainty and
learning as integral parts of the adaptation process.
Prevailing systems of societal values, rules and
knowledge define the context in which decisions
are made (Gorddard et al. 2016). The interaction
of values, rules and knowledge (VRK) both creates
and limits the set of decisions that are practical and
permissible in a given decision context. This means
that successful adaptation may require changes to
prevailing systems to enable new decisions to be
made. The VRK model can be used to help diagnose
constraints in decision processes. This means that
adaptation initiatives can be reframed to reveal new
approaches to developing adaptation responses to
more complex problems.
In some cases, even while societal attitudes may
shift, the rules for supporting ecosystem and
species adaptation may not be suitable, and so
legal frameworks may need to change (McDonald
et al. 2016). An example of developing species
options for adaptation that are technically suitable,
institutionally possible, and socially acceptable
has been developed for use with iconic marine
species (Hobday et al. 2015, Alderman & Hobday
2016). Adaptation options in response to climate
impact scenarios for marine mammals and seabirds
were developed based on the IPCC vulnerability
framework. Under this framework, vulnerability
to the physical effects of climate change can be
reduced by adaptation options that reduce exposure
of individuals, reduce the sensitivity of individuals,
and increase the adaptive capacity of individual/
species to cope with climate change. Options
in each vulnerability category can be evaluated
for (i) technical aspects (cost-benefit-risk, CBR),
(ii) institutional barriers, and (iii) potential social
acceptability. This approach provides useful tools
to assist conservation managers in selecting from a
wide range of adaptation strategies; the methodology
is also applicable to other conservation sectors
(Hobday et al. 2015).
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The threats of wide-scale coral bleaching and reef
demise associated with anthropogenic (global)
climate change are widely known. Reef water
quality also plays a role in co-determining the
physiological tolerance of corals to increasing sea
temperatures and declining pH. Wooldridge et al.
(2012) modelled the benefit of reduced exposure
to dissolved inorganic nitrogen (DIN) in terrestrial
runoff, which raises the thermal tolerance of coastal
coral communities on the central Great Barrier Reef.
Their simulations show that an 80% reduction in
DIN ‘buys’ an additional 50-60 years of reef-building
capacity for No Mitigation (‘business-as-usual’)
bleaching projections. Moreover, the integrated
management benefits provided by: (i) local reductions
of similar to 50% in DIN contained in river loads,
(ii) global stabilisation of atmospheric CO2 below
450 ppm can help ensure the persistence of hardcoral-dominated reefscapes beyond 2100. The
simulations reinforce the message that beyond the
global imperative to mitigate future atmospheric CO2
emissions there still remains the need for effective local
management actions that enhance the resistance and
resilience of coral reef communities to the impacts of
climate change.
There is emerging evidence that natural systems
can also provide buffering to coastal assets, for both
gradual sea-level rise, and extreme events, such as
storm surges. Seagrasses have capacity to dissipate
wave energy, whereas salt marshes and mangroves
can also provide some protection from storm surges.
However, in cases where erosion is particularly
strong and rapid, natural systems may not provide
a sufficient buffer, and setting aside land for coastal
retreat of these systems may be needed. The relative
cost of natural and engineered coastal protection
varies depending on the method used to assess the
economics, however, natural habitats are considered
the most cost-effective in the long run, and over the
large coastlines that may need protection.
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4.4 Marine tourism

4.4.1 Impacts for marine tourism

The seven original marine tourism research questions
(Appendix 3) have received less attention than other
sectors, with 4.6 and 4.7 barely addressed. Question
4.1 and 4.2 have received the most attention,
research output was generally low overall, but
increased to 2014, with an apparent decline in 2015
which is likely due to incomplete databases when the
literature search was conducted (Figure 6).

What are the predicted regional impacts of
climate change for marine tourism assets (i.e.
what tourism sites will be most vulnerable to
change and to what degree?)

Figure 6: Publications addressing the marine tourism
priority questions published in the years 2009-2015.
Source: Figure available on request from lead author.
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Holbrook and Johnson (2012) noted that a number
of Australia’s tourism regions are at risk from climate
change impacts, notably the Great Barrier Reef,
Ningaloo Reef, and coastal wetlands in the Northern
Territory. Marine tourism in these and other coastal
destinations are likely to be affected by warming,
sea-level rise, increased cyclone intensity and storm
surge. This is still the prevailing view.
Tropical North Queensland remains the most
threatened tourism region in Australia (in terms of
absolute numbers of holiday visitors) exposed to the
effects of climate change - primarily from the risks
of increased sea surface temperatures (leading to
coral bleaching), ocean acidification (compromising
coral calcification), and increased tropical cyclone
intensity. In addition, marine tourism assets in popular
island and beach destinations (e.g. the Gold Coast,
Sunshine Coast and Fraser Island) are vulnerable
to sea-level rise, storm surge and erosion, likely to
impact on regional communities and economies that
depend on tourism.
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Bradley et al. (2015) showed that most coastal
councils have no adaptation plans, and of those
councils that do have plans, only half have
progressed beyond the ‘understanding the problem’
phase, generally restricted to one driver – sea level
rise. Changing sea surface temperatures and ocean
acidification were largely ignored, despite predicted
impacts on coastal ecosystems and the communities
that interact and depend on them.
The NARP-funded project on beach and surf tourism
(Raybould et al. 2013) assessed case studies of
beach and surf-related recreation and tourism
activities and values in four coastal locations chosen
to represent different levels of development, reliance
on tourism revenues, vulnerability to climate change
and adaptive capacity. They estimated the economic
values associated with beach and surf recreation
and tourism in each location and the potential
losses under climate change scenarios. This project
expanded the availability and temporal relevance
of estimates of the economic value of beach and
coastal assets in Australia, roughly doubling the
number of available estimates for use in desktop
assessments. They also developed a classification
framework to allow transferral of these values to
other policy sites, where empirical estimates are not
possible due to resource constraints.
References
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Australia: vulnerability and adaptation. FRDC-DCCEE
Final report - 2010-536-DLD.
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The pace and progress of adaptation: Marine
climate change preparedness in Australia’s coastal
communities. Marine Policy, 53, 13-20.

4.4.2 Options for reducing
impacts on marine tourism
How can the impacts on tourism, if any, of
public perceptions of climate impacts on
Australia’s marine biodiversity and resources
be minimised?
Public perception of long-term climate change
impacts on Australia’s marine tourism destinations
can impact visitation (Zeppel 2012) particularly
following extreme events such as cyclones and
bleaching (Marshall et al. 2013). There are a range of
studies reporting tourism impacts (van Putten et al.
2014, Tull et al. 2015), but minimising negative views
suggests that cover-ups might be advocated, which
was not the intent of this research question. A focus
on improving the resilience of the valuable marine
tourism sector is more appropriate, and so this
question is recommended for revision.
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vulnerability to climate change in primary producers:
A typology approach. Agriculture, Ecosystems and
Environment, 186, 86-93.
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Australia. ICES Journal of Marine Science: Journal du
Conseil, fsv196.
van Putten, I., Metcalf, S., Frusher, S., Marshall,
N. & Tull, M. (2014). Fishing for the impacts of
climate change in the marine sector: a case
study. International Journal of Climate Change
Strategies and Management, 6(4), 421-441.
Zeppel, H. (2012). Climate change and tourism in
the Great Barrier Reef Marine Park. Current Issues in
Tourism, 15(3), 287-292.

National Climate Change Adaptation Research Plan | Marine biodiversity and resources

43

4. Priority research questions

4.4.3 Links between resource condition
and marine tourism
How can the links between resource condition
and marine-dependent tourism business vitality
be modelled and evaluated?
There has been little research directly addressing
this question. Coghlan (2012) undertook quantitative
analysis of visitor satisfaction and its relation to
tourism attributes on the Great Barrier Reef. They
identified a complex relationship between satisfaction
and environmental, operational and customer
service attributes. Additional attributes with a strong
satisfaction-generating potential included the
diversity of the marine life, interactions with other
passengers, comfort of the boat, quality of the
entertainment, knowledgeable crew, quality of the
information provided and the destination of the trip,
while attributes with a high dissatisfaction-generating
potential when they perform poorly included
customer service, comfort of the trip, weather, quality
of the coral, and cost of the trip.
References
Coghlan, A. (2012). Facilitating reef tourism
management through an innovative importanceperformance analysis method. Tourism Management,
33(4), 767-775.
4.4.4 Adaptive capacity of marine tourism
What is the adaptive capacity of the marine
tourism industry and how can it be enhanced to
cope with climate change impacts?
Marine-oriented nature-based tourism plays an
important socio-economic role, and provides an
incentive for conservation in many coastal regions.
However, accelerating global change, and the
associated socio-economic and political change may
have severe consequences for marine tourism at the
local level. Thus, understanding the ability of sectors
within marine tourism to cope with, and adapt to,
change is paramount (Biggs et al. 2015). Private
sector enterprises are key players in marine tourism
and their capacity to adapt to change will vary across
socio-economic and governance contexts. Thus,
the resilience of these enterprises (their ability to
adapt to, and continue to function under changing
pressures and circumstances) is critical for the future
of the marine tourism sector more broadly.
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Almost all the available research is for tropical reefbased tourism. Biggs et al. (2015) considered how
socioeconomic and governance contexts influence
the resilience of coral reef tourism enterprises on
Australia’s Great Barrier Reef. Although there are
differences between the three groups of enterprises,
lifestyle factors, human capital, perceived reef
condition, and government support are associated
with the resilience of enterprises across all three
groups. These findings suggest that policy-makers
should consider enterprise lifestyle benefits, and
that a nuanced understanding of marine tourism
enterprises is required. Biggs (2011) suggests that
coral reef tourism sector is highly vulnerable not only
to ecological effects of climate change and other
anthropogenic disturbances on reefs, but also to
shocks such as economic recession and energy
price escalation. Commercial tourism enterprises are
key players in reef tourism in Australia and elsewhere.
However, the factors that confer resilience to reefbased tourism enterprises, or the reef tourism sector
more broadly, in the face of large disturbances have
not been investigated. Lifestyle identity, measured
as the extent to which owners and senior managers
are active in reef tourism as a lifestyle choice, is
positively related to enterprise resilience and reef
tourism enterprises. This suggests that financial and
marketing support are the most important actions
that government can take to support enterprises in
the face of a large shock (Biggs 2011).
References
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M. (2015). Marine tourism in the face of global
change: The resilience of enterprises to crises
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4.4.5 Risk reduction for marine tourism

4.4.6 Safety standards for marine activities

What social, ecosystem-based, engineering
and technical approaches might reduce risks
to marine tourism infrastructure from increased
weather severity

Are current safety standards and protocols for
marine activities adequate to deal with future
conditions under climate change?

This question is not confined to marine tourism, and
the discussion in Holbrook and Johnson (2012) is
still relevant, with little new material generated since
that review.
Wilson et al. (2011) note that on the Great Barrier
Reef large operators have vessels to cope with
a 1:50 year tropical cyclone but in the future the
industry may need vessels to go further out requiring
a more robust vessel. Intense cyclones will be a
major issue for moored pontoons on the reef. Costs
to the tropical reef tourism industry are likely to be
high due to damage to infrastructure from cyclones in
particular, infrastructure such as marinas and jetties
are not designed for Category 4 or 5 cyclones.
References
Wilson, R. F., Turton, S. M., Jones, A. & Phillips, M.
(2011). The impact of climate change on reef-based
tourism in Cairns, Australia–adaptation and response
strategies for a highly vulnerable destination.
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This question has not been addressed, as also
noted in Holbrook and Johnson (2012). The research
community may not see this as a research question,
but rather a compliance and operational question for
marine safety organisations.
4.4.7 Options for beach preservation
What are the most appropriate techniques
for preserving beaches in the face of rising
sea levels?
Responses to climate-induced beach erosion include
replenishment, dune protection and hardening, and
progressive retreat. However, experience shows that
beach replenishment is a costly exercise in some
locations that will be ongoing if the source of erosion
is not addressed, and ultimately longer-term solutions
will be required.
Infrastructure, such as seawalls, breakwaters, and
groins, can be built to protect coastal assets, such as
roads, bridges, housing and other infrastructure from
storm surge and sea-level rise. These hard structures
can lead to additional geomorphological modification,
such as the presence of beaches seaward of
seawalls, or the movement of sand behind groins.
These changes may cause loss of public amenity,

Seagrasses can
dissipate wave energy from
storm surges, buffering
coastal assets
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such as beaches, or increase the rate of erosion if
sand supply is interrupted. The use of engineering
solutions to protect coastal assets is expensive and
so will only be possible when high value assets are
in need of protection and someone to pay. Coastal
protection via engineering structures is controversial,
with a range of court battles serving as high profile
examples of the conflict between protect and retreat
strategies. Infrastructure can also limit the landward
retreat of coastal habitats such as mangroves,
saltmarshes, and dunes. Some of these habitats
also provide ecosystem services such as coastal
protection, carbon sequestration, and recreational
opportunities, as well as providing important habitat
for protected and fished species.
There is emerging evidence that natural systems
can also provide buffering to coastal assets, for
both gradual sea-level rise, and extreme events,
such as storm surges. Seagrasses can dissipate
wave energy, whereas salt marshes and mangroves
can protect from surges. When these ecosystems
co-occur, their combined effectiveness in protecting
from waves and surges is enhanced. However, in
cases where erosion is particularly strong and rapid,
natural systems may not provide a sufficient buffer,
and setting aside land for coastal retreat of these
systems may be needed. The relative cost of natural
and engineered coastal protection varies depending
on the method used to assess the economics,
however, natural habitats are considered the most
cost-effective in the long run, and over the large
coastlines that may need protection.
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4.5 Cross cutting questions
The seven original cross cutting research questions
(Appendix 3) have received variable attention
compared to the other sectors, with question 5.2
barely addressed. Questions 5.1, 5.7 and 5.6 have
received the most attention, research output was
generally low overall, but increased to 2014, with an
apparent decline in 2015 (likely due to incomplete
databases when the literature search was conducted)
for six of the seven questions (Figure 7).

Figure 7: Publications addressing the cross-cutting
priority questions published in the years 2009-2015.
Source: Figure available on request from lead author.
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4.5.1 Key cross-sectoral and cross
jurisdictional interactions and responses
What are the key interactions across sectors,
cumulative impacts and cross-jurisdictional
issues that will affect the development of
adaptation strategies in each sector and how
can these cross- and multi-sectoral issues best
be addressed?
There is increasing recognition from scientific studies
that a range of interactions and cumulative issues
in the ocean complicate understanding of, and
action in response to, climate change. Changes in
the physical environment result in shifts in species
ranges, community composition, the form and
function of ecosystem and the dependent human
societies. These changes are unlikely to be simple
or linear; there will be winners, losers, and surprises,
thus, presenting complex and non-stationary,
management, scientific, and statistical challenges
(Fulton 2011).
An important science challenge is to develop a
quantitative understanding of how multiple human
stressors will interact to mitigate or exacerbate global
environmental change at a community or ecosystem
level. Griffith et al. (2012) explored interactions
among fishing, warming, and acidification using
the end-to-end ecosystem model Atlantis and
estimated the individual, additive, and interactive
effects on the ecosystem and for five community
groups in south-east Australia (top predators,
fishes, benthic invertebrates, plankton, and primary
producers). Individually, only ocean acidification had
a negative effect on total biomass, while fishing,
ocean warming, and ocean warming combined
with ocean acidification had an additive effect
on biomass. Fishing, ocean warming and ocean
acidification in combination significantly changed
the direction and magnitude of the interaction effect
to a synergistic response on biomass. Top predator
and fish biomass had a synergistic response to the
interaction of all three stressors, whereas biomass
of benthic invertebrates was affected in opposite
ways by the stressors. This approach is to identify
the regional effects of fishing on the size and
direction of the interacting effects of ocean warming
and ocean acidification.

However, the policy context in which climate change
strategy is implemented is very often complex and
fragmented, characterised by interacting climate
and non-climate strategies. Multilevel governance is
regarded as a promising approach to deal with the
multidimensional nature of climate change adaptation
(Fidelman et al. 2013). However, coordinating and
integrating climate and non-climate strategies
across jurisdictions and policy sectors are the
most significant and challenging tasks for multilevel
governance. For example, climate change adaptation
takes place in a complex multilevel system of
governance in Australia’s Great Barrier Reef region.
Fidelman et al. (2013) found over one hundred
adaptation strategies at federal, state, regional
and local levels in terms of type, manifestation,
purposefulness, drivers and triggers, and geographic
and temporal scope. They showed short-term
adaptation measures; a predominant incremental,
sectoral, top-down approach to adaptation; and the
lack of a framework for managing interactions are
major threats to effective climate adaptation in the
Great Barrier Reef region.
Coping with such threats will require long-term
transformative action, establishing enabling
conditions to support local adaptation, and, most
important, creating and maintaining strategic
interactions among adaptation strategies (Fidelman
et al. 2013). Interdisciplinary teams working with
stakeholders is important, but also requires funding
bodies to place more emphasis on outcomes than
methods when commissioning research.
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4.5.2 Options for estuarine systems
What are the most appropriate techniques for
preserving estuarine systems in the face of
climate change?
Estuaries are a vital part of the Australian coast,
with over 75% of species contributing to Australia’s
commercial fish catch and up to 90% of all
recreational catch spending part of their life cycle
within estuaries and inshore wetlands. An Australiawide assessment of approximately 1,000 estuaries
and embayments indicated that around 30% were
modified to some degree (Creighton 2013). The
most highly degraded were in New South Wales,
where around 40% were classified as extensively
modified and less than 10% were near pristine. This
degradation has had serious impacts on biodiversity,
commercial and recreational fishing. Creighton et al.
(2015) developed a business case showing that an
Australia-wide investment of $350 million into repair
will be returned in less than five years. Pilot projects
are now underway in several states, although the
focus is on restoration, rather than climate-proofing.
A focus on estuarine adaptation was taken
by Sheaves et al. (2014, 2016) in a NARPfunded project. They reviewed available tools
and frameworks, and developed a checklist of
components to be considered when developing
effective adaptation strategies. They found that
successful adaptation strategies needed to be
developed in a broad context, focussing on wholeof-systems, long-term outcomes. They concluded
that traditional adaptation frameworks were too
rigid for use across Australia’s diverse estuary and
coastal marine systems, and no single approach
was suitable given the range of plant and animal
assemblages, climates, and region-specific threats
and matters of contention. Sheaves et al. (2014)
developed a set of general principles to guide the
development of informed adaptation policies, plans
and actions, which are ready for use.
References
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4.5.3 Interactions between land
and marine adaptation
How can land-based climate change adaptation
decisions be developed and implemented
to also support adaptation for marine water
quality and marine resources and biodiversity,
including aquaculture, fisheries, conservation
and tourism, taking account of multiple
stressors, the cumulative pressures of cooccurring factors and flow-on effects for
industries and ecosystem health?
Most attention to this question has been in the
Great Barrier Reef catchment. Wooldridge et al.
(2012) modelled the benefit of reduced exposure
to dissolved inorganic nitrogen (DIN) in terrestrial
runoff, and found that reductions raised the thermal
tolerance of coastal coral communities. Their
simulations highlighted that an 80% reduction in
DIN ‘buys’ an additional 50-60 years of reef-building
capacity relative to the No Mitigation (‘businessas-usual’) bleaching projections. Moreover, the
integrated management benefits provided by: (i)
local reductions of similar to 50% in DIN contained
in river loads, (ii) global stabilisation of atmospheric
CO2 below 450 ppm can help ensure the persistence
of hard-coral-dominated reefscapes beyond 2100.
The simulations reinforce the message that beyond
the global imperative to mitigate future atmospheric
CO2 emissions there still remains the need for
effective local management actions that enhance the
resistance and resilience of coral reef communities to
the impacts of climate change.
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4.5.4 Long term consequences
of ocean acidification
What are the long-term consequences of ocean
acidification, particularly for acclimatisation
or adaptation of marine organisms and
ecosystems, and what adaptation options are
available to the managers of marine biodiversity
and resources?
Many marine species will likely need to acclimatise or
adapt to maintain performance in an ocean changing
in temperature, pH and other environmental drivers
related to climate change (Munday et al. 2013, Foo
& Byrne 2016). An increasing number of Australian
studies have examined the effects of elevated carbon
dioxide (CO2) and ocean acidification on marine fish
(Rummer & Munday 2016), corals (e.g. Foster et al.
2016), other invertebrates (Byrne et al. 2013), and
algae (e.g. Connell et al. 2010, Bennett et al. 2015).
However, most studies involve single species in shortterm laboratory experiments. Long-term studies and
natural context is rare (but see Fabricius et al. 2011,
Sunday et al. 2017).
Marine climate change research needs to progress
from single life stage studies where individuals are
directly placed into projected scenarios, to focus on
the adaptive potential of populations in an ocean

that will gradually change over coming decades
(Foo & Byrne 2016). If marine populations possess
adequate genetic variation in tolerance to climate
change stressors, species might be able to adapt to
environmental change. Phenotypic plasticity could
also to contribute to population persistence providing
time for genetic adaptation to occur. Transgenerational
studies indicate that the environmental and
physiological history of the parents can affect offspring
performance (e.g. Donelson et al. 2012). Foo and
Byrne (2016) call for long-term, multigenerational
experiments to determine the influence of phenotypic
plasticity, genetic variation and transgenerational
effects on species’ capacity to persist in a changing
ocean. Consideration of multiple morphological and
physiological traits, as well as possible evolutionary
constraints from changes in multiple environmental
drivers (e.g. temperature and ocean acidification),will
be essential in making informed predictions of how the
seascape and marine communities will be altered by
climate change and acidification (Munday et al. 2013).
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4.5.5 Interactions between
mitigation and adaptation
How can mitigation initiatives in marine
environments, such as carbon sequestration
initiatives in coastal or marine areas, contribute
to adaptation outcomes?
Australia’s coastal wetland ecosystems sequester
and bury carbon at rates of up to 66 times higher and
store five times more carbon in their soils than those
of our terrestrial ecosystems, including forests, on a
per hectare basis (Lawrence et al. 2012). Thus, in less
than 1% of landmass, the average national annual
carbon burial of coastal ecosystems may account for
39% of that for all ecosystems (Lawrence et al. 2012).
However, as Australia is estimated to be losing its
coastal wetland ecosystems at an annual rate of 0.011.99% for mangroves, 1.17% for saltmarsh and 0.05%
for seagrass, restoration, protection and enhancement
offer significant benefits.
Creighton (2013) focused on the potential fisheries
benefits from restoring coastal areas. Re-establishing
carbon sequestration was mentioned as an additional
benefit that was not explicitly valued. Research will be
required to identify, cost and prioritize opportunities
to benefit from the project aggregation required
to develop a substantive national program in this
area. There would also be many opportunities from
restoration of priority areas in the coasts of our
regional neighbours if this was a government priority.
Restoration or protection of these coastal habitats
presents a win-win-win situation: (i) positive biodiversity
outcomes, (ii) enhanced fishery production (many
species use these habitats as nursery areas), and (iii)
an important opportunity for ecosystem-based climate
mitigation – known as ‘blue carbon’- which also
preserves the essential ecosystem services of these
habitats. In the case of blue carbon, there is also a
viable market that could be created for carbon trading
(as on land), although significant efforts are required to
develop this into reality, including science background
and policy reform. Blue carbon could be traded and
handled in a similar way to green carbon (such as
forest carbon under the UN collaborative initiative on
Reducing Emissions from Deforestation and forest
Degradation, UN-REDD) and entered into emission and
climate mitigation protocols along with other carbonbinding ecosystems.
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In general, valuing the carbon sequestered by
Australia’s coastal ecosystems will require research
into the opportunity costs and break-even price
for preserving intact coastal ecosystems and the
application of offsets and compensation when coastal
ecosystems are to be modified.
References
Creighton, C. (2013). Revitalising Australia’s estuaries.
The business case for repairing coastal ecosystems to
improve fisheries productivity, water quality, catchment
hydrology, coastal biodiversity, flood control, carbon
sequestration and foreshore buffering. Fisheries
Research and Development Corporation, Project
2012-036, Final Report.
Lawrence, A. J., Baker, E. & Lovelock, C. E. (2012).
Optimising and managing coastal carbon: Comparative
sequestration and mitigation opportunities across
Australia’s landscapes and land uses, FRDC Report
2011-084, Fisheries Research and Development
Corporation. Report 2011/084.
4.5.6 Marine pests and diseases
How can climate change-induced changes to
the distribution and effect of marine diseases,
predators, pests and other problem organisms
be managed?
Climate change is leading to a redistribution of
marine species, altering ecosystem dynamics as
species extend or shift their geographic ranges
polewards with warming waters. In marine systems,
range shifts have been observed in a wide diversity
of species and ecosystems and are predicted to
become more prevalent as environmental conditions
continue to change (Poloczanska et al. 2013). Largescale shifts in the ranges of marine species will likely
have dramatic socio-economic and management
implications. In Australia, range shifts span a variety
of ecosystem types, trophic levels, and perceived
outcomes (i.e. negative versus positive). The effect(s)
of range shifts on socio-economic change variables
are rarely reviewed yet have the potential to have
positive and/or negative effects on economic
activities, human health and ecosystem services
(Madin et al. 2012).

Protected areas are one traditional management
approach that also seems to support systems
in resisting range invasions. Bates et al. (2013)
showed that habitat reserves can promote ecological
resilience to climate variability by supporting
intact trophic webs and large bodied individuals.
Specifically, in south-east Australia, reserve sites were
distinguished from fished sites by displaying greater
stability in some aspects of biodiversity, recovery
of large-bodied temperate species, and resistance
to colonization by subtropical vagrants. Likewise,
Ling and Johnson (2012) evaluated the size-and
shelter-specific survival of the range-extending sea
urchin Centrostephanus rodgersii translocated to
reefs inside and outside no-take Tasmanian marine
reserves and concluded that marine systems with a
more natural complement of large and thus functional
predators minimize local risk of phase shifts by
reinstating size and habitat-specific predator-prey
dynamics eroded by fishing.
The management of diseases is much less well
understood; disease presents a major threat in
rapidly changing areas.
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4.5.7 Social resilience
What are the major sources of social
resilience, and the processes by which
stakeholders and organisations interact,
negotiate, and build alliances? What roles do
varying perceptions among stakeholders play
in adaptive management and how do they
change over time?
The changing distribution of species may lead to
dramatic changes in the distribution of economic,
social, and cultural opportunities. These challenge
marine resource users’ capacity to adapt to
a changing climate and managers’ ability to
implement adaptation plans. van Putten et al. (2015)
investigated the cognitive processes that underpin
the formation of marine resource users’ beliefs about
the cause of observed marine range shift phenomena
is therefore an important topic for research. An
examination of the attribution by marine resource
users of three types of range shifts experienced in a
marine climate change hotspot in southeast Australia
to various climate and non-climate drivers indicates
the existence of at least three contributing cognitions.
These are: (i) engrained mental representations of
environmental phenomena, (ii) scientific complexity
in the attribution pathway, and (iii) dissonance from
the positive or negative nature of the impact. All
three play a part in explaining the complex pattern of
attribution of marine climate change range shifts, and
should be considered when planning for engagement
with stakeholders and managers around adaptation
to climate change. Reluctance to attribute marine
range shift to climate change can undermine the
effectiveness of climate change communication and
pose a potential barrier to successful adaptation.
Marshall and Stokes (2014) note that primary
producers, including commercial fishers are especially
vulnerable to climate change because they depend on
highly climate-sensitive natural resources. Adaptation
to climate change will make a major difference to
the severity of the impacts experienced. However,
individuals (resource users) can erect sometimes
seemingly peculiar barriers to potential adaptation
options that need to be addressed if adaptation is to
be effective. Marshall. (2010) further reports in work
on cattle-graziers that many perceived themselves to
be resilient to climate variability in their perceptions of
climate risk, reorganising capacity, coping, and interest
in adapting. Their dependency on the grazing resource
and use of seasonal climate forecasts were significant
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influences, suggesting that resilience could be
enhanced. Facilitated collaborative learning amongst
graziers and other stakeholders may assist to
develop strategic skills, increasing climate awareness,
developing financial security and adopt climate tools
such as seasonal climate forecasts, now also used in
some marine sectors (Hobday et al. 2016).
With regard to conservation, management activities
have tended to focus on reduction of existing
stressors in an effort to increase population status
to pre-exploitation levels. For many species, a
preserve-and-protect approach has been the
primary strategy, which can work when individual
threats can be removed, excluded or otherwise
managed and the habitat for the species is otherwise
suitable. However, in the face of climate change,
new approaches to population management may
be required to complement continued focus on
reduction of other stressors, including more directed
intervention. Alderman and Hobday (2016) argue
that providing examples of successful adaptation
interventions can lead to attitudinal change, and
new ways of approaching conservation in the face of
climate change.
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The degree to which the existing questions have
been addressed was assessed by review of the
literature (above sections) and in a semi-quantitative
manner with a decision tree approach (Figure 8).
Three scores were used in a decision tree to assess
the attention given to the 31 NARP questions in the
literature for the seven year period 2009-2015. In
addition, each paper in the literature sample was
classified as either a primary or review/meta-analysis
article and then scored as relevant ‘1’ or non-relevant
‘0’ across seven broad categories containing 46
sub-categories. The categories included the types of
taxonomic groups considered, study type (e.g. lab,
field or modelling studies), marine realms, habitats,
and life-stages (Ling & Hobday, in review). This
quantified the diversity of research in the Australian
marine environment allowed examination of how
scientific research addressing the priority questions,
but also within sub-disciplines and categories.
Contrasts in literature type and breadth between
periods, and trends over time can be used to identify
gaps in research coverage, either against key
research questions or breadth of research (Ling &
Hobday, in review).
The three scores are defined as follows:
1. Focal score per NARP question
• Sum of all papers addressing
the NARP question
ºº High score means a high number
of publications potentially
address the question
ºº A high score was defined as >30
publications over the seven year period.

2. NARP focal ratio score
• Sum of NARP-related papers contributing to
the NARP question divided by the focal score
per NARP question
ºº High score means NARP project
publications contributed to
addressing the question
ºº A high score was defined as
>25% of the total literature
3. Category breadth score
• Sum of all criteria scores for all papers in each
NARP question category
ºº High breadth means the literature
addressing each of the NARP
questions covered a broad suite
of species, habitats, regions
ºº A high score was defined as >650 points,
based on inspection of the data.
The outcome of the decision tree was to keep
the question (Figure 8, outcome 4b, 3c), drop the
question as it had been suitably assessed (4A, 3B)
or was now considered weak (3E), or refine the
question (3D). The breakpoints between yes and no
questions was based on inspection of the property
question results in S1-S3, and designed to resolve
priority questions.
The decision tree approach suggested that of the
31 questions, 10 questions could be retained,
three should be refined and 16 questions could be
dropped (Table 3).
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1. Is the focal score+ for
the NARP question high?

YES

NO

2A. Is the contribution* of the NARP
literature significant?

NO

YES

3A. May need
to keep this as
a question, as
dedicated funding
seems necessary.
Is the spread
of research
comprehensive?#

YES

2B. Is the question still relevant?

3B. Drop the
question –
addressed
or can be
handled by the
mainstream
research now

YES

CHANGING
FOCUS

3D. Revise the
question (allocate
priority – HOW)

3C. Keep the
question [and still
consider revising it]
(high priority)

NO

3E. Drop
the question
(low priority)

NO

Focal scores – define thresholds (>30)

+		

4A. Drop the
question addressed
or can be
handled by the
mainstream
research now

4B. Keep, refine or
revise the question

* 		NARP contribution = NARP focal score/total
focal score – define thresholds
#

Focal score spread – define thresholds

Figure 8: Decision tree used to help decide if the 2012 NARP question should be retained, refined, or removed.
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Table 3: Summary of decision tree results for the 31 NARP questions from 2012. The focal score for non-NARP
publications and focal score for NARP-funded publications represents the count of publications relevant to each
question. The scores S1 S2 and S3 are described in the methods. The decision tree end point corresponds
to the box in Figure 8 decision tree. The outcome column is there is the answer from the decision tree. Rose
coloured boxes for S1-S3 represent positive scores in a decision tree context (yes/no), orange shaded boxes
represent decision tree outcomes that the drafting team disagreed with, and decided to retain the question.

NARP Questions (as revised in 2012)
Aquaculture
1.1 Which farmed species in which locations are most likely to be impacted as a result of climate change?
1.2 What are the most likely effects of climate change on key environmental variables affecting aquaculture
operations, including ocean temperature, stratification and oxygenation, freshwater runoff or availability,
and extreme wind and wave events and which regions are most vulnerable to such changes?
1.3 What are likely policy changes driven by climate change that will affect aquaculture businesses
either directly through changes in access to suitable locations, and natural resources such as
freshwater or marine-based feeds or indirectly because of changes in harvest marine policies,
affecting feed supplies or non-marine climate adaptation and mitigation policies?
1.4 Which local or regional communities or economies are most dependent on aquaculture
businesses and how will changes in aquaculture production (especially decline in
activity) affect those vulnerable communities socially and economically?
1.5 What options are there for businesses to adapt to climate change effects either by minimising adverse impacts or
taking advantage of opportunities, including through selective breeding, changing or diversifying farmed species,
relocating, expanding or contracting business sites or improving environmental control through infrastructure
development? What are the barriers to implementing such changes and how might they be overcome?
1.6 What significant changes in aquaculture have already occurred because of extrinsic factors and
what can be learned from those changes that will inform adaptation to climate change?
Fisheries
2.1 Which fishery stocks, in which locations, are most likely to change as a result of climate
change? What will those changes be (e.g., in distribution, productivity) and when
are they likely to appear under alternative climate change scenarios?
2.2 What and where are the most likely effects of climate change on key variables affecting
fishery access, including wind and wave climatologies and boating access?
2.3 Which local or regional communities or economies, if any, are dependent on commercial or recreational fishing? How
will changes in fisheries (especially decline in activity) affect those vulnerable communities socially and economically?
2.4 What are the likely policy changes driven by climate change that will affect commercial fisheries
either directly through changes in harvest policies or indirectly because of changes in non-harvest
marine policies or changes in non-marine climate adaptation or mitigation policies?
2.5 What options or opportunities are there for commercial fishers in identified vulnerable fisheries
to adapt to climate change effects through changing target species, capture methods
and management regime, or industry diversification, relocation or divestment?
2.6 What options or opportunities exist or might become available for recreational fishers in identified
vulnerable fisheries to adapt to climate change effects through changing target species or
preferred fishing method or travelling to pursue their preferred target species or method?
2.7 How have enablers been used and barriers to adaptation been overcome? What significant
changes in fisheries have occurred before because of extrinsic factors and what can be
learned from those changes that will inform adaptation to climate change?
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Focal score:
Non-NARP
pubs

Focal score:
NARP pubs

S1: Focal
Score total

S2: NARP
Focal Ratio

S3: Category
breadth

Decision tree
end point

Decision tree
Outcome

20

17

37

0.46

569

4A

Drop

44

19

63

0.30

782

4B

Keep/revise

23

8

31

0.26

347

4B

Keep/revise

4

9

13

0.69

244

3D

Revise

24

9

33

0.27

384

4B

Keep/revise

16

13

29

0.45

369

3E

Drop

121

31

152

0.20

1755

4A

Drop

66

30

96

0.31

1208

4A

Drop

22

23

45

0.51

688

4A

Drop

53

25

78

0.32

892

4A

Drop
(but kept)

24

32

56

0.57

826

4A

Drop
(but kept)

21

27

48

0.56

708

4A

Drop

21

26

47

0.55

671

4A

Drop
(but kept)
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Biodiversity and Conservation
3.1 Which ecosystems and species of conservation priority most require adaptation management and supporting
research, based on their status, value, vulnerability to climate change and the feasibility of adaptive responses?
3.2 What are the critical thresholds to ecosystem change and how close is the ecosystem to such tipping points?
How can we improve our measurement of marine ecosystems to account for ecosystem dynamics and processes?
3.3 How will goals and governance for conservation of Australia’s marine biodiversity need
to change to adapt to climate change impacts? What are the barriers, limits and costs to
implementing adaptation and effective policy responses to climate change?
3.4 How should conservation managers and planners adapt their practices to ameliorate climate change
risks and enhance adaptation options? What intervention strategies will increase system resilience
and improve the time within which biological systems can adjust to a future climate?
Marine Tourism
4.1 What are the predicted regional impacts of climate change for marine tourism assets
(i.e. what tourism sites will be most vulnerable to change and to what degree?)
4.2 How can the impacts on tourism, if any, of public perceptions of climate impacts
on Australia’s marine biodiversity and resources be minimised?
4.3 How can the links between resource condition and marine-dependent
tourism business vitality be modelled and evaluated?
4.4 What is the adaptive capacity of the marine tourism industry and how can
it be enhanced to cope with climate change impacts?
4.5 What social, ecosystem-based, engineering and technical approaches might reduce
risks to marine tourism infrastructure from increased weather severity
4.6 Are current safety standards and protocols for marine activities adequate
to deal with future conditions under climate change?
4.7 What are the most appropriate techniques for preserving beaches in the face of rising sea levels?
Cross Cutting Issues
5.1 What are the key interactions across sectors, cumulative impacts and cross-jurisdictional
issues that will affect the development of adaptation strategies in each sector and
how can these cross- and multi-sectoral issues best be addressed?
5.2 What are the most appropriate techniques for preserving estuarine systems in the face of climate change?
5.3 How can land-based climate change adaptation decisions be developed and implemented to
also support adaptation for marine water quality and marine resources and biodiversity, including
aquaculture, fisheries, conservation and tourism, taking account of multiple stressors, the cumulative
pressures of co-occurring factors and flow-on effects for industries and ecosystem health?
5.4 What are the long-term consequences of ocean acidification, particularly for acclimatisation
or adaptation of marine organisms and ecosystems, and what adaptation options
are available to the managers of marine biodiversity and resources?
5.5 How can mitigation initiatives in marine environments, such as carbon sequestration
initiatives in coastal or marine areas, contribute to adaptation outcomes?
5.6 How can climate change-induced changes to the distribution and effect of marine
diseases, predators, pests and other problem organisms be managed?
5.7 What are the major sources of social resilience, and the processes by which stakeholders and
organisations interact, negotiate, and build alliances? What roles do varying perceptions among
stakeholders play in adaptive management and how do they change over time?

Mean scores
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187

31

218

0.14

2349

3B

Drop

89

17

106

0.16

1186

3B

Drop

54

21

75

0.28

833

4A

Drop

64

26

90

0.29

1028

4A

Drop

38

14

52

0.27

547

4B

Keep/revise

59

13

72

0.18

701

4B

Keep/revise

23

6

29

0.21

358

3C

Keep

21

7

28

0.25

282

3D

Keep

20

5

25

0.20

248

3E

Drop

2

0

2

0.00

44

3E

Drop

3

1

4

0.25

65

3E

Drop

32

28

60

0.47

765

4A

Drop

7

4

11

0.36

163

3C

Keep

13

8

21

0.38

313

3C

Keep

14

1

15

0.07

177

3C

Keep

9

4

13

0.31

188

3D

revise

25

14

39

0.36

563

4B

Keep/revise

31

23

54

0.43

665

4A

Drop

37.10

15.87

52.97

0.32

642.52
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In the following table the new priority research questions are listed for the five categories. The general focus of
the question relative to impact, adaptation, and policy and governance is noted, as is the history of this question
relative to the 2012 set of questions.
These questions reflect a balanced outcome between the semi-quantitative decision tree outcomes, the
qualitative literature review, and discussion between the drafting team participants. As noted in Table 3, while
the decision tree approach suggested that some questions be dropped, the drafting team decided that these
questions should be retained.
The questions that are no longer considered the highest priority conclude each section.
Table 4: New priority research questions.
1. Marine biodiversity and conservation
New Priority Questions

Category of Q

History

1.1 What are the critical thresholds (e.g. warming, acidification) to ecosystem
change and how close might any ecosystems be to a potential tipping point?

Impact

Revised from
Part A from Q3.2

1.2 Which ecosystems and species of conservation priority require adaptation
management and supporting research, based on their status, value,
vulnerability to climate change, and what are the feasible adaptation
options? How can a risk-based approach inform this prioritisation?

Adaptation

Revised - Former
Q3.1, combined
with part B of
former Q3.4

1.3 How can the barriers, limits and costs to implementing
adaptation policy be overcome?

Policy and
governance

Part B of
former Q3.3

1.4 How should conservation managers and planners modify their practices to
reduce or manage climate change risks and enhance adaptation options?

Policy and
governance

Part A of
former Q3.4

3.2B How can we improve our measurement of marine ecosystems
to account for ecosystem dynamics and processes?

Impact (or
monitoring)

Part B of Q3.2

3.3 How will goals and governance for conservation of Australia’s marine
biodiversity need to change to adapt to climate change impacts?

Policy and
governance

Was Q3.3

Removed questions (retaining old numbers for convenience)

Now
encompassed by
Q1.3 & 1.4
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Marine resource industries
2. Aquaculture
New priority questions

Category of Q

History

2.1 What are the most likely effects of climate change on key
environmental variables affecting aquaculture operations (including
ocean temperature, stratification and oxygenation, freshwater
runoff or availability, and extreme wind and wave events), and
which regions are most vulnerable to such changes?

Impact – at local
scales

Was Q1.2

2.2 How can aquaculture businesses adapt to climate change effects either
by minimising adverse impacts or taking advantage of opportunities?

Adaptation

Was Q1.5

2.3 What are the key aquaculture policy issues that need to be addressed
to enable adaptation to climate change? How will aquaculture be
affected by future climate adaptation policies in other sectors, such
as fisheries, coastal land use planning and water management?

Policy and
governance

Modified
from Q1.3

1.1 Which farmed species in which locations are most likely
to be impacted as a result of climate change?

Impact

Was Q1.1

1.4 How might communities dependent on aquaculture adapt
to the risk of declining aquaculture production?

Socio-economic
– no Australian
community meets
this definition

Modified
from Q1.4

1.6 What significant changes in aquaculture have already occurred
because of extrinsic factors and what can be learned from those
changes that will inform adaptation to climate change?

Impact (of past
change)

Was Q1.6

Removed questions (retaining old numbers for convenience)
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3. Fisheries
New priority questions

Category of Q

History

3.1 What options or opportunities are there for commercial fishers in
identified vulnerable fisheries to adapt to climate change effects through
changing target species, capture methods and management regime,
risk management, or industry diversification, relocation or divestment?

Adaptation

Was Q2.5

3.2 What are the key fisheries policy issues that need to be addressed to
enable adaptation to climate change (e.g. dealing with fixed fishery
zones when the stock distribution is changing and development of
harvest strategies that are robust to climate change effects)?

Policy and
governance

New

3.3 How will fisheries policy be affected by future mitigation and adaptation
policies in other sectors, such as no-harvest conservation measures?

Policy and
governance

Was Q2.4

3.4 How have enablers to adaptation been used and barriers to adaptation
overcome? What significant changes in fisheries have occurred
before because of extrinsic factors and what can be learned from
those changes that will inform adaptation to climate change?

Policy and
governance

Was Q2.7

2.1 Which fishery stocks, in which locations, are most likely to
change as a result of climate change? What will those changes
be (e.g., in distribution, productivity) and when are they likely
to appear under alternative climate change scenarios?

Impact

Was Q2.1

2.2 What and where are the most likely effects of climate
change on key variables affecting fishery access, including
wind and wave climatologies and boating access?

Impact –
local scale

Was Q2.2

2.3 Which local or regional communities or economies, if any, are
dependent on commercial or recreational fishing? How will
changes in fisheries (especially decline in activity) affect those
vulnerable communities socially and economically?

Impact –
socio-economic

Was Q2.3

2.6 What options or opportunities exist or might become available for
recreational fishers in identified vulnerable fisheries to adapt to climate
change effects through changing target species or preferred fishing
method or travelling to pursue their preferred target species or method?

Adaptation –
socio-economic

Was Q2.6

Removed questions (retaining old numbers for convenience)
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4. Marine tourism
New priority questions

Category of Q

History

4.1 What tourism sites will be most vulnerable to climate
change and how might impacts be overcome?

Impact

Modified
from Q4.1

4.4 How can the adaptive capacity of the marine tourism industry
be enhanced to cope with climate change impacts?

Adaptation

Was Q4.4

4.2 How can the impacts on tourism, if any, of public perceptions of climate
impacts on Australia’s marine biodiversity and resources be minimised?

Impact

Was Q4.2

4.3 How can the links between resource condition and marinedependent tourism business vitality be modelled and evaluated?

Socio-economic

Was Q4.3

4.5 What social, ecosystem-based, engineering and technical
approaches might reduce risks to marine tourism
infrastructure from increased weather severity?

Socio-economic

Was Q4.5

4.6 Are current safety standards and protocols for marine activities
adequate to deal with future conditions under climate change?

Risk management

Was Q4.6

4.7 What are the most appropriate techniques for preserving
beaches in the face of rising sea levels?

Adaptation - too
specific

Was Q4.7

Removed questions (retaining old numbers for convenience)
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5. Cross-cutting issues
New priority questions

Category of Q

History

5.1 What are the key interactions across sectors, cumulative
impacts and cross-jurisdictional issues that will affect the
development of adaptation strategies in each sector?

Adaptation

Was Q5.1

5.2 How can land-based and marine climate change adaptation decisions and
policies be developed and implemented so as to be mutually supportive?

Policy and
governance

Modified
from Q5.3

5.3 What are likely climate-related changes to the distribution and frequency
of marine diseases, and how can these risks be managed?

Impacts

Modified
from Q5.6

5.4 What adaptation-mitigation activities could be usefully developed
in coastal or marine areas that are potentially win-win?

Adaptation

Modified
from Q5.5

5.4 What are the long-term consequences of ocean acidification,
particularly for acclimatisation or adaptation of marine organisms
and ecosystems, and what adaptation options are available
to the managers of marine biodiversity and resources?

Moved to
conservation,
combined with Q1

Was Q5.4

5.7 What are the major sources of social resilience, and the processes by
which stakeholders and organisations interact, negotiate, and build
alliances? What roles do varying perceptions among stakeholders
play in adaptive management and how do they change over time?

Socio-economic –
not specific to marine

Was Q5.7

5.2 What are the most appropriate techniques for preserving
estuarine systems in the face of climate change?

Moved in concept
to conservation, can
also be considered
with Q1 (as could any
other habitat)

Was Q5.2

Removed questions (retaining old numbers for convenience)
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Appendix 1

List of key words used in literature search
No.

Search term

1

Acidification

2

Adaptation

3

Aquaculture

4

Australia

5

Carbon-sequestration

6

Climate

7

Climate change

8

Fisheries

9

Future

10

Infrastructure

11

Marine

12

Ocean

13

Range Shift

14

Range-Extender

15

Range-Extension

16

Resilience

17

Risk

18

Seafood

19

Shift

20

Species

21

Tourism

22

Tropicalization

23

Vulnerability

24

Vulnerable

25

Warming
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Raw data set
Available as an .xlsx file from Alistair Hobday.
Email: alistair.hobday@csiro.au.
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Appendix 3
List of 2012 priority questions
Aquaculture
1.1 Which farmed species in which locations are most
likely to be impacted as a result of climate change?
1.2 What are the most likely effects of climate
change on key environmental variables affecting
aquaculture operations, including ocean
temperature, stratification and oxygenation,
freshwater runoff or availability, and extreme wind
and wave events and which regions are most
vulnerable to such changes?
1.3 What are likely policy changes driven by climate
change that will affect aquaculture businesses
either directly through changes in access to
suitable locations, and natural resources such as
freshwater or marine-based feeds or indirectly
because of changes in harvest marine policies,
affecting feed supplies or non-marine climate
adaptation and mitigation policies?
1.4 Which local or regional communities or economies
are most dependent on aquaculture businesses
and how will changes in aquaculture production
(especially decline in activity) affect those
vulnerable communities socially and economically?
1.5 What options are there for businesses to
adapt to climate change effects either by
minimising adverse impacts or taking advantage
of opportunities, including through selective
breeding, changing or diversifying farmed
species, relocating, expanding or contracting
business sites or improving environmental control
through infrastructure development? What are the
barriers to implementing such changes and how
might they be overcome?
1.6 What significant changes in aquaculture have
already occurred because of extrinsic factors and
what can be learned from those changes that will
inform adaptation to climate change?
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Fisheries
2.1 Which fishery stocks, in which locations, are most
likely to change as a result of climate change?
What will those changes be (e.g., in distribution,
productivity) and when are they likely to appear
under alternative climate change scenarios?
2.2 What and where are the most likely effects of
climate change on key variables affecting fishery
access, including wind and wave climatologies
and boating access?
2.3 Which local or regional communities or
economies, if any, are dependent on
commercial or recreational fishing? How will
changes in fisheries (especially decline in
activity) affect those vulnerable communities
socially and economically?
2.4 What are the likely policy changes driven by
climate change that will affect commercial
fisheries either directly through changes in harvest
policies or indirectly because of changes in nonharvest marine policies or changes in non-marine
climate adaptation or mitigation policies?
2.5 What options or opportunities are there for
commercial fishers in identified vulnerable
fisheries to adapt to climate change effects
through changing target species, capture
methods and management regime, or industry
diversification, relocation or divestment?
2.6 What options or opportunities exist or might
become available for recreational fishers in
identified vulnerable fisheries to adapt to climate
change effects through changing target species
or preferred fishing method or travelling to pursue
their preferred target species or method?
2.7 How have enablers been used and barriers to
adaptation been overcome? What significant
changes in fisheries have occurred before
because of extrinsic factors and what can be
learned from those changes that will inform
adaptation to climate change?
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Conservation

Cross cutting

3.1 Which ecosystems and species of conservation
priority most require adaptation management and
supporting research, based on their status, value,
vulnerability to climate change and the feasibility
of adaptive responses?

5.1 What are the key interactions across sectors,
cumulative impacts and cross-jurisdictional
issues that will affect the development of
adaptation strategies in each sector and how
can these cross- and multi-sectoral issues best
be addressed?

3.2 What are the critical thresholds to ecosystem
change and how close is the ecosystem to
such “tipping points”? How can we improve our
measurement of marine ecosystems to account
for ecosystem dynamics and processes?
3.3 How will goals and governance for conservation
of Australia’s marine biodiversity need to change
to adapt to climate change impacts? What are
the barriers, limits and costs to implementing
adaptation and effective policy responses to
climate change?
3.4 How should conservation managers and planners
adapt their practices to ameliorate climate
change risks and enhance adaptation options?
What intervention strategies will increase system
resilience and improve the time within which
biological systems can adjust to a future climate?
Tourism
4.1 What are the predicted regional impacts of
climate change for marine tourism assets (i.e.,
what tourism sites will be most vulnerable to
change and to what degree?)
4.2 How can the impacts on tourism, if any, of public
perceptions of climate impacts on Australia’s marine
biodiversity and resources be minimised?
4.3 How can the links between resource condition
and marine-dependent tourism business vitality be
modelled and evaluated?
4.4 What is the adaptive capacity of the marine tourism
industry and how can it be enhanced to cope with
climate change impacts?

5.2 What are the most appropriate techniques for
preserving estuarine systems in the face of
climate change?
5.3 How can land-based climate change
adaptation decisions be developed and
implemented to also support adaptation for
marine water quality and marine resources and
biodiversity, including aquaculture, fisheries,
conservation and tourism, taking account of
multiple stressors, the cumulative pressures
of co-occurring factors and flow-on effects for
industries and ecosystem health?
5.4 What are the long-term consequences of ocean
acidification, particularly for acclimatisation or
adaptation of marine organisms and ecosystems,
and what adaptation options are available to the
managers of marine biodiversity and resources?
5.5 How can mitigation initiatives in marine
environments, such as carbon sequestration
initiatives in coastal or marine areas, contribute to
adaptation outcomes?
5.6 How can climate change-induced changes to
the distribution and effect of marine diseases,
predators, pests and other problem organisms
be managed?
5.7 What are the major sources of social resilience,
and the processes by which stakeholders and
organisations interact, negotiate, and build
alliances? What roles do varying perceptions
among stakeholders play in adaptive management
and how do they change over time?

4.5 What social, ecosystem-based, engineering
and technical approaches might reduce risks
to marine tourism infrastructure from increased
weather severity
4.6 Are current safety standards and protocols for
marine activities adequate to deal with future
conditions under climate change?
4.7 What are the most appropriate techniques for
preserving beaches in the face of rising sea levels?
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