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Abstract 

Marine resource industries and associated ecosystems are under threat from climate 

change. Fisheries are a key industry that is facing challenges posed by climate change and 

needs to explore adaptation options to increase resilience to increasing variability in 

environmental conditions and stock productivity. Climate change leads to various biological 

and socio-ecological implications, ranging from species redistributions as species seek to 

chase preferred temperatures, to disease outbreaks affecting both species and human 

health, to changes in stock abundance and productivity affecting fishing operations. The 

effects and impacts of climate change, however, are not equal around the world, with 

greater impacts typically occurring in faster warming regions.  

Australia has some of the fastest warming waters in the world (e.g. the south-east and 

south-west coastlines), leading to rapidly changing marine ecosystems. This thesis explores 

how prepared Australian fisheries are for climate change, and what they can do to better 

prepare. Using a mixture of qualitative and quantitative methods, this thesis undertakes the 

first approach to analyse: (i) the amount of primary scientific literature that is available to 

inform climate adaptations in Australian fisheries and what factors may influence research 

effort and direction; (ii) the extent to which Australian state fisheries management 

documents consider issues relating to climate change; (iii) the frequency at which climate 

change is considered a research funding priority within fisheries research in Australia; and 

(iv) the current and future potential for climate adaptation to be integrated as part of

commercial wild-catch fisheries management strategies in Tasmania, making 

recommendations on how to improve climate change adaptation of Tasmanian fisheries. 

This thesis also explores the broader context of climate change affecting marine 

environments, summarising the importance of maintaining pressure on government to 

consider climate change in all strategies, through key recommendations made by an 

Australian Senate Committee inquiry. Finally, this thesis presents key lessons and 

recommendations that can be learned from autonomous adaptations to climate change 

being undertaken by Tasmanian marine resource users without government action. This 

thesis is presented through research chapters (i.e. peer reviewed publications), as well as 

government and industry relevant outputs (i.e. technical reports) in order to maximise the 
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impact of this work on fisheries and marine management by broadening the application 

and relevant audience of this research. 

Key findings of this research include that two-thirds of harvested Australian marine species 

assessed have no peer-reviewed climate-related literature available to inform fisheries 

management and climate adaptation, and that research effort in climate-related species 

literature is closely related to the number of commercial fish stocks per species and the 

commercial catch weights of a species. The south-east and western Australian regions have 

the most climate-related biological information to support climate adaptation in fisheries 

management, and the south-east and south-west regions have the highest incorporation 

rates of climate- and environmental protection-related themes in their commercial state 

fisheries management documents. Less than one-quarter of all fisheries management 

documents assessed have content relating to climate, and this is only included to a limited 

degree, but is more likely to be present in documents relating to target species with higher 

economic commercial catch values, commercial catch weights, or a greater number of 

commercial fish stocks. Climate-related fisheries research represents only a small 

proportion of fisheries research and investment. Moreover, climate adaptation in 

Tasmanian fisheries management has largely been passive or incidental to date. Suggested 

future improvements may incorporate (i) more and/or different scientific information and 

better application, (ii) government reviews, reforms, and stronger action, (iii) renewed 

industry leadership and action, (iv) gaining more funding and resources, and (v) increasing 

education, extension, and interaction among stakeholder groups.  

This thesis recommends that the inclusion of climate-related biological knowledge in 

fisheries management should be increased to boost the production of climate-informed 

management adaptation strategies. In order to achieve this, research funding for climate-

related fisheries research should be increased to expand the production of this research. 

Finally, fisheries management and industry changes to proactively address climate change 

should be implemented, and autonomous adaptations among marine resource users that 

to not conflict management objectives should be encouraged. However, these autonomous 

or industry-led adaptations also need to be documented to ensure adaptation across 

government and industry sectors occurs in a coordinated way. Holding a long-term strategic 

view towards addressing climate change challenges is important for the longevity of the 

fishing industry and marine ecosystems of Australia. 
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Chapter 1: General Introduction 
 

1.1. The importance of fisheries for human well-being 

Marine fisheries are important for human well-being, influencing human economies, social 

factors, and the physical and mental health of people (Weeratunge et al., 2014, FAO, 2020). 

Sustainable and productive fisheries can improve food and nutrition security, increase income, 

improve livelihoods, and promote economic growth (Finegold, 2009). However, poorly managed 

fisheries, or delays in implementing appropriate management strategies, can lead to the 

degradation of ecosystems, and collapse of fish stocks and economies (Worm et al., 2009, Brown 

et al., 2012, Kumar et al., 2019). It is therefore important that growth in fisheries is sustainable, 

through minimising environmental degradation and biodiversity loss, and maximising economic 

and social benefits (FAO, 2020). There is a strong sense of social identity and purpose linked to 

being a fisher or angler (Holland et al., 2020, Coulthard et al., 2011); a sentiment that has been 

ignored by policy and decision-makers in the past (Coulthard et al., 2011), as has the benefits of 

seafood for human health (FAO, 2020).  

Seafood consumption by humans is increasing around the world, particularly in many coastal 

communities, due to healthy eating advice in economically developed countries, and being an 

important protein source in developing countries (Allison et al., 2009, Brunner et al., 2009, FAO, 

2020, Cheung et al., 2010). Human consumption of seafood is growing, making up 88 percent (156 

million tonnes) of the total utilisation of fish production in 2018, up from 67 percent in the 1960s 

(FAO, 2020). Consequently, global fisheries capture trends have predominantly increased each 

year, with marine wild-catch fisheries recording a total production of 84.4 million tonnes in 2018, 

and inland fisheries recording 12 million tonnes in the same year, both figures representing record 

high catch rates (FAO, 2020). Meanwhile, global aquaculture production also recorded a record high 

of 114.5 million tonnes in 2018, of which 82.1 million tonnes was from harvested aquatic animals 

(FAO, 2020). Moreover, the number of biologically sustainable fish stocks among commercial 

fisheries has decreased from 1974 to 2017 from 90 percent to 65.8 percent, with 78.7 percent of 

current landings coming from biologically sustainable stocks (FAO, 2020). This highlights the 

importance and requirement for having good management arrangements that successfully protect 

the integrity of both industry and the marine environment (Costello et al., 2016, Melnychuk et al., 

2014, Schindler and Hilborn, 2015, Ogier et al., 2016). The increasing demand for fish and seafood 

will accelerate declines in fish stocks and the health of marine ecosystems if appropriate action is 

not taken soon to understand and address the tensions between growing seafood production and 

negative effects on marine ecosystems (Brunner et al., 2009, FAO, 2020). In addition to increasing 
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human demand and fishing pressure, climate change brings a new set of pressures and risks to 

global marine capture fisheries and ecosystems (Cochrane, 2020). 

 

1.2. Fisheries and climate change 

Climate change is threatening fisheries and ecosystems around the world (Madin et al., 2012, 

Hoegh-Guldberg and Bruno, 2010, Barange et al., 2018), with climate-driven species distribution 

and abundance changes (Parmesan and Yohe, 2003, Pecl et al., 2017), enhanced establishment of 

invasive species (Stachowicz et al., 2002, Mainka and Howard, 2010), and disease outbreaks (Harvell 

et al., 2002, Burge et al., 2014) already observed in many regions. Climate-driven changes may have 

positive and/or negative cascading socio-ecological effects, from impacts on environment and 

ecosystems, to human health, and human economies (Madin et al., 2012). Under strong climate 

change scenarios (e.g. RCP8.5), future fisheries maximum catch potential is projected to decline in 

many coastal regions globally, yet may significantly increase in offshore regions at higher latitudes 

(e.g. North Atlantic, North Pacific, Arctic, and the northern edge of the Southern Ocean; Cheung et 

al., 2010). Climate simulation models of 2°C warming (relative to pre-industrial periods) have shown 

that catch potential of fisheries may increase by an average of 30-70% in high-latitude regions, 

particularly at the poleward tips of continental margins (e.g. South Africa, Argentina, and Australia; 

Cheung et al., 2010). Meanwhile catch potential is projected to decrease by up to 40% in the tropics, 

semi-enclosed seas, and inshore waters by 2055, due to climate-driven redistribution of 

commercially exploited species (Cheung et al., 2010). Simulations show that warm-water species 

will replace cold-water species in sub-tropical and temperate regions as species shift to keep up 

with their preferred climate (Cheung et al., 2010, Molinos et al., 2016, Fogarty et al., 2017), meaning 

that fisheries will need to be flexible and adaptive as species shift distributions and abundances.  

Climate change does not occur evenly across the world (Burrows et al., 2011, Hoegh-Guldberg et 

al., 2014), and in the ocean environment it can present as changes (predominantly increases) in 

water temperatures, changes in the strength and/or direction of currents and upwelling, changes 

in weather patterns and more frequent extreme weather events like marine heatwaves, or 

increased ocean acidification and changes in pH levels (Pörtner et al., 2014, Hoegh-Guldberg et al., 

2014). The impacts of climate change on fisheries may occur at different levels, such as through 

ecological impacts (e.g. impacts on target species, competition and predator-prey dynamics, or 

habitat degradation; Daw et al., 2009). Climate-driven ecological and biological changes are some 

of the most pressing climate-related impacts, such as changes to species physiology (e.g. growth 
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rates) or phenology (e.g. spawning and moulting timing) at the stock level, changes in productivity 

or disease susceptibility at the population level, or changes in distribution and abundance at a 

species level (Walther et al., 2002, Weatherdon et al., 2016, Sumaila et al., 2011, Allison et al., 2009, 

Pecl et al., 2017). The ecological impacts of climate change have further cascading effects on 

fisheries, such as changes and increased variability in catch levels, and seasonality or location of 

production and operations (Daw et al., 2009). Climate change may also pose more direct threats to 

fisheries, such as through damage or loss of fisheries infrastructure, gear, and assets (e.g. damage 

from extreme weather, or decreased usability from sea level rise or increased freshwater runoff), 

increased potential danger to work personnel (e.g. working/navigating in rough seas), or socio-

economic impacts (e.g. job loss, and flooding of some vulnerable fishing communities; Daw et al., 

2009, Badjeck et al., 2010, Cinner et al., 2012, Allison et al., 2009). These negative effects on 

fisheries productivity could lead to increased costs in processing, transport, and other associated 

fishing operations, and consequently may affect the consumer through increased market price 

(Weatherdon et al., 2016, Cheung et al., 2010).  

 

1.3. Managing fisheries in the face of climate change  

For the fishing industry to meet the demands for a planet with nine billion people by 2050 (UN-

DESA, 2015), fisheries management needs to promote long-term conservation and sustainable use 

of fisheries resources, at a catch level that is optimum for the complete utilisation of the capture 

(FAO, 1995). Adaptation is a socio-political process that is crucial for fisheries to respond to socio-

ecological changes driven by climate change (Grafton, 2010, Eriksen et al., 2015). Improving the 

adaptive capacity of social-ecological systems to successfully respond to long-term environmental 

change is crucial in fostering successful climate adaptation (Adger et al., 2007). Possible adaptation 

strategies can be either planned and government-led, such as industry buybacks or factoring 

climate impacts into stock assessments, or autonomous and implemented by marine resource 

users, such as the commercial fishing effort tracking the distributional shift of fish species into 

cooler waters (Holbrook and Johnson, 2014, Frusher et al., 2016, Pecl et al., 2009, Pecl et al., 2019). 

The most effective management pathways will consider both adaptation strategies, where specific 

planned adaptations should be designed to also support autonomous adaptations (e.g. through 

focused management of target species, habitat protection and restoration, or assisted migration; 

Koehn et al., 2011, Holbrook and Johnson, 2014, Pecl et al., 2009, Creighton et al., 2016). Failing to 

facilitate autonomous adaptation as part of management and policy responses may leave fishers 

vulnerable to climate change (Pecl et al., 2009, Pecl et al., 2019). It is also important to foster 
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knowledge and learning about climate change, as the greater the understanding a fisher has about 

climate change, the more adaptations will be implemented by fishers, therefore increasing industry 

resilience to climate change (Mulyasari et al., 2018). 

There are two key frameworks relevant to management of global fisheries under a changing 

climate: (i) the Code of Conduct for Responsible Fisheries (the Code) is the most widely accepted 

set of guidelines on fisheries management, and provides principles and standards for the 

conservation, management, and development of global fisheries (FAO, 1995, FAO, 2016), while (ii) 

the United Nations Framework Convention on Climate Change (UNFCCC) manages global policy 

adaptations. The Code is voluntarily accepted globally, and advises that best-practice fisheries 

management measures should be precautionary and based on the best available scientific evidence 

(FAO, 1995, FAO, 2016). As climate change and its related effects pose one of the greatest threats 

to fisheries around the world, global action is of high importance. The United Nations Framework 

Convention on Climate Change (UNFCCC) establishes a range of processes to assist global 

communities to adapt to climate change, including National Adaptation Plans (NAP) and National 

Adaptation Programmes of Action (NAPAs), which allows Least Developed Countries (LDCs) to 

identify priority adaptation activities (UNFCCC, 2020). These processes assist nations in 

appropriately responding to climate change.  

For global fisheries to remain productive, they must adapt to the changing environment. Adaptive 

governance of social-ecological systems is an extension of ecosystem-based management, and 

refers to society’s capacity to understand and respond to changes in environment and social 

feedback, to sustain and enhance the resistance and resilience of desirable ecosystems (Berkes and 

Folke, 1998, Folke et al., 2005). Adaptive governance promotes participation and leadership, 

learning and the utilising ecological knowledge into adaptive management practices, and supports 

flexible institutions and governance systems to accept and be prepared for uncertainty (Folke et al., 

2005). Just as environmental systems and changes are important considerations in ecosystem-

based management, social dimensions and context are also important in adaptive governance 

(Folke et al., 2005). Adaptive and dynamic management approaches may be favourable in 

addressing environmental changes, however fixed long-term measures may better address shifting 

socio-economic and political conditions (Holsman et al., 2019). Therefore, considering dynamic-

adaptive-fixed approaches for addressing climate change within fisheries management may be 

most valuable (Holsman et al., 2019). Ecosystem-based management in combination with adaptive 

management and co-management approaches may provide one of the best strategies available for 

fisheries adaptation to climate change (Ogier et al., 2016). 
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Strategies for fisheries adaptation to climate change efforts to explore could be: ensuring policy 

and management promote ecosystems that are resilient to change, establishing insurance schemes, 

enabling occupational flexibility, strengthening infrastructure, restoring degraded habitats and 

breeding sites, switching target species, improving responsiveness of fisheries governance, or 

developing early warning systems (Porter et al., 2014, IPCC, 2014, Creighton et al., 2016). Many 

countries are already making changes to their respective fishing industries to reduce vulnerability 

to climate change, through disaster risk management, conservation agreements, early warning 

systems, and adjustments to technologies and infrastructure among some of the adaptations being 

developed throughout the world (IPCC, 2014). To complete these efforts there is also a movement 

towards implementation of adaptive governance processes that seek to incorporate new 

information into decision-making processes as soon as it becomes available. 

Discussions of possible management adaptation options that may support fishing industries under 

a changing climate have been taking place throughout the world in recent years. Discussions of 

possible North American adaptation measures include conducting vulnerability assessments, 

managing and protecting important habitats, and assisted migration (Romero-Lankao et al., 2014, 

Furgal and Prowse, 2008), while in Central and South American fisheries, co-management has been 

identified as a possible adaptive management option (Magrin et al., 2014). Co-management is an 

attractive option as it can potentially balance conservation of marine biodiversity with the 

improvement of livelihoods and cultural survival of traditional populations (Magrin et al., 2014). 

Other adaptive management strategies discussed in Central and South America include Marine 

Protected Areas (MPAs), and fishing agreements between government and fishers (Magrin et al., 

2014). Adaptation options to protect African fishery stocks include developing MPAs and improving 

management of natural resources (Niang et al., 2014). In Europe, fishery management thresholds 

will have to be redeveloped for migrating species in order to benefit from these new fishing 

opportunities (Kovats et al., 2014) and to underpin new treaty arrangements. 

 

1.4. Gaps in the Literature 

Long-term climate changes can have a range of potential effects on marine environments, both 

positive and negative, with various flow-on effects to humans and resource use (Madin et al., 2012). 

Consolidating what is already known about climate change and its implications for fisheries and the 

marine environment is important as it will allow for scientifically-informed policy and management 

tools that can efficiently and effectively prepare industry for, and adapt to, climate change. Climate 
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change preparedness of fisheries involves ensuring industry and ecosystem resilience to the 

predicted and unpredicted climate-driven changes that affect marine ecosystems and fisheries. 

However, there are currently limited documented examples of implemented adaptation actions 

and tactical responses to climate change with an evaluation of outcomes, and many institutions 

have not progressed past the ‘understanding the problem’ phase (Lindegren and Brander, 2018, 

Bell et al., 2020, Sumby et al., 2021, Bradley et al., 2015). Studies mainly focus on frameworks and 

principles of adaptation planning in marine systems rather than actions (Miller et al., 2018, 

Lindegren and Brander, 2018, Berrang-Ford et al., 2011). Many fisheries management agencies 

acknowledge capacity shortfalls and institutional limitations in addressing the impacts of climate 

change on marine fisheries (Lomonico et al., 2021). Government and fishing industries 

fundamentally need to better incorporate climate into their strategies and operations to develop 

more resilient fisheries and ecosystems. Identifying knowledge gaps and areas of saturation will 

help management understand their level of preparedness for climate change, and could speed up 

response to climate change.  

Currently, Australian fisheries management plans do not explicitly consider the effects of climate 

change, although some claim to consider the effects of short-term climate variability (Badjeck et 

al., 2010), however, this has never been systematically assessed. This lack of climate consideration 

may become problematic in the near future, as management options appropriate for climate 

change are incompletely explored (Reisinger et al., 2014, Hobday and Cvitanovic, 2017). Developing 

and adapting fisheries management plans and strategies to consider the existing and future effects 

of climate change is important for a proactive management response to climate change, and can 

assist the potential mitigation of negative impacts and maximisation of potential positive impacts 

(Pecl et al., 2014, Hobday and Pecl, 2014). To safeguard Australian fisheries against future climate 

change we need to understand the expected long-term changes in species distributions and 

abundance, the influence of weather and seasonal climate on target species, and species tolerances 

(Holbrook and Johnson, 2014). Uncertainties about pest and invasive species, the rate of sea level 

rise, and other long-term climate trends also expose limitations for management adaptation 

options. There is also currently a lack of clear goals, direction, and quantitative analysis for the 

adaptation of fisheries management, and communication barriers are evident between researchers 

and decision-makers, which poses further limitations to fisheries climate adaptation (Leith et al., 

2013, Cvitanovic et al., 2015). It is important that we overcome these knowledge gaps and 

uncertainties, in order to develop and implement effective adaptive fisheries management 

responses to climate change. 
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1.5. Australian fisheries as a case study 

The effects of climate change are especially evident along the Australian coastline, with the coastal 

waters off south-east and south-west Australia being some of the fastest warming waters in the 

world (Ridgway, 2007, Hughes, 2011, Hobday and Pecl, 2014, Lough and Hobday, 2011). The south-

east has been particularly affected by climate-driven species redistributions, such as the long-

spined sea urchin (Centrostephanus rodgersii), and various fish species that have been shifting their 

distributions poleward into cooler waters (Last et al., 2011, Johnson et al., 2011, Ling and Keane, 

2018, Ling et al., 2009b). Extreme climate-related events have had widespread impacts, with now 

over 45% of the Australian coastline suffering mortalities of key marine habitat forming organisms, 

such as coral reef bleaching in the north-east, and mangrove dieback along the northern coastlines 

(Hughes, 2011, Hughes et al., 2017, Babcock et al., 2019). The loss of key ecosystems and species is 

now a significant risk (Reisinger et al., 2014). Tropical coastal waters are expected to undergo 

intense weather events into the future, which could restrict fishing times, or result in the loss of 

fisheries assets and infrastructure (Daw et al., 2009, Hobday and Poloczanska, 2010). These 

environmental changes pose a significant challenge for local fishing industries and economies, 

which need efficient and effective management. It is important that Australian fisheries must also 

be able to adapt to the shifting distributions and changing abundances of target species, with 

assisted translocation for some high value species a potentially feasible strategy (Reisinger et al., 

2014, Pecl et al., 2009, Green et al., 2010). 

Fisheries are a large, socially and economically important industry within Australia, with most of 

the gross value production (GVP) in Australia’s commercial fishery and aquaculture sector 

attributed to state-managed wild-catch fisheries (Steven et al., 2020). Rock lobster, prawn, abalone, 

and tuna fisheries have consistently been most valuable wild-caught species of recent years, with a 

combined value of over $1.21 billion (AUD) in 2017-18, making up a substantial portion of 

Australia’s total wild-catch fisheries production value of $1.79 billion in the same year (Steven et 

al., 2020). Australians consumed 341,272 tonnes of seafood in 2017-18, with 45% supplied through 

Australian production (Steven et al., 2020). Although seafood industries employ less people than 

some other resource-extraction industries in Australia (Hodgkinson et al., 2014), fisheries are 

important regional employers.  Fisheries employed 11,000 Australians in 2017-18, compared to 

6,000 people employed in aquaculture in the same period (Steven et al., 2020), making it crucial to 

protect and preserve local fisheries into the future. Fisheries employment is a particularly important 

livelihood in small coastal regional Australian communities, and these communities may be some 

of the most at risk as they may be less able to adapt, and less able to build or maintain intricate 

industry connections needed to diversify into new marine industries (van Putten et al., 2016, Daw 
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et al., 2009). This may cause problems for small, remote communities such as Bowen in tropical 

Queensland, and Kalbarri in Western Australia, among others, where fisheries are a main source of 

income for the towns (Grafton, 2010, Holbrook and Johnson, 2014, Metcalf et al., 2013). 

Australian state governments and natural resource management bodies are largely responsible for 

developing and implementing adaptation policies in Australia (Reisinger et al., 2014). Australian 

fisheries are typically managed through spatial management, and input, output, and technical 

controls (Hobday and Poloczanska, 2010). One over-arching goal for Australia at present is to allow 

overfished stocks to rebuild, as overfishing from the 19th century, and more recent heavy fishing, 

has caused coastal ecosystems collapses (Jackson et al., 2001, Ling et al., 2009a). Australia 

introduced a ministerial direction to end overfishing within Australia’s Exclusive Economic Zones 

(EEZ) in 2005 (FAO, 2016). As at 2018, 90.5 percent of catch species within Australian EEZs were 

within biologically sustainable levels, thanks to a reduction in catch effort in these area (FRDC, 

2020). 

The major Australian Commonwealth body responsible for managing the Australian fishing industry 

is the Australian Fisheries Management Authority (AFMA), acting under the Fisheries 

Administration Act 1991 and the Fisheries Management Act 1991. AFMA aims to adopt an 

ecosystem-based fisheries management approach, which considers the impacts of fishing on 

species, habitats, and communities. Australia also has facilities in place to support decision-makers 

in preparing for climate change, such as the National Climate Change Adaptation Research Facility 

(NCCARF). NCCARF has published an update of the marine research plan (marine NARP; Hobday et 

al., 2016), which outlines priority research questions with regard to marine biodiversity and 

conservation, cross-cutting issues, and resource industries, including fisheries. These questions in 

relation to fisheries, highlight the need for knowledge improvement in management adaptation 

opportunities and key policy issues (Hobday et al., 2016). Additionally, in collaboration with the 

Australian state and territory governments, the Australian Fisheries Management Forum (2010) 

developed a National Climate Change Action Plan for Fisheries and Aquaculture (Action Plan). This 

Action Plan acts to “inform and guide an effective climate change response that supports the 

ongoing sustainability, competitiveness and quality of Australian fisheries”. The Action Plan outlines 

a broad, principle-based framework for fishers, managers and researchers to develop appropriate 

climate change responses for the diverse needs of Australian fishers, but has not lead to widespread 

action (Hobday and Cvitanovic, 2017). 

Each Australian state has its own fisheries rules and management plans, which identify the 

strategies and procedures regarding the taking and possession of fish, fishing seasons and licences, 
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catch and size limits, tags, vessel lengths and monitoring, net mesh measurements, restrictions, and 

marine nature reserves, among other things. Many of the more valuable fisheries that target only 

one species (typically a more valuable species) have management plans specific for that fishery (e.g. 

rock lobster and abalone). The suite of state fisheries management plans cover both commercial 

and recreational fisheries, and may specify objectives, strategies and actions for managing each 

fishery, typically promoting sustainability, full utilisation of the resource, and cost-effective 

management.  

 

1.6. Thesis significance, aims and structure 

Solving the challenges outlined above will be critical for enabling more effective climate adaptation 

in Australian commercial fisheries, as well as fisheries and marine resource industries around the 

world. The contributions to preparing fisheries for climate change made by this thesis will help to 

promote climate adaptation and resilience of fisheries and other marine resource industries. This 

thesis narrows the gaps between science and policy relating to understanding, knowledge 

exchange, and implementation, allowing for better awareness of the status of climate preparedness 

and adaptation in Australian state fisheries. This thesis is relevant to both an Australian and 

international audience, providing assessment frameworks that can be used by international 

institutions and agencies, and lessons on climate preparedness and adaptation from case studies in 

a climate hotspot region. This thesis investigates the observed and potential biological impacts that 

climate change has on local ecosystems and fisheries, and reviews existing management plans and 

policies from each Australian state and territory in a climate change context. This thesis also 

evaluates Tasmanian commercial fisheries through undertaking interviews with stakeholders to 

gain an insight into how these fisheries can better prepare for climate change, utilising first-hand 

knowledge. This thesis also provides recommendations on what management strategies could be 

revised or introduced so fisheries can better prepare for and deal with climate change and its 

various effects, as well as how these changes could be achieved. The overarching objective of this 

thesis is to deliver an applied evaluation of the current extent and effectiveness of climate 

adaptation and preparedness in commercial fisheries management in Australian state fisheries, by 

undertaking a mixed methods analysis. Specifically: 

• Chapter 2 explores the importance of an Australian Senate inquiry into the impacts of 

climate change on marine fisheries and biodiversity, and the key recommendations 
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resulting from the inquiry. The subsequent chapters aim to fill some of the gaps outlined 

in the Senate report. 

• Chapter 3 investigates the current extent to which scientific knowledge relating to the 

effects of climate change on commercial target species is available to inform Australian 

fisheries management climate adaptations. 

• Chapter 4 evaluates the extent to which relevant research is being conducted and 

tactically funded in Australia that could inform fisheries management climate adaptation 

decisions, and the extent to which current Australian state fisheries management plans 

consider climate change. 

• Chapter 5 assesses how prepared Tasmanian commercial wild-catch fisheries 

management is for climate change and related impacts, and provides recommendations 

on what strategies could be revised or introduced to better prepare for climate change. 

• Chapter 6 considers the autonomous adaptations already being undertaken by Tasmanian 

fisheries to adapt to climate change, highlighting key recommendations to improve 

climate adaptation of Tasmania, and lessons that can be learned from Tasmanian 

fisheries. 

• Finally, chapter 7 presents an overall synthesis of the key findings across all chapters, 

briefly discuss their implications, and develops a future research agenda. 

As this thesis is by compilation (i.e. publication), each of the following five chapters (thesis 

chapters 2-6 inclusive) represent a separate manuscript published or under review in a peer-

reviewed international journal (chapters 3-5), legal newsletter (chapter 2), or technical report 

(chapter 6). Chapters 3-5 are heavy data chapters, while chapter 2 situates the relevance and 

importance of climate adaptation in the marine space, and chapter 6 situates the thesis in a 

fisheries management field and applies adaptation at a fishery level. Each chapter therefore deals 

with separate knowledge gaps in relation to fisheries management climate adaptation, and has 

independent introduction, methods, results, and discussion sections that may overlap (consistent 

with University of Tasmania thesis guidance). Accordingly, the significance of each individual 

chapter, and the implications of my research findings, is outlined within each chapter. 
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3.1 Abstract 

Fisheries and marine ecosystems are challenged globally by climate change with subsequent 

biological and socio-ecological implications. Adaptation represents one pathway by which 

management agencies can seek to ensure sustainability of these resources for societal well-being, 

particularly when based on strong scientific evidence. Here, we examined the extent of primary 

scientific literature that is currently available to inform climate adaption initiatives for Australian 

fisheries. This is achieved via a systematic literature review for 99 harvested Australian marine 

species, aimed at identifying primary scientific articles that reported new knowledge of climate-

driven biological changes and/or socio-ecological implications. We then assessed the quantity of 

scientific literature against estimated relative climate sensitivity scores for each species (from a 

previous study), and investigated factors that may influence relative research effort. We found 

that two-thirds of species had no peer-reviewed climate-related literature available, and that 

research effort among Australian fisheries species is most closely related to the number of 

commercial fish stocks per species, and commercial catch weight. We also found that the south-

east and western Australian regions had the most climate-related biological information to 

support climate adaptation in fisheries management. Nonetheless, although accumulating 

knowledge of the biological and socio-ecological implications of climate change is important, 

increasing knowledge alone is insufficient to maintain the productivity and profitability of 

Australian fisheries in light of projected climate impacts. We suggest that the further use of this 

knowledge to inform decision-making processes is essential to ensure that climate adaptation 

options are fully explored, to allow sustainable and productive fisheries.  

 

https://doi.org/10.1007/s11160-019-09579-7
https://doi.org/10.1007/s11160-019-09579-7
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3.2. Introduction 

Anthropogenic climate change is challenging fisheries and marine ecosystems globally (Barange et 

al. 2018), and affects fisheries at different levels (e.g. stock, population, or species levels) through 

a range of ecological and socio-economic impacts (Daw et al. 2009). For example, climate change 

may affect species physiology (e.g. growth) or phenology (e.g. moulting; i.e. stock level 

implications), or impact productivity, the frequency of disease outbreaks (i.e. population level 

implications), or it may change stock distributions and abundance (i.e. species level implications; 

Allison et al. 2009; Parmesan and Yohe 2003; Sumaila et al. 2011; Walther et al. 2002; 

Weatherdon et al. 2016). Climate-driven ecological impacts may also lead to changes in yield, 

seasonality of production, and increased variability of catches (Allison et al. 2009; Daw et al. 

2009). More directly, climate change may result in damage or loss of fisheries infrastructure, gear, 

and assets from extreme or dangerous weather (Sainsbury et al. 2018). Further, the increased 

frequency and severity of extreme weather events (e.g. marine heatwaves) could also restrict 

fishing times and increase potential danger to work personnel (e.g. working/navigating in rough 

seas) (Sainsbury et al. 2018), or result in flooding of potentially vulnerable fishing communities 

(Allison et al. 2009; Daw et al. 2009). 

Global climate change is not occurring uniformly, with marine changes manifesting as, for 

example, changes in ocean temperature, currents and upwelling, changes in weather patterns, 

and increased ocean acidification (Hoegh-Guldberg et al. 2014; Pörtner et al. 2014). Accordingly, 

biological and socio-ecological impacts also vary within and between regions, as the environment 

at different parts of a species distribution may change at different rates (Bates et al. 2014). 

Change can be positive or negative, as can be the flow-on effects to dependent human activities, 

such as fishing (Madin et al. 2012). Under high climate scenarios (e.g. RCP8.5) for example, 

fisheries maximum catch potential is projected to decline in many coastal regions, while it may 

significantly increase in higher latitude offshore regions (Cheung et al. 2010). Negative effects on 

fisheries productivity can lead to increased costs in processing, transport, and insurance, and may 

affect the consumer through increased prices (Allison et al. 2009; Weatherdon et al. 2016). In the 

face of observed and projected climate change, it is clear that fisheries management responses 

need to be proactive and flexible to minimise the effects of climate change (Brown et al. 2012), 

even as greenhouse gas emission strategies are developed (Gaines et al. 2018). 

The Australian coastline is particularly exposed to the effects of climate change, with south-east 

and south-west Australian coastal waters being some of the fastest warming waters globally 

(Hobday and Pecl 2014; Ridgway 2007). These regions have seen the poleward range extension of 
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harmful algal blooms (Hallegraeff 2010; McLeod et al. 2012), and shifts in the dynamics of 

Tasmanian coastlines from a dominance of cold-water species to increasing numbers of warmer-

water species as they shift their range further poleward (Last et al. 2011; Johnson et al. 2011). 

Extreme events, which are projected to be more frequent and intense under climate change, have 

driven major diebacks of seagrass and kelp in southern Australia (Fraser et al. 2014; Ruthrof et al. 

2018). Various climate-driven biological changes have also been observed in Northern Australia, 

with extreme events recently affecting the north-east (e.g. coral reef bleaching) and northern (e.g. 

mangrove diebacks) Australian coastlines (Hughes 2011; Hughes et al. 2017). These 

environmental changes pose considerable challenges for local fishing industries, which are a 

socially and economically important sector in regional Australia (van Putten et al. 2016).  

Wild-catch fisheries account for the majority of gross value production (GVP) in Australia’s 

commercial fishery and aquaculture sector, mostly attributed to State-managed wild-catch 

fisheries (ABARES 2018). Rock lobster, prawn, abalone, and tuna were the most valuable wild-

caught species in 2016-17, with a value of $1.19 billion (ABARES 2018). Australians consumed 

357,623 tonnes of seafood in 2016-17, with around 131,246 tonnes supplied through Australian 

production, while exporting 51,371 tonnes ($1.33 billion) of edible seafood products (ABARES 

2018). Fishing industries are important regional employers, directly employing 7,478 Australians 

in 2016-17 (ABARES 2018). Fisheries employment is a particularly important in small, regional 

coastal Australian communities, however, these communities are also some of the most at risk, as 

they may be less able to adapt, and less able to diversify into new marine industries (Daw et al. 

2009; van Putten et al. 2016).  

To maintain productive Australian fisheries under projected climate change and variability, the 

need for climate adaptation has become increasingly recognised (Creighton et al. 2016; Hobday et 

al. 2018). In this regard, we define adaptation as “the process of adjustment to actual or expected 

climate and its effects. In human systems, adaptation seeks to moderate harm or exploit 

beneficial opportunities” (following IPCC 2014). Such adaptation interventions can take a variety 

of forms, ranging from incremental through to transformative changes (Park et al. 2012), and 

should be informed by scientific evidence that integrates social, biological, economic, and cultural 

perspectives (Cornell et al. 2013). While this knowledge base has increased in recent times for 

Australia (Hobday and Cvitanovic 2017), it can be highly variable by area and species – as some 

areas or species may have received considerable attention, where others have been neglected. 

Understanding the variability in knowledge is critical in identifying the areas in which we are 

already well equipped to identify and implement adaptation options in relation to Australia’s 



34 

 

fisheries, as well as identify the critical knowledge gaps that must be filled to ensure the ongoing 

sustainability of these critical resources. 

The objective of this study, therefore, is to quantify the extent of primary scientific literature that 

is currently available to potentially inform climate adaptation initiatives for fisheries operating in 

Australian waters (ABARES 2018). We then compare the current extent of scientific knowledge 

with estimates of species’ climate sensitivity (data available from Caputi et al. 2015; Pecl et al. 

2011; Welch et al. 2014) to identify whether we have sufficient knowledge on the species most at 

risk to climate change. Finally, we determine possible influences associated with research effort – 

including a species’ economic commercial catch value, commercial catch weight, the number of 

commercial fish stocks per species, the number of regions in which a species occurs, the number 

of regions occupied by commercial fish stocks per species, and commercial stock sustainability 

status – to understand the drivers behind historical research effort in combination. Our results 

can guide future efforts in scientific research to fill remaining knowledge gaps, and reduce 

duplication where research to support adaptation planning has already occurred. 

 

3.3. Methods 

This research involved three steps; 1) a literature search to quantify the extent of primary 

scientific literature that is available to inform climate adaption planning for Australian fisheries; 2) 

an exploration of the relationship between species climate sensitivity and the available literature 

on climate change for each species; and 3) potential drivers underpinning the research effort on 

climate related issues.  

We focus on State fisheries which encompass seven jurisdictions and represent the major value 

for wild fisheries in Australia and Commonwealth fisheries which typically occur outside State 

waters. Collectively, these jurisdictions represent a diverse set of fisheries, from single species 

hand fisheries to multi-species trawl fisheries. Species relevant to Australian fisheries were 

identified in recent national climate change and fisheries reports (Caputi et al. 2015; Fulton et al. 

2018; Pecl et al. 2011; Welch et al. 2014). These publications identified the key fishery species for 

each of three Australian regions, based on ecological, economic and social importance, by 

drawing on input from resource managers and scientists. The resulting list comprised 99 

Australian fisheries species, and was the basis of our subsequent steps. 
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3.3.1. Literature Search and Analysis 

A systematic literature search of species targeted by Australian fisheries was conducted following 

established methods (Cvitanovic et al. 2013; Jones et al. 2009). Specifically, searches for the 

available climate-related information for each species were conducted using the SCOPUS 

database via a keyword search for the following: “scientific name” OR “common name” AND 

“climat*”, limiting publications to research articles. For example, a search for research articles on 

the southern rock lobster related to climate would include: (“jasus edwardsii”) OR (“j. edwardsii”) 

OR (“southern rock lobster”) AND (climat*). To ensure the robustness of our searching 

terminology, species scientific names were crosschecked with the Aquatic Sciences and Fisheries 

Information System (ASFIS) List of Species for Fishery Statistics Purposes 

(www.fao.org/fishery/collection/asfis/en), FishBase (www.fishbase.org), and the World Register 

of Marine Species (WoRMS; www.marinespecies.org). This lead to 10 species being searched for 

under two scientific names; bluespotted emperor, brownlip abalone, eastern king prawn, eightbar 

grouper, golden trevally, mullet, saucer scallop, southern saucer scallop, tiger flathead, and 

western king prawn. Data reported for these species were assessed under only one species name. 

Full texts and citation information was extracted from SCOPUS for articles which were still 

considered relevant after reading the title, abstract, and keywords (Fig. 1). Articles were excluded 

from proceeding to the analysis stage (i.e. not downloaded from SCOPUS) if they were relevant to 

a region outside of the Australian Exclusive Economic Zone (EEZ), if the article was a laboratory 

study conducted outside Australia, or if the article related to a species other than the one being 

searched. For example, searching for dusky flathead (Platycephalus fuscus) with “P. fuscus” also 

returned additional articles for the unrelated Pheudochromus fuscus and Pelobates fuscas species. 

A count of articles per species was the first measure of available information (Metric 1).  

The full text of all research articles that met selection criteria were included in a content analysis 

which was performed using NVIVO 11 software, to identify common keywords and phrases 

relating to climate-driven biological information on Australian fisheries species. To be included in 

the results of the content analysis (i.e. coded into NVIVO), articles had to contribute new climate-

related information about a relevant fishery species (i.e. data not previously published). 

Therefore, the coded information documented only new findings from the results and/or 

discussion sections of each article. Not including the introduction and methods sections in our 

analysis meant that new knowledge and research was only incorporated once into our analysis, 

and not duplicated between research articles.  

http://www.fao.org/fishery/collection/asfis/en
http://www.fishbase.org/
http://www.marinespecies.org/
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A thematic content analysis was undertaken using a combination of pre-determined search 

themes based on our knowledge of potential implications (Pecl et al. 2011), and an inductive 

approach, so as to assess which implications have or have not been well researched. We chose a 

thematic analysis to compare the frequency of occurrence of themes against each other, and to 

avoid some themes being more readily identified than others by the author throughout the 

analysis (Bryman 2012). These themes were split into two main categories; 1) “Climate-Driven 

Biological Changes” (pre-determined themes: “Abundance”, “Behaviour”, “Diet”, “Distribution”, 

“Interspecific Interactions”, “Phenology”, and “Physiology”), and 2) “Socio-Ecological Climate 

Implications” (pre-determined themes: “Fisheries Implications”, “Management and Adaptations”, 

and “Monitoring and Modelling”). So as to limit the number of themes in each category, 

“Abundance” also factored research relating to recruitment, biomass, survival, fecundity, and 

population, while “Phenology” also encompassed information on settlement and spawning cues. 

Three of the Climate-Driven Biological Changes search themes were added while the content 

analysis was being conducted (i.e. “Diet” was added at search 2 of the literature search, 

“Behaviour” at search 7, and “Interspecific Interactions” at search 28), due to these themes being 

revealed as important during the analysis. To ensure the results were comprehensive, articles 

from earlier species searches were cross-checked with the new search themes, and “codes” were 

validated through cross-checking. Discussion in the literature about climate-related species 

implications could be separated into both “observed” or “projected” climate-driven biological 

changes, and “current” or “future” socio-ecological climate implications, and thus articles were 

also coded in this way. 

Each species was given a “Literature Score”, which represented the number of “themes” (e.g. 

abundance, physiology, etc.) that were mentioned within the literature for each species (Metric 

2). Literature Scores were formed for both Climate-Driven Biological Changes and Socio-Ecological 

Climate Implications, as well as combined categories (“Total Literature Score”). Articles were 

coded specifically to separate observed vs. projected biological changes, and current vs. future 

socio-ecological implications, and therefore the Literature Scores reflect this. Some changes or 

implications were coded into both “observed/current” and “projected/future” categories, for 

example, where the article text identified an observed change and simultaneously implied a 

projected change. As the Climate-Driven Biological Changes category had seven different climate-

related themes, each with observed/projected differentiation, the maximum Literature Score for 

this category was 14. Similarly, as the Socio-Ecological Climate Implications category had three 

different themes with current/future differentiation, the maximum Literature Score for this 

category was six. Overall, the maximum Total Literature Score for combined categories was 20. 
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Where discussing combined categories the terms “observed” and “projected” were used to 

simplify terminology.  

A third metric, derived as part of the content analysis, was the number of Individual Mentions 

(termed “References” in NVIVO). Individual Mentions represented the frequency at which a 

theme was referenced within the research articles, allowing us to determine which themes had 

more literature discussion.  

We use metrics representing the number of articles, Literature Scores, and Individual Mentions as 

complementary measures of research effort for climate-related topics. 

 

3.3.2. Climate Knowledge and Estimated Species Sensitivity 

Sensitivity to climate change is related to species life history traits (Pecl et al. 2014). Here we 

compare the current extent of scientific knowledge to the estimated climate sensitivity scores for 

species within five Australian regions; south-eastern Australia, western Australia, north-western 

Australia, the Gulf of Carpentaria, and the Queensland east coast, as in Fulton et al. (2018). The 

aggregated results from previous studies that estimated relative climate sensitivity score for each 

species within each region they occurred, based on biological parameters available that were not 

specifically related to climate, but were associated with a species capacity for abundance, 

distribution, and phenology (Caputi et al. 2015; Pecl et al. 2011; Pecl et al. 2014; Welch et al. 

2014). The highest sensitivity score per species was assigned as the “Total Sensitivity Score”. 

 

3.3.3. Influencers of Research Effort 

Research effort may be influenced by various factors relating to social or economic value, or 

ecological importance. Data relating to possible factors influencing research effort were collected 

from the Australian Bureau of Agricultural and Resource Economics and Sciences (ABARES) and 

the Status of Australian Fish Stocks Reports (SAFS; www.fish.gov.au). The ABARES data provided 

State wild catch value ($’000) and weight (t) statistics for a number of species groups and a few 

individual species. We therefore assigned our 99 species to 21 groups based on the ABARES 

groupings, using FishBase and WoRMS to verify each allocation. Average catch value and weight 

figures were derived from the period 2010-11 to 2015-16, to minimise the influence of individual 

years. Data extracted from the SAFS database included fish stock sustainability status, commercial 

wild catch weight (t) separated by State or Commonwealth region, the number of regions (States 

http://www.fish.gov.au/
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or Commonwealth) with commercial fish stocks, and the number of commercial fish stocks by 

species (i.e. the number of fish stocks for each species). Fish stock sustainability statuses were 

listed on SAFS as “Sustainable”, “Transitional-Recovering”, “Transitional-Depleting”, “Overfished”, 

“Environmentally Limited”, “Negligible”, and “Undefined”. For the purposes of our analysis, stock 

statuses were grouped as follows: “Sustainable and Transitional-Recovering”, “Overfished and 

Transitional-Depleting”, and “Environmentally Limited, Negligible and Undefined”. 

We found 53 (out of 99) species in the SAFS database. 10 of the 99 species had a least one stock 

listed as a “Commonwealth” stock on the SAFS database (banana prawn, bigeye tuna, blue 

grenadier, brown tiger prawn, commercial scallop, coral trout, grooved tiger prawn, southern 

bluefin tuna, Spanish mackerel, and yellowfin tuna), of which four species had only 

Commonwealth stocks listed (bigeye tuna, blue grenadier, southern bluefin tuna, and yellowfin 

tuna). Of the 53 included species, 24 had climate-related literature (see results section “Literature 

Search and Analysis”), including two species with information for only Commonwealth stocks. We 

found 43 (out of 53) species were listed individually in SAFS, while a number of species were 

reported at a higher taxonomic grouping. The species grouped were the brown tiger prawn with 

grooved tiger prawn, the eastern Australian salmon with western Australian salmon, and mud 

crabs Scylla olivacea with Scylla serrata, while coral trout and banana prawn were each pooled 

with other species not in our list. We used the SAFS data for species (not stocks), to allow 

comparison to other species. However, when summing the number of stocks overall, and for each 

sustainability status, we included the stocks from the pooled species only once (i.e. see Fig. 6b 

and Fig. 7). In these cases, the SAFS stock data came from 49 species data points (i.e. 43 individual 

species, six “pooled” species data points).  

Two Generalized Boosted Regression (GBR) models (Boosted Regression Trees) were developed in 

R; one for the 53 individual species with SAFS data, and one for the 21 species groups from the 

ABARES data. We created two models, as commercial catch economic value was only specified in 

the ABARES data for species groups, and was not recorded for enough individual species. 

Commercial catch weight was for individual species (SAFS data) and for species groups (ABARES 

data). We then confirmed the top two influencers of research effort through a multiple 

regression. 
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3.4. Results 

3.4.1. Literature Search and Analysis 

Of the 99 fisheries species investigated, we found 760 articles via the SCOPUS search covering 68 

species (68.7% of species; Fig. 2; Online Resource 1). Of these, only 90 articles from 35 species 

with literature were considered relevant after reviewing the title, abstract, and keywords (i.e. 

they discussed the correct species and climate), and presented new species climate-related 

knowledge for that species (Fig. 1; Fig. 2). We found 13 of these articles were duplicated between 

multiple species searches, resulting in 77 unique research articles across 35 species (Online 

Resource 1) to include in the content analysis. Only five of the 35 species had five or more articles 

included in our analysis. Articles were published from 1992 to 2017, with a noticeable increase in 

climate-related literature published in the last decade from 2008 onwards, and a clear large spike 

in research effort evident from 2012 onwards (Online Resource 2).  

The content analysis found information for 22% of all possible climate-driven biological changes, 

and 35% of all possible socio-ecological climate implication themes (Table 1). More species had 

literature that mentioned Climate-Driven Biological Change themes than did Socio-Ecological 

Climate Implication themes (Table 1). There was a similar number of total species mentioning 

observed or projected changes across both theme categories (Table 2). Separately, we found 

more species had literature that discussed observed climate-driven biological changes than 

projected changes, while more species had literature that discussed future socio-ecological 

climate implications than did current implications (Table 1). Similarly, observed climate-driven 

biological changes and projected socio-ecological climate implications were mentioned more 

often within the literature than projected changes and future implications (Table 1). We found 

two of the species with climate-related literature had no discussion of climate-driven biological 

changes among their literatures, but rather only discussion of socio-ecological climate 

implications (i.e. school prawn and tropical lobster; Table 1; Online Resource 3). Conversely, we 

found eight species with no literature covering socio-ecological climate implications, but only 

literature on climate-driven biological changes (i.e. the baldchin groper, dusky flathead, gloomy 

octopus, mangrove jack, redbait, sandfish (beche-de-mer), scalloped hammerhead, and spangled 

emperor; Table 1; Online Resource 3). Further species-specific content analysis scores are 

provided in Online Resource 3. 

There were no species that discussed all seven possible themes relating to climate-driven 

biological changes.  Most commonly, species had literature which addressed only 1-2 (out of 

seven) climate-driven biological change themes (23 species; Table 1). The most discussed Climate-
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Driven Biological Change theme was “Abundance” (i.e. climate-driven changes in species 

abundance), which was also mentioned in the literature for the most number of species (Table 2; 

Fig. 3). Other Climate-Driven Biological Change themes were less common within the species 

literature, with the next most discussed themes being “Physiology”, “Distribution”, and then 

“Phenology” (Table 2; Fig. 3). Where all categories and themes were combined, the top themes 

with the most discussion were “Abundance”, “Fisheries Implications”, and “Management and 

Adaptations”; the latter two being themes from the Socio-Ecological Climate Implications 

category (Table 2; Fig. 3). “Management and Adaptations” had considerably more discussion of 

future implications and options than current implications and strategies, while “Fisheries 

Implications” had similar levels of discussion of both current and future climate implications on 

fisheries (Table 2; Fig. 3).  

 

3.4.2. Climate Knowledge and Estimated Species Sensitivity 

The 99 fisheries species spanned the possible range of estimated climate sensitivity, with Total 

Sensitivity Scores ranging from the least sensitive species (longtail tuna) scoring four (out of nine), 

to the most sensitive species (sandfish (beche-de-mer)) scoring eight. The Total Sensitivity Scores 

for the 35 species with literature ranged from 4.75 for the gloomy octopus, to eight for the 

sandfish (beche-de-mer). Species with low estimated climate sensitivity tended to have little or no 

climate-related literature, and, despite a positive relationship, so did a range of high sensitivity 

species, all with a climate sensitivity score greater than 7 (Fig. 4). In particular, the sandfish 

(beche-de-mer), spangled emperor, mangrove jack, red emperor, golden snapper, grass emperor, 

billfish (sailfish), tropical lobster, and Perth herring were among the species estimated to be more 

sensitive but with no climate-relevant literature (Online Resource 4). These species also had little 

stock information available, with only 2 species included in the SAFS database, both with 

comparatively low catch weights (t) (i.e. tropical lobster and golden snapper). 

Whilst the total number of species, and species with literature, varied slightly between regions 

(Online Resource 5), the south-east and western regions of Australian coastal waters had the 

most climate related species literature available (Fig. 5). All regions had higher mean Total 

Sensitivity Scores among the 35 species with literature, than among the 64 species with no 

literature (Online Resource 5). The three Australian coastal regions with greater species climate 

sensitivity averages (north-west Australia, Gulf of Carpentaria, and the Queensland east coast) 

had less research effort evident for climate-related species changes and implications (Fig. 5). 
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3.4.3. Influencers of Research Effort 

A Generalized Boosted Regression (GBR) model (Boosted Regression Trees) using the 53 species (a 

mixture of species with and without literature) with data from the SAFS database was run, but 

excluded the “Number of Sustainable / Transitional-Recovering Stocks”, as this factor was found 

to be correlated with the “Number of Commercial Fish Stocks”. The most predominant factors 

related to research effort were found to be “Weight (t) of Commercial Catch” (accounting for 

45.1% relative influence), followed by the number of “Number of Commercial Fish Stocks” (34.8% 

relative influence; Fig. 6a; Fig. 7). Following next (with far less influence) was the “Number of 

Regions the Species Occurs” (10.2% relative influence; Fig. 6a). Other factors only had a small 

relative influence on which species had more literature. A multiple regression between the 

“Number of Commercial Fish Stocks”, and the “Weight (t) of Commercial Catch” (excluding 

Pilchard as an outlier) showed that these factors together can reliably predict “Total Literature 

Score” (P = 0.0014, df = 49), however catch weight alone could be used to predict “Total 

Literature Score” (P = 0.0038, df = 49, y = 0.0012x + 0.3256). 

A second GBR model was developed using the 21 species groups populated with ABARES data, but 

again excluded the “Number of Sustainable / Transitional-Recovering Stocks”, as this factor was 

correlated with the “Number of Commercial Fish Stocks”. The most important factor related to 

research activity was the “Number of Commercial Fish Stocks” (accounting for 59.4% relative 

influence; Fig. 6b). This was followed by the “Economic Value ($) of Commercial Catch (Six Year 

Average) (ABARES)” (18.6% relative influence), then the “Weight (t) of Commercial Catch (Six Year 

Average) (ABARES)” (10.5% relative influence; Fig. 6b). Pairwise analysis and figures of individual 

potential influencers of research effort are provided in Online Resource 6. 

 

3.5. Discussion 

To date, there have been many studies investigating the effects of climate change on fisheries, 

exploring both biological and non-biological implications. However, few studies have 

systematically compiled and reviewed the existing knowledge on the responses of marine species 

to climate change, the implications on fisheries, and the adaptive capacity of fisheries (see 

Catalán et al. 2019; Johnson and Welch 2009; Sumaila et al. 2011). Therefore, world-wide there 

remains a need to review whether our existing knowledge is sufficient to facilitate informed 

management adaptation pathways, using a similar approach to ours. Here, we reviewed the 

extent of literature on the climate-driven biological changes and socio-ecological implications 

relating to species captured in Australian fisheries. We investigated trends between the amount 
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of literature and estimated species climate sensitivity, and explored the potential influence of 

various factors on past research directions. Finally, we determine which Australian coastal regions 

have the most biological information to support fisheries adaptation.  

Our content analyses of 99 Australian species exposed significant climate-related knowledge gaps 

for most species, with climate-related literature only found for 35 (roughly a third) of those 

species. Of the 760 articles returned in our initial literature search, only 77 unique articles 

presented new climate-related knowledge, showing that species-specific climate research is 

sparse even among the species with literature. While fisheries research is commonly presented in 

reports (grey literature), climate-related work is predominately published in peer-reviewed 

journals in Australia (Ling and Hobday 2018). The articles examined (n=35) were published from 

1992 to 2017, with a noticeable increase in climate-related literature published in the last decade 

from 2008 onwards, and a clear large spike in research effort evident from 2012 onwards. These 

publication increases may reflect Australian and international interests in climate change (Hobday 

and Cvitanovic 2017; Ling and Hobday, 2018). For instance, while the Intergovernmental Panel on 

Climate Change (IPCC) was established in 1988 and the first IPCC Assessment Report was 

published in 1990 (IPCC 1990), it was not until the 4th IPCC Assessment Report (IPCC 2007) that 

fisheries were emphasised. At the same time, a significant Australian preliminary fisheries 

assessment report (Hobday et al. 2008), the NCCARF National Adaptation Research Plan 

(Mapstone et al. 2010), and the FRDC species climate sensitivity report used in this study (Pecl et 

al. 2011), highlighted the need to improve climate research, and impacted the direction of 

research funding (Ling and Hobday, 2018). These publications, coupled with marine heatwave 

events affecting Australian waters in 2010/11 and 2015/16 (Caputi et al. 2016; Le Nohaïc et al. 

2017; Oliver et al 2017), likely contributed to the increase in research effort we observed from 

2008 onwards, as well as the increase in publications in 2012 (Ling and Hobday 2018).  

Within all five geographic regions of the Australian coastline investigated (i.e. the south-east, 

western, and north-western Australia, the Gulf of Carpentaria, and the Queensland east coast), 

the species with climate-related literature consistently had a higher climate sensitivity scores than 

species with no literature. This supports the general positive (but non-significant) trend that 

research effort tended to increase with increasing species climate sensitivity. However, it was 

evident that a few species with the highest climate sensitivity scores had little-to-no climate-

related research available, and were not yet recorded in the SAFS database, indicating that these 

species may be of low industry value. This insufficient knowledge may lead to delayed or 

ineffective management actions for these species, which can have detrimental effects, such as 

collapse of fish populations and the fisheries (Brown et al. 2012; Miller et al. 2018). 
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While there were more species that had literature discussing climate-driven biological changes 

than socio-ecological climate implications, many articles covered both topics. However, the 

results of the content analysis indicated that all species have research gaps relating to biological 

and socio-ecological implications concerning climate change. Species with climate-related 

literature that only discussed socio-ecological climate implications (n=2),may be a reflection of 

these species having only small commercial catch weight and few commercial stocks listed, even 

though both species had high climate sensitivity scores. On the contrary, the species with the 

most discussion of climate-driven biological changes tended to have higher catch weight, more 

commercial stocks, and high climate sensitivity scores, with exception of one species (i.e. jack 

mackerel conversely had low catch weight, few stocks, and moderate climate sensitivity). Changes 

in species abundance was the most discussed theme within the Climate-Driven Biological Change 

category (as well as overall), followed by changes in species physiology, distribution, and 

phenology.  Parameters on three out of four of these themes (i.e. abundance, distribution, and 

phenology) are currently required to gain an estimate of species climate sensitivity (Pecl et al. 

2011), likely due to these species’ attributes having the greatest literature collection, and their 

ability to be assessed without human intervention such as laboratory studies. 

We found eight species with no literature covering socio-ecological climate implications, with 

most of these species having very high climate sensitivity scores, and not yet included in the SAFS 

database (which reports on the most valuable species). This may indicate that little is known 

about these species and/or that they have little importance to the Australian fishing industry. The 

literature for another eight species discussed all three possible pre-determined socio-ecological 

climate themes, and most were listed in the SAFS database, had higher climate sensitivity scores, 

more commercial stocks, and larger commercial catch weights. This may also indicate that species 

that are more important to the fishing industry have more climate-related literature available. 

These observations were reflected by the Generalized Boosted Regression (GBR) models and 

multiple regression, which showed commercial catch weight and the number of commercial fish 

stocks per species had the greatest relative influence on climate-related research effort and 

direction. Economic commercial catch value had a small role in influencing research effort, while 

the sustainability status of stocks, and the number of regions the species occurred in, held only 

very minor influence on research effort. Commercial catch weight and the number of commercial 

stocks are good indicators of species productivity and spatial coverage, and therefore make more 

obvious influencers of research effort, however, we anticipated economic catch value to have a 

larger role in influencing research direction. This may be because fishing value is not the only 

factor that influences research funding. 
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Overall there was a similar level of theme mentions between observed and projected 

changes/implications. However, more species were the subject of research on observed climate-

driven biological changes than projected changes, while more species had literature that 

discussed future socio-ecological climate implications than current implications. One explanation 

may be that scientists focus on the mechanisms behind climate-driven biological changes before 

making predictions about future changes, and therefore current literature focuses on observed 

changes (Ling and Hobday 2018). Meanwhile, socio-ecological climate implications are typically 

deemed more pressing for future resource management, so rather than focusing on current 

situations, the literature focuses on ways to manage and overcome future implications. This may 

also indicate that current management strategies do not consider climate change in detail. 

Additionally, as management processes may take some time to implement adaptations, it is 

important to note that adaptation options considered for many climate-driven changes or 

implications will need to be for projected changes or implications, therefore reflecting the higher 

number of future socio-ecological climate implications seen here. We found two out of the three 

socio-ecological themes (“Fisheries Implications” and “Management and Adaptations”) were 

among the overall top three discussed climate-related themes, which could indicate that 

stakeholders currently value thinking about the future to keep fisheries productive and 

sustainable. More specifically, the “Management and Adaptations” theme had considerably more 

discussion of future implications and options than current implications and strategies, perhaps 

because it is easier and less disputed to suggest future options than to modify existing 

arrangements. 

The benefits of conducting research and accumulating knowledge is increased when the research 

informs management decisions (Cvitanovic et al. 2014). Knowledge of climate-driven biological 

changes reduces the uncertainty for fisheries managers and decision-makers, however, the time 

to accumulate more knowledge may not be available (IPCC 2018). To implement effective and 

economically feasible climate adaptation strategies, some action is needed now (Creighton et al. 

2016), which suggests that a risk-based approach may be required (Brooks 2003; Jones and 

Mearns 2005; Swart and Vellinga 1994). A wide variety of management adaptation options were 

discussed within the reviewed literature, such as adapting the environment or fishery structure 

(e.g. artificial openings for rivers, translocations, and closed fisheries and seasons, etc.; e.g. Bishop 

and Milton 2016; Caputi et al. 2010; Fordham et al. 2013; Green et al. 2010; Hartog et al. 2011). A 

second area addressed within the literature focussed on adapting higher levels of the industry, 

including supply chains and diversifying products (e.g. Fleming et al. 2014; Plagányi et al. 2014). 

Another important strategy is to improve public awareness of the climate-driven issues related to 
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fisheries (and ecosystems; e.g. Norman-López et al. 2013). Improving public awareness would in 

turn increase community discussions and support for adapting fisheries management to become 

increasingly responsible, sustainable, and productive into the future (Nursey-Bray et al. 2017). 

Among the various climate-driven biological changes that could affect Australian fisheries, 

changes in species abundance, distribution, and phenology are particularly important to monitor 

and manage, as changes to these aspects best indicate species climate sensitivity (Pecl et al. 

2011), and will most affect stock locations, and the timing and duration of fishing seasons. 

Additionally, monitoring the abundance of sublegal sized individuals may enable faster responses 

of managers and researchers reacting to population changes before individuals become legal size, 

thereby reducing negative climate- (and human-) driven implications on the fishing industry. Non-

biological climate-related implications that will most impact on fisheries includes extreme 

weather events that increase the occurrence of damage to infrastructure and gear, and endanger 

work personnel (Sainsbury et al. 2018). These climate-driven implications on fisheries will 

continue to drive research and implementation of management adaptations, as they will 

ultimately result in reduced fishing productivity and profitability. 

Some Australian fisheries management plans claim to consider the effects of climate variability 

(Badjeck et al. 2010), however, not addressing the long-term effects of climate change may 

become problematic in the near future, as adaptation options appropriate for long-term climate 

change so far remain incompletely explored (Reisinger et al. 2014; Creighton et al. 2016). 

Developing and adapting fisheries management plans to consider the existing and future effects 

of longer-term climatic changes is important for proactive management and the potential 

mitigation of negative impacts, and to maximise positive outcomes (Gaines et al. 2018; Hobday 

and Pecl 2014; Pecl et al. 2014). We found that the south-east and western Australian regions had 

more climate-related literature than other regions of the Australian coastline, indicating that 

these regions have the best platform for implementing fisheries management adaptations. These 

regions also have environments which are highly sensitive to climate change (Hobday and Pecl 

2014), and comprise important and productive fisheries species. The south-east and western 

Australian regions are also home to large research institutions, and so a lack of knowledge within 

other Australian regions may be problematic when considering management adaptations (Frusher 

et al. 2014). The north-west, the Gulf of Carpentaria, and the Queensland east coast all have 

comparatively less climate-related biological information available to inform climate management 

adaptations, and may require increased research effort relating to climate-driven fisheries species 

implications. Future studies are also required to assess the current use of science in existing 

management plans (e.g. Cvitanovic et al. 2014).  
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Finally, as previous studies have shown the accumulation of knowledge alone is insufficient for 

fisheries to withstand climate change, but rather, how knowledge is applied is what is important 

in determining whether fisheries will be sustainable as well as productive into the future. While it 

is outside the scope of this study to explore specific pathways to action, we note that progress is 

being made in this regard elsewhere (e.g. Cvitanovic et al. 2016; Cvitanovic and Hobday 2018). 

However, we also note that this area of research does require additional attention in the future. 

This should include future studies to identify context-specific strategies to improve knowledge 

exchange among fisheries scientists and managers to support efficient evidence-informed 

decision-making processes (Cvitanovic et al. 2015), as without an understanding of what 

information is most useful, efforts may be misspent. Important future research may also identify 

which knowledge gaps are most urgent to be filled (e.g. following the methods outlined in 

Cvitanovic et al. 2013), to effectively inform climate adaptation initiatives for fisheries. We also 

encourage future replications of this research and similar approaches (e.g. Catalán et al. 2019), to 

examining the climate-related knowledge base to inform management within different regions 

outside of Australia. 

 

3.6. Conclusion 

The amount of climate-related research effort among Australian fisheries species to date is 

associated with the number of commercial fish stocks per species, and commercial catch weight. 

There are still large gaps in the climate-related literature for many fisheries species, with only a 

third of the investigated species having any climate-related research. Accumulating knowledge 

regarding biological and socio-ecological implications of climate change is important, however, 

research must also be used to inform decision-making processes to ensure that climate-related 

management adaptation options are fully explored. The south-east and western Australian 

coastal regions have the greatest knowledge base to support climate adaptation efforts in current 

management, and are therefore the most prepared Australian coastal regions for future climate 

changes. 
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3.8. Figures and Legends 

 

Figure 1. The process of conducting the literature search and content analysis 
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Figure 2. The process of elimination of both research articles and species to be included in the final 

content analysis. 
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Figure 3. Frequency of references (Individual Mentions) of each climate-related theme, split for 

observed / current and projected / future Individual Mentions, and total Individual Mentions 

combined. 
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Figure 4. Species climate sensitivity scores relative to Total Literature Scores (for all 99 species), i.e. 

highest Total Sensitivity Score per species over all regions that species occurred. The regression 

(dotted line) is not significant (P = 0.2233, df = 97, y = 0.5076x - 1.2540). 
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Figure 5. The summed species Total Literature Scores by coastal regions, which included 

observed/current vs projected/future theme differentiation. N = the number of species with 

literature occurring in region, out of the total number of species occurring in region with estimated 

climate sensitivity scores. 
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Figure 6. A) The relative influence of all potential factors on research effort, for the 53 species with 

data listed in the SAFS database. B) The relative influence of all potential factors on research 

effort, for the 99 species assigned into 21 species groups dictated by the ABARES data. Both parts 

exclude the “Number of Sustainable / Transitional-Recovering Stocks” due to correlation with the 

“Number of Commercial Fish Stocks”. 
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Figure 7. A) The number of commercial fish stocks per species relative to Total Literature Score; P = 

0.0290, df = 51, y = 0.3988x + 1.1030. B) The catch weight (t) of commercial wild-catch State 

fisheries relative to Total Literature Scores, excluding one species outlier (Pilchard had a catch 

weight 38,671 t); P = 0.0016, df = 50, y = 0.0013x + 1.4635. Both figure parts incorporate the 53 

species with data listed in the SAFS database. 
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3.9. Tables and Legends 

Table 1. Extent of literature discussion on Climate-Driven Biological Change themes, Socio-

Ecological Implication themes, and combined categories/themes. The number of themes (_/10) 

mentioned by the literature on a single species refers to different combinations of themes for each 

species. For example, read as: 0/35 species discussed 10/10 possible combined climate-related 

themes. 

No. of 

Themes 

Mentioned 

by the 

Literature 

on a Single 

Species 

(_/10) 

No. of 

Species: 

Combined 

Categories 

(10 

Themes) 

No. of 

Species: 

Climate-

Driven 

Biological 

Change 

Themes 

(7 

Themes) 

No. of 

Species: 

Socio-

Ecological 

Climate 

Implication 

Themes (3 

Themes) 

No. of 

Species: 

Observed 

Climate-

Driven 

Biological 

Change 

Themes 

No. of 

Species: 

Projected 

Climate-

Driven 

Biological 

Change 

Themes 

No. of 

Species: 

Observed 

Socio-

Ecological 

Climate 

Implication 

Themes 

No. of 

Species: 

Projected 

Socio-

Ecological 

Climate 

Implication 

Themes 

0 Themes N/A 2 8 7 14 18 11 

1 Theme 4 10 9 12 6 6 11 

2 Themes 7 13 10 9 9 10 6 

3 Themes 8 3 8 2 3 1 7 

4 Themes 6 4 N/A 4 0 N/A N/A 

5 Themes 2 0 N/A 0 2 N/A N/A 

6 Themes 2 3 N/A 1 1 N/A N/A 

7 Themes 5 0 N/A 0 0 N/A N/A 

8 Themes 0 N/A N/A N/A N/A N/A N/A 

9 Themes 1 N/A N/A N/A N/A N/A N/A 

10 Themes 0 N/A N/A N/A N/A N/A N/A 

Total 

Species 

(_/35) 

35 

(100%) 

33 

(94%) 

27 

(77%) 

28 

(80%) 

21 

(60%) 

17 

(49%) 

24 

(69%) 

Total 

Mentions 

of Changes 

or 

Implications 

(i.e. SUM 

Literature 

Score) 

180/700 

(20%) 

possible 

changes or 

implications 

107/490 

(22%) 

73/210 

(35%) 

58/245 

(24%) 

49/245 

(20%) 

29/105 

(28%) 

44/105 

(42%) 
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Table 2. Thematic content analysis results, listing the number of research articles that mentioned 

each research theme, and the number of species that had literature mentioning each specific 

research theme. 

Research Themes 

No. Articles 

Mentioning 

Theme 

No. Species 

with Theme 

Mentions 

No. Species with 

Observed/Current 

Mentions 

No. Species with 

Projected/Future 

Mentions 

Category: Climate-Driven Biological Changes 

Abundance 49 22 20 12 

Behaviour 3 3 2 2 

Diet 8 7 4 5 

Distribution 22 13 6 10 

Interspecific 

Interaction 
10 8 6 6 

Phenology 16 10 6 8 

Physiology 27 16 14 6 

Category: Socio-Ecological Climate Implications 

Management and 

Adaptations 
31 18 10 18 

Fisheries Implications 33 21 12 14 

Monitoring and 

Modelling 
19 14 7 12 

SUM   87 93 
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Chapter 4: An assessment of how Australian fisheries management plans 

account for climate change impacts 
 

Published as: 

FOGARTY, H.E., CVITANOVIC, C., HOBDAY, A.J. & PECL, G.T. 2020, 'An assessment of how 

Australian fisheries management plans account for climate change impacts', Frontiers in Marine 

Science, 7, 1-19. https://doi.org/10.3389/fmars.2020.591642    

 

4.1. Abstract 

For Australian fisheries to remain productive and sustainable (environmentally and commercially), 

there is a need to incorporate climate change considerations into management and planning, and 

to implement planned climate adaptation options. Here, we determine the extent to which 

Australian state fisheries management documents consider issues relating to climate change, as 

well as how frequently climate change is considered a research funding priority within fisheries 

research in Australia. We conduct a content analysis of fisheries management documents 

investigating categories and themes relating to Australian state fisheries, climate, and 

environmental change. We also reviewed recent Research Priorities from the major fisheries 

research funding body for reference to climate change related themes, and the number of 

subsequently funded projects which considered climate change or related topics. Results show 

that commercial state fisheries management documents consider climate only to a limited degree 

in comparison to other topics, with less than one-quarter of all fisheries management documents 

having content relating to climate. However, we find that the south-east and south-west regions 

of the Australian coastline have the highest incorporation of “climate” and “environmental 

protection considerations” in their fisheries management documents, and that fisheries are more 

likely to have more “climate-related mentions” within their related management documents, if 

they (i) primarily target species with higher economic commercial catch values, (ii) commercial 

catch weights, or (iii) a greater number of commercial fish stocks existing. Only a small number of 

recently funded fisheries research projects considered climate change, representing only a small 

proportion of fisheries research investment. Given the extensive climate-driven impacts recently 

documented among key Australian fisheries species and associated ecosystems, we conclude that 

there is a clear need for fisheries management in Australia to consider longer-term climate 

adaptation strategies for Australian commercial state fisheries to remain sustainable into the 

future. We suggest that without additional climate-related fisheries research and funding, many 

https://doi.org/10.3389/fmars.2020.591642
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Australian agencies and fisheries may not be prepared for the impacts and subsequent adaptation 

efforts required for sustainable fisheries under climate change. 

 

4.2. Introduction 

Climate change is already having significant impacts on oceans globally, and this is affecting 

commercial (Brander 2010; Cheung 2018), recreational (Townhill et al. 2019), and Indigenous 

(Johnson and Welch 2015; Sarkar et al. 2018) fisheries around the world (Barange et al. 2018). 

Many of the effects of climate change are greatest where waters are warming the fastest 

(Poloczanska et al. 2013), and Australia has some of the fast warming marine regions in the world 

(Hobday and Pecl 2014). The south-east and south-west Australian coastlines are particularly 

vulnerable to the effects of climate change, due to rapid warming in these regions (Hobday and 

Pecl 2014). Within these regions climate change is affecting marine systems and marine-

dependent users (van Putten et al. 2016), including fisheries, through changes to the physical and 

chemical properties of the ocean, including water temperature, salinity, and acidity, as well as 

current and upwelling strength, for example (Brierley and Kingsford 2009; Hobday and Lough 

2011; Pörtner et al. 2014; Weatherdon et al. 2016). In turn climate change can lead to changes in 

species characteristics, most commonly affecting species distribution, abundance, and phenology 

(Brierley and Kingsford 2009; Johnson et al. 2011; Pecl et al. 2014b). Where harvest species are 

affected (directly or indirectly, e.g. indirectly via prey species or habitat being affected), this can 

lead to significant impacts on fisheries, causing changes to fishing location, duration or 

jurisdictional management processes (Hobday et al. 2018). We know fishers are already starting 

to adapt autonomously (Pecl et al. 2019a), and where adaptation options are available (Cheung et 

al. 2018; Ogier et al. 2020; Pecl et al. 2014a; Pinsky et al. 2021) they should be considered in all 

relevant areas of planning and management. 

Australian commercial wild-catch fisheries are an important industry within Australia, employing 

approximately 11,000 people (in fishing, hunting and trapping; Figure 1), and contributing 

significantly to the 341,272 tonnes of seafood eaten by Australians, and 50,741 tonnes (AUD1.58 

billion) of exported edible seafood in 2017-18 (Steven et al. 2020). Wild-catch fisheries make up 

the majority of the gross value production (GVP) relating to commercial fishing and aquaculture 

industries (173,434 tonnes valued at AUD1.79 billion; 56% of economic value and 64% of weight 

of total Australian seafood production; Figure 1), with state wild-catch making up most of that 

production (122,344 tonnes valued at AUD1.40 billion; Steven et al. 2020). For fisheries to be 

productive and sustainable (both environmentally and commercially) into the future, fisheries 
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management needs to be informed, flexible, and adaptive to respond to current and future 

climate changes (Hobday et al. 2018; Hobday and Cvitanovic 2017). As climate change is likely to 

worsen existing fisheries management challenges (McIlgorm et al. 2010; Sumaila et al. 2011), it is 

an important factor to consider and address within management (Brown et al. 2012; Ogier et al. 

2016).  However, adaptation options need to be assessed in the context of current development 

and governance goals, as objectives may differ for various stakeholder groups (Jennings et al. 

2016; McIlgorm et al. 2010). 

Incorporating climate research and adaptation into fisheries management plans and practices will 

be a vital component to successful fisheries management, although this alone will not be 

sufficient to avoid or minimise all impacts of climate change on fisheries. In a country with an 

established and highly productive fisheries research sector (Hobday and Cvitanovic 2017), 

climate-related literature relating to Australia’s main fisheries harvest species still has large gaps 

(Pecl et al. 2014b), with only a third of species having any research on the biological or socio-

ecological implications of climate change at all (Fogarty et al. 2019). Climate-related research 

effort among Australian fisheries species to date appears to be related to the number of fish 

stocks per species, and commercial catch weight, meaning that species fished on a larger scale 

tend to have greater investments of climate-related research effort (Fogarty et al. 2019). Fisheries 

research in Australia is funded by a variety of sources, however, applied fisheries research is 

largely organised by the Fisheries Research and Development Corporation (FRDC), which is a co-

funded partnership between the Australian Government and the fishing and aquaculture sectors. 

Other fisheries research is funded by the Australian Research Council, however, this tends to be 

further from tactical needs (Ling and Hobday 2018), and so is not covered here. 

While the knowledge gaps relating to climate-focused fisheries research in Australian are 

documented (Fogarty et al. 2019), the extent to which climate change considerations are 

currently incorporated into fisheries management plans, or the degree to which climate research 

is a priority area within Australian fisheries research, has not been assessed. Filling this gap is 

important to also understand how prepared Australian fisheries managers and agencies are for 

the impacts of climate change to ensure the long-term sustainability of the sector. Thus, this study 

investigates (i) how extensively Australian state fisheries management plans and other directive 

management documents incorporate climate change (or climate variability) into current 

strategies and considerations, i.e. the willingness and preparedness to adapt to and/or consider 

climate change, and (ii) the extent that relevant research is being conducted and tactically funded 

in Australia that could inform fisheries management decisions, by examining the FRDC Research 
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Priorities and funded research projects to see how many priorities and projects (underway and 

completed) include references to climate change.  

 

4.3. Methods  

To address the aims of this study we used quantitative content analysis (as described in Bryman 

2012; Coe and Scacco 2017) – a research method that systematically categorises attributes of 

written text, visual and aural material for analysis (e.g. Cvitanovic et al. 2014; Stecula and Merkley 

2019; Vourvachis and Woodward 2015). Two sets of documents were analysed to investigate the 

extent to which Australian commercial state fisheries consider long-term environmental changes 

such as climate change. The first were fisheries management documents that relate to Australian 

State fisheries. The second set of documents are those relating to FRDC research priorities, to 

understand the extent to which climate change related fisheries research is has been proposed 

and funded in Australia.  

 

4.3.1. Fisheries Management Documents 

The management documents that were included in the analysis were for species previously 

identified in Fogarty et al. (2019), which compiled a list of 99 species relevant to Australian 

fisheries from four national climate change and fisheries reports (Caputi et al. 2015; Fulton et al. 

2018; Pecl et al. 2011; Welch et al. 2014). These species formed the basis of our analysis as they 

are the main commercially harvested species in Australian wild-catch fisheries. We compiled a list 

of state fisheries management documents gathered through searches on Australian state 

government websites, and individual searches of fisheries and target species (Online Resource 1). 

Here, we define “management documents” as the collective group of directive management 

documents we assessed, which included a wide range of document types (e.g. management 

plans, regulations, harvest strategies, etc.). Management documents were excluded where the 

document did not mention “commercial” fisheries, but were included where they alluded to the 

fact that they included commercial fisheries (i.e. they did not specifically rule out commercial 

fisheries as included, or they did not state that they were in reference to only non-commercial 

fisheries), and/or it was already known the document encompassed commercial fisheries. We 

used the latest available version of each management document, as many had been updated 

from their original format, and the latest versions were the most likely to include climate-related 
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mentions. See Figure 2 for a flow diagram for methods on investigating the extent that climate is 

included in fisheries management documents. 

Content analysis of management documents was performed using NVIVO in two stages. First, all 

management documents were analysed to understand their publication details. That is; the year 

of original publication of the management document; the year of publication of the most updated 

version of the document; the Australian state in which management document was published; 

type of management document (i.e. Act, Regulation, Rules, Management Plan, Management 

Strategy, Harvest Strategy, Operational Guidelines, Action Plan, Control Rules, Policy, or Policy 

and Procedure); and the Hierarchical Level of the Document (i.e. 1) Higher-Level = Acts, 

Regulations, Rules; 2) Mid-Level = Policy, Procedure, Guidelines, Harvest Strategy, Control Rules, 

Resource Report, Resource Allocation Report, Operational Guidelines, Strategy, Strategic 

Research Plan, Action Plan, Resource Sharing Framework; and 3) Lower-Level = Management Plan, 

Management Arrangements, Management Framework). 

The second stage of the content analysis was focused on identifying specific mentions relating to 

“climate”, to determine the frequency of their occurrence within the documents. To help with 

consistency and robustness of our methods, we used pre-determined terms to search the 

management documents for climate-related mentions (see Online Resource 2 for the full list of 

search terms). Where these search terms were identified in text, they were then verified as 

correctly referencing climate and not another topic (for example, the term “impact” may have 

been discussing any range of impacts on a fishery or environment, not just climate impacts). 

Climate-related mentions were divided into four pre-determined categories: (i) “Direct Climate 

Mention”; (ii) “Indirect Climate Mention” (where climate-related topics were mentioned); and (iii) 

“Direct Climate Action”; and (iv) “Indirect Climate Action” (where actions either had knowledge to 

be acted upon, or involved reviewing the knowledge to identify new responses). In addition, we 

noted where the management document incorporated “Environmental Protection 

Considerations”, such as implementing a “precautionary approach”, or “ecosystem-based 

approach” (i.e. references relating to “environment”, “precaution”, and “protect”, were all 

considered for this category). Climate-related mentions within each of these four pre-determined 

categories were further divided into “Overarching Themes” and “Sub-Themes”, to identify trends 

within the data. Metrics used in this analysis included the total number of documents included 

the number of documents with climate mentions (direct or indirect), the number of documents 

with climate-related mentions (including “climate actions”), the number of documents with 

mentions on environmental protection considerations, the number of direct climate mentions, 
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the number of indirect climate mentions, and state wild-catch production value (AUD million) 

(Mobsby 2018). 

To determine whether there were any relationships between fisheries species and the number of 

climate-related mentions in management documents, we first identified the target species groups 

and/or fisheries that were addressed in each management document, and categorised the 

management documents by those species groups or broader groupings. These were 1) “Single-

Species Groups” (i.e. these management documents addressed the management of a single 

fisheries species or species group, such as abalone, crab, etc.), 2) “Multi-Species Groups” (i.e. 

these management documents addressed the management of one fishery that targets multiple 

species or species groups, such as commercial dive, finfish, or shellfish fisheries, etc.), and 3) 

“Multi-Fisheries” (i.e. these management documents addressed the management of multiple 

fisheries that targeted multiple species, such as developmental, trawl, or all state-wide fisheries, 

etc.). We then investigated the degree of climate preparedness relative to other fisheries 

categories using “Climate Sensitivity Scores” to climate change for individual species as assessed 

in a previous study (Fogarty et al. 2019), and calculated the “Number of Management 

Documents”, “Number of Climate Mentions”, “Number of Climate Actions”, and the “Number of 

Environmental Protection Considerations” for each of the three fisheries categories above.  

Next, we looked more closely at the individual fisheries species that could be assigned to Single-

Species Groups (i.e. species that had or could be included in the “Single-Species Management 

Documents”), from the list of 99 Australian fisheries species (see Fogarty et al. 2019). We then 

calculated the “Number of Management Documents”, “Number of Climate Mentions”, and the 

“Number of Environmental Protection Considerations” for each Single-Species Group. Where 

available, we collected or assigned metric data for the Single-Species Groups, including “Economic 

Commercial Catch Value ($’000)” and “Commercial Catch Weight (tonnes)” (from Mobsby (2018) 

in Fogarty et al. (2019)), the “Number of Sustainable Stocks” (i.e. the number of sustainable or 

recovering commercial fish stocks, including Commonwealth stocks) and the “Number of 

Commercial Fish Stocks” (i.e. the total number of fish stocks, including Commonwealth stocks, 

that the species group had) (both collected in the Fogarty et al. (2019) study from the Status of 

Australian Fish Stocks Reports (SAFS; www.fish.gov.au); SAFS data is displayed as species-specific, 

but data for some species is not yet available), “Commercial Catch Weight (tonnes)” (i.e. 

commercial catch volume (tonnes), also collected in the in the Fogarty et al. (2019) study from the 

Status of Australian Fish Stocks Reports (SAFS; www.fish.gov.au) was listed for individual species, 

and was used in metric comparisons for the Single-Species Groups.   

http://www.fish.gov.au/
http://www.fish.gov.au/


71 

 

Single-Species Groups were also assigned a “Climate Sensitivity Score”, which was an estimate of 

species sensitivity to climate changes, calculated by assessing traits and other factors that 

influence species abundance, distribution, and phenology, and their associated capacity to 

respond to climate changes, and therefore their level of risk (i.e. (1) low sensitivity-high capacity, 

(2) medium sensitivity-medium capacity, or (3) high sensitivity-low capacity). Each species was 

allocated a score out of a possible maximum Climate Sensitivity Score of nine (from Caputi et al. 

2015; Pecl et al. 2011, 2014b; Welch et al. 2014; as used by Fogarty et al. 2019). Where species 

occurred in multiple regions, the species Climate Sensitivity Scores sometimes differed according 

to regional differences, in which case species were assigned their highest score here for the 

purposes of this study. Single-Species Groups were also assigned a “Climate Literature Score” for 

the amount of climate-related peer-reviewed scientific literature discussion a species had (a 

measure assigned to the individual species in Fogarty et al. (2019), identified there as “Total 

Literature Score”). This score was calculated from the number of climate-related “themes” that 

were mentioned within the peer-reviewed literature for each of the 99 fisheries species. There 

were 20 different themes, related to either the biological or socio-ecological impacts of climate 

change related to a species. See Fogarty et al. (2019) for full methods on Climate Sensitivity 

Scores and Climate Literature Scores. We compared these overall metric values for the 99 species 

divided into three further groups: (i) “Species with Species-Specific Management Documents AND 

Climate Mentions” (i.e. climate mentions in the management documents), (ii) “Species with 

Species-Specific Management Documents but NO Climate Mentions”, and (iii) “Species with NO 

Species-Specific Management Documents”. 

 

4.3.2. FRDC Research Priorities and Funding 

We investigated the extent to which the FRDC (Fisheries Research and Development Corporation) 

is funding climate-related fisheries research, which could be used to inform fisheries management 

climate adaptations. Firstly, we investigated how many climate-related research priority areas 

have been identified in recent years through applications for research priority areas to the FRDC 

by various jurisdictions (i.e. research advisory bodies/committees, subprograms, and reference 

groups). We compiled a list of recent FRDC Calls for Applications for Research Priorities which 

were supplied to the authors by the FRDC. We assessed nine Calls for Research Priorities over 

seven  years (2013, 2014, 2015, 2016, 2017, 2017 May, 2017 Nov, 2018 Apr, and 2019 Apr), and 

we present the data here as years with multiple calls combined to just the year (i.e. we combined 

the 2017, 2017 May, and 2017 Nov calls as “2017”). Years prior to 2013 were unavailable for 
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comprehensive assessment. We then conducted a second content analysis in NVIVO of these 

Research Priorities, searching for climate-relevance using the same pre-determined search terms 

identified earlier for the first management documents content analysis. See Figure 3 for flow 

diagram of methods for investigating FRDC research priorities and projects. See Online Resource 3 

for a list of jurisdictions and climate-related FRDC research proposals. 

Next, we investigated the number of climate-related research projects (underway or completed) 

that have been funded by the FRDC (i.e. through Tactical Research Funding). Climate-related 

projects were extracted from the FRDC website (FRDC "Marine climate change adaptation 

projects" http://www.frdc.com.au/Industry-and-Environment/Climate-change/Marine-climate-

change-adaption-projects accessed 10/4/2019; and FRDC "Climate Adaptation Program" 

http://www.frdc.com.au/en/Industry-and-Environment/Climate-change/Climate-Adaptation-

Program accessed 10/04/2019). In addition, the FRDC provided the authors a list of all FRDC 

funded projects (both completed and underway), omitting administration projects and projects 

with IP restrictions, from which we extracted projects between 2009 to mid-2019. See Online 

Resource 4 for a list of the climate-related FRDC-funded research projects. 

After establishing a relative level of priority given to “climate change” as a research topic funded 

by the FRDC, we collated the text from the “Topic”, “Objectives”, “Need”, and “Background” 

sections of all FRDC funded research project proposals (1208 projects) between 2009-2019 

(supplied to us as a list by the FRDC), and used it to conduct a keyword search, from which we 

determined the number of times a word was used (i.e. “keywords”). The text was converted to all 

lower-case to minimise duplication of words based on the case used, and “filler’ words (i.e. words 

which helped to complete a sentence, e.g. “will”, “need”, “can”, “within”, “including”, “using”, 

etc.), plurals or word variations (leaving the word with the highest use, e.g. “results”, “result”, 

“resulted”, “resulting”, etc.) were removed. Next, we looked at the keywords that were used in 

the project proposals more frequently than the word “climate” (i.e. had a higher weighted value). 

We further removed less informative words that did not add any richness or context to the 

research topics (for example, “FRDC”, “aquatic”, “Australian”, “national”, “species”, etc. did not 

add richness to the research topics). The remaining top keywords were then grouped by colour 

into similar or relating themes, to reveal trends in research topics. To provide further context of 

the in-text use of these keywords, we searched for key word combinations (key phrases) using the 

search function (“Ctrl+F”) in Microsoft Word, and noted the number of times keywords such as 

“climate” were used in conjunction with other words. See Online Resource 5 for a list of other 

commonly used keyword combinations and their frequencies.  

http://www.frdc.com.au/Industry-and-Environment/Climate-change/Marine-climate-change-adaption-projects
http://www.frdc.com.au/Industry-and-Environment/Climate-change/Marine-climate-change-adaption-projects
http://www.frdc.com.au/en/Industry-and-Environment/Climate-change/Climate-Adaptation-Program
http://www.frdc.com.au/en/Industry-and-Environment/Climate-change/Climate-Adaptation-Program
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4.4. Results 

4.4.1. Analysis of Fisheries Management Documents 

Of the 125 Australian state fisheries management documents included in the content analysis, 37 

(29.6%) made no mention of “climate”, or “Environmental Protection Considerations” (Figure 4A). 

Another 25 documents (20%) mentioned both “climate” and “Environmental Protection 

Considerations” and were more likely to be Mid-Level or Lower-Level documents, primarily from 

South Australia, followed by Victoria and Queensland (Figure 4). Meanwhile, 98 documents 

(78.4%) did not mention “climate” and were more likely to be recent and Higher-Level 

documents, mostly from Tasmania, Western Australia, New South Wales, and the Northern 

Territory (Figure 4). We found 86 documents (68.8%) mentioned “Environmental Protection 

Considerations”, increasing with year of publication, and were proportionately mostly Mid-Level 

documents from Western Australia, followed by New South Wales and Northern Territory (Figure 

4). The Northern Territory was the only region to have no climate-related mentions at all, 

followed by Tasmania having only 2 documents with climate-related mentions (Figure 4D). 

However, 81.8% of Northern Territory documents did mention Environmental Protection 

Considerations (Figure 4D). As the number of documents produced increased over the study 

period, the proportion of documents mentioning climate decreased, even though the actual 

number of documents mentioning climate increased (Figure 4B, Online Resource 1).  See Online 

Resource 1 for more details on the fisheries management documents included in this study. 

Results of the content analysis showed there were 108 individual climate-related mentions (total) 

from the 27 management documents with climate-related mentions, divided into 14 overarching 

themes (total), and 52 sub-themes (total) (Tables 1, 2). The category “Direct Climate Mentions” 

had 44 mentions from 20 fisheries management documents, split into 7 overarching themes and 

19 sub-themes (detailed in Table 1). Meanwhile, “Indirect Climate Mentions” had 35 mentions 

from 18 management documents, split into 3 overarching themes and 24 sub-themes (detailed in 

Table 1). “Indirect Climate Actions” had 29 mentions from 11 management documents, split into 4 

overarching themes and 9 sub-themes, making up just under a third of all climate-related 

mentions (detailed in Table 2). We found no mentions to be classed as “Direct Climate Actions”, 

as we found no actions aimed at specifically addressing or adapting to the effects of climate 

change on fisheries. 

Investigating these categories more closely, we found the most frequent “direct” reference to 

climate within the management documents was identifying climate change as a key threat to 

fisheries, followed by themes of management considerations and goals to respond to climate 



74 

 

change (Table 1). “Indirectly”, the most frequent reference to climate related to identifying 

oceanographic conditions as risks affecting fisheries performance (Table 1). Actions to 

(“indirectly”) address climate change predominantly focussed on fisheries and ecosystem 

management changes that could be implemented, followed by increasing and improving research 

on climate change (Table 2). Perhaps unsurprisingly, 24% of the indirect climate actions identified 

were to “review the threat of climate change in a few years or at the next major assessment” 

(Table 2). 

When investigating the fisheries management documents in relation to the fisheries species more 

specifically (i.e. 99 Australian fisheries species previously identified), we grouped the 

management documents into 19 “Single-Species Groups”, 13 “Multi-Species Groups”, and five 

“Multi-Fisheries” categories. Single-Species Groups and Multi-Fisheries had a similar number of 

management documents, while Multi-Species Groups had just less than half of these (Figure 5). 

The Number of Climate Mentions, Climate Actions, and Environmental Protection Considerations 

identified within the documents were all mostly from Single-Species Group management 

documents (Figure 5). In addition to having a high number of management documents, Multi-

Fisheries also had middle values of Climate Mentions and Environmental Protection 

Considerations (still proportionately high) but had the lowest number of Climate Actions.  

One third (34 of 99) of species from the list of Australian fisheries species could be assigned into 

the “19 Single-Species Groups” that had management documents relating specifically to them or 

their species groups. Of these 34 individual species, 19 (making up nine Single-Species Groups) 

had Climate Mentions within management documents, while 25 individual species (17 Single-

Species Groups) had Environmental Protection Considerations mentioned within management 

documents relating specifically to them or their species group (Figure 6). Additionally, a second 

grouping of 19 (out of the 34) individual species were also found to have “peer reviewed climate-

related species literature” in Fogarty et al. (2019). Of these two different groups of 19 individual 

species, 13 species overlapped, having both Climate Mentions in their management documents 

and climate-related species literature in Fogarty et al. (2019). These 13 individual species were 

from five Single-Species Groups “Abalone”, “Crab”, “Lobster”, “Prawn”, and “Sardines”, of which 

the first four Single-Species Groups had the majority of management documents (58%), Climate 

Mentions (61.5%) and/or Environmental Protection Considerations (60.5%; Figure 6). 

Furthermore, 16 of the 65 individual species in the present study without single-species 

management documents did have climate-related species literature in Fogarty et al. (2019). These 

16 individual species, however, were almost all Perciformes (“Perch-like”) fish species (e.g. 
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finfish), and therefore their management was covered by management documents for Multi-

Species Groups and/or Multi-Fisheries. 

Of the 19 Single-Species Groups with management documents, “Economic Commercial Catch 

Value” and “Commercial Catch Weight” data were located for 11 species groups (Mobsby 2018), 

while the “Number of Commercial Fish Stocks” data were located for eight (from SAFS, 

www.fish.gov.au), and Climate Sensitivity Scores were assigned for 12 species groups. Among the 

Single-Species Groups data, we found the strongest apparent relationship between having higher 

Economic Commercial Catch Value, and having more management documents, Climate Mentions 

and/or Environmental Protection Considerations, as the five Single-Species Groups with both 

climate-related management and climate-related scientific literature (identified above) also held 

the top five highest Economic Commercial Catch Values (i.e. Economic Values ranking order: 1. 

Lobster, 2. Prawn, 3. Abalone, 4. Crab, 5. Sardines, 6. Scallop (italics used to identify the five 

Single-Species Groups identified earlier); Figure 6). In addition, species having increased climate 

sensitivity (or even having had a Climate Sensitivity Score calculated at all), also tended to have 

more management documents, Climate Mentions, and/or Environmental Protection 

Considerations, with four of the five Single-Species Groups noted above ranking within the top six 

for Species Climate Sensitivity (i.e. Climate Sensitivity ranking order: 1. Sea Cucumber, 2. Lobster, 

3. Abalone, 4. Prawn, 5. Scallop, 6. Crab; Figure 6). Furthermore, these five Single-Species Groups 

were also among the top six Single-Species Groups with the highest Commercial Catch Weights 

(i.e. Catch Weights ranking order: 1. Sardines, 2. Prawn, 3. Lobster, 4. Scallop, 5. Crab, 6. Abalone; 

Figure 6), and three of these five groups had the highest Number of Commercial Fish Stocks (i.e. 

Fish Stocks ranking order: 1. Prawn, 2. Crab, 3. Abalone, 4. Mackerel, 5. Barramundi, 6. Whiting; 

Figure 6). 

Finally, we compared metrics from Fogarty et al. (2019) between three groups for the 99 

individual fisheries species: (1) “Species with Species-Specific Management Documents AND 

Climate Mentions” (19 of 99 species); (2) “Species with Species-Specific Management Documents 

but NO Climate Mentions” (15 of 99 species); and (3) “Species with NO Species-Specific 

Management Documents” (65 of 99 species). Species-specific metrics included Climate Sensitivity 

Score, the Number of Sustainable Stocks, Commercial Catch Weight, and Climate Literature Score. 

The first group of species (19 species) had the greatest Climate Sensitivity Scores, more 

sustainable commercial fish stocks, larger Commercial Catch Weights, more Commercial Fish 

Stocks, and the most peer-reviewed climate-related species literature per species (Table 3, first 

column). Within this first group, 11 species (57.9%) had over 1000 tonnes Commercial Catch 

Weight (from SAFS), while four species (21.1%) were missing catch weight data from SAFS. The 

http://www.fish.gov.au/
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second group of species (15 species) held the middle values for Climate Sensitivity Scores, the 

Number of Sustainable Stocks, Number of Commercial Fish Stocks, and Climate Literature Scores 

per species, but had the lowest average value for Commercial Catch Weight (Table 3, second 

column). Within this group, only 2 species (13.3%) had over 1000 tonnes of commercial catch 

weight, while four species (26.7%) were missing catch volume data from SAFS. The third group of 

species (65 species) held the lowest values for Climate Sensitivity Scores, the Number of 

Sustainable Stocks, the Number of Commercial Fish Stocks, and Climate Literature Scores, but 

held the middle value for Commercial Catch Weight, partly increased due to a single species 

outlier (Pilchard) having a much greater Commercial Catch Weight at 38,671.5 tonnes (Table 3, 

third column). In fact, this group had only six species (9.2%) with Commercial Catch Weights over 

1000 tonnes, while 38 species (58.5%) were missing catch weight data from SAFS.  

 

4.4.2. FRDC Research Priorities and Funding 

From seven years of FRDC Calls for Applications for Research Priorities (a total of nine Calls), there 

was a total of 351 research priority applications included from a total of 21 jurisdictions (see 

Online Resource 3 for list of jurisdictions; not all jurisdictions were included in Calls every year). 

We found nine research priority applications with a reference to climate (Online Resource 3), 

which were divided into seven “direct” climate references (each proposed by the major state 

Fisheries Research Advisory Body (FRAB) or Research Advisory Committees (RAC): 1x from Tas 

FRAB 2014, 1x WA FRAB 2015, 1x Commonwealth RAC 2017, 1x NT RAC 2017, 1x Q RAC 2017 Nov, 

1x SA RAC 2017 Nov, 1x Vic RAC 2019 Apr), and 2 “indirect” climate references (1x WA RAC 2015, 

1x Tas RAC 2018 Apr). These nine climate-related research priorities identified came from only 

seven jurisdictions, with New South Wales being the only state with a “jurisdiction” that did not 

propose a climate-related research priority. With so few climate-related research priority 

applications it is difficult to see a trend over the years, however, the number of climate-related 

priorities does mirror the number of jurisdictions and total research priorities each year to some 

extent, with higher values in 2015 and 2017 (Figure 7). 

Investigation of the projects funded by the FRDC found 36 completed climate-related projects, 

and 19 underway climate-related projects between 2009-19, out of 1208 funded projects 

assessed (Online Resource 4). It is evident that the number of climate-related projects, relative to 

the total number of FRDC funded projects varies over time, peaking in 2014 and 2015 (11.7% and 

11.5% of FRDC funded projects are climate-related, respectively), with the number and proportion 

of climate-related projects decreasing in the years after, down to between 0% and 1.9% of 



77 

 

projects each year (Figure 7). The year 2010 follows as having the next highest proportion of 

climate-related research projects, with 8.8% of projects funded that year being climate-related. 

Overall, 4.6% of the research projects assessed within the research period were climate-related, 

with a mean value of 4.4% calculated from the proportions of projects each year. The number of 

total projects funded by the FRDC does decline in the latter half of the decade. Additionally, the 

proportion of climate-related research priority applications significantly increases over time, and 

it appears that almost no funded climate-related research projects in the last three years 

paradoxically corresponds with an increase in climate-related research priority applications 

(Figure 7). 

Investigating which research topics or themes may have been a higher priority than “climate” 

within fisheries research, “climate” was the 36th most commonly used word within the “Topic”, 

“Objectives”, “Need” and “Background” sections of 1208 research projects funded by the FRDC 

between 2009-2019, when all “filler” words and “low context” words (i.e. less informative words) 

were removed. From a similar theme, “environmental” and “sustainable” placed 20th and 33rd, 

respectively, in frequency of their use (Figure 8). Grouping these top 36 keywords into similar 

themes or topics showed seven research themes of interest (Figure 8). The category “commercial 

fisheries topics” had the highest number of top keywords identified as relating to the theme (11 

keywords), followed by “climate and environmental considerations” (7 keywords), “community 

(non-commercial) and social aspects of fisheries” (5 keywords), “fisheries management and 

planning” and “fisheries knowledge and assessments” (both themes with 4 keywords), “fisheries 

economics” (3 keywords), and “health and disease” (2 keywords; Figure 8). Finally, we 

investigated key phrases using the keywords, in particular “climate”, to give more context to the 

keywords. “Climate-change” was the third most used key phrase that included at least one of the 

top 36 keywords, with 427 uses, coming below “fisheries-management” (548 uses), and “seafood-

industr(y/ies) (534 uses). Other key phrases identified that used the word “climate”, included 

“climate-varia(bility/tion)” with 18 uses, “changing-climate” with 16 uses, and “climate-impact(s)” 

with 13 uses. With a similar theme, key phrases identified using the keywords “environmental” 

and “sustainable” included “environmental-conditions” with 89 uses, “sustainable-development” 

with 88 uses, “ecologically-sustainable” with 73 uses, “sustainable-fish(ing/eries/ery)” with 54 

uses, “sustainable-management” with 48 uses, and “environmental-change(s)” with 32 uses. See 

Online Resource 5 for a further list of key phrases. 
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4.5. Discussion 

4.5.1. Fisheries Management Documents 

In this study we undertook a content analysis of Australian fisheries management documents to 

assess how they account for and incorporate climate change impacts. Our assessment showed 

that for wild-catch fisheries only 21.6% of all documents specifically had “climate-related” 

content, and that these tended to be (i) more recently published; (ii) largely from South Australia, 

followed by Victoria; and (iii) were Lower-Level or Mid-Level documents (in terms of their 

directive aims). This was reflected by Single-Species Groups management documents having a 

greater number of Climate Mentions, while Multi-Species Groups had a large proportion of 

Climate Mentions in relation to the lower proportion of management documents within that 

group. Multi-Fisheries documents did however have a high proportion (40%) of the Environmental 

Protection Considerations that were identified within the text, which may reflect that a fishery 

that is well managed does not degrade the natural environment, thereby in looking after and 

responding to environmental changes, fisheries management may simultaneously respond to 

climate change, as a well-managed fishery is best able to adapt to climate change (McIlgorm et al. 

2010; Ogier et al. 2016).  

The documents with no mention of “climate” or “Environmental Protection Considerations” were 

predominantly from Tasmania and South Australia. In contrast, the Northern Territory, Western 

Australia, and New South Wales did have a high proportion of documents with Environmental 

Protection Considerations, which may indicate that climate is more indirectly addressed and 

incorporated into their respective management strategies. It is therefore worth noting that a 

state having little-to-no mention of climate in their fisheries management documents may not 

necessarily mean that they do not have ground-level actions in place that assist their adaptation 

to climate change, or that they are unprepared for climate change, but rather it may be a 

reflection of the style of writing and/or format the management documents are written in. For 

example, many of the Tasmanian management documents related to specific fisheries, but were 

set out as legislation, and therefore did not provide the same background information and/or 

deeper context that other state management documents did. This may be a result of comparative 

resourcing and funding allocations to fisheries management departments in each state, which 

would allow for deeper contextual management documents. Resourcing and funding levels in 

each state may be influenced by GVP proportions that wild-catch fisheries account for in each 

state, for example, although Tasmania has the highest total seafood GVP (33%) in Australia, 

Tasmanian wild-catch fisheries have the third highest dollar value (AUD194.3 million) of all 
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Australian states (behind Western Australia and South Australia), and proportionately the lowest 

catch value (18.2%) and weight (7.7%) of any state (Figure 1; Steven et al. 2020). However, how 

relative fisheries resourcing and funding levels influences management in each state requires 

further investigation into the future. 

Another interesting correlation is that the fastest warming waters in Australia are the south-east 

and south-west coastlines (Hobday and Pecl 2014), which tended to have higher proportions of 

climate-related mentions and Environmental Protection Consideration. These two climate 

“hotspot” regions include the coastlines of South Australia and Victoria, which had the two 

highest proportions of climate-related mentions, and New South Wales and Western Australia, 

which had the two highest proportions of Environmental Protection Considerations, therefore 

potentially indicating that climate vulnerability may factor into respective climate preparedness 

and adaption implementation (Ling and Hobday 2018). Species climate sensitivity has also 

previously been found to have a positive influence on research effort, as species with higher 

industry value or importance are more likely to have higher (and more accurately determined) 

climate sensitivity scores (Fogarty et al. 2019). Similarly, we find here that species with higher 

climate sensitivity are also likely to have higher numbers of management documents, and Climate 

Mentions and Environmental Protections Considerations mentioned within the management 

documents. This could be interpreted positively, as greater climate considerations are desirable 

for more climate-vulnerable species. However, it would also be beneficial to increasingly 

incorporate climate adaptations into more (if not all) species fisheries management documents, 

as there are still climate-vulnerable species with no Climate Mentions and/or species-specific 

management documents. 

After thematically categorising the individual climate-related mentions from the content analysis 

of the management documents, we found “Direct Climate Mentions” to be the largest category, 

followed by “Indirect Climate Mentions”. The most frequent “direct” references to climate within 

the management documents were identifying climate change as a key threat to fisheries, and 

management considerations or goals to respond to climate change, while the most frequent 

“indirect” reference to climate related to identifying oceanographic conditions as risks affecting 

fisheries performance. Actions to (“indirectly”) address climate change predominantly focussed 

on fisheries and ecosystem management changes that could be implemented, as well as 

increasing and improving research on climate change. In addition, one-quarter of the indirect 

climate actions identified were to “review the threat of climate change in a few years or at the 

next major assessment”, which means that on ground climate adaptation for that fishery is still 

some time away. Similarly, another recent study also found a lack of climate action within 
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management plans of Regional Fisheries Bodies (RFB), with a large portion of RFBs placing climate 

change “permanently on the agenda for attention” (Sumby et al. in review). It is likely the 

uncertainty of climate change which encourages the use of short planning horizons to focus on 

immediate problems, and supports the dangerous idea that mitigating actions can wait until more 

information is available (McIlgorm et al. 2010). Although different species and fisheries have 

differing levels of vulnerability or sensitivity to climate change, there is an increasing need to 

increase the frequency of inclusion of Climate Mentions and Climate Actions within fisheries 

management documents. 

The combination of results from the current study and Fogarty et al. (2019) indicates that 

economically important fisheries species are more likely to be better prepared for climate change 

in terms of scientific climate knowledge availability as well as climate management 

implementation/adaptations. We also found a correlation between species having climate-related 

peer-reviewed scientific information available, and those species having more climate-related 

content identified within their respective management documents, meaning that species with 

more climate-related peer-reviewed literature available also had associated management 

documents that were more scientifically informed on climate changes. This finding reinforces the 

importance of having scientifically informed fisheries management to allow for better preparation 

and adaptation to climate change. Further investigation of the individual Australian fisheries 

species that the management documents might relate to found that of the 34 species (out of 99) 

which could be assigned to the Single-Species Group, 56% (19 species) had Climate Mentions 

within those management documents. We also found another 19 species within the Single-

Species Groups that had climate-related species literature published, of which 13 species 

overlapped having both Climate Mentions within management documents in the current study, 

and peer-reviewed climate-related species literature in Fogarty et al. (2019). These were 

identified as species of abalone, crab, lobster, prawn, and sardines, and we therefore determine 

that their respective fisheries are the most prepared or equipped to adapt to climate change, in 

terms of knowledge and implementation. These five Single-Species Groups also had some of the 

highest Economic Commercial Catch Values, Commercial Catch Weights, and Numbers of 

Commercial Fish Stocks, indicating that these factors, in particular Economic Catch Value and 

Commercial Catch Weight, may influence which species have the most climate-prepared fisheries 

management. This is a similar result to our previous study (Fogarty et al. 2019) which found these 

factors influenced species climate-related research effort and direction, that these species were 

also more likely to have higher climate sensitivity and were less likely to have species data missing 

from the SAFS database, compared with other species assessed. It is possible that species with 
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Climate Mentions in this study having higher proportions of sustainable fish stocks is due to the 

fact they also have more peer-reviewed climate-related literature available (Fogarty et al. 2019), 

and Climate Mentions within their management documents, therefore leading to better 

management of these fisheries. Species with Climate Mentions are also likely to be “more 

important” fisheries species, as they had greater Commercial Catch Weights, and have more 

resources (i.e. time and money) invested into better management of those fisheries. 

Furthermore, species that did not yet have data in the SAFS database were most likely to have no 

species-specific management documents, indicating that those species are “less important” to the 

fishing industry.  

Based on our analysis, we argue that the fishing industry would benefit from having proactive 

policies which pre-emptively put in place planned emergency responses and adaptations for 

climate change, in addition to other management directives. The lack of climate-related mentions 

in fisheries management documents assessed here may be reflective of: (i) insufficient knowledge 

exchange among scientists and managers about the ways we can manage climate change in 

Australian fisheries; (ii) lack of political will for addressing climate change; and/or (iii) a lack of 

adaptive capacity within fisheries management due to many of the management documents 

being older and updated so infrequently that there is no scope to revise them as new knowledge 

is generated. Mechanisms to overcome some of these issues include implementing strategies that 

foster greater collaboration and knowledge exchange among fisheries scientists and managers 

(i.e. principles underpinning successful knowledge exchange between marine scientists and 

decision-makers are provided by Cvitanovic et al. 2016; Hobday and Cvitanovic 2017). For 

example, through institutional level changes that facilitate and promote engagement activities 

such as those embodied by notions of co-production (Norström et al. 2020), using “hot desk” 

rotations of staff from other institutions (i.e. “embedding”, see Roux et al. 2019), increasing 

boundary organisations (Cvitanovic et al. 2018), and by increasing the use of knowledge brokers 

to act between institutions (Cvitanovic et al. 2015; Fazey et al. 2012). Directing a more concerted 

effort towards engaging a wide range of stakeholders (e.g. the public) to foster support for 

climate-ready fishery policies and programs may also overcome some of these barriers and 

encourage adaptive capacity (Hobday and Cvitanovic 2017; Le Cornu et al. 2018).  

 

4.5.2. FRDC Research Priorities and Funding 

The FRDC has annual targets for research expenditure for five program areas, being 40% 

Environment, 40% Industry, 10% People, 8% Adoption, and 2% Communities (FRDC 2015). 
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Climate-related projects may fall within any of these five program areas, however, the FRDC 

expenditure in the Environment program area is relatively high, and likely includes projects 

researching environmental protection. This does not necessarily mean that climate-related 

fisheries research is not occurring within Australia, as research may be occurring that is funded 

within universities, state fisheries departments or the R&D departments of fishing companies, 

rather than by the FRDC. However, the low levels we find in this study suggest that there is 

currently a lack of up-to-date climate-related fisheries research available to inform fisheries 

managers and decision-makers on fisheries adaptations to climate change in Australia, although 

some regions (such as the south-east and western Australian coasts) are more prepared than 

others (Fogarty et al. 2019). As the number of climate-related research priority applications 

submitted to the FRDC, and FRDC-funded climate-related research projects are low in recent 

years, it may indicate that climate is not a high priority when it comes to fisheries research in 

Australia. This could be because (i) climate change is not considered the most pressing issue by 

FRDC, (ii) Australia already has a strong legacy of fisheries climate science and FRDC want to 

invest in other things, (iii) climate change is not yet a high priority topic for fisheries stakeholders 

and communities, and/or (iv) previous climate-relating funding cycles have led to the perception 

that climate research has been ‘done’ already. 

Our study shows keywords such as “climate” and “environment” were not discussed at the same 

frequencies as more common topics such as fisheries “production” and “stock” within research 

priority applications submitted to the FRDC. Even so, we found two peaks in the number of 

climate-related FRDC-funded research projects in our analysis which may be explained by several 

concerted efforts to boost climate-related fisheries research around those times. For example, 

the National Climate Change Adaptation Research Facility (NCCARF) was established in 2007, and 

its’ key role is to coordinate the development of National Climate Change Adaptation Research 

Plans (NARPs) across a range of priority areas (Hobday et al. 2017). One of these priority areas 

was addressed by the Marine NARP in 2010 (Mapstone et al. 2010), which has since been updated 

twice (Hobday et al. 2017; Holbrook et al. 2012). The Marine NARP identified research knowledge 

gaps with respect to helping marine systems adapt to climate change, and developed research 

priority questions to enable researchers to focus their efforts on filling these gaps. Following this, 

there were 26 Marine NARP-funded research projects undertaken from 2010 to 2015 (described 

in Creighton et al. (2016)), 17 of which addressed priority questions on fisheries. At the same 

time, the FRDC led and funded the “Climate Adaptation Program” from 2010 to 2014, in 

partnership with Australian and State Governments, CSIRO, and universities (FRDC 2020). 
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In the more recent years since these peak funding periods for climate-related fisheries research, 

our analysis found only low counts of both FRDC funded projects and priority research topics 

proposed to the FRDC that related to climate, but a small increase in proportions of climate-

related research priorities from 2017 onwards. This is not to say that there has been little climate-

related fisheries research, as there has in fact been an increased volume of peer reviewed 

climate-related species literature from 2012 onwards (Fogarty et al. 2019). The 2017 update of 

the Marine NARP (Hobday et al. 2017), IPCC Climate Report released in 2018 (IPCC 2018), 2019 

UN Climate Action Summit (United Nations 2019), and the 2019 IPCC Special Report on the Ocean 

and Cryosphere in a Changing Climate (IPCC in press), may have helped to stimulate and keep 

interest in climate-related research going. Nevertheless, we find that the injection of funds into 

climate-related fisheries research in Australia has been limited in recent years (Ling and Hobday 

2018). It is evident that future initiatives like the FRDC-led Climate Adaptation Program or Marine 

NARP climate research funding will help stimulate climate-related research in the field.  

Furthermore, to help funders know where to invest money for Australian fisheries in response to 

climate change, and to help guide national priorities, we propose that future research may seek to 

undertake a horizon scan of fisheries research needs in Australia, such as those conducted by 

Holder et al. (2020) and Wilson et al. (2010), to understand what the key climate-related fisheries 

questions are. This will in turn lead to an increase in climate-related fisheries literature that 

fisheries management can draw from when updating management directives. In addition, future 

research is required to investigate more specifically which topics are discussed more frequently 

than “climate change” in management documents, research project descriptions, priority 

applications, or other similar documents, to determine whether research priorities need to be re-

evaluated. 

The small proportions of climate-related FRDC-funded research and research priority proposals 

may reflect a deeper problem than just a lack of climate-related research being funded, but rather 

that climate change is not yet a priority for fisheries stakeholders and communities, as such, 

leading to fewer climate-related research projects being proposed, and fewer climate-related 

research projects to fund. This may be part of a cycle within fisheries management and climate 

change. For instance, fisheries management does not have many “climate-related mentions” and 

focuses more on maintaining a sustainable industry by responding to environmental and stock 

changes (e.g. short-term, annual fluctuations). A component of fisheries management is about 

managing people and navigating politics (Fulton et al. 2011; Hoel 1998). As fisheries stakeholder 

and communities do not yet prioritise climate-research highly, research priority applications 

largely focus on topics other than climate change, and therefore FRDC does not fund many 
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climate-related fisheries research projects. This leads to fisheries management having access to 

minimal climate-related fisheries research to inform decisions around climate adaptation, and 

therefore only incorporating climate change into fisheries management to a limited degree, and 

so on. However, a well-managed fishery should be capable of easily adapting to climate change 

through the implementation of flexible management measures that can be rapidly changed to 

address rapid environmental or stock changes. By increasing community and fisheries stakeholder 

engagement in climate-related research, we can increase awareness and concern of climate-

related marine impacts. For example, citizen science programs such as Redmap Australia (see 

www.redmap.org.au; Pecl et al. 2019b) have been shown to increase public education and 

engagement on scientific issues (Nursey-Bray et al. 2017; Nursey-Bray et al. 2018), by giving 

participants a sense of ownership over the data they have helped collect (Martin et al. 2016) 

which is then able to be used by various user groups such as scientists (Adler et al. 2020; Pecl et 

al. 2019b). By increasing public engagement on the issues of climate change, and how it will affect 

industries such as fisheries, could be beneficial in increasing funding and resourcing in this area, 

and improve fisheries “social licence to operate” (Kelly et al. 2017; van Putten et al. 2018). 

Although this research focuses on Australian state wild-catch fisheries, our results may also be 

relevant to other commercial and recreational fisheries, and aquaculture, both in Australia and 

internationally. 

 

4.6. Conclusion 

The south-east and south-west regions of the Australian coastline have previously been identified 

as being “most prepared” to implement climate-related scientific information into fisheries 

management (Fogarty et al. 2019). Here we find that these two regions also have the highest 

incorporation of “climate” and “environmental protection considerations” in their fisheries 

management documents, led by South Australia and Victoria (for climate-related content), and 

New South Wales and Western Australia (for environmental protection content). We also identify 

that fisheries are more likely to have more climate-related mentions within their associated 

management documents, if they target species with (i) a higher Economic Commercial Catch 

Value (primarily), (ii) higher Commercial Catch Weight, or (iii) greater Number of Commercial Fish 

Stocks. Overall, although our results may have found that “climate” is not necessarily a highly 

discussed topic within fisheries management documents, research projects, or priority 

applications (relative to other topics), it may be assumed that “climate” is captured through the 

discussion of other related topics (e.g. “environmental protection” or “sustainability”), and that if 

http://www.redmap.org.au/
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fisheries are managed well, through flexible and scientifically-informed strategies, then climate 

change and its’ associated impacts may be inadvertently addressed by day-to-day fisheries 

management. However, we argue that the fishing industry would benefit from also having more 

proactive policies in place which pre-emptively put in place planned emergency responses and 

adaptations for climate change. It is also evident that initiatives promoting climate-related 

research, such as the FRDC-led Climate Adaptation Program, or Marine NARP climate research 

funding, do help stimulate climate-related research, which has the potential to lead to more 

expert-informed fisheries management, and therefore fisheries that are better prepared for 

climate change. We believe that climate-related fisheries research in Australia needs to be 

accelerated for Australian fisheries management to overcome and adapt to future climate 

changes. Without climate-related fisheries research and funding continuing and increasing into 

the future, many management agencies and fisheries may not be adequately prepared for the 

long-term implications of climate change.  
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4.9. Figures and Legends 

Figure 1. Australian fisheries statistics for the 2017-18 fishing season, including Gross Value 

Production (GVP) and employment figures. Data labels over bar graphs show the wild-catch 

proportions of state seafood (fishery and aquaculture) production. Data from Steven et al. (2020). 
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Figure 2. Flow diagram summarising the methods used for investigating the extent to which 

“climate” and climate-related themes are mentioned within Australian state fisheries 

management plans and other directive documents, and what factors may influence frequencies. 
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Figure 3. Flow diagram summarising the methods used for investigating the FRDC research 

priorities and tactically funded projects for climate-related mentions, and to determine the relative 

priority level of “climate” as a funded research topic. 
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Figure 4. The percentage and count of the number of fisheries management documents with 

climate-related mentions (“climate”), mentions of environmental protection considerations 

(“environ.”), or none of the above, separated by; (A) All documents as one group; (B) the year of 

publication of the current document version; (C) hierarchical level of management document; and 

(D) Australian state where the document is relevant to. NSW = New South Wales, NT = Northern 

Territory, QLD = Queensland, SA = South Australia, TAS = Tasmania, VIC = Victoria, WA = Western 

Australia. Data labels represent the count of documents for each category, with the labels to the 

right of the bars representing the overall counts of management documents. 
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Figure 5. The numbers (and proportions) of Management Documents, Climate Mentions, Climate 

Actions, and Environmental Protection Considerations for 1) Single-Species Groups, 2) Multi-

Species Groups, and 3) Multi-Fisheries. 
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Figure 6. The Number of Management Documents, Climate Mentions, and Environmental 

Protection Considerations for each of the 19 Single-Species Groups. Species name orders are by 

highest to lowest Number of Management Documents, then by highest to lowest Number of 

Climate Mentions, and then by highest to lowest Number of Environmental Protection 

Considerations. 
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Figure 7. FRDC support in climate-related fisheries research by year (2009-2019), presented as the 

percentages of completed and underway climate-related research projects, and climate-related 

research priorities extracted from the FRDC Calls for Applications for Research Priorities each year 

(2013-April 2019), with data labels above presenting the total number of FRDC funded research 

projects each year, and the total number of research priority applications overall each year. 
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Figure 8. The count of uses of the top 36 most informative keywords including and above 

“climate” (i.e. filler words and less informative words removed). Colours represent seven 

categories of similar or related research themes. 
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4.10. Tables and Legends 

Table 1. The numbers of “Direct Climate Mentions” and “Indirect Climate Mentions” identified in 

the content analysis of the fisheries management documents, detailed by Overarching Theme and 

Sub-Themes. “Mentions (n)” in column 3 = the number of “climate-related mentions” found which 

related to each category. “(Total=n)” = the sum of “climate-related mentions” in each overarching 

theme. Sub-Themes listed are variations of quotes lifted from the management documents. 

Direct Climate Mentions 

Overarching Themes Sub-Themes Mentions (n) 

1. Climate change as a key 

threat to fisheries 

1.1. Climate change is a key process threatening fisheries 9 

1.2. Issue = climate change; Risk/Priority = High 7 

1.3. Issue = climate change; Risk/Importance Rating = 

Moderate 
4 

1.4. Issue = climate change; Risk/Priority = Negligible 2 

1.5. Climate change: high risk rating; Development of 

objectives and management strategies that directly 

mitigate the effects of climate change is limited, and 

therefore the risk is not referred to in objectives and 

strategies 

1 

(Theme 1 

Total 

Mentions = 

23) 

2. Management goals to 

respond to climate 

change 

2.1 Goal: Management adaptive to climate change 4 

2.2 Operators to have clear contingency plans in place to 

respond to climate change events 

1 

(Theme 2 

Total 

Mentions = 

5) 

3. Considerations for 

management of climate 

change 

3.1 Avoiding / taking into account the effects of 

development on climate change  
3 

3.2 Knowledge area for effective management: impacts of 

climate change 
1 

3.3 Key consideration for management: climate change / 

climate-induced events; Unsuitable for management within 

this policy 

1 

(Theme 3 

Total 

Mentions = 

5) 

4. Climate changes lead to 

changes in species 

dynamics and habitats 

4.1 Climate change affects long-term sustainability of 

fishery/species 
2 

4.2 Transition in ocean currents / climate leads to varied / 

complex habitats and species 
1 

4.3 Climate variability: risk affecting water temperature and 

ocean currents, leads to changes in species survival, growth 

rates, and distribution 

1 

(Theme 4 

Total 

Mentions = 

4) 

5. Buffers against climate 

change impacts 

5.1 Refugia definition = habitats where fish are able to 

survive the impacts of climate change 
2 

5.2 Stock rebuilding as a buffer against climate change 1 
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(Theme 5 

Total 

Mentions = 

3) 

6. Climate change 

definition as physical 

oceanographic changes / 

intricately related to 

other physical factors 

6.1 Climate change: altering ocean temperature, chemistry, 

sea level, storm frequency and severity, amount of 

freshwater entering aquatic systems and patterns of 

regional oceanography 

1 

6.2 Climate is intricately linked to other physical factors 1 

(Theme 6 

Total 

Mentions = 

2) 

7. Climate change studies 

/ research 

7.1 Department involved in regional climate change studies 1 

7.2 Area a critical baseline to measure climate change 

effects 

1 

(Theme 7 

Total 

Mentions = 

2) 

Total Overarching 

Themes = 7 
Total Sub-Themes = 19 

Total 

Mentions = 

44 

 

Indirect Climate Mentions 

Overarching Themes Sub-Themes Mentions (n) 

1. Issue = Oceanographic 

conditions (water 

temperature, weather, 

upwelling) affecting 

performance of fishery 

1.1. Issue = Weather; Risk/Priority = Moderate 4 

1.2. Issue = Oceanographic conditions; Risk = Moderate 2 

1.3. Issue = Oceanographic, Temperature, Weather; Risk = 

Moderate 
2 

1.4. Issue = Oceanographic (Temp, Weather, Upwellings); 

Risk/Priority = Moderate 
2 

1.5. Issue = Temperature; Risk = Moderate 2 

1.6. Issue = Upwelling; Risk = Extreme 2 

1.7. Issue = Upwelling; Risk/Priority = Moderate 1 

1.8. Issue = Temperature, Weather, Upwelling; Risk/Priority 

= Negligible 
1 

1.9. Fishery subject to oceanic influences, including bad 

weather (swell and wind), and cold upwelling events 
1 

1.10. Fishery/catch weather dependant - access to certain 

areas 
1 

1.11. Changing ocean temperatures and strengthening of 

the EAC may lead to a significant shift in the distribution of 

many marine species 

1 

1.12. Distribution influenced by wind patterns and tidal 

currents 

1 

(Theme 1 

Total 

Mentions = 

20) 
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2. Goal / 

Recommendation for 

environmental/ecosystem 

drivers/changes to be 

considered in fishery 

management 

2.1. Goal - Manage fishery as part of the broader ecosystem 2 

2.2. Glossary: Environmentally limited stock - biomass 

reduced due to environmental change 
2 

2.3. Management considerations: changing environmental 

conditions / environmental changes 
2 

2.4. Management considerations: Environmental changes, 

habitat changes, effects of weather 
1 

2.5. Environmental drivers to be considered in management 1 

2.6. Ecosystem changes to be considered in management 1 

(Theme 2 

Total 

Mentions = 

9) 

3. Extreme / adverse 

events / conditions 

affecting fishery, species, 

and area 

3.1. Species vulnerable to natural catastrophic 

environmental impacts: freshwater floods, temperature 

extremes 

1 

3.2. Area vulnerable / susceptible to environmental impacts 

/ changes 
1 

3.3. A resilient system will bounce back from adverse 

environmental conditions (floods, bleaching, cyclones) 
1 

3.4. Fishery impacted by extreme stress events: bleaching 

events 
1 

3.5. Issue = Stormwater, Hypersalinity (desaliation); 

Risk/Priority = Low 
1 

3.6. Sea level rise - setback coastal development 1 

(Theme 3 

Total 

Mentions = 

6) 

Total Overarching 

Themes = 3 
Total Sub-Themes = 24 

Total 

Mentions = 

35 
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Table 2. The numbers of “Indirect Climate Actions” identified in the content analysis of the 

fisheries management documents, detailed by Overarching Theme and Sub-Themes. “Mentions 

(n)” in column 3 = the number of “climate-related mentions” found which related to each 

category. “(Total=n)” = the sum of “climate-related mentions” in each overarching theme. Note: 

no “Direct Climate Actions” were found in any documents. Sub-Themes listed are variations of 

quotes lifted from the management documents. 

Indirect Climate Actions 

Overarching Themes Sub-Themes Mentions (n) 

1. Fisheries and 

ecosystem 

management changes: 

influence and 

implement 

management 

processes 

1.1. Management: set annual TACC within sustainable levels; 

precaution/precautionary principle  
4 

1.2. Develop flexible fisheries to adapt to change 3 

1.3. Influence other management processes that impact on 

ecologically sustainable development of the fishery 
2 

1.4. Combination management: develop flexible fisheries, 

influence other management processes, set TACC precaution, 

ensure sufficient information to inform management decisions 

2 

(Theme 1 

Total 

Mentions = 

11) 

2. Increase and 

improve research on 

climate change 

2.1. Promote, support, and undertake additional research  5 

2.2. Ensure sufficient information for informed management 

decision (e.g. surveys) 
2 

2.3. Monitor environmental changes 2 

(Theme 2 

Total 

Mentions = 9) 

3. Review threat in a 

few years / at next 

major assessment 

3.1. Review threat in a few years / at next major assessment 7 

(Theme 3 

Total 

Mentions = 7) 

4. Increase / promote 

engagement between 

fisheries managers 

and RD&E, water 

resource management 

agencies, and 

infrastructure 

authorities, etc. 

4.1. Increase / promote engagement between fisheries 

managers and RD&E, water resource management agencies, 

and infrastructure authorities, etc. 2 

(Theme 4 

Total 

Mentions = 2) 

Total Overarching 

Themes = 4 
Total Sub-Themes = 9 

Total 

Mentions = 

29 
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Table 3. Mean/modal data for the Climate Sensitivity Score (i.e. a measure of species risk and 

capacity to respond to climate changes), Number of Sustainable Fish Stocks, Number of 

Commercial Fish Stocks, and Commercial Catch Weight, for the 99 Australian fisheries species, 

divided into three categories based on whether they had species-specific management documents 

and Climate Mentions within those management documents. Red = highest value, orange = middle 

value, yellow = lowest value. 

  

Species with Species-

Specific Management 

Documents AND Climate 

Mentions (N=19) 

Species with Species-

Specific Management 

Documents but NO 

Climate Mentions (N=15) 

Species with NO Species-

Specific Management 

Documents (N=65) 

Climate Sensitivity Score (_/9) 

Mode 
6.75 

(highest = 7.25) 

6.25 

(highest = 8) 

5.5 

(highest = 7.75) 

Commercial Fish Stocks (SAFS) 

Mean 
5.3 

(highest = 13) 

4.1 

(highest = 9) 

3.4 

(highest = 10) 

Sustainable Stock Status (SAFS) 

Mean 
3.5 

(highest = 8) 

3.1 

(highest = 7) 

2.1 

(highest = 4) 

Commercial Catch Weight (t) (SAFS) 

Mean 
2082.6 

(highest = 6050t) 

436.9 

(highest = 2142.8t) 

1978.2 

(highest = 38671.5t) 

Climate Literature Score (_/20) 

Mean 
4.5 

(highest = 12) 

2.4 

(highest = 12) 

0.9 

(highest = 11) 
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Chapter 5: Stakeholder perceptions on actions for marine fisheries 

adaptation to climate change 
 

Submitted as: 

FOGARTY, H.E., CVITANOVIC, C., HOBDAY, A.J. & PECL, G.T. (2021), ‘Stakeholder perceptions on 

actions for marine fisheries adaptation to climate change’, Marine and Freshwater Research, 

https://doi.org/doi:10.1071/MF21055  

 

5.1. Abstract 

Fisheries are under threat from climate change, with observed impacts greater in faster-warming 

regions. This research investigated current and future potential for climate adaptation to be 

integrated into fisheries management strategies using Tasmanian commercial wild-catch fisheries 

as a case study, and then identified obstacles and recommendations for fisheries management to 

better adapt to future climate changes. We conducted qualitative interviews with fisheries 

stakeholders and experts to identify their perceptions of the effects of climate change on 

commercial wild-catch fisheries and local marine ecosystems, as well as opportunities for 

enhanced management in the future. The results show that climate adaptation in Tasmania 

fisheries management has largely been passive or incidental to date, and suggested future 

improvements may incorporate: (1) more or different scientific information and better 

application; (2) government reviews, reforms and stronger action; (3) industry changes and taking 

responsibility for the issue; (4) gaining more funding and resources; and (5) increasing education, 

extension and interaction among stakeholder groups. Implementation of the recommendations 

suggested in this study would help create a more forward-thinking and proactive response to 

climate change for Tasmanian fisheries, as well as a more flexible and resilient fishing industry 

that is better able to absorb shocks related to climate change. 

5.2. Introduction 

Climate change is already having significant effects on oceans around the world 

(Intergovernmental Panel on Climate Change 2014). Marine systems are affected by climate-

driven physical and chemical changes, including changes in water temperature, salinity, acidity 

and upwelling and current strength and direction (Brierley and Kingsford 2009; Pörtner et al. 

2014; Weatherdon et al. 2016). Climate change is also known to affect changes in species 

characteristics and dynamics, leading to changes in species distributions, abundance and 

phenology (Brierley and Kingsford 2009; Johnson et al. 2011; Pecl et al. 2014a). These effects have 

https://doi.org/doi:10.1071/MF21055
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considerable impacts on fisheries, requiring changes in jurisdictional management processes, and 

fishing location or duration (Brander 2010; Barange et al. 2018; Hobday et al. 2018a; Townhill et 

al. 2019; Pinsky et al. 2021). 

Adaptation, a broad term (Adger et al. 2007) that has been used to describe both biological and 

human adaptation, is used here in reference to adaptation relevant to socioecological systems. 

Adaptation and improving adaptive capacity are crucial to ensuring an adequate response to the 

risks posed to fisheries by climate change (Barnett and Campbell 2010). Adaptation can take many 

forms and can be identified through a range of mechanisms; however, it is argued that those 

adaptations derived from multiple stakeholder perspectives (as opposed to using singular 

perspectives) may be most effective because they can help mitigate maladaptation (e.g. 

implementing inefficient strategies or increasing the vulnerability of other areas or groups; 

Barnett and O’Neill 2010; Radhakrishnan et al. 2017). For example, the risk of implementing 

adaptations derived from the perspectives of only policy makers or experts may result in the 

responsibility for adaptation being placed on local adjustments and technomanagerial measures, 

perhaps overlooking social struggles (Reid et al. 2009; Eriksen et al. 2015). It is therefore 

important to consult with all relevant stakeholders when developing adaptation strategies, 

including industries and communities, so as not to delegitimise local knowledge or exacerbate 

marginalisation (Grafton 2010; Eriksen et al. 2015). Additional benefits of the consultation process 

to develop adaptation strategies may include improved relationships and mutual understanding 

and trust between stakeholders (e.g. managers, fishers, researchers and communities), as well as 

better buy-in and support from fishers and broader industry about why particular changes are 

needed (Grafton 2005; Pecl et al. 2009). 

With this in mind, the discussion of possible fisheries management adaptation options to address 

climate change with diverse stakeholders has become more widespread in recent years, with 

favoured options including conducting vulnerability assessments, managing and protecting 

important habitats, assisted migration, comanagement, marine protected areas and adapting to 

benefit from migrating or redistributing species (Furgal and Prowse 2008; Daw et al. 2009; 

Johnson 2012; Kovats et al. 2014; Magrin et al. 2014; Niang et al. 2014; Romero-Lankao et al. 

2014). Actors that have taken action to address climate impacts around the world include 

managers, scientists and industry (Bell et al. 2020). Currently, there are limited examples of 

implemented adaptation actions and an evaluation of outcomes (Lindegren and Brander 2018; 

Bell et al. 2020; Sumby et al. 2021), with studies mainly focusing on frameworks and principles of 

adaptation planning in marine systems (Lindegren and Brander 2018; Miller et al. 2018), and 

planned adaptation actions within human systems discussed within the literature at low rates 
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(Berrang-Ford et al. 2011). Adaptation by local governments in coastal communities is largely 

lacking, or in the early stages, and is narrowly focused (Bradley et al. 2015). Implemented 

autonomous adaptations to climate change are also rarely discussed, but this non-government 

form of adaptation is occurring in the marine space because many find it a more rapid approach 

to adaptation (Ojea et al. 2017; Pecl et al. 2019a). Failing to facilitate autonomous adaptation as 

part of management and policy responses may leave fishers vulnerable to climate change (Pecl et 

al. 2009, 2019a). In light of these gaps, the aim of this study was to investigate what strategies are 

currently in place, how effective they are, what is not currently working and what changes would 

make fisheries adaptation to climate change better and more effective. 

The aims of this study were addressed through qualitative interviews of fisheries stakeholder 

groups (i.e. managers, researchers and industry representatives) in the region of Tasmania, 

Australia. Tasmanian waters are some of the fastest-warming waters in the world (Hobday and 

Pecl 2014) and thus fisheries within this region represent some of the most at-risk from the 

effects of climate change. Further, Tasmania is recognised as an adaptation hotspot, where 

autonomous climate-related adaptation in the marine sector is actively occurring (Frusher et al. 

2014; Pecl et al. 2019a); thus, key stakeholders within this region are uniquely placed to provide 

perspectives on adaptation of fisheries based on existing activities and efforts. Although this 

research is based on Tasmanian fisheries, the results may be relevant to other Australian fisheries 

and fisheries internationally, particularly where rapid environmental change is occurring. 

 

5.3. Materials and methods 

This study investigated current and future adaptations of fisheries and fisheries management to 

climate change using Tasmanian commercial wild-catch fisheries. Qualitative interviews were 

conducted with Tasmanian fisheries managers, academics and industry representatives using an 

interview guide and were designed following the methods described in Cvitanovic et al. (2016, 

2018) to develop an in-depth understanding of these stakeholders’ perceptions regarding the 

obstacles and changes necessary to current management strategies and practices. Evaluations of 

the objectives of fisheries adaptation to climate change have been assessed previously (Jennings 

et al. 2016). However, this study is the first time this approach has been used to investigate 

fisheries management adaptation and to provide stakeholder-derived recommendations for 

improving fisheries adaptation to long-term environmental changes like climate change. 
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5.3.1. Study Site 

Tasmania is the most southern Australian state; it is an island separated from mainland Australia 

by Bass Strait and has distinctive and diverse temperate rocky reef marine ecosystems (Cresswell 

2000; Edgar et al. 2004; Barrett et al. 2007; Oliver et al. 2016). The climate-driven poleward 

extension of the warm-water East Australian Current (EAC) over recent decades (Ridgway 2007; 

Ridgway and Hill 2012), amplified by recent marine heatwave events (Oliver et al. 2017; Perkins-

Kirkpatrick et al. 2019), has led to environmental and ecosystem changes along the Tasmanian 

coastline (Johnson et al. 2011; Last et al. 2011; Gervais et al. 2021) and recognition of Tasmania as 

a ‘climate hotspot’. Tasmanian commercial fisheries (Box 1) are affected by these changes and are 

exposed to risks relating to future climate-related impacts. Investigating the climate-driven 

changes and impacts observed in Tasmania provides other similar regions with an early warning 

for what to expect from climate change and what management strategies may be useful (Hobday 

and Pecl 2014; Pecl et al. 2014b). 

 

5.3.2. Data Collection 

To address the objectives of this study we used a qualitative research approach, conducting 

semistructured interviews with participants between August 2019 and August 2020. These 

methods allowed us to generate a set of stakeholder-derived recommendations and to identify 

key obstacles to overcome in order to enhance commercial fisheries management in Tasmania. 

The interview guide addressed nine themes over three research objectives. The three research 

objectives addressed were: (1) current and future expected climate change impacts on fisheries 

and local marine environments; (2) management responses to observed climate change impacts; 

and (3) costs, obstacles and future improvements for fisheries management adaptation to climate 

change. The nine themes were: (1) examples of climate change impacts; (2) expected 

environmental changes and impacts; (3) how climate change is broadly addressed by organisation 

or research; (4) management responses to current climate impacts; (5) the effectiveness of 

responses; (6) the assessment of the effectiveness of responses; (7) costs of management 

changes; (8) obstacles or barriers; and (9) necessary changes and future improvements. 

In all, 28 stakeholders were identified as relevant to the aims of this study and were contacted 

and invited to take part in the interviews. Of these 28 fisheries stakeholders, interviews were 

completed with 16 (57% response rate): 7 fisheries managers, 7 academics and 2 industry 

representatives who agreed to take part in the study. Analysis of the interview transcripts 

revealed that the cumulative number of new concepts (i.e. themes derived from the raw data) 
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encountered during interviews started to plateau after approximately 8 interviews, and 

theoretical saturation of concepts was reached after analysis of the 13th interview 

(Supplementary material Fig. S1). However, to ensure that new concepts would not emerge, an 

additional three interview were undertaken. 

Although there is no universally accepted appropriate sample size for the analysis of qualitative 

interviews as used in this study, the evidence suggests that theoretical saturation often occurs 

after ~12 interviews (see Baker and Edwards 2012; Guest et al. 2006). Further, of the interview 

participants, 14 had been with their organisation for over 10 years, and 11 of the participants are 

members of, or sit on councils, committees or associations related to, Tasmanian commercial 

wild-catch fisheries and so have extensive knowledge of the topics covered in this study. Because 

Tasmanian commercial wild-catch fisheries are managed by only a relatively small government 

department and the University of Tasmania is a small institution relative to other Australian 

universities, seven participants from each of these groups provided substantial coverage of 

fisheries leaders in Tasmania. After numerous attempts to establish contact for interviews with 

industry representatives, we were able to conduct two interviews within this group. Therefore, 

due to the uneven sample size between stakeholder groups, we analysed our data as one large 

group unless there were contrasts in answers, where individual stakeholder groups were 

analysed. 

The fisheries managers who participated in interviews were employees of the Tasmanian 

Government Department of Primary Industries, Parks, Water and Environment. Potential industry 

representative participants were invited to take part in the study based on their affiliation with 

leading representative organisations and activity on fishery advisory committees. Potential 

academic interview participants were approached initially based on the search results for lead 

researchers in Tasmanian fisheries and climate change using Scopus (www.scopus.com). The first 

search included three search terms, ‘Tasmania*’ AND ‘Fisher*’ AND ‘Climat*’, and the second 

search included the same three terms plus ‘Manage*’. Both searches returned mostly the same 

author names, but with minor differences in the order of names based on the number of articles 

published. Academics were contacted in order based on the number of publications in these 

searches. Two of the authors of this paper were identified in this search as leaders in Tasmanian 

fisheries and climate science and were selected for interview. At the end of each interview, 

participants were asked whether they were aware of anyone who could provide an interesting 

insight or perspective, and subsequently two academics were interviewed due to this ‘snowball 

sampling’ method (Sadler et al. 2010). 
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All interviews were undertaken by a single member of the research team (HF) to ensure a 

consistent approach and were guided by a set of questions (i.e. an interview guide) designed to 

explore the perceptions of participants around how Tasmanian commercial wild-catch fisheries 

can better prepare for, and adapt to, long-term environmental changes like climate change. The 

interview guide was developed with the intention of the questions addressing the aims of this 

study, and was then tested with research associates of the authors. This test resulted in some 

refinements in the wording of some questions for clarity, but no major changes to the interview 

guide were required. Interview participants were all asked the same questions, with minor 

terminology changes depending on stakeholder group (e.g. one question asked about the 

stakeholders’ organisation when directed to managers and industry representatives, but asked 

about the stakeholders’ research when directed to academics). The interview guide is available in 

the ‘Interview Guide’ section in the Supplementary material. 

Prior to commencing each interview, the purpose of the research was explained to the participant 

and formal written consent was obtained (in accordance with human research ethics 

requirements). Thirteen interviews were conducted face to face, and another three were 

conducted remotely during the COVID-19 lockdown and restrictions. Interview recordings lasted 

between 20 and 49 min, with a mean duration of 33 min. All interviews were audio recorded and 

were transcribed by either the lead author (HF) or by a professional transcription service. 

This study was approved by the Tasmanian Social Sciences Human Research Ethics Committee 

(Approval reference: H0018116). 

  

5.3.3. Data Analysis 

All interview transcripts were analysed using NVivo R1 qualitative data analysis software. The 

analysis consisted of broad thematic coding against research objectives following established 

methods (Charmaz and Belgrave 2012; Saldaña 2015; King et al. 2018; Blythe and Cvitanovic 

2020). Interview questions were designed to: (1) understand Tasmanian commercial wild-catch 

stakeholder perceptions of how climate change has, and is expected to, affect Tasmanian 

commercial wild-catch fisheries; (2) explore the extent to which existing fisheries management 

strategies and practices address long-term environmental changes, like climate change, and how 

effective those responses have been; and (3) identify the obstacles and barriers that prevent 

fisheries adaptation to climate change, and what changes are deemed necessary for future 

improvement in Tasmanian commercial fisheries management to ensure the longevity and 

sustainability of Tasmanian fisheries in the face of future climate change. The interview questions 



112 

 

and research objectives formed the basis of the coding structure, with analysis of the raw data 

following an inductive approach based on grounded theory analysis (Glaser and Strauss 1967) so 

that the research findings could emerge from the interviews without restrictions imposed by 

structured methodologies (Hay 2010). Therefore, each individual response was identified and 

then secondarily categorised into themes, and evolving interpretations were frequently verified 

against the raw data from which they originated. Finally, the main recommendations on 

improving climate adaptation within fisheries were divided into four categories to be more easily 

applied to relevant sectors, namely scientific-, government- and industry-led opportunities, as 

well as cross-cutting opportunities. 

 

5.4. Results 

The analysis produced 59 ‘main themes’ encountered across the 16 interviews, spread over the 

nine research subobjectives of the interview guide, that could be grouped into three categories 

(Table 1) as detailed below. 

 

5.4.1. Current and future expected climate change impacts on fisheries and local marine 

environments 

This section outlines the results of two research subobjectives of the interview guide: (1) 

examples of observed climate change impacts; and (2) expected environmental changes and 

impacts on local marine environments, ecosystems and fisheries related to climate change and 

other long-term environmental changes. 

When asked to provide current examples of likely climate change impacts on Tasmanian 

commercial wild-catch fisheries or local marine environments, participants identified four changes 

(Table 2). ‘Warming water effect on nutrient levels and species’ was mentioned most frequently 

and by all 16 participants (Table 2). The warming of water having negative effects on species was 

spoken about by 15 participants (e.g. declining abalone productivity; loss of kelp forests affecting 

rock lobster and abalone populations), with only three participants mentioning positive biological 

effects on local species of warming water. The occurrence of climate-driven range extensions 

linked to warming water was also mentioned by 15 participants (Table 2), of whom 10 specifically 

referenced the climate-driven range extension of Centrostephanus rodgersii, the long-spined sea 

urchin, and its devastating effects on local ecosystems, rock lobster and abalone stocks, as well as 

the potential benefits of having a new viable ongoing fishery and economy as a control method 
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for the species. Other examples of climate-driven extensions in species range were mentioned by 

10 participants and potential beneficial effects for the state were highlighted, because these 

changes are seen as positive for recreational fishers and some species may become commercially 

viable if their abundance increases. 

When asked about the expected changes to Australian fisheries, participants identified seven 

main themes (Table 2). Of these, ‘oceanographic changes’ were mentioned most frequently when 

considering a longer-term (10- to 50-year) timescale (mentioned by 13 participants), followed by 

references to ‘regime shifts’ (mentioned by 12 participants). For longer-term oceanographic 

changes, participants primarily spoke about increased water temperature, marine heatwave 

events, lower productivity, changes to the strength of currents such as the EAC and direct effects 

of ocean acidification on commercially important crustaceans and molluscs (Table 2). Changes in 

species biomass and abundance, climate-driven species redistributions and ecosystem or species 

collapse or local extinction were the most mentioned longer-term regime shifts (Table 2). 

Similarly, when asked to consider the effects of climate change on Australian fisheries over 

shorter time scales (over the next 5 years), participants most often identified effects relating to 

regime shifts (mentioned by five participants) and oceanographic changes (mentioned by four 

participants; Table 2). More specifically, participants mentioned an increased prevalence of 

diseases, viruses and toxins, an increased prevalence of climate-driven range extensions for some 

species, changes in species biomass and abundance, increasing water temperature with potential 

marine heatwaves and warm-water events and increasing ocean acidification. 

 

5.4.2. Management responses to observed climate change impacts 

This section outlines the results of the first four research subobjectives of the interview guide: (1) 

how climate change is broadly addressed by organisation or research; (2) management responses 

to current climate change impacts and long-term environmental changes; (3) the effectiveness of 

these responses; and (4) assessment of the effectiveness of responses. 

When asked to identify how their organisation (for managers and industry representatives) or 

research (for academics) addresses climate change in relation to fisheries, participants identified 

nine main themes (Table 3). Eight participants identified that organisational climate change 

adaptation is minimal, and that climate change is largely addressed indirectly through normal 

fisheries management and activities (e.g. through traditional management levers that are 

adjusted in response to changes in stock biomass, recruitment or environment; and that climate is 

an underpinning driver of the social issues and pressures that relate to fisheries management; 
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Table 3). Six participants mentioned that climate change is being addressed by fisheries 

stakeholders through collaboration, communication and engagement between government, 

industry and science (e.g. government engages with scientists and industry on projects to address 

climate change; and using communication and engagement to increase awareness of climate 

change and increase scientific understanding and literacy). However, by contrast, four participants 

mentioned that some organisations and research efforts are not yet taking a long-term strategic 

view or approach to fisheries climate change adaptation (Table 3). 

When asked their opinions of how the management agency or industry has responded to the 

changes and impacts on certain fisheries (identified by participants in an earlier question: Table 2, 

Research Subobjective 1), participants identified seven main themes (Table 3). Thirteen 

participants identified that changes and impacts are addressed through traditional management 

levers implemented by government (Table 3). Eight participants mentioned that government, 

industry and science collaborations were taking place to respond to long-term changes and 

impacts (Table 3), such as the Abalone Industry Reinvestment Fund, which was developed to 

invest industry fees and additional funding into research, recovery of the abalone fishery and 

subsidising the harvest of long-spined sea urchin C. rodgersii. Five participants mentioned that 

government and industry responses to climate change were passive because it is difficult to 

differentiate and separate the effects of climate change from other influences (Table 3). 

Furthermore, four participants mentioned there is currently no climate change management 

response or strategic approach to climate change adaptation being undertaken (Table 3). 

When asked about the effectiveness of the responses they reported to long-term environmental 

changes and impacts, participants identified four main themes (Table 3). Eight participants 

mentioned a positive biological response or early signs of a positive response from management 

or industry to long-term environmental changes and impacts (Table 3), such as improving 

southern rock lobster biomass, reducing the abundance of the long-spined sea urchin C. rodgersii 

and improving abalone stocks. By contrast, seven participants mentioned that the effectiveness of 

a response was either not applicable (because management changes have not been a direct result 

of climate change) or difficult to differentiate (because it is hard to separate the effects of fishing 

and the effects of climate; Table 3). Ten participants further identified that the effectiveness of 

management changes in relation to long-term environmental changes is assessed through stock 

assessments and monitoring (Table 3), such as through research by the Institute for Marine and 

Antarctic Studies (e.g.  surveys and modelling to track abundance) or through government 

monitoring, including the use of logbooks (e.g. catch rates) and setting stock rebuilding targets. By 
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contrast, 10 participants mentioned that effectiveness is not measured or assessed by the 

participants’ organisations or research (Table 3). 

 

5.4.3. Costs, obstacles, and future improvements for fisheries management adaptation to climate 

change 

This section outlines the results of the next three research subobjectives of the interview guide: 

(1) the costs of implementing climate-related management changes; (2) the obstacles currently 

hindering Tasmanian fisheries management climate adaptation; and (3) what changes and future 

improvements are necessary for effective fisheries management adaptation to climate change 

into the future. 

When asked about the costs or setbacks in implementing management changes in relation to 

minimising the negative effects or maximising the positive outcomes of long-term environmental 

change, participants identified seven main themes (Table 4). Twelve participants mentioned that 

fishing industries absorb the costs of implementing management changes, primarily financial 

costs (e.g. short-term pain for long-term gain, otherwise the long-term costs transfer to future 

generations; abalone industry royalties redirected back towards the Abalone Industry 

Reinvestment Fund; commercial fishers see their allowable catches significantly reduced). Mental 

health and well-being costs within industry were also mentioned (Table 4); for example, 

environmental changes may affect leadership ability, self-esteem and well-being in people who 

have a long-term relationship with marine resources. Seven participants mentioned that the 

Tasmanian community absorbs the costs of management changes, with many identifying social 

and economic costs for the Tasmanian community (Table 4). 

When asked about whether there is anything preventing commercial fisheries from responding to 

the impacts of long-term environmental changes, participants identified seven main themes 

(Table 4). Eight participants mentioned ‘people, politics and resistance’ as a barrier to effective 

climate adaptation (Table 4). For example, participants mentioned industry resistance, that 

industry is consumed by other pressures, such as regulations and safety requirements, a lack of 

willingness to understand the scientific detail by industry and short-term economic factors 

preventing a long-term view. Also mentioned was a lack of risk and uncertainty thinking, a lack of 

systems thinking and negative feedback among decision makers hampering willingness to accept 

quite definite signals about the effects of long-term environmental changes. Six participants 

mentioned limited resources, capacity and funding as obstacles to fisheries responses to climate 

change (Table 4). Another six participants also mentioned not having enough available research or 
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expertise as an obstacle (Table 4), and that there is a need for different sorts of information that 

managers can more easily work with. 

When asked about what changes are necessary to minimise the future negative effects and 

maximise future positive outcomes, and what may improve proactive fisheries responses to 

climate change moving forward, participants identified six main themes (Table 4). Twelve 

participants mentioned needing more and different scientific information, better understanding 

and better application (Tables 4, 5). Examples mentioned by many participants included 

forecasting, monitoring and proactively looking at what species are coming to our shores into the 

future, and when, having a greater understanding of the effects of the environment on the 

productivity of target species and more ecosystem-integrated thinking. Another main theme 

encountered frequently in the interviews was that of government reviews, reforms or actions, 

mentioned by 11 participants (Tables 4, 5). For example, participants mentioned that: (1) 

management should increase and maintain biomass to increase resilience; (2) government needs 

to be stronger in its actions and decisions, and implement strong apolitical government actions 

(i.e. actions and decisions that are less politically driven); and (3) management arrangements 

need to be more flexible (e.g. more novel ways of conducting spatial and temporal management, 

allowing multiple permits on the same fishing trip and relaxing restrictions on gear types). 

Further changes mentioned by participants to improve the fisheries response to climate change 

included industry changes and industry taking more responsibility, mentioned by 10 participants 

(Tables 4, 5). For example, participants suggested that industry need to ensure it is more resilient 

to changes in variability in catch and demand, that it should diversify to spread the risk (e.g. 

diversifying to other species and new or different markets) and that it should be practising and 

demonstrating environmentally clean practices. Ten participants also mentioned the need for 

more funding, resources and support to improve fisheries responses to climate change (Tables 4, 

5) to be put, for example, towards science, monitoring, industry and government, as well as for 

decision-maker collaborations. 

Finally, nine participants mentioned the need for more education and extension, as well as a 

greater interaction between stakeholder groups to improve fisheries adaptation to climate 

change (Tables 4, 5). Examples included the need for proactive collaborations between 

stakeholders and greater interplay between academia and management, the need for better 

extension work and services (particularly for fishers) and an improvement in scientific literacy 

among the public and decision makers. Differences in responses between stakeholder groups 

were observed; one of the top responses by six managers was the need for ‘more funding, 
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resources and support’, whereas the top mentioned themes as necessary changes to improve 

fisheries response to climate change among academics were ‘industry changes and responsibility’ 

and ‘government reviews, reforms or actions’. 

 

5.5. Discussion 

The results of this study indicate that Tasmanian fisheries stakeholders accept that long-term 

environmental changes, like climate change, are affecting Tasmanian marine environments, and 

are consequently affecting Tasmanian fisheries. Participants raised particular concern over the 

effects of warming water on the east coast of Tasmania and the associated effects on rock lobster 

and abalone stocks as a result of the loss of kelp forests. Other main issues included climate-

driven range extensions of species shifting from warmer northern waters into the cooler (but 

warming) Tasmanian waters, such as the long-spined sea urchin C. rodgersii. These claims of 

climate-driven effects in Tasmania are acknowledged and supported by the scientific literature 

(e.g. Johnson et al. 2011; Last et al. 2011; Robinson et al. 2015; Sunday et al. 2015). Similarly, 

participants identified environmental changes that will affect Tasmanian marine environments 

and fisheries as being oceanographic changes and regime shifts, in particular increasing ocean 

temperatures and warm water events, as well as changes in species’ abundances and ecological 

dynamics. Participants in the present study indicated that climate change adaptation within 

Tasmanian commercial fisheries management is minimal, and that the response to climate change 

has so far been largely passive or incidental through traditional management levers, such as catch 

limits and season or area closures. Similarly, fisheries management agencies in the US 

acknowledge capacity shortfalls and institutional limitations in addressing the current and 

projected effects of climate change on marine fisheries (Lomonico et al. 2021). 

Because of the difficulties in differentiating between the effects of climate change and those of 

other factors or pressures on ecosystems and fisheries, some participants identified that the 

effectiveness of management responses to climate change is currently not assessed because 

management addresses changes to stocks and productivity resulting from any effect. Climate 

change adaptation may not necessarily require individual response strategies that are 

implemented specifically for climate change where existing management strategies adequately 

address all environmental changes, such as with ecosystem-based fisheries management (EBFM) 

or an ecosystem approach to fisheries (Grafton et al. 2007; Ogier et al. 2016, 2020). However, 

there may be limits to this approach; for example, a disease outbreak linked to temperature will 

not be addressed through EBFM. Thus, our results support the existing literature that shows that 
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best practice fisheries management should be dynamic, flexible and forward looking, and 

proactively address climate change in planning to get ahead of projected changes and related 

effects on fisheries and ecosystems (Free et al. 2020; Whitney et al. 2020). This could mean that 

management should consider shifting productivity and distributions in planning strategies to 

maximise future (sustainable) catches and profits (Link et al. 2011; Free et al. 2020). 

Sustainable and productive fisheries should minimise environmental degradation and biodiversity 

loss while maximising social and economic benefits (Food and Agriculture Organization of the 

United Nations 2020). The fisheries stakeholders interviewed in this study believe that the fishing 

industry absorbs many of the costs related to the implementation of management changes to 

respond to climate change, with these largely arising as financial costs. Participants also identified 

that management changes impose substantial costs on the Tasmanian community, particularly 

social and economic costs to the state, such as loss of jobs (largely in regional areas), loss of 

cascading economic benefits to Tasmanian communities and the social costs of political action. 

The literature supports that the extent of socioeconomic costs may vary dependent on aspects 

such as human population size, adaptive capacity, resource dependence and local climate change 

exposure and biological sensitivity (Metcalf et al. 2015). Despite increasing costs to fishers 

resulting from climate change (e.g. less-productive fishing trips mean expending more fishing 

effort to make operations worthwhile), fishers may be opposed to moving from their local area or 

into alternative employment because they see fishing as their passion or identity (Coulthard et al. 

2011; Metcalf et al. 2015). Participants identified that if fishers and industry decreased financial 

operational and running costs, this could help improve industry resilience, which is supported by 

the literature (Daw et al. 2009). 

The present study also suggests that fishers are susceptible to negative costs related to their 

mental health and well-being because of climate change. The participants in this study identified 

that obstacles preventing Tasmanian commercial wild-catch fisheries from responding to the 

effects of long-term environmental changes included resistance from people, politics and 

insufficient resources and funding to be able to adequately consider adaptation, as well as 

insufficient research or expertise to inform effective adaptation strategies. Solutions identified by 

participants that may decrease the hindrance of these obstacles included having industry make 

changes and taking on more responsibility and government undertaking reviews or reforms to 

increase industry flexibility and taking stronger action in addressing climate adaptation in 

fisheries. Further solutions presented included gaining more funding and resources, having more 

education, extension and interactions between stakeholder groups to improve understanding and 

acceptance of why fisheries climate adaptation is important, having more or different scientific 
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information and a better application of knowledge (e.g. application at the fisheries level). Similar 

findings have been reported in the US, where, for example, a lack of scientific information on the 

relationship between climate change and fish biology has been identified as a primary challenge 

facing fisheries (Gregg et al. 2016). 

Although participants identified that fish stocks and ecosystems related to fisheries are already 

monitored to some extent through logbook reporting and research activity, participants also 

identified that additional monitoring was necessary. Some areas related to research and 

knowledge that participants believed to require more attention were: (1) forecasting what species 

are shifting into Tasmanian waters and when; (2) gaining a better understanding of the effects of 

the environment on the productivity of target species; and (3) applying more ecosystem-

integrated thinking into fisheries management and research. Similarly, previous studies have 

suggested that fisheries management improvements largely do not require new science or 

understanding (Holbrook and Johnson 2014), but an ecosystem approach to fisheries 

management where appropriate (Hobday et al. 2011; Johnson 2012). Applying more ecosystem-

integrated thinking into fisheries management and research would be useful in fisheries climate 

adaptation, because an ecosystem approach to fisheries management embraces and integrates all 

drivers affecting coastal fisheries production and is beneficial in adapting to climate change 

(Johnson 2012; Heenan et al. 2015; Ogier et al. 2016). EBFM may forestall fisheries declines due 

to climate change in the near term, but the long-term benefits may be limited as the effects of 

climate change magnify (Holsman et al. 2020). Adaptive and dynamic management approaches 

may be favourable in addressing environmental changes (Hobday et al. 2018b), but fixed long-

term measures may be better to address shifting socioeconomic and political conditions (Holsman 

et al. 2019). Therefore, it may be valuable to consider a dynamic–adaptive–fixed approach to 

climate change in fisheries management (Holsman et al. 2019). 

Based on the results of this study, we also posit that citizen science can be used to inform 

stakeholders of environmental change. Citizen science has the additional benefit of increasing 

public education and engagement with scientific issues (Nursey-Bray et al. 2017, 2018), something 

that the participants of the present study identified as being necessary for future improvements 

in fisheries climate adaptation. In Tasmania, there is already an established citizen science 

program to provide an early indication of climate-driven species redistributions: Redmap Australia 

(www.redmap.org.au). Redmap Australia asks regular marine users to submit observations of 

unusual marine species sighted in local waters to a growing dataset (Pecl et al. 2019b), which 

could be used to predict climate-driven species redistribution (Fogarty et al. 2017). There may be 

room to grow ‘early indication’ datasets, which would require further outreach, extension and 



120 

 

engagement with the public and fisheries stakeholders, as well as more funding and resources 

and the right people, skills and training. 

Vulnerability and risks assessments are important stages of climate adaptation, allowing the 

setting of regional priorities for further research and monitoring, informed planning and 

implementation of adaptation actions, as well as understanding the economic costs of climate 

impacts (NOAA Fisheries 2015; Gregg et al. 2016; Whitney et al. 2020). Vulnerability and risk 

assessments of the effects of climate change for key marine species and fisheries around Australia 

have been completed over the past decade (for a full synthesis, see Fulton et al. 2018). 

Recommendations from that work include: (1) assessing the capacity of existing management 

strategies to sustain long-term ecological and resource management objectives; (2) implementing 

flexible regulations and adaptive approaches as rapid responses to climate change effects; and (3) 

integrating concepts of regime shifts and extreme events into fisheries policy, management and 

assessment methods. Furthermore, implementing integrated management thinking (i.e. 

addressing the interaction of the multiple users of the marine and coastal environments that 

supplement dedicated industry-specific management efforts) into fisheries management will 

allow for the coordination of successful management approaches (Daw et al. 2009; Fulton et al. 

2018). 

The participants in the present study also identified that commercial fisheries climate adaptation 

requires changes within existing government arrangements, including making management 

arrangements more flexible, reducing management lag times to allow for faster adaptive 

responses and reviewing property rights regimes. Property rights regime reviews should 

discourage business strategies that favour short-term economic gains by sacrificing long-term 

gains and the integrity of the fishing stock, and should seek to couple ‘rights’ with ‘responsibility’ 

to further ensure adequate protection for future beneficiaries (Moon et al. 2021). Suggested 

solutions from the study participants included the introduction of a ‘resource rent’ to allow access 

to the fishery, returning control to vessel owners and skippers away from quota owners, 

auctioning systems for property rights or leasing an area of the sea floor to fishers to increase 

stewardship. Flexibility in management arrangements of fisheries may incorporate novel or 

discretionary spatial and temporal management approaches that can respond to isolated or 

localised changes and effects on fisheries or ecosystems. 

This study found that fisheries managers are most likely to think additional resources and funding 

are required to aid fisheries climate adaptation not only for their own department, but also for 

investment in research and industry. Although a lack of funding and resources was identified as an 
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obstacle to fisheries climate adaptation only by fisheries managers, other stakeholder groups did 

identify that increasing funding and resourcing is a necessary change to improve fisheries 

adaptation to climate change. Similarly, in the US, insufficient staff capacity has been identified as 

a hindrance to incorporating climate change into fisheries management and operations (Gregg et 

al. 2016). 

A successful science–policy relationship requires trust between climate science ‘producers’ and 

‘users’ (Lacey et al. 2018) to produce effective climate science-informed policies (e.g. Cvitanovic 

and Hobday 2018). The results of the present study suggest that this may need to be improved 

within the context of Tasmanian fisheries management. Resource and capacity gaps related to 

climate change adaptation in fisheries management may be addressed through more effective 

partnerships among managers, industries, academia and the private sector (Lomonico et al. 

2021). The participants in the present study identified that fisheries climate adaptation requires 

more transdisciplinary and transboundary thinking, stakeholder collaborations and improved 

public, decision maker and fisher scientific literacy. These suggestions may be achieved through 

actions such as increasing transparency and accountability in the process (Lacey et al. 2018) and 

increasing the use of boundary organisations and the sharing of staff between stakeholder 

organisations (Cvitanovic et al. 2018; Roux et al. 2019). Using intermediaries such as boundary 

spanners (e.g. knowledge brokers) may help overcome inherent biases from stakeholders 

(Bednarek et al. 2018; Cvitanovic et al. 2019), and greater collaboration and knowledge exchange 

between fisheries stakeholder groups should also be fostered (Cvitanovic et al. 2016; Hobday and 

Cvitanovic 2017). Improving communication and knowledge exchange with fishers would increase 

awareness and acceptance of climate change, and would therefore allow for better future 

adaptation and action (Nursey-Bray et al. 2012). 

Barriers to fisheries climate adaptation identified by the participants of the present study were 

resistance and not enough willingness to accept responsibility by industry. Participants believed 

that industry needs to take a more long-term view so as not to compromise the integrity of the 

resource or industry. Similarly, commercial fishers in south-east Australia have previously 

identified that economic objectives are very important when determining appropriate adaptation 

strategies (Jennings et al. 2016). Increasing fishers’ understanding of climate change and its 

effects may lead to more adaptation being accepted and implemented by fishermen (Mulyasari et 

al. 2018). The participants of the present study mentioned that the benefits of investing in climate 

change need to be demonstrated and showcased to industry, and that framing climate change in 

a way that highlights what industry will gain, and what they will save, will help improve industry 

acceptance of climate adaptation. This is something that can be demonstrated, because climate-
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adaptive fisheries management has been assessed as more profitable than business-as-usual 

fisheries management and is the better option for fisheries to be resilient under all climate 

emission scenarios (Brown et al. 2012; Free et al. 2020). Furthermore, comanagement in fisheries 

governance can help foster trust and cooperation with management changes by providing fishers 

and their communities with both the rights and responsibilities to improve management 

outcomes, and increase the agency and adaptive capacity of fishers and marine users (Grafton 

2005; Ogier et al. 2016; Nursey-Bray et al. 2018). 

The participants of this study highlighted that industry should implement changes to improve 

resilience and adaptability to climate change, including diversifying target species and targeting 

new or different markets to spread the risks associated with climate change and other long-term 

environmental changes (Daw et al. 2009; Johnson 2012; Plagányi et al. 2014; Gregg et al. 2016). 

Other improvements included increasing flexibility and implementing more cooperative 

structures to allow for the financing and security to move between different species and markets, 

value adding and sharing resources between groups, as well as a greater uptake, and 

demonstration of the use of, environmentally clean industry practices. In addition, establishing 

international climate-informed cooperative agreements between countries will help achieve the 

long-term viability of the fishing industry by creating shared fisheries management goals and 

objectives (Gregg et al. 2016). Therefore, improving the extension services available to fishers 

would allow for better communication with the public about the things fishers are doing to 

ensure environmental sustainability. 

 

5.6. Conclusion 

This research identified, through interviews, that Tasmanian commercial wild-catch fishery 

stakeholders acknowledge that long-term environmental changes like climate change are 

affecting Tasmanian marine environments and fisheries. However, climate adaptation in 

Tasmanian fisheries management is minimal, and has largely been passive or incidental. Fisheries 

stakeholders identified that implementing government, industry and research changes relating to 

climate adaptation is necessary in Tasmania, but perceived a range of economic and social costs, 

largely absorbed by industry and the Tasmanian community, that could have various negative 

cascading effects. Lessons for fisheries elsewhere include the need to improve knowledge 

exchange and engagement between stakeholders to build trust, understanding and acceptance of 

climate adaptation in fisheries. Although different stakeholder groups may have different 

priorities, acceptance and understanding of fisheries climate adaptation may be improved by 



123 

 

fostering collaboration and engagement between stakeholders and by improving scientific literacy 

among the public, decision makers and fishers. Governments and industry can implement various 

changes and reforms to enable climate adaptation; similarly, scientific knowledge may need to be 

better applied at a fisheries level by researchers to assist decision making. To best adapt to 

climate change and other long-term environmental changes, fisheries and fisheries management 

will need to become more flexible and dynamic to increase resilience and diversify operations. 

Overall, more can be done to proactively prepare fisheries for climate change in Tasmania, but 

this is not unique to Tasmania, as international studies have found underutilised adaptation 

options and implementation barriers in other regions (Gregg et al. 2016; Miller et al. 2018; Sumby 

et al. 2021). Implementation of the suggestions in this study would help create a more forward-

thinking and proactive response to climate change, and a more flexible and resilient fishing 

industry that is better able to absorb shocks related to climate change and other long-term 

environmental changes. Fostering a long-term strategic view with stakeholders of the fishing 

industry may increase industry sustainability and resilience to long-term environmental changes, 

and may sustain financial returns into the future. 
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5.9. Text Boxes and Legends 

Box 1. Description of the commercial wild-catch fisheries in the case study area, Tasmania. 

Case Study: Tasmanian Commercial Wild-Catch Fisheries 

Tasmania has a wild-catch fisheries seascape composed of six main commercial fisheries: 

abalone, rock lobster, giant crab, scallop, scalefish and commercial dive (urchins, periwinkles, 

clams and seaweed), the largest and most valuable of which are the commercial rock lobster and 

abalone fisheries. Tasmanian commercial wild-catch fisheries held a total production value of 

A$194.3 million (US$142 million; 5314 tonnes) in 2017–18, accounting for 18% of Tasmania’s 

seafood gross value production (GVP), the largest seafood GVP of any Australian state (Steven et 

al. 2020). Tasmanian state fisheries employed 778 people (full-time equivalent) directly and 564 

people indirectly in 2017–18 (Fisheries Research and Development Corporation 2019). In 

addition, Tasmania has various recreational and Indigenous fisheries, with 22% of Tasmanian 

residents (98 000 people) participating in recreational fishing activity at least once a year (Lyle et 

al. 2014). Tasmanian commercial wild-catch fisheries are managed by the Wild Fisheries 

Management Branch of the Tasmanian Government Department of Primary Industries, Parks, 

Water and Environment, through overarching legislation (the Living Marine Resources 

Management Act 1995), as well as individual management plans for each fishery set as legislation 

and harvest strategies that are issued and updated by the Wild Fisheries Management Branch. 

Tasmanian fisheries management documents currently do not prominently discuss the effects of 

climate change on the industry or associated environments; however, this may be included in 

stock assessments for individual fisheries (Fogarty et al. 2020). Decisions on important issues 

around commercial wild-catch fisheries management in Tasmania are issued by the Fisheries 

Minister (local member of parliament), and may or may not be based on recommendations and 

advice provided by a fishery advisory committee (FAC), the peak advisory group for each major 

Tasmanian fishery (Department of Primary Industries, Parks, Water and Environment 2020). The 

Fisheries Minister must seek consultation over key arrangements, such as size limits, seasonal 

closures, gear restrictions and total allowable catches (TACs). FAC meetings are generally held 

two to four times per year for each fishery, with membership made up of a diverse range of 

fishery stakeholders (Department of Primary Industries, Parks, Water and Environment 2020). 

Management methods in place for many of these fisheries include gear restrictions, limited 

entry, quotas, size limits, spatial closures, temporal closures and TAC limits (Fisheries Research 

and Development Corporation 2020). For further information on the target species, production 

values, management and environmental drivers of these major commercial wild-catch fisheries 
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in Tasmania, see the ‘Case study: Tasmania commercial wild-catch fisheries’ section in the 

Supplementary material. 
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5.10. Tables and Legends 

Table 1. Outline of the research objectives and sub-objectives explored throughout the interview 

guide, and the number of main themes encountered during the interviews. 

 

 

 

 

 

 

 

 

 

 

Research Objectives Research Sub-Objectives of the Interview 

Guide 

Number of Main 

Themes 

Encountered in 

Interview 

1. Current and future 

expected climate 

change impacts on 

fisheries and local 

marine environments 

a. Observed climate change impact 

examples 

4 

b. Expected environmental changes and 

impacts 

12 

2. Management 

responses to observed 

climate change 

impacts 

c. How climate change is broadly 

addressed by organisation or research 

9 

d. Management response to current 

climate change impacts and long-term 

environmental changes 

7 

e. Effectiveness of response 4 

f. Assessment of effectiveness of response 3 

3. Costs, obstacles, and 

future improvements 

for fisheries 

management 

adaptation to climate 

change 

g. Costs of management changes 7 

h. Obstacles or barriers to effective climate 

adaptations 

7 

i. Necessary changes and future 

improvements 

6 
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Table 2. Main themes mentioned by interview participants relating to current observed and future 

expected changes and impacts to local marine environments, ecosystems, and fisheries, related to 

climate change and other long-term environmental changes. Sources = the number of participants 

that mentioned each “main theme”. Frequency = the number of new mentions of a “main theme” 

by the participants. 

Research Sub-

Objective of 

Interview Guide 

Main Themes Encountered in Interview Sources 

(max = 

16) 

Frequency 

1. Observed 

climate 

change impact 

examples 

 

a. Warming water effects on nutrient levels 

and species 
16 75 

i. Local biological changes due to warming 

waters 
15 38 

ii. Climate-driven range extensions due to 

warming water 
15 34 

iii. East coast Tasmania has been worst 

affected by climate change impacts 
3 3 

b. Ocean acidification has negative effects on 

local species 
2 2 

c. Positive changes and effects modest in 

comparison to negative changes and effects 
1 2 

d. Higher rainfall and increased freshwater 

runoff leading to species shifting into deeper 

waters 

1 1 

2. Expected 

environmental 

changes and 

impacts 

 

a. Regime shifts 15 37 

b. Oceanographic changes 13 36 

c. More of the same changes and impacts we 

see today 
7 9 

d. Temporal changes and biological impacts 3 4 

e. Possible recovery, improvements, and 

increased resilience 
2 5 

f. Increased variability across everything 2 2 

g. Unsure (hard to predict and anticipate what 

the effects will be) 
2 2 
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Table 3. Main themes mentioned by interview participants relating to current and previous 

Tasmanian fisheries management responses to climate change and long-term environmental 

changes, and the effectiveness of those management responses. Sources = the number of 

participants that mentioned each “main theme”. Frequency = the number of new mentions of a 

“main theme” by the participants. 

Research Sub-

Objective of 

Interview Guide 

Main Themes Encountered in Interview Sources 

(max = 

16) 

Frequency 

1. How climate 

change is 

broadly 

addressed 

by 

organisation 

or research  

 

a. Climate change adaptation is minimal / 

indirectly addressed through normal 

fisheries management and activities 

8 16 

b. Through government, industry, and science 

collaboration, communication, and 

engagement to develop projects to help 

fisheries prepare 

6 9 

c. Not yet taking a long-term strategic view or 

approach 
4 7 

d. Undertaking research to understand and 

predict the effects of climate change 
2 4 

e. Industry encouraged to be conscientious and 

environmentally friendly 
2 2 

f. Industry try to be flexible and keep up to 

date with new fishing methods and gear 
1 2 

g. Outreach and communication with public to 

reach a wider audience 
1 1 

h. Climate change is a scapegoat for stock 

dynamics changing from fishing pressure (i.e. 

climate change is used as an excuse to cover 

or explain away changes caused by humans) 

1 1 

i. Climate change is talked about a lot, but not 

specifically addressed 
1 1 

2. Management 

response to 

current 

climate 

impactsA 

a. Traditional management levers 

implemented by government 
13 26 

b. Government, industry, and science 

collaborations 
8 16 

c. A passive response to climate change 5 5 

d. No climate change management response or 

strategic approach to climate adaptation 
4 5 

e. Industry intervention methods 2 3 

f. Long-term view and precautionary approach 2 3 
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g. Modelling changes 1 1 

3. Effectiveness 

of response 

 

a. Positive outcome or positive early signs 8 14 

b. Not applicable / difficult to differentiate (no 

management changes were identified as 

directly responding to climate change) 

7 7 

c. Hopeful, but too soon to tell how effective 

responses have been 
2 3 

d. Inadequate response 1 2 

4. Assessment of 

effectiveness 

 

a. Stock assessments and monitoring 10 15 

b. We do not tease those apart / we do not 

assess the effectiveness 
10 13 

c. Industry and government communication 

and engagement 
1 1 

A Impacts as identified by participants in the Research Subobjective 1 in Table 2. 
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Table 4. Main themes mentioned by interview participants relating to the costs and obstacles 

associated with implementing climate-related management changes, and future improvements 

and recommendation for climate adaptation in fisheries management into the future. Sources = 

the number of participants that mentioned each “main theme”. Frequency = the number of new 

mentions of a “main theme” by the participants. 

Research Sub-

Objective of 

Interview Guide 

Main Themes Encountered in Interview Sources 

(max = 

16) 

Frequency 

1. Costs of 

management 

changes 

 

a. Fishing industries absorb costs 12 17 

i. Financial costs 10 13 

b. Tasmanian community absorb costs 7 13 

i. Social and economic costs 5 7 

c. Financial costs of research and monitoring 2 3 

d. Social costs of negotiations 2 2 

e. Government does not have enough 

resources 
2 2 

f. Government does not have extra costs 1 1 

g. Not applicable or difficult to differentiate 

(no management changes were identified as 

directly responding to climate change 

1 1 

2. Obstacles or 

barriers to 

effective climate 

adaptation 

 

a. People, politics, and resistance 8 11 

b. Resources, capacity, and funding 6 13 

c. Not enough research or expertise 6 6 

d. Government inaction 3 3 

e. Not enough education, outreach, extension, 

engagement, or interaction between 

stakeholder groups 

2 5 

f. Industry limitations and handicaps 2 3 

g. No barriers 2 2 

3. Necessary 

changes and 

future 

improvements 

 

a. More and different scientific information, 

better understanding, or better application 
12 22 

b. Government reviews, reforms, or action 11 33 

c. Industry changes and responsibility 10 33 
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d. More funding, resources, and support 10 16 

e. More education, extension, and more 

interaction between stakeholder groups 
9 20 

f. Unsure 2 2 
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Table 5. Summary of recommendations and implementation strategies to improve Tasmanian 

fisheries response to climate change mentioned by interview participants. 

Recommendation Strategy 

1) Science-led 

opportunities 

 

 

• More basic fieldwork and biological information to create stronger 

baseline information upon which change can be compared. 

• Monitoring to evaluate what species are shifting here, and 

forecasting to predict when additional changes are expected. 

• Move modelling and projections towards application, extension, and 

interpretation at a fishery level. 

• More ecosystem-integrated thinking. 

• Identify where the long-term strongholds are for certain wild species. 

2) Government-led 

opportunities 

 

• Improve flexibility in management arrangements (e.g. novel or 

discretionary spatial and temporal management, relaxing fishing trip 

restrictions for vessels on gear types and number of permits), and 

reduce lag times to be able to change more quickly in response to 

changes. 

• Take a strategic approach to managing implications of climate change 

and extreme events (e.g. marine heatwaves), such as building in 

climate adaptation as a key part of every strategy. 

• Keep bolstering stocks and building biomass to a level that is more 

resilient to shocks in a system, and applying a precautionary 

approach to management and decisions. 

• Increase capability in risk and uncertainty thinking, systems thinking, 

and negative feedback among decision-makers to break the cycle of 

inaction. 

• Review property right regimes (e.g. introduce a “resource rent” to 

access fisheries, auctioning system for property rights on a 5-year 

basis, fishers to lease an area of the seafloor). 

3) Industry-led 

opportunities 

 

• Diversify to spread the risk (e.g. alternative target species, new or 

different markets) and ensure fisheries are more resilient to changes 

and variability in catch and demand. 

• Implement more cooperative structures to allow for the financing 

and security to move between different species and markets, value 

adding, and sharing resources between groups (e.g. vessels, crew, 

and processing and storage facilities). 

• Industry to take a long-term view and reconsider asset and property 

right regimes (e.g. return control to vessel owners and skippers, away 

from quota owners). 

• Doing and demonstrating environmentally clean industry practices 

(e.g. conscious of fuel consumption and plastics use, shift to more 

energy efficient operations, increase communication and extension 

on the good things fishers are doing). 
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• Change infrastructure to cope with the effects of climate change (e.g. 

change heights of walls to adapt to sea level rise, provide better 

access to coastlines, re-gear fisheries). 

4) Cross-cutting 

opportunities 

 

• Increase trans-disciplinary and trans-boundary thinking (i.e. across 

two or more disciplines; e.g. Knowledge Brokers, intermediary roles, 

boundary work), and foster learning from, and collaboration with, 

stakeholder groups. 

• Develop more projects on (or with) engagement and communication, 

and more extension services to allow fishers to share their local 

knowledge. 

• Increase funding, resources, and support for stakeholder 

collaborations, research, and action. 

• Improve the scientific literacy of the public, decision-makers, and 

fishers. 

• Showcase the benefits of investing in climate change by framing 

climate change in a way that highlights what industry will gain and 

what they will save by investing. 
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Chapter 6: Lessons and recommendations for the climate adaptation of key 

Tasmanian fisheries 
 

Published as: 

FOGARTY H.E., PECL G.T. (2021) Lessons and recommendations for the climate adaptation of key 

Tasmanian fisheries. In: Bahri T, Vasconcellos M, Welch DJ, Johnson J, Perry RI, Ma X, Sharma R 

(eds) Adaptive management of fisheries in response to climate change. Food and Agriculture 

Organization of the United Nations, Rome, Italy, pp 245-258. https://doi.org/10.4060/cb3095en  

 

6.1. Summary 

The Australian fishing industry is an important component of Australia’s economy. The industry, 

however, is undergoing significant pressure from climate change – in particular, fisheries in the 

south-east Australian marine region that form the ‘powerhouse’ of Australia’s production by value 

and volume. As the most southern state in Australia, Tasmania lies within the south-east marine 

region and is experiencing the amplified effects of climate change in the form of more frequent 

marine heatwaves and an intensification of the poleward transport of warmer waters with the 

East Australian Current extension. The region is a fast-warming hotspot, warming at nearly four 

times the global average. Climate-driven environmental changes experienced and predicted are 

mostly negative, although some positive impacts are also expected. However, both negative and 

positive effects of climate change require fast and effective management to maximize 

opportunities and minimize undesirable impacts. Tasmanian fisheries management is currently 

reactive in responding to the effects of climate change, and the ability of management to respond 

is limited by resourcing and politics. This case study summarizes the fishery responses in a global 

temperature hotspot, provides examples of adaptations that are already underway which could 

be applied to other similar fisheries, and discusses key recommendations to improve the climate 

adaptation of Tasmanian commercial wild-catch rock lobster and abalone fisheries. 

 

6.2. Fishery context 

Within Australia, wild-catch fisheries are a valuable industry, with a total production value of AUD 

1.74 billion (USD 1.18 billion) and a volume of 166 022 tonnes for the 2016–17 fishing season 

(Mobsby, 2018). The Australian fishing industry is divided into state wild-catch and 

commonwealth wild-catch, with production values of AUD 1.34 billion (USD 899 million; 117 431 

tonnes) and AUD 403 million (USD 279 million; 48 592 tonnes) respectively for 2016–17 (Mobsby, 

https://doi.org/10.4060/cb3095en
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2018). In 2017–18, Australian state fisheries contributed AUD 2.61 billion (USD 1.81 billion) Gross 

Value Added to the Australian economy (out of a total Gross Domestic Product of AUD 1.8 trillion 

(USD 1.21 trillion) in 2018 (ABS, 2018)), as well as 18 959 full-time equivalent (FTE) jobs (FRDC, 

2019a). Australia also places great community and cultural significance on recreational and other 

non-commercial fishing sectors. 

One of the largest wild-catch fisheries regions is in south-east Australia, encompassing the 

coastlines of four states: New South Wales, Victoria, South Australia and Tasmania. The south-

east Australian marine region is also particularly vulnerable to climate change, and has been 

identified as a “climate hotspot” (Hobday and Pecl, 2014). 

Tasmania is the most south-eastern Australian state, an island separated from the mainland with 

a wild-catch fisheries landscape comprised of six main commercial fisheries: abalone, rock lobster, 

giant crab, scallop, scalefish, and commercial dive (urchins, periwinkles, clams and seaweed). 

These had a total production value of AUD 175 million (USD 121 million; 3 620 tonnes) in 2016–17 

(Mobsby, 2018), and AUD 188 million (USD 130 million) in 2017–18 (FRDC, 2019a). Tasmania also 

boasts an important aquaculture industry, valued at AUD 771 million (USD 533 million; 55 119 

tonnes) in 2016–17, mostly farming salmonids and oysters (Mobsby, 2018). 

Tasmanian state fisheries employed 778 people (FTE) directly and 564 people indirectly in 2017–

18 (FRDC, 2019a). Additionally, Tasmania has various recreational and indigenous fisheries, with 

22 percent of Tasmanian residents (98 000 people) participating in recreational fishing activity at 

least once a year (Lyle et al., 2014). Of the Tasmanian wild-catch fisheries, the largest and most 

valuable to the state’s economy are the commercial rock lobster fishery and the commercial 

abalone fishery (Mobsby, 2018). This case study will cover the key Tasmanian fisheries, with these 

two fisheries – rock lobster and abalone – providing many of the examples. 

The Tasmanian commercial rock lobster fishery targets southern rock lobster (Jasus edwardsii) 

using pots and traps. It is the largest wild-catch fishery in Tasmania by participation size, with 194 

active vessels in the 2017–18 fishing season (Hartmann et al., 2019), and 383 people directly 

employed in 2016 (Ogier et al., 2018) (Table 1). Most exports of commercial southern rock lobster 

catch are live, fresh product, though markets are also available for frozen rock lobster exports 

(Hartmann et al., 2019). Of all Tasmanian fisheries, rock lobster has had the highest commercial 

wild-catch production value since 2014–15; however, recent reports show a slight decline in catch 

value for 2016–17 to AUD 83 million (USD 57 million), and this was overtaken by abalone wild-

catch with a value of AUD 84 million (USD 58 million; Mobsby, 2018) (Table 1). Additionally, 
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Tasmania also has indigenous and recreational southern rock lobster harvests (Hartmann et al., 

2019). 

The Tasmanian rock lobster fishery has a history of being affected by habitat degradation, 

indirectly linked to climate change – for example, caused by the climate-driven poleward range 

extension of the long-spined sea urchins (see Ling and Keane, 2018). Management interventions 

have aimed to rebuild the virgin biomass of the stock to 20 percent by 2023 through 

implementing an East Coast Stock Rebuilding Zone (SRZ), and adjusting total allowable catch (TAC) 

(Hartmann et al., 2019). Current fisheries management is aimed at ensuring that healthy egg 

production is maintained at 20 percent or more of unfished levels, with only one area of the 

fishery not currently achieving this level (Area 5 – north-west fishery area), and with a regional 

size limit change to address this currently under consideration (Hartmann et al., 2019). Southern 

rock lobster have a long pelagic larval period of up to two years (Fitzgibbon et al., 2014), which 

may lead to variability in stock recruitment from year to year depending on environmental or 

anthropogenic stressors (Hartmann et al., 2019). However, TAC settings are more influential on 

stock biomass, and have therefore been an effective management response (Hartmann et al., 

2019). 

Tasmania’s commercial abalone fishery is the largest wild abalone fishery in the world (Ogier et 

al., 2018; TSIC, 2017) and predominantly targets blacklip abalone (Haliotis rubra) through diving 

(approximately 95 percent of catches), with greenlip abalone (H. laevigata) making up around 5 

percent of the total wild catch (Mundy and McAllister, 2018). Although Tasmania’s commercial 

wild-catch abalone fishery has recently become the most valuable, it is not the largest in 

participation size, with 102 active divers and 170 people directly employed (Table 1) (Mobsby, 

2018; Ogier et al., 2018). 

The abalone fishery is divided into various fishing zones (Table 1), which are used in assessing and 

managing the fishery. Overfishing in the 1990s, long-term habitat degradation caused by long-

spined sea urchins (Centrostephanus rodgersii; indirectly linked to climate change), and multiple 

marine heatwaves over the past decade have together contributed to reduced abalone stocks, 

particularly in the Eastern Zone (Mundy and McAllister, 2018). Stocks in the Western Zone more 

recently appeared to be rebuilding, however stocks in the Central Western Zone have been 

rapidly declining over the past five years, likely due to a decline in stock biomass, despite efforts 

to reduce the TAC over several years, or to redistribute effort within zones (Mundy and 

McAllister, 2018). The Central Western Zone – recently merged with the Northern Zone as part of 

a boundary realignment – also has a declining catch rate (Mundy and McAllister, 2018). The Bass 
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Strait Zone is stable, and the Greenlip Zone (which resides within the Northern and Bass Strait 

Zones) is also relatively stable, although still shows signs of stock decline in some areas (Mundy 

and McAllister, 2018). Overall, since 2010, commercial wild-catch abalone TAC limits have been 

continually reduced to address falling stock levels across much of the fishery (Mundy and 

McAllister, 2018). 

 

6.3. Management context 

Many Australian state fisheries extend to 3 nautical miles (nm) offshore and are managed by the 

respective state government. Outside state jurisdiction, fisheries are commonwealth fisheries and 

span areas ranging from 3–200 nm off the Australian coastline. Australian fisheries management 

includes three main activities: science and research (e.g. developing research plans and ecological 

risk assessments), management and regulation (e.g. implementing fishery management plans and 

harvest strategies), and monitoring and enforcement (e.g. using satellite monitoring systems, 

checking catch records, and undertaking investigations and prosecutions) (AFMA, 2019). 

Tasmania is fortunate to have a fisheries management landscape where there are close 

relationships between industry, science, and government: this may facilitate co-development of 

adaptation actions, and provides a strong history of management underpinned by multi-

disciplinary research (Frusher et al., 2013; Pecl et al., 2019a). Tasmanian commercial state 

fisheries are managed by the Wild Fisheries Management Branch of its Department of Primary 

Industries, Parks, Water and Environment (DPIPWE). Tasmanian commercial wild-catch fisheries 

are managed through overarching legislation – the Living Marine Resources Management Act 

1995 – as well as individual management plans for each fishery set as “Rules” (e.g. Fisheries 

(Abalone) Rules 2017) and harvest strategies, issued and updated by the Wild Fisheries 

Management Branch. Tasmanian fishery management rules are set out as policy documents and 

currently do not discuss the effects of climate change on the industry or associated environments. 

Decisions on significant issues around the management of Tasmanian commercial state fisheries 

are issued by the State Fisheries Minister (local member of parliament), and may or may not be 

based on recommendations and advice provided by the Fishery Advisory Committees (FAC; peak 

advisory groups) of each major Tasmanian fishery (DPIPWE, 2019b). The Fisheries Minister must 

seek consultation around determining key arrangements, such as size limits, seasonal closures, 

gear restrictions and TAC. FAC meetings are generally held two to four times per year for each 

fishery, with committee membership made up of a diverse range of fishery stakeholders, 

including members of industry, DPIPWE, researchers, Tasmania police, and environmental non-
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government organization (NGO) representatives (DPIPWE, 2019b). The Fisheries Minister may 

also be advised on management recommendations though annual fishery assessment reports, as 

well as from other advisory groups such as the Abalone Fishery Resource Advisory Group (FRAG) 

(DPIPWE, 2018, Tasmanian Abalone Council Ltd, 2020). 

The management methods for Tasmanian commercial state wild-catch fisheries, set out by the 

Fisheries Minister, typically include arrangements such as gear restrictions, licensing, limited entry 

to the fishery, quotas, size limits, spatial closures, temporal closures and annual TAC (Table 1). 

Implementation of arrangements varies between fisheries, and is flexible so it can be changed 

relatively quickly in response to new data (such as if stock recruitment has not been as successful 

as previously predicted). 

 

6.4. Climate change implications 

The south-east Australian marine region is under threat from climate change, and has been 

identified as a marine climate “hotspot”, where ocean warming is rapid (Hobday and Pecl, 2014). 

The Tasman Sea region off the east coast of Tasmania has recently experienced multiple marine 

heatwaves (Hobday et al., 2016) over the summers of 2015/16 and 2017/18, occurring due to 

anomalous intensification of the poleward transport in the East Australian Current (EAC) 

extension, and anthropogenic influences (e.g. global carbon emissions increasing the likelihood of 

event duration and intensities) respectively (Oliver et al., 2017; Oliver et al., 2018; Perkins-

Kirkpatrick et al., 2019). Being a western boundary current, the EAC spans most of the east coast 

of Australia. Over the past 60 years, it has been observed to be strengthening and extending 

further poleward, bringing warmer waters to the east coast of Tasmania. This trend is expected to 

accelerate over the next 100 years (Ridgway, 2007; Ridgway and Hill, 2012). 

The increasing influx of warmer waters into the east coast of Tasmania from the EAC is bringing 

with it an increasing number of range-shifting species. Among those warmer-water species that 

have been observed likely extending their distributions or increasing their abundance off the 

coast of Tasmania are the eastern rock lobster (Sagmariasus verreauxi), redbait (Emmelichthys 

nitidus), snapper (Chrysophrys auratus), gloomy octopus (Octopus tetricus) and yellowtail kingfish 

(Seriola lalanndi) (Champion et al. 2018; Last et al., 2011; Ramos et al., 2018; Robinson et al., 

2015). The incursion of these species has differing implications for current Tasmanian marine 

ecosystems and fisheries. Recreational fishers in Tasmania benefit from the range extension of 

some species such as kingfish, which is a popular sportfish (Champion et al., 2018; Redmap, 2019). 

However, of greatest significance to the Tasmanian coastline is the climate-driven poleward range 



149 

 

extension of the long-spined sea urchin, which has had detrimental and widespread impacts on 

the Tasmanian marine environment and associated marine sectors (Ling, 2008; Ling and Keane, 

2018). The long-spined sea urchin has a long pelagic larval phase, when it is transported with the 

EAC, and is able to settle and persist in Tasmanian waters due to rapidly increasing water 

temperatures (Ling et al., 2008). 

The southern rock lobster is a principal predator of the long-spined sea urchin in Tasmania; 

however, due to heavy fishing of this valuable commodity the sea urchin has overgrazed 

Tasmanian giant kelp beds (Macrocystis pyrifera), and now over 15 percent of the eastern 

Tasmanian coastline has been left as urchin barrens (Ling et al., 2009a; Ling and Keane, 2018). 

Climate change amplifies the stress this sea urchin places on Tasmanian kelp beds and associated 

ecosystems, with past giant kelp die-offs due potentially to marine heatwaves (Oliver et al., 2017; 

Sanderson, 1990). The increasing abundance and persistence of the long-spined sea urchin in 

Tasmanian coastal waters has driven a shift in the marine environment, which has increased 

pressure on Tasmanian wild-catch fisheries that depend on seaweed bed habitat, in particular the 

rock lobster and abalone fisheries (Ling et al., 2009b). 

The Tasmanian abalone fishery was also negatively impacted by the 2015/16 summer marine 

heatwave, with five percent of blacklip abalone biomass reported as dead during research surveys 

in early 2016 – previously these surveys had reported zero morality in the catches (Oliver et al., 

2017). Abalone processors reported abalone in poor condition across southern Tasmania over the 

2015/16 summer, with above-average mortality experienced during processing and live export 

(Oliver et al., 2017). Following this heatwave, fisheries managers decreased or maintained TAC 

limits in 2016 and 2017, with the only exception being an increased TAC for the Bass Strait Zone in 

2016 from 70 to 77 tonnes, which remained the same for 2017 (Mundy and McAllister, 2018). 

Managers did not change the number of fishing licences issued, and catch limits were reached in 

all fishing zones (Mundy and McAllister, 2018). 

Other implications of warmer waters and marine heatwaves off the Tasmanian coast include new 

diseases and more frequent algal and jellyfish blooms. Harmful algal blooms (HABs) present a 

food safety issue for marine resource industries and can result in temporary closures of fisheries, 

including wild-catch abalone and rock lobster as well as oysters and scallops. These climate-driven 

impacts, however, are often felt more strongly by the Tasmanian aquaculture industry. For 

example, the range extension of red-tide dinoflagellate (Noctiluca scintillans) into southern 

Tasmanian waters since 1994 caused issues for salmonid farming (Hallegraeff, 2010); and the first 

incidence of an oyster disease – Pacific oyster mortality syndrome (POMS) – coincided with the 
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2015/16 marine heatwave (Oliver et al., 2017). Warming waters also mean shellfish wild-catch 

and farming in Tasmania is increasingly affected by the harmful alga Alexandrium tamarense, 

which causes paralytic shellfish poisoning (PSP) when consumed by humans and has resulted in 

significant economic losses to the industry (Hallegraeff and Bolch, 2016; Pecl et al., 2019a). 

 

6.5. Adaptations and lessons 

Tasmanian fisheries management is flexible within its set management methods, in the sense that 

managers can implement changes to strategies relatively quickly – within a matter of months in 

some cases. This flexibility is deliberate in order to allow for faster management response and 

reaction to observed short-term environmental changes. Management may respond to 

environmental changes by implementing new management methods or adaptations in response 

to regularly updated probabilities of future productivity status (which are conservative to account 

for climate change), or after an environmental change has been observed and is underway (e.g. 

lowering TAC limits in response to an observed decrease in stock biomass). Reactive fisheries 

management usually requires negative (or positive) impacts to have already started, which can 

lead to further negative impacts (or missed opportunities) if management adaptations are not 

implemented quickly enough. However, reactive management is logical when responding to 

unexpected or unknown factors affecting the environment and dependent industries, as there 

may be many factors at any given time causing changes which may be difficult to disentangle (e.g. 

agricultural and urban runoff, pest and disease presence, overfishing and illegal fishing, oil spills 

and marine pollution, climate changes and climate-driven physical and chemical changes, etc.). As 

climate change is arguably also one of the greatest threats facing fisheries, fisheries may stand a 

better chance of remaining productive and sustainable into the future if a more proactive 

management landscape is implemented. Tasmanian fisheries management is designed to respond 

to observed and projected changes in production, especially recruitment, from any source, 

including climate change. Some of the responses to observed climate changes have been 

incorporated into the research that underpins the general fisheries management methods and 

levers, and therefore some aspects of climate change can be addressed though traditional 

management responses to changes in the stock levels or environment. 

Climate adaptation may be autonomous or planned. In other words, there may be ‘bottom-up’ 

adaptation actions initiated by non-government actors rather than those with direct powers (i.e. 

government), or ‘top-down’ planned management of the changing resources (Pecl et al., 2019a). 
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There are numerous instances where industry and marine-dependent individuals in Tasmania 

have taken the initiative and are acting autonomously (Pecl et al., 2019a) (Table 2). 

 

6.6. Managing and planning, and financing 

With improved science and forecasting, and policy uptake of scientific recommendations, fisheries 

will be better equipped to proactively respond to climate-induced environmental changes. Within 

Australia, some gaps are evident in the scientific knowledge to inform management decisions 

around climate-driven species effects and climate-driven socio-ecological implications for 

Australian fisheries species (Pecl et al., 2014b). Only one-third of Australian fisheries species 

(mostly those with higher numbers of commercial fish stocks and/or larger catch volumes) are the 

focus of scientific studies relating to climate change and its implications (Fogarty et al., 2019). 

Increasing and improving knowledge relating to climate change and Australian marine life, 

particularly economically important species, is important; but other areas of focus are also 

needed. While knowledge on the direction of change and likely biological responses is well 

researched within Australia and globally, this is not the only method of forecasting what species 

will move where and when. Additionally, it may be more important to increase resilience in 

harvest strategies to changes in productivity by implementing conservative, flexible and 

responsive strategies. 

In response to the devastating impacts the long-spined sea urchin is having on the Tasmanian 

marine environment, and therefore Tasmanian fisheries, the abalone industry and Tasmanian 

government have jointly introduced an Abalone Industry Reinvestment Fund (AIRF). This is 

supported through fees collected from abalone licence holders as well as with additional funds 

from the government. The AIRF is an allocation of AUD 5.1 million (USD 3.5 million) over five 

years, which has been invested into recovery of abalone stocks and subsidies for harvesting the 

long-spined sea urchin for commercial use, as well as technology development and monitoring of 

these fisheries and ecosystems (DPIPWE, 2019a). It is evident that these sea urchins will likely 

never be fully removed from the Tasmanian coastline, as they recruit so effectively. Therefore, 

the government priority in managing the species on the east coast is to remove the role of the sea 

urchin as a major problem in barren formation. One solution to this has been to identify a 

commercial use for the sea urchin and to introduce a new licensed fishery targeting the species, 

which largely exports the urchin roe to overseas markets, to help balance the ecosystem and stop 

barren formation. This new fishery has resulted in 555 tonnes (more than 1.6 million individuals) 

of long-spined sea urchin being removed from the east coast in the 2018/19 season (DPIPWE, 
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2020), which has helped the habitat begin to recover. A recent resurvey has shown that over 15 

years the biomass of the long-spined sea urchin increased annually by approximately 80 tonnes 

between 4–18 m depth, and by 170 tonnes annually between 4–40 m depth (Ling and Keane, 

2018). Introducing a developmental fishery to help manage and control an invasive range-shifter 

in this way shows that some climate change impacts may also present opportunities. 

Another initiative implemented and funded by the Tasmanian government is a rock lobster 

translocation programme which supports the further stock rebuilding efforts on the Tasmanian 

east and west coasts (DPIPWE, 2019c) and helps control the long-spined sea urchins (large 

lobsters may eat them). Translocation of southern rock lobsters from (low-growth) deep-water 

locations to (high-growth) shallow-water inshore locations has been shown to increase lobster 

growth and has increased the productivity of the fishery (Chandrapavan et al., 2010). In the first 

three years of the programme (2015–18), 145 000 lobsters were translocated (DPIPWE, 2019c). 

Further funding injected in 2018 will enable 25 000 to 30 000 lobster to be translocated each year 

for a further four years (DPIPWE, 2019c). Rock lobster translocations have the greatest net benefit 

where they take place over long distances between regions with extreme differences in growth, 

such as translocating from the southwest to the east or northwest Tasmanian coast (DPIPWE, 

2019c, Gardner and Van Putten, 2008). Rock lobster translocations are a direct intervention in 

adapting to climate change, and combined with appropriate TAC limits the additional lobster 

numbers result in extra biomass for the region, not just catch, and therefore help reduce habitat 

degradation by the long-spined sea urchin. The Tasmanian commercial rock lobster fishery has 

had a commercial TAC of 1 050.7 tonnes for the last four years preceded by three years at 1 

103.24 tonnes. It currently holds a sustainable stock status, with catch per unit effort (CPUE) 

increasing steadily over the last six years, and significantly increasing in the last two years 

(Hartmann et al., 2019). 

 

6.7. Practice change 

As more species shift into Tasmanian marine waters, there may be other opportunities to develop 

new fisheries which will benefit local people and economies, and may help prevent endemic 

species from being outcompeted and becoming extinct. Although management of existing 

commercial fisheries is somewhat flexible, recreational fishers can currently adapt more easily 

than commercial fishers as new species emerge along the Tasmanian coastline. Species such as 

snapper and yellowtail kingfish have made recreational and charter fishers particularly eager, as 

they take advantage of and adapt to these new fishing opportunities in Tasmania (Champion et 
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al., 2018; Last et al., 2011; Robinson et al., 2015). The development of new commercial fisheries 

takes time to develop stock assessments, and to implement evidence-informed management 

strategies – such as appropriate TAC and size limits – where required. Commercial fishers must 

also apply for a licence to fish a species, meaning that most commercial fishers (with the 

exception of scalefish fishers) cannot simply begin targeting new range-extending species as they 

appear along the coastline. As such, commercial fisheries would be better able to take advantage 

of these new opportunities if legislation for establishing new fisheries were more simple, flexible 

and responsive. 

Other adaptation behaviours include many commercial fishing operators changing their landing 

practices so they unload live catch in areas with cooler waters, to help minimize the negative 

effects warmer water may have on it (Pecl et al., 2019a). Similarly, fishers avoid landing their 

catch at some ports at times of heavy rain, as freshwater in the surface layer increases lobster 

mortality. Practice changes such as these reduce industry vulnerability to periodic changes in 

weather and climate, and can be useful strategies in adapting to longer-term climatic changes. 

 

6.8. Information and warning or observation systems 

For the past decade, commercial abalone processors and divers have utilized global swell forecast 

models, and are increasingly using sea surface temperature and seasonal climate outlooks to plan 

their fishing activities, in order to avoid the warmest sea temperatures and dangerous conditions 

that may impact the productivity and safety of fishing operations (Pecl et al., 2019a). Meanwhile, 

due to an increase in the frequency of HABs in Tasmanian marine waters, the fishing industry 

strongly supports implemented measures to increase testing a variety of invertebrates, including 

abalone and rock lobster, for toxins, to ensure public health and safety (Pecl et al., 2019a). 

Although the monitoring and HABs policy was funded and prioritized by the government, 

implementation of a rapid immunological test-kit used by fishers to screen for shellfish toxins has 

come at an additional financial cost to the industry (Pecl et al., 2019a). 

 

6.9. Communication as preparing for adaptation 

Tasmania, and Australia in general, has many recreational fishers and marine users (Ogier et al., 

2018). Most people involved in, or associated with, the marine sector are aware of climate change 

impacts on the marine environment, although many may not see it as a pressing issue (van Putten 

et al., 2014). To increase community awareness of climate change requires an increase in public 
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trust in experts through improved scientific communication and media literacy education (Cooper, 

2011; Pidgeon and Fischhoff, 2011). As political decisions are often based on what will win the 

most public votes, improving community awareness of climate change may in turn act to increase 

resources and funding in areas working on climate adaptations. A number of citizen science 

marine monitoring programmes and initiatives have been developed and operate out of 

Tasmania, and have been shown to be beneficial in both identifying future climate-driven species 

range shifts (Fogarty et al., 2017; Hill et al., 2016) and engaging marine stakeholders 

constructively on climate change (Nursey-Bray et al., 2017). For example, Redmap Australia 

(Range Extension Database and Mapping Project; www.redmap.org.au) is an Australia-wide 

project which aims to monitor early detection of range-shifting species as well as engage the 

public on the ecological impacts of climate change by collecting unusual sightings of out-of-range 

species by regular marine users (Pecl et al., 2014a; Pecl et al., 2019b). Citizen science monitoring 

programmes can also be directly beneficial for fisheries adaptation to climate change, as they can 

provide useful data to inform fisheries management decisions. 

 

6.10. Key recommendations 

This case study provides key lessons and recommendations to improve climate adaptation in 

Tasmanian fisheries, which could be applied to other similar fisheries, including: 

• Systematically record autonomous adaptations and develop adaptation plans in concert 

with an awareness of autonomous and planned adaptations. 

• Promote, increase and introduce funding opportunities for the fishing industry to invest in 

new technology and operations which protect or restore ecosystems impacted by climate 

change, such as the Abalone Industry Reinvestment Fund which partly reinvests funds 

collected from licensing fees to assist in developing a new fishery targeting the long-

spined sea urchin, and recovering abalone stocks. 

• Implement appropriate harvest strategies and control rules for harvest rates on shorter 

timeframes, which ensure species biomass can recover where necessary by taking known 

environmental effects into account. 

• Industry and individuals with livelihoods dependent on marine systems do not need to 

rely solely on planned climate adaptation by government, and can autonomously 

implement strategies to manage the effects of climate change – for example, rock lobster 

fishers avoid landing catch at some ports during heavy rain to minimize lobster mortality. 
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However, industry should engage with institutions to ensure autonomous adaptation 

does not lead to maladaptation. 

• Fishers can utilize global swell forecast models, sea surface temperature data and 

seasonal climate outlooks when planning fishing activities to decide when and where they 

fish, to help adapt to environmental changes affecting the fishery such as increased storm 

frequency and duration, which may put personnel at unnecessary risk. 

• Establish sentinel monitoring and implement screening programmes for toxins and strains 

of harmful algae to mitigate deleterious effects on human health and public safety, such 

as test-kits to detect and diagnose toxins from HABs, which are becoming more frequent 

with warming waters. Government/institutional assistance may help offset some of the 

costs to industry, to aid with ongoing implementation. 

• Species translocations from low-growth (less suitable) to high-growth (more suitable) 

regions can benefit ecosystem health by increasing biomass of declining stocks. 
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6.13. Tables and Legends 

Table 1. Tasmanian commercial state fisheries profiles: production value, volume, and licence 

holders based on 2016-17 season reported in Mobsby (2018), with number of employees reported 

in a recent economic and social assessment (Ogier et al., 2018). All other data have been collated 

from recent fishery assessments (referenced in last row) and FRDC Status of Australian Fish Stocks 

Reports (FRDC, 2019b). Distribution maps and abalone image from Pecl et al. (2011), rock lobster 

image credit Bruce Miller. 

Fishery Abalone Fishery Rock Lobster Fishery 

Target 
Species 
 
 

• Blacklip abalone (Haliotis 
rubra) 

• Greenlip abalone (H. 
laevigata) 

 

• Southern rock lobster 
(Jasus edwardsii) 

 

Species 
Distribution 

  
Gear Type 
 

• Diving • Pots 

• Traps 

Economic 
Value 
(millions) 

AUD83,726 (USD57,913) AUD83,274 (USD57,601) 

Volume 
(tonnes) 

1,641 1,083 

Fishery Size 
 

121 licence holders (2017) 
170 direct employees (2016) 
102 active divers (2016) 

311 licence holders (2016) 
194 active vessels (2017-18) 
383 direct employees (2016) 
233 active fishers (2016) 

Tasmanian 
Spatial 
Management 

TAC is divided across six zones, 
with smaller scale block caps 
within these. 

TAC is divided across two zones 
(east and west regions), with 11 
stock assessment areas. 
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Exploitation 
Status 
 
 
 
 
 

Blacklip abalone: 

• Sustainable = 2 zones 

• Depleting = 2 zones 

• Depleted = 1 zone 
 
Greenlip abalone:  

• Depleting 

Sustainable 

Management 
Methods 
 
 
 
 
 

• Limited entry 

• Quota 

• Size limit 

• Spatial closures 

• Total Allowable Catch 

• Gear restrictions 

• Limited entry 

• Quota 

• Size limit 

• Spatial closures 

• Temporal closures 

• Total Allowable Catch 

Fishery 
Assessment 

Mundy and McAllister (2018) Hartmann et al. (2019) 
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Table 2. Forms of behaviours undertaken by Tasmanian marine resource users and managers to 

adapt to climate change, adapted from Pecl et al. (2019a), using the typology from Biagini et al. 

(2014). Dark grey = the group is implementing the adaptation behaviour, light grey = the group is 

beginning to, or trialling the adaptation behaviour. This table does not include adaptations that 

are “under consideration”. “Physical infrastructure” is removed here from the Biagini et al. 

typology as a “form of adaptation behaviour” as no adaptations were identified among 

stakeholder groups in that category. 
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Capacity 
building 

Developing human resources, local 
institutions, and communities, 
equipping them with the capability to 
adapt to climate change. 

     

Management 
and planning 

Incorporating understanding of 
climate science, impacts, 
vulnerability and risk into 
government and institutional 
planning and management. 

     

Practice 
change 

Revisions or expansion of practices 

and on-the-ground behaviours that 

are directly related to building 
resilience. 

  

 

   

Public policy Creation of new policies or revisions 
of policies or regulations to allow 
flexibility to adapt to changing 
climate. 

     

Information Systems for communicating climate 
information to help build resilience 
towards climate impacts (other than 
communication for early warning 

systems). 

     

Warning or 
observing 
systems 

Implementation of new or enhanced 
tools and technologies for 
communicating weather, climate and 
climate-driven risks, and for 
monitoring changes in the climate or 
resource system. 

     

“Green” 
infrastructure 

New, improved or restored soft, 
natural infrastructure aimed at 
providing direct or indirect 
protection from climate impacts or 
hazards. 

     

Financing New financing or insurance strategies 
to prepare for future climate 
disturbances. 

     

Technology Develop or expand climate-resilient 
technologies. 
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Chapter 7: General Discussion 

7.1. Introduction 

Marine industries like fisheries, and their associated social and ecological systems, are facing 

serious threats from climate change and related long-term environmental changes around the 

world (Bindoff et al., 2019, Pörtner et al., 2014). Adaptation of management, operations, and 

practices is an important solution for dealing with these changes and connected impacts, aiming 

to reduce the vulnerability of ecological and human systems (Barange et al., 2018, Adger et al., 

2007). If fisheries fail to adapt to the various effects of climate change, it could result in 

exacerbated impacts of climate change, uncertain food security for a growing human population, 

the degradation of marine ecosystems, and the collapse of fish stocks and human economies 

(Brown et al., 2012, Kumar et al., 2019, Worm et al., 2009, Pörtner et al., 2014, FAO, 2018). The 

effects and impacts of climate change may also be reduced or avoided through mitigation, which 

aims to reduce emissions or enhance the sinks of greenhouse gases (Locatelli et al., 2015). 

General acceptance of using both adaptation and mitigation to address climate change is 

becoming increasingly prominent (Locatelli et al., 2015, Laukkonen et al., 2009). However, 

mitigation options and technologies face more obstacles in gaining widespread traction (Raiser et 

al., 2017). Therefore, this research focuses on adaptation to climate change and long-term 

environmental changes within commercial fisheries, while acknowledging that the power of 

adaptation has limits when mitigation is not also sufficiently implemented (Williams et al., 2020). 

Australian fisheries are particularly vulnerable to the effects of climate change as the continent 

has a large coastline and nutrient poor waters due to only small regions of upwelling and 

poleward warm-water boundary currents on both sides on the continent (Richardson and 

Poloczanska, 2009). This distinctive seascape results in unique challenges for Australian fisheries. 

Fisheries are an important livelihood in Australia, particularly in small coastal regional 

communities which are most at risk if fisheries were to collapse (van Putten et al., 2016, Grafton, 

2010, Holbrook and Johnson, 2014). The Australia seascape uniquely has two large climate 

hotspot regions, where waters are warming at some of the fastest rates in the world (Hobday and 

Pecl, 2014). Australia is therefore facing a pressing urgency to adapt to climate change in the 

marine domain, and is an excellent case study for other regions around the world that are both 

similarly vulnerable to the effects of climate change, or are alternatively not yet as affected (Pecl 

et al., 2014b). 
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7.2. Summary of key findings 

This thesis assessed the current state of preparedness of Australian commercial fisheries for 

climate adaptation using multiple approaches and case studies, providing opportunity for lessons 

for an international audience of academics, government, and industry alike. This thesis provided a 

first assessment of the extent of scientific literature available to inform Australian fisheries 

management plans on climate adaptation (Chapter 3 – Fogarty et al., 2019). I found that there are 

significant knowledge gaps on the effects that climate change has, or will likely have, on many 

Australian fisheries species, and that species with more commercially-exploited stocks and higher 

commercial catch weights typically had greater climate-related research effort invested (Chapter 

3 – Fogarty et al., 2019). I also found that only a small proportion of fisheries management plans 

and guiding documents had any consideration of climate change or climate-related themes, 

favouring species with higher economic commercial catch values and commercial catch weights, 

and more commercial fish stocks (Chapter 4 – Fogarty et al., 2020). Specifically, my research 

found two-thirds of the harvested Australian marine species assessed did not have any peer-

reviewed literature reporting on climate-driven biological changes and socio-ecological 

implications that could inform climate adaptation in fisheries and fisheries management (Chapter 

3 – Fogarty et al., 2019). In the literature I reviewed, species-specific climate research was sparse, 

with only 10 percent of the articles presenting new climate-related knowledge (Chapter 3 – 

Fogarty et al., 2019), consistent with the low rate (21.6 percent) of fisheries management 

documents having any climate-related content incorporated (Chapter 4 – Fogarty et al., 2020). 

Limited climate-related species research availability and scientifically-informed management 

documents may subsequently be a result of climate change being a low priority for industry, 

government, and the public, and that tactical funding for climate-related fisheries research is low, 

relative to other research topics and priorities (Chapter 4 – Fogarty et al., 2020). Specifically, only 

2.5 percent of assessed Fisheries Research and Development Corporation (FRDC; one of the 

largest Australian research funders) research priority applications referenced climate change or 

climate-related themes, as did only 4.5 percent of FRDC funded research projects (Chapter 4 – 

Fogarty et al., 2020).  

My research found that the south-east and western Australian coastlines have the most climate-

related biological information available to support climate adaptation in fisheries management 

(Chapter 3 – Fogarty et al., 2019), and that the south-east and south-west Australian regions 

subsequently had the highest incorporation of climate-related themes in their respective fisheries 

management documents (Chapter 4 – Fogarty et al., 2020). This is due to both researcher effort, 

and the rapid change in these areas. Using Tasmanian commercial wild-catch fisheries as a case 
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study, I found that climate adaptation in the management of commercial wild-catch fisheries has 

largely been incidental, and that future improvements will require better availability and 

application of scientific knowledge, government reviews, industry changes, more funding and 

resourcing, and more education, extension, and interactions among fisheries stakeholder groups 

(Chapter 5). This thesis also explored autonomous adaptations already taking place in key 

Tasmanian fisheries and improvements and lessons based on those examples (Chapter 6 – Fogarty 

and Pecl, 2021), and reviewed why climate adaptation in the marine seascape is now critical 

(Chapter 2 – Fogarty, 2018). 

 

7.3. Specific implications for adaptation of Australian fisheries 

Australian fisheries management and fisheries management documents having limited 

consideration of long-term climate changes may result from: (i) limited climate-related fisheries 

species research and knowledge; (ii) limited climate-related fisheries research funded tactically; 

and (iii) a widespread low prioritisation of climate change (Chapter 3 – Fogarty et al., 2019, 

Chapter 4 – Fogarty et al., 2020). However, interest in climate change fluctuates, and peaks in 

climate-related research priority applications and funded research projects correlate with the 

timing of several reports, publications, conferences, and initiatives, that demonstrated a 

concerted effort to boost climate-related fisheries research around those times (Chapter 4 – 

Fogarty et al., 2020). For example, the Marine National Climate Change Adaptation Research Plan 

(NARP) in 2010 and its’ updates (Mapstone et al., 2010, Hobday et al., 2017, Holbrook et al., 

2012), and the FRDC-led “Climate Adaptation Program” held from 2010 to 2014 (FRDC, 2020) 

correlated with peaked climate-related fisheries research interest. In this thesis, I identify that the 

small proportions of climate-related FRDC-funded research and research priority proposals may 

be reflective of a wider community and fishing stakeholder issue, as they may not yet consider 

climate change to be a high priority or risk factor, therefore leading to low rates of funding for 

climate-related fisheries research, low rates of climate-related fisheries research, and low rates of 

incorporation of climate-related issues in fisheries management documents (Chapter 4 – Fogarty 

et al., 2020). This result shows that increasing community and fisheries stakeholder engagement 

in climate-related research is important, and may increase awareness and concern of climate-

related marine impacts among these groups, in turn improving and quickening fisheries and 

fisheries management response to climate change (Chapter 4 – Fogarty et al., 2020). The low 

rates of climate change consideration in fisheries management documents found in this thesis 

(Chapter 4 – Fogarty et al., 2020) will take time to increase, and requires additional resourcing in 
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government departments to take on the task (Chapter 5). Climate-informed fisheries 

management should allow fishers and managers to understand the key drivers of change, detect 

and anticipate changes, and evaluate priorities and risks (NOAA Fisheries, 2018). Having climate-

informed fisheries management plans, practices, and policies improves the adaptive capacity of 

fisheries, and is important to achieve effective and efficient climate adaptation (Heenan et al., 

2015). 

Tasmania is an interesting case study for climate preparedness and adaptation in fisheries and 

fisheries management, as the region resides with in a climate warming hotspot in south-east 

Australia (Hobday and Pecl, 2014). Although south-eastern Australia was deemed most prepared 

to implement climate adaptation with the greatest levels of climate-related species literature 

(Chapter 3 – Fogarty et al., 2019), and higher rates of incorporation of climate-related themes 

within fisheries management documents (Chapter 4 – Fogarty et al., 2020), Tasmania individually 

recorded low levels of climate-related content in management documents (Chapter 4 – Fogarty et 

al., 2020), which led to further investigation.  

This thesis presents a case study on Tasmanian fisheries stakeholder perspectives on commercial 

wild-catch fisheries preparedness for climate change and adaptation to long-term environmental 

changes, including the challenges and necessary future changes to improve fisheries response to 

climate change (Chapter 5). I found that proactive responses and adaptation to the effects of 

climate change among Tasmanian commercial wild-catch fisheries management is limited, even 

though all Tasmanian fisheries managers, industry representatives, and academics interviewed 

identified some climate-driven changes currently occurring or predicted to affect fish stocks, 

ecosystems, and/or environments along the Tasmanian coastline (Chapter 5). Demonstrated 

actions of response to climate change by institutions around the world are limited (Miller et al., 

2018, Sumby et al., 2021, Bell et al., 2020, Lindegren and Brander, 2018, Bradley et al., 2015). 

However, where government intervention is slow and limited, autonomous adaptations to 

climate change by fishers and marine resource users are becoming more common, and are 

occurring within Tasmanian fisheries (Chapter 6 – Fogarty and Pecl, 2021, Pecl et al., 2019a). 

Independent autonomous adaptations do have the potential to undermine government 

strategies, and failing to facilitate and consider autonomous adaptations as part of management 

and policy responses may leave fishers vulnerable to climate change (Pecl et al., 2009, Pecl et al., 

2019a, Chapter 6 – Fogarty and Pecl, 2021). Therefore, managers and decision-makers should 

engage, collaborate, and consult with communities, industries, and other marine users regularly 

to find out what bottom-up adaptations are being implemented, communicate what top-down 
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adaptations are being considered, and to jointly form and decide on adaptation strategies (i.e., 

co-management).  

A co-management process and system can be effective provided there is a focus on building 

relationships between stakeholders, two-way dialogues between government and industry, 

forward-looking visions and strategy, and good leadership and governance (Nursey-Bray et al., 

2018a). My findings support the need for better engagement and knowledge exchange between 

fisheries stakeholders and communities, to facilitate climate action and avoid maladaptation of 

fisheries. Open dialogue between government and other fisheries stakeholders will allow 

government to be better informed of situations where action is needed, and will facilitate faster 

governmental action and response to issues. Likewise, strong leadership and initiative within the 

fisheries system is needed for enhanced bottom-up/autonomous responses. Enhanced 

engagement and knowledge exchange between stakeholders may involve trans-disciplinary and 

transboundary thinking and collaborations, improving scientific literacy of the public, decision-

makers, and fishers through funding more research projects with a component focusing on 

outreach, and greater transparency to improve trust between stakeholders (Chapter 5). For 

example, greater transparency could involve having open communication channels between 

stakeholders, and stakeholders publishing more in depth information on websites to allow for 

knowledge sharing. Enhancing stakeholder engagement, communication, and trust may also 

improve understanding and acceptance of climate change and climate adaptation among 

stakeholders and the public (Nursey-Bray et al., 2012). 

Specifically, this thesis found that within the Tasmanian commercial fisheries seascape, barriers to 

adaptation and proactive climate responses include resistance from people and politics, and a lack 

of resources, funding, and capacity to specifically address and adapt to the effects of climate 

change (Chapter 5). Stakeholders believe that the fishing industry is currently expected to absorb 

significant financial costs related to climate adaptation in fisheries management, and the wider 

Tasmanian community also absorbs significant social and economic costs (Chapter 5). Future 

improvements that may improve adaptation and proactive climate responses in Tasmanian 

fisheries include having more local monitoring of changes in the marine environment, more 

ecosystem-integrated thinking and better interpretation and application of scientific information 

(Chapter 5). Demonstrating and showcasing to industry the benefits and gains from investing in 

climate adaptation could help improve industry acceptance of climate adaptation and the 

associated costs (Chapter 5), as climate-ready fisheries are more profitable long-term than 

business-as-usual fisheries (Brown et al., 2012, Free et al., 2020). Additionally, stakeholders 

believe that government needs to be able to implement changes more quickly in response to 
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changes through increased flexibility in management arrangements and restrictions, and must 

take a more strategic approach to managing implications of climate change and extreme events 

(Chapter 5). Flexibility could include multi-species permitting, licencing, and management plans, 

but would need to be balanced with the sustainability of fish populations overall (Gregg et al., 

2016). Stakeholders identified that industry also needs to make changes, including diversifying to 

alternative target species or new and different markets to spread the risk, implementing more 

cooperative structures to allow for the financing and security to move between species and 

markets (Chapter 5). Additionally, establishing international climate-informed cooperative 

agreements between countries will help to achieve long-term viability of the fishing industry 

globally, by creating shared fisheries management goals and objectives (Gregg et al., 2016). 

Stakeholders also suggested that industry take a more long-term view on investment and return, 

and take responsibility to ask how they can transition (Chapter 5).  

Studies undertaken in Australia and internationally looking at the challenges that hinder climate 

adaptation in fisheries found similar results (Gregg et al., 2016, Daw et al., 2009, Johnson, 2012, 

Creighton et al., 2016, Miller et al., 2018), indicating that Australian and Tasmanian fisheries are 

not alone in these challenges, and that by working together with international allies in a more 

cooperative and collaborative sense, fisheries adaptation to climate change can be implemented 

more efficiently and effectively. Important similar findings from these studies include the need to 

implement more flexible management arrangements and rapid responses to changes, foster 

resilience, increase scientific information on the relationship between climate change and species 

and forecasting of changes, improve staff capacity, funding and resources, and diversify species, 

markets, and livelihoods (Gregg et al., 2016, Johnson, 2012, Creighton et al., 2016, Miller et al., 

2018, Daw et al., 2009). 

 

7.4. Key lessons for fisheries adaptation  

In December 2017, the Australian Senate Environment and Communications Reference 

Committee published an inquiry report on the impacts of climate change on marine fisheries and 

biodiversity (The Senate Environment and Communications References Committee, 2017). This 

report posed a timely reminder that climate change is rapidly occurring in Australian marine 

waters and that marine industries and the environment are being affected (Chapter 2 – Fogarty, 

2018). Key recommendations made by the Australian senate inquiry for the Australian 

government to consider included: (i) conducting a review of funding to ensure appropriate 

funding is available for climate-related research and adaptation; (ii) support connections and 
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increase communication between natural marine resource stakeholders; (iii) and review 

environmental and resource management legislation to ensure the effects of climate change are 

adequately considered (The Senate Environment and Communications References Committee, 

2017). The subsequent chapters of this thesis aimed to address some of these key 

recommendations and considerations. 

It is difficult to find examples of inquiries around the world of the same nature to the 2017 

Australian Senate inquiry. However, government-led publications of strategic recommendations 

do exist and provide adaptation strategies based on advice on the effects of climate change on 

fisheries. For example, publications include the National Oceanic and Atmospheric Administration 

(NOAA) Fisheries Climate Science Strategy in the United States (U.S.) (NOAA Fisheries, 2015), and 

The Parliamentary Office of Science and Technology (POST) Climate Change and Fisheries 

POSTnote (Stewart and Wentworth, 2019), and Marine Climate Change Impacts Partnership 

(MCCIP) fisheries review in the United Kingdom (U.K.) (Pinnegar et al., 2017). Recommendations 

in these publications include integrating adaptation responses into existing fishing business 

planning processes, high level surveillance and review of climate change responses instigated and 

repeated on a regular basis (Pinnegar et al., 2017). Additionally, conducting regional climate 

vulnerability analyses for all living marine resources to better understand what is at risk and why, 

strengthening climate-related science capacity and ecosystem and socio-economic indicators, and 

developing capacity to conduct management strategy evaluations regarding climate change 

impacts on management targets, priorities, and goals were also recommended (NOAA Fisheries, 

2015). However, momentum for climate change adaptation in the U.K. has declined over the past 

decade, and little progress has been made in planning for and addressing climate change risk in 

commercial fisheries and aquaculture, among other key areas (CCC, 2019). There are no plans at 

present that set out a strategy for adapting the commercial fisheries and aquaculture sectors to 

climate change (CCC, 2019). Even so, there is evidence of recovery of fish stocks from historically 

low levels, and a high proportion of protected coastal habitats are reportedly in good condition 

(CCC, 2019). Similarly, fisheries managers in the U.S. have been slow to incorporate climate 

change adaptation into fisheries management, with differing approaches by fishery management 

councils due to a lack of a national standard leading to various level of climate preparedness 

(Carter, 2019).  

This thesis provides lessons and recommendations for improving and initiating climate adaptation 

in fisheries that are relevant to an international audience of researchers, managers, decision-

makers, and industry, using Australian fisheries as case studies. This thesis provides frameworks 

that could be applied by other regions globally to identify industry preparedness for climate 
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change, and adaptive capacity. Moving forward, fisheries adaptation to climate change in 

Australia, and globally, will benefit from: (i) increasing availability of climate-related species 

knowledge; (ii) improving engagement and knowledge exchange between fisheries stakeholders; 

(iii) increasing inclusion and incorporation of climate-related knowledge in management plans, 

policies, and practices (including scientific knowledge, local knowledge, and traditional 

knowledge); (iv) developing adaptation plans in concert with an awareness of autonomous and 

planned adaptations to avoid maladaptation; and (v) accelerating the implementation of climate 

adaptation strategies.  

Overall, many of the stakeholder-derived recommendations for future improvements in 

adaptation and proactive climate responses of Tasmanian fisheries require increased 

understanding and acceptance of the socio-ecological effects of climate change, by government, 

industry, and the public. Improving stakeholder understanding and knowledge of climate change 

and its effects should in turn increase the uptake and implementation of climate adaptation 

strategies within government and industry. This could be achieved through increasing interactions 

and collaborations between fisheries stakeholders, and facilitating more outreach, education, and 

engagement of stakeholders with the public; a sentiment that was repeated by a large number of 

stakeholders I interviewed (Chapter 5). Knowledge sharing or exchange involves the multi-way 

communication of knowledge and ideas, and could be improved in the Tasmanian fisheries 

seascape through methods such as employing dedicated Knowledge Brokers, and facilitating more 

intermediary roles and boundary work to communicate and interact with different stakeholders 

(Cvitanovic et al., 2018, Cvitanovic et al., 2015, Fazey et al., 2012). Community and industry 

awareness of climate change issues may be improved by the increased use of citizen science 

initiatives, as citizen science has been shown to increase public education and engagement of 

scientific issues by providing participants with a sense of ownership over the data they have 

helped collect (Nursey-Bray et al., 2017, Nursey-Bray et al., 2018b, Martin et al., 2016). Therefore, 

this thesis identifies that directing a more concerted effort towards engaging a wide range of 

stakeholders, including the public, will improve the adaptive capacity of fisheries and 

communities, and encourage support for climate adaptation in fisheries and fisheries 

management (Hobday and Cvitanovic, 2017, Le Cornu et al., 2018). 

 

7.5. Limitations and future research needs 

Upon reflection, there are several limitations in this thesis that could be explored further with 

future research. Firstly, this thesis focusses on climate adaptation in commercial fisheries as the 
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world is already locked into 1.5°C of warming (from preindustrial time) by 2030-2050 (IPCC, 2018, 

Rogelj et al., 2015). However, climate mitigation within commercial fisheries is also an important 

step towards achieving a more sustainable and future-proofed industry. For example, chapter 5 

briefly mentioned that an interview participant suggested that many fishers are already conscious 

about their carbon footprint and fuel consumption. Although this topic was not the focus of this 

thesis, it still warrants further investigation and attention. Secondly, it was difficult to recruit 

fishing industry representatives to participate in this study (during the interview phase of chapter 

5). This may perhaps be indicative of a lack of trust between fishers and academics, or 

alternatively may indicate research fatigue among that stakeholder group (e.g. they have been 

asked to participate in multiple interviews and surveys with local research institutions and feel 

that they have not benefitted from their time and knowledge contribution). 

Several future research opportunities exist that may enhance the adaptive capacity of fisheries, in 

both Australia and around the world. For example, management strategy evaluations are 

required, and simulation modelling of management strategies options to see which strategies 

would provide the best potential outcomes for fisheries productivity, human communities, 

management priorities and goals, and marine ecosystems would help with this. Once the fisheries 

management adaptation options are identified that will have the best projected outcomes for the 

most marine stakeholders and systems, fishers could be surveyed to increase understanding of 

the level of industry acceptance each management adaptation option may accrue, and how these 

management adaptations may best be brokered to industry for greatest acceptance and 

willingness to forego short-term gains for long-term gains. Additionally, future research could 

focus on exploring ways to improve scientific literacy among the public, decision-makers, and 

industry, which through implementation would enhance understanding and acceptance of climate 

change issues among these groups, and therefore increase the adaptive capacity of a system. 

This thesis identified that there are still large gaps within Australian fisheries species climate-

related research. Therefore, filling some of these knowledge gaps around the biological and socio-

ecological impact that climate change may have on fisheries species will help advance and 

improve climate preparedness and adaptation within government and industry. However, this 

thesis did not consider the extent to which commercial fishery species are considered within 

literature at a higher taxonomic or ecosystem level. Literature at this higher level relating to 

climate effects and implications can still be valuable for informing climate preparedness and 

adaptation within fisheries. In the case of some species (e.g. less economically valuable species) 

this may currently be the only option for scientifically informed management strategies, 
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particularly as time is running out for knowledge gathering and management should imminently 

switch to the implementation of climate adaptations. 

There is also a need to evaluate potential new fisheries and invest more in forecasting research. 

For example, determining the long-term strongholds for certain wild species, determining what 

species are shifting into local waters, and determining the potential for developing a new fishery 

with shifting species. For example, future potential fishery species options may be forecast using 

citizen science data like Redmap Australia (www.redmap.org.au), which collects data of ‘out-of-

range’ species observations around Australia (Pecl et al., 2019b, Pecl et al., 2014a). After 

identifying species shifting into a location that have potential (e.g., species that are already 

harvested commercially elsewhere and have existing markets), management strategy options 

could be explored in advance (Chapter 5), such as by creating and utilising a detailed species 

profile. For example, this profile could explore what management strategies are currently in place 

for existing fisheries in other regions and if they are effective at maintaining a sustainable fishery, 

if the species is identified as a pest or invasive species anywhere, and what the potential is for the 

species to become a pest in the new location if populations are left unchecked. 

 

7.6. Conclusions 

In conclusion, through this thesis I have provided a combination of qualitative and quantitative 

assessments of the current state of fisheries preparedness for climate change and climate 

adaptation in Australia, building on the current literature that encourages the importance of 

adaptation and proactive response to climate change. I have explored the current obstacles and 

required changes necessary to drive climate adaptation forward. In a broader international 

context, there is an urgent need to move fisheries climate adaptation from the planning and 

discussion phase to the action and implementation phase, to proactively respond to climate 

change and the socio-ecological implications. Although having more knowledge in some areas 

would be desirable, the capacity to implement effective climate adaptation strategies is still 

present without it. Driving climate adaptation in fisheries forward will have long-term benefits of 

protecting human health and wellbeing, including livelihoods and food security, as well as 

ecosystems and biodiversity into the future. 
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Abstract 

Proactive and coordinated action to mitigate and adapt to climate change will be essential for 

achieving the healthy, resilient, safe, sustainably harvested and biodiverse ocean that the UN 

Decade of Ocean Science and sustainable development goals (SDGs) seek. Ocean-based mitigation 

actions could contribute 12% of the emissions reductions required by 2030 to keep warming to 

less than 1.5ºC but, because substantial warming is already locked in, extensive adaptation action 

is also needed. Here, as part of the Future Seas project, we use a “foresighting/hindcasting” 

technique to describe two scenarios for 2030 in the context of climate change mitigation and 

adaptation for ocean systems. The “business-as-usual” future is expected if current trends 

continue, while an alternative future could be realised if we were to effectively use available data 

and knowledge to push as far as possible towards achieving the UN SDGs. We identify three 
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drivers that differentiate between these alternative futures: (i) appetite for climate action, (ii) 

handling extreme events, and (iii) climate interventions. Actions that could navigate towards the 

optimistic, sustainable and technically achievable future include:  

(i) proactive creation and enhancement of economic incentives for mitigation and 

adaptation; 

(ii) supporting the proliferation of local initiatives to spur a global transformation;  

(iii) enhancing proactive costal adaptation management; 

(iv) investing in research to support adaptation to emerging risks;  

(v) deploying marine-based renewable energy;  

(vi) deploying marine-based negative emissions technologies;  

(vii) developing solar radiation management approaches; and  

(viii) deploying existing and new solar radiation management approaches to help safeguard 

critical ecosystems.  

  

Introduction 

The world is undergoing a period of unprecedented warming (Cheng et al, 2019) which has been 

characterised as a climate emergency (Ripple et al. 2019). A critical decade now lies ahead to 

adapt human and natural systems and to act to keep ongoing warming below catastrophic levels 

(Hobday and Cvitanovic 2017; Cvitanovic et al. 2018; IOC, UNESCO 2019; Ryabinin et al. 2019). 

Current global trends in greenhouse gas emissions will lead to at least 1.5°C of atmospheric 

warming by 2030-2050 (relative to preindustrial) and at least 3°C by 2100 (Rogelj et al. 2015; IPCC 

2019), and half the world’s population already experiences temperatures 1.5°C warmer than 

preindustrial (Brierley et al. 2019). This level of climate change is currently having and will 

continue to have ongoing significant impacts on the ocean, marine ecosystems and reliant socio-

ecological systems (Bindoff et al. 2019). These changes and associated impacts are very likely to 

be outside the range of variability under which modern society and ecosystems have developed 

and therefore actual impacts are still not fully understood.  

The warmest ocean ever was recorded in 2019, beating 2018, which in turn exceeded the 

previous record year, 2017 (in terms of total heat content; Cheng et al. 2020). Extreme climate-

driven events, such as droughts, extreme rainfall, floods, and atmospheric and marine heatwaves 

are predicted to become more frequent and severe (Oliver et al. 2019), and in many locations 

increased severity and frequency of extremes is already evident (Cai et al. 2015; O’Gorman 2015; 

Oliver et al. 2017, 2018). These changes in the physical environment will in turn lead to changes in 
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the distribution, abundance and dynamics of marine life (Melbourne-Thomas et al. 2020 this 

issue; Ward et al. 2020 this Issue; Pecl et al. 2017, 2019b and see www.redmap.org.au), 

emergence of new habitats (e.g. coral reefs extending polewards in Japanese waters; Kumagai et 

al. 2018) and disruption and/or decline of iconic habitat-forming species and ecosystems, such as 

kelp (Arafeh-Dalmau et al. 2019), coral reefs (Hughes et al. 2017) and mangroves (Bergstrom et al. 

in review; Magnan et al. 2019) in their current locations.  

Mitigation (i.e. reducing greenhouse gas emissions; see glossary in Table 1) is the frontline 

response, and ocean-based mitigation actions have the capacity to contribute 12% of the 

emissions reductions required by 2030 to keep global average warming to less than 1.5ºC (Hoegh-

Guldberg et al. 2019). In addition to reducing greenhouse gas emissions, activities that aim to 

reduce accumulation of heat in the atmosphere (either by removing greenhouse gases or by 

increasing the proportion of solar radiation that is reflected rather than absorbed) are gaining 

increasing attention (McGee et al. 2018; GESAMP 2019) and are implicit in keeping warming 

below 1.5ºC. Even with radical reduction in greenhouse gas emissions, many proximate effects of 

warming are unavoidable (Fig. 1, top row). 

The nature, scope and scale of current and future ‘locked in’ climate change impacts will be 

extensive and mean that the human and biological/ecological responses required to minimise 

ecological and societal repercussions will also be outside the bounds of previous human 

experience (Díaz et al. 2019). Adaptation interventions (i.e. those actions specifically aiming to 

minimise impacts of ‘locked in’ change; see glossary in Table 1) can nonetheless be effective in 

reducing realised impacts (Gattuso et al. 2018). These adaptation interventions focus on 

proximate impact pathways, reducing exposure and sensitivity to impact drivers, and/or on 

building adaptive capacity (Fig. 2; Creighton et al. 2016, Ogier et al. 2020).  

In addition to adaptation interventions, mitigation interventions will be essential to dampen the 

overall degree of climate change and higher-level impact pathways (Fig. 1; Gattuso et al. 2018; 

Hoegh-Guldberg et al. 2019), and in doing so, reducing the overall level of required adaptation in 

the medium to long-term (Fig. 2). The novel scope and scale of required responses means that 

there is also considerable uncertainty and risk associated with unintended consequences of 

responses (Howard et al. 2017; Reif and Osberghaus 2020). While decisive action is essential (IPCC 

2019; Melbourne-Thomas et al. 2019), success will be contingent upon social processes and 

governance systems that facilitate proactive and adaptive responses in a way that reduces risks 

and costs and maximises benefits (Gattuso et al. 2018; Williams et al. 2019). Success will also be 
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contingent on coordinating across autonomous (e.g. industry and non-governmental adaptation) 

and planned adaptation responses (see Howard and Pecl 2019 and Pecl et al. 2019a). 

Substantial work on the likely impacts of climate change upon the ocean and related ecological 

and human systems has been undertaken to date and synthesised in the IPCC reports (Pachauri et 

al. 2015; Bindoff et al. 2019; IPCC 2019). While considerable research has focused on developing 

adaptation strategies (Hinkel et al. 2013; Wylie et al. 2016), little of this has been on 

implementing or optimising those strategies with regard to competing or complementary actions 

(Williams et al. 2019), or on assessing the suitable mix of adaptation and mitigation actions. 

In this paper, we build upon this previous work by using a foresighting scenario analysis technique 

to envision two alternative possible futures for society and global systems by 2030, in the context 

of the challenge of climate change adaptation and mitigation. The 2030 time horizon aligns with 

evidence that the next ten years are a ‘critical’ decade for action on climate change. The 2030 

timeframe is also useful as it means that our analyses can inform priorities for the UN Decade of 

Ocean Science for Sustainable Development (2021-2030; IOC, UNESCO 2019; Ryabinin et al. 2019) 

and also represents a time-frame in which local communities feel a greater sense of stewardship 

and are empowered to act to prepare for future changes. The UN Decade of Ocean Science aims 

to “support efforts to reverse the cycle of decline in ocean health and gather ocean stakeholders 

worldwide behind a common framework that will ensure ocean science can fully support 

countries in creating improved conditions for sustainable development of the Ocean”, and 

recognises that adaptation strategies and the implementation of science-informed policy 

responses to global change are urgently needed (IOC, UNESCO 2017, 2019). 

Scenario analysis has been chosen as the focal method for this paper due to the high levels of 

uncertainty and complexity inherent in marine socio-ecological systems (McDonald et al. 2019b). 

The first scenario is the “business-as-usual” scenario (Nash et al. 2020 this issue). It is important to 

note that this business-as-usual scenario is not necessarily a “worst case” – and does not assume 

there will be no increase in adaptation and mitigation efforts. Instead, the business-as-usual 

scenario assumes that current trends will continue – in terms of both the rate of adaptation and 

mitigation action and the behaviour of actors (individuals, civil society, corporations, national 

governments and others).  

The second future is the aspirational, optimistic, but also technically achievable “sustainable” 

scenario that could be realised if currently-available data and knowledge were used to push as far 

as possible towards achieving the UN Sustainable Development Goals (SDGs; Norström et al. 

2014; United Nations 2015; see Nash et al. 2020 this issue for additional context). The SDGs are 
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used as guideposts for this sustainable future, acknowledging that this still entails unavoidable 

value judgements and trade-offs within and between goals (Nash et al 2020; Nilsson et al. 2016). 

In this optimistic, sustainable scenario both effort and behaviour of actors is most in line with 

what is needed to achieve SDGs that could be feasibly achieved. The additional value of the 

sustainable scenario is to move beyond usual impact projections to explore the governance 

and/or policy choices that might be made at various scales (i.e. international, national, sub-

national/regional) to arrive at a more desirable future for the ocean (i.e. one more closely aligned 

with the UN SDGs) in the context of rapidly changing climate. The sustainable scenario is designed 

to highlight and create the vision of what is technically achievable if society “chooses” to work 

collaboratively towards the best outcome technically possible. While 2021—2030 is a critical 

decade in which decisive mitigation action is essential in order to avoid dangerous levels of 

warming (IPCC 2014; IPCC 2019; World Meteorological Organization 2019), we recognise that 

mitigation actions are unlikely to have substantial discernible effects by 2030. In addition to 

underscoring the importance of mitigation, we also aim to highlight adaptation related 

interventions, that may also contribute to delivering the SDGs, aiming to position the ocean for 

the best possible future post-2030.  

 

Methods 

We used the approaches described in Nash et al. (2020 this issue) to consider key assumptions, 

develop scenarios and identify pathways to alternative futures for the ocean given the challenge 

of climate change adaptation and mitigation. This approach was an iterative forecasting-

hindcasting process (Fig 2) involving expert elicitation and consultation through a series of 

workshops and meetings. The process included the interdisciplinary author team, which 

comprises psychology, anthropology, law, governance, management, oceanography, ecology,  

socioecological, climate science and economics experts, and traditional knowledge leadership (see 

Figure S1) and with research experience spanning XX countries. The team also consulted with an 

international group of Traditional Owners and Indigenous knowledge holders, and community 

representatives (see Mustonen et al. In review and Fischer et al. 2020 for more details). 

Throughout the process described below, iteration over the course of several workshops and 

active engagement of the full author team in workshop discussions and writing helped avoid 

potential problems arising from linguistic uncertainty (Carey and Burgman 2008).  

Specifically, we first identified the scope of the challenge (as outlined above in the introduction) 

and evaluated how the key assumptions underlying scenario development for 2030 ocean futures, 
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as articulated by Nash et al. (2020) were relevant in the context of climate change adaptation and 

mitigation. These key assumptions describe by Nash et al (2020) are that: human populations will 

continue to increase; the globe is locked into a certain degree of warming; no new major 

international agreements will be commenced; no emergence of new large-scale conflicts; 

resource use patterns will continue; and knowledge production will continue. 

Next we brainstormed drivers of change (i.e. key factors with potential to impact capacity for 

adaptation and mitigation in the ocean in the context of the SDGs, over the next decade) and then 

arranged them into natural groupings and used expert judgement in an expert setting to distil a 

set of umbrella drivers (Image S1, Table S1). These umbrella drivers represent ‘axes’, where the 

direction of action along each of the axes differentiates between a “business-as-usual” vs. 

“sustainable but technically achievable” 2030 future, aligned with the SDGs, in the specific 

context of climate adaptation and mitigation. We next considered the status of the drivers today 

relative to the two possible futures (Table S1) and developed evidence-based narratives for each 

future as a basis for the descriptions presented here. These narratives subsequently provided a 

basis for a ‘backcasting’ process (Robinson 1990; Nash et al. 2020) in which we developed a set of 

actions related to each driver that, together, could underpin a pathway to move away from the 

business-as-usual trajectory to the more desirable/optimistic sustainable future. For each of these 

actions we considered risks of costs arising and potential benefits (Table S2), as well as how, when 

and at what spatial scale they would need to be enacted to realise the more sustainable 2030 

future. 

In addition to the methods described above, the co-authors on our paper who were members of 

the Future Seas Indigenous and Traditional Working Group engaged in scenario development (like 

all members of our author team) and also facilitated a dialogue with all the members of the 

Indigenous and Traditional Working Group (http://futureseas2030.org/our-team/) to ensure that 

key messages relevant to First Nations Peoples and marine climate change mitigation and 

adaptation were included (see Table 2, and Fischer et al. 2020 this issue). 

 

Drivers that distinguish pathways to alternative futures 

We identified three overarching high-impact, high-influence drivers of human responses for the 

challenge of climate change adaptation and mitigation for the ocean: (i) extreme events; (ii) 

interventions; and (iii) appetite for climate action. As noted above, these drivers represent key 

axes that differentiate between the alternate futures, in the specific context of climate change 

adaptation and mitigation for the oceans. These umbrella drivers – extreme events, interventions 
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and appetite for climate action – are closely related and linked to one another as explained 

below (Fig. 3). 

Here, we consider extreme events as biophysical occurrences that have been statistically 

rare/unusual during recorded human history (i.e. over the past several thousand years) and that 

have significant ecological and socioeconomic impacts, outside normal variability (Smith 2011). 

These are occurrences far from the mean state (Harrington et al. 2019; Bellprat et al. 2019), and 

in the ocean context they include events such as coastal storms, extreme rainfall, storm surges, 

coastal flooding events, typhoons, hurricanes, marine heatwaves, anoxic events, and upwelling of 

acidified water as well as outbreaks of harmful algal blooms and other pathogens and diseases 

(including the emergence of new pathogens and diseases, Coffey et al. 2019). These extreme 

events often bring sudden and dramatic impacts for marine ecosystems, coastal communities and 

infrastructure (Marshall et al. 2013). Although it may be difficult to predict the exact timing of 

such events, in many parts of the world their frequency or intensity is expected to increase 

substantially in coming decades (Oliver et al. 2019). For example, many of Australia’s coastal cities 

can expect to experience what was previously a once-in-a-century extreme coastal flooding event 

at least every year by 2050, and more intense tropical cyclones (CSIRO and Bureau of 

Meteorology, Australia 2015; Webb and Hennessey 2015). 

In the context of the challenge of climate change adaptation and mitigation, the business- as-

usual vs. sustainable alternative futures are largely differentiated by the way that these extreme 

events are handled. Business-as-usual is characterised by predominantly reactive management, 

with little coordination and knowledge-sharing among actors and across scales.  The sustainable 

alternative future is characterised by forward-looking and proactive management, with extensive 

cooperation and knowledge sharing and a focus on long-term prevention (mitigation).  

Interventions are technical human activities specifically directed at reducing the magnitude of 

climate change (mitigation and carbon dioxide removal technologies) and/or dampening climate 

change impact pathways (adaptation and solar radiation management; Figs 2 and 3). As an 

umbrella driver in the context of climate change adaptation and mitigation, the term 

“interventions” encompasses the innovation, research and development of new technologies and 

approaches (i.e. the development of tools that can be deployed to achieve adaptation, solar 

radiation management, mitigation and carbon dioxide removal), as well as the manner in which 

interventions are deployed. The business-as-usual vs. sustainable but technically achievable 2030 

futures are differentiated by the degree of targeted investment, cooperation, knowledge-sharing 
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and coordination across scales in both technological development and the deployment of 

interventions.  

Appetite for climate action, in the context of the challenge of climate change adaptation and 

mitigation, is the degree to which society supports, demands and is “willing to pay” for decisive 

action and interventions on climate change adaptation and mitigation. We assume that appetite 

for climate action will grow in response to increasing frequency and intensity of extreme events 

and the escalating economic and social costs exacted by them. This assumption has been 

supported by the response to the 2019/20 Australian bushfire crisis from the Australian public, 

with wide-spread calls for changes in government policy to address climate change issues (Walker 

2020). The COVID-19 (SARS-CoV-2) global pandemic has also shown that governments can rapidly 

mobilise human and financial resources in response to life-threatening emergencies, using 

measures that have negative economic impacts, and still get broad support from society.  

We also expect that appetite for climate action will be strengthened by success stories (i.e. 

tangible examples of targeted interventions and local actions with clear positive outcomes) in the 

short-term, and in the longer-term by education and engagement activities that build public 

awareness and pathways for action. In turn, we expect that as awareness and appetite increase, 

engagement in climate action is also expected to increase so that these activities compound and 

build momentum over time.  This would involve the development of a shared collective goal 

focused on value held for, and engagement in, climate action activities which sustains such 

activities in the long-term. Conversely, we expect that appetite for climate action may be 

diminished by failed interventions and maladaptation (McDonald et al. 2019b), and that 

inadequate public education and engagement will lead to less appetite for action (Fig. 2; Kahan et 

al. 2012). Appetite for climate action is thus influenced by risk perception and effectiveness of 

actions. Because of the urgency to take actions to reduce climate change, the interventions 

required to both mitigate and adapt to climate change will be outside the range of business-as-

usual actions. While some interventions may in themselves be perceived as risky, the sustainable 

scenario will be characterised by better accounting for the risks of inaction. An important nuance 

here is that our expectations for the relationship between appetite and successes vs. failures 

pertain to targeted interventions and local actions with effects that are clearly tangible. In this 

sense, not all successes will be ‘success stories’, that may be expected to build appetite for 

climate action. For example, successful large scale adaptation and mitigation strategies (e.g. 

national public policy, strategy and investment) may lead to questions around why the cost is 

necessary (see Singh et al 2019 for a discussion of these dynamics in the context of climate 
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impacts and future consequences across SDG targets). This underscores the importance of 

leveraging identifiable success stories. 

A key aspect of appetite for climate action that differentiates between a business-as-usual vs. 

sustainable future is the willingness of individuals to bear some personal cost to support 

adaptation and mitigation. The business-as-usual scenario sees limited support and demand for 

adaptation, mitigation and climate intervention activities, provided they do not incur substantial 

cost or inconvenience. In contrast, in the sustainable scenario, society strongly supports and 

demands decisive action, and individuals are willing to personally bear costs to support wider 

benefit (i.e. are more altruistic). 

Repair and recovery from extreme events is often costly, both financially and psychologically 

(Norris et al. 2002a). We assume that a proactive, cooperative and coordinated approach to 

handling extreme events will help build appetite and self-efficacy for climate action, while a 

reactive, fragmented approach may ultimately undermine appetite through “compassion fatigue” 

(Moeller 1999; Höijer 2010). Extreme events can and will disrupt adaptation and mitigation 

intervention efforts. For example, coastal flooding, storms and heatwaves can impact seagrass 

and mangrove communities (Babcock et al. 2019), so may be expected to affect the success of 

seagrass and mangrove restoration efforts, and storms can damage mitigation infrastructure such 

as offshore wind farms (Rose et al. 2012), as well as impair the psychological safety and mental 

health of those human communities impacted (Norris et al. 2002b). 

 

Table 1. Glossary of key terms 

Adaptation We follow the IPCC’s definition of adaptation as “the process of adjustment 

to actual or expected climate and its effects. In human systems, adaptation 

seeks to moderate or avoid harm or exploit beneficial opportunities. In 

some natural systems, human intervention may facilitate adjustment to 

expected climate and its effects” (IPCC 2014).  

Adaptation includes both autonomous adaptation (by industry and non-

governmental groups) and planned adaptation (by governments, in which 

governance instruments and actions support or mandate adaptation). 

Carbon dioxide 

removal 

Activities that remove greenhouse gasses from the atmosphere, including 

through afforestation and reforestation (mangrove and sea grass 

restoration and kelp farming in the marine context), bioenergy with carbon 



248 

 

capture and storage, iron fertilisation, direct air carbon capture and storage 

and advanced mineral weathering. 

Extreme events Biophysical occurrences that have been statically rare/unusual during 

recorded human history (i.e. over the past several thousand years) and that 

have significant ecological and socioeconomic impacts, outside normal 

variability. While rarity of occurrence is often part of the definition of 

extreme events, we use the term to encompass high-impact events that 

may occur with increasing frequency under climate change. 

Mitigation We follow the IPCC’s definition of mitigation: “a human intervention to 

reduce the sources or enhance the sinks of greenhouse gases” (IPCC 2014). 

Solar radiation 

management 

Activities that reduce the accumulation of heat in the atmosphere by 

increasing the proportion of solar radiation that is reflected rather than 

absorbed. Solar radiation management activities include the stratospheric 

injection of sulphate aerosols and marine cloud brightening. 

 

Below we outline narratives, framed by these umbrella drivers, for today and the business as 

usual and sustainable but technically achievable scenarios for 2030. 

 

Today’s narrative: Current status, trends and key challenges for mitigation and adaptation 

Worldwide, unprecedented negative impacts on marine ecosystems and dependent communities 

are already manifesting as a result of rising sea level, coastal storms, marine heatwaves and other 

factors (Oliver et al. 2017; Smale et al. 2019; Babcock et al. 2019). Storms that erode coastal 

habitats and flood low-lying areas are exacerbated by patterns of coastal urbanisation in many 

countries (Magnan et al. 2019). Climate impacts may work synergistically and exacerbate non-

climate drivers. Growing human populations put enormous pressure on coastal ecosystems (Dutra 

et al. 2018; Abelson 2019). Highly populous coastal nations, such as Bangladesh, and small island 

developing states (SIDS), today already face serious and escalating threats from extreme events 

such as flooding (IPCC 2019) and cyclones (Dastagir 2015; Dewan 2015). Due to their lower 

income (“developing”) status, these states generally do not have the resources to manage this 

pressure in an environmentally sustainable way without assistance. Many are increasingly vocal in 

asserting their need for support from wealthier (“developed”) nations (Ciplet et al. 2013) although 

it can be difficult to quantify exactly what constitutes effective adaptation aid (Donner et al. 
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2016), and the assessment is rarely made by those with the greatest need and least access to 

power and capital. 

Present-day energy use remains largely reliant on fossil fuels which are often government-

subsidised (Victor 2009; Climate Transparency 2018). As a result, greenhouse gas emissions have 

increased on average 1.5 % per year in the last 10 years (United Nations Environment Programme 

2019). The opposite is necessary if the world is to achieve the Paris Agreement goal of limiting 

warming below 1.5-2oC by the end of the 21st century (IPCC 2014, 2019). Incentives for clean 

energy transitions at household, industrial and sector scales are generally insufficient to drive 

change (Miller et al. 2013; Burke and Stephens 2018). There is a disconnect between local-level 

actions to reduce CO2 emissions and the national- and global-level policy shifts and level of 

coordination required to achieve energy transformation (Rosenzweig et al. 2010; Rogelj et al. 

2015). This has inhibited the development of shared behavioural norms that would support the 

development and sustainment of actions that could result in clean energy transition (Miller et al. 

2013; Climate Transparency 2018). This lack of coordination can also serve as a source of 

confirmation bias amongst climate skeptics, who leverage the argument that government inaction 

must mean that climate change is not real or poses no real threat to our planet (Carey 1986; 

Morgan et al. 2002; Wilburn King 2019).   

Mitigation interventions (those that will prevent or slow rates of greenhouse gas emissions) are 

currently being widely explored, including for ocean systems. In some places, they are already 

being trialled or deployed, albeit in an ad-hoc and uncoordinated manner (Gattuso et al. 2018). 

‘Low-hanging fruit’ options for ocean-based mitigation include increased use of tidal, solar, wind 

and wave energy generation, as well as transitioning to electric power and/or hydrogen for 

shipping (Hoegh-Guldberg et al. 2019; Fig. 1).  

There is growing recognition that such mitigation efforts alone cannot prevent overshoot of the 

Paris Agreement target of limiting warming to between 1.5 and 2oC (IPCC 2014), and warming of 

3 to 5oC is expected if the current path is not substantially changed (World Meteorological 

Organization 2019). This is prompting closer consideration of the large-scale deployment of 

carbon dioxide removal technologies to augment mitigation efforts, including the expansion of 

kelp farming and the fertilisation of ocean to promote phytoplankton growth (Williamson et al. 

2012; Sondak et al. 2017; Boyd and Vivian 2019). However, these approaches, for the most part 

retain carbon within the carbon cycle, and true carbon sequestration – where carbon is taken out 

of the carbon cycle – will be necessary in the medium to long-term (GESAMP 2019). The 

feasibility, benefits/costs and risks to ecosystems and resources of various marine-based carbon 
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dioxide removal interventions are still being evaluated but there have been very few field 

experiments (GESAMP 2019). National and international laws and associated institutions contain 

significant restrictions on research into marine-based carbon dioxide removal and currently fail to 

provide an adequate framework for regulating deployment of new carbon dioxide removal 

technologies (McGee et al. 2018; C2G2 2019), or other unconventional and innovative 

interventions (Fidelman et al. 2019). Further, should such legal/regulatory frameworks exist, they 

will need to be augmented with provisions to allow for experimental policy trials of novel 

unconventional interventions (adaptive management) and appropriate reinforcers for 

compliance. Typically, such reinforcers involve the use of punishment for non-compliance. 

However, researchers have consistently demonstrated that employment of a combination of both 

positive reinforcement (i.e. reward for compliance) and negative reinforcement (i.e. removal of a 

negative outcome in reward for compliance) to guide values-based decision-making results in 

greater adherence than risk of punishment alone (Morris and Cushman 2018).  

The prospect of exceeding the 2oC threshold for dangerous climate change is also stimulating 

debate over the use of interventions to temporarily manage incoming solar radiation and hold 

temperatures in check while mitigation occurs (Boyd and Vivian 2019). Marine cloud brightening 

is already under consideration at local and regional scales, while stratospheric aerosol injection 

would need to occur at the planetary-scale (GESAMP 2019). Research and development into the 

feasibility, efficacy and risks of these technologies is still in early stages. Currently, there is public 

resistance to solar radiation management interventions, but support for research into their 

efficacy (Scheer and Renn 2014). There is no established legal framework currently in place to 

manage the risks and distributive impacts of such interventions, but a growing number of 

researchers are exploring the potential for existing national and international law to fill this gap 

(McDonald et al. 2019a; Fidelman et al. 2019). 

Adaptation interventions for ocean systems may target protection or enhancement of:  

• key species (e.g. iconic species, Hobday et al. 2015; economically valuable species, Caputi 

et al. 2016; Pratchett et al. 2017; or habitat-forming species like seagrasses, mangroves 

and macroalgae, Duarte et al. 2013);  

• entire habitats or communities (e.g. coral reefs, kelp forests; seafloor communities, Miller 

et al. 2018; Tittensor et al. 2019); and/or 

• dependent humans, economic sectors, and social systems (e.g. relocation of communities 

from low lying areas prone to sea-level rise and storm surge, Magnan et al. 2019); 
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Adaptation interventions may also seek to anticipate and adapt to changes such as an arrival 

and/or increase in abundance of new species (Spijkers and Boonstra 2017, Melbourne-Thomas et 

al. this issue; Fig. 1). To date, adaptation interventions have predominantly been limited to single 

species rather than taking an ecosystem approach and have been ad hoc rather than 

systematically planned and coordinated across jurisdictions (Pecl et al. 2019a). 

The current variety and intensity of impacts and extreme events already stretches existing marine 

management capacity (Glasser 2019; Dutra et al. 2019). Coordination of mitigation and 

adaptation intervention activities across scales of governance is lacking (Di Gregorio et al. 2019). 

Currently, there is little in the way of systemic political or cultural will to support widespread 

adoption of adaptive marine governance (Serrao-Neumann et al. 2016), and there is a general lack 

of capacity to minimise climate risk.  Public support for climate action is linked to values-based 

worldviews (Moser 2010; Lockwood et al. 2012), levels of education and scientific literacy, as well 

as localised understanding and experience of impacts, i.e. personal salience (Egan and Mullin 

2012; Scannell and Gifford 2013). Experience of coastal erosion, species range shifts and impacts 

of marine heatwaves (e.g. coral bleaching) all have the potential to galvanise support for both 

stronger ocean-based mitigation and adaptation efforts. Some highly-affected communities (e.g. 

small island states) are now mobilising to take local action (Worland 2019) and put pressure on 

wealthy nations to address climate change issues (Spratt and Dunlop 2019).  

The international framework for disaster prevention and response recognises climate change as a 

major cause of disasters that impact human settlements (UNDRR 2015). However, the disaster 

risk reduction components focus on adaptation; climate mitigation is not yet widely viewed as a 

major factor for reducing risk of disasters (McDonald and Telesetsky 2019). Most countries have 

some form of disaster policy that addresses the full spectrum of all-hazards prevention, 

preparedness, response and recovery actions and priorities (UNDRR 2019). Coastal adaptation 

strategies aim to avoid exposure, accommodate impacts, retreat from already-exposed areas or 

protect against impacts. Retreat and relocation are already happening in island states (e.g. 

Indonesia has officially announced plans to relocate its capital because of sea level rise and the 

village of Vunidogoloa in Fiji was relocated in 2014) with potential inundation of whole atoll Island 

States (e.g. Tuvalu, Kiribati and Marhsal Islands; Spratt and Dunlop 2019). However, the 

construction of hard coastal protections is currently the preferred adaptation strategy in heavily 

developed coastal regions (Munich RE 2017), over accommodation or retreat. For example, an 

estimated 14% of the total US coastline and 60% of the total coastline of mainland China has been 

armoured (Ma et al. 2014; Gittman et al. 2015). Seawalls and other structures have adverse 

impacts on adjacent areas and coastal processes as they prevent inland migration of wetlands and 
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mangroves and can accelerate loss of beaches and tidal wetlands. This can lead to additional 

impacts on biodiversity and loss of the environmental services they provide (Höijer 2010; Gittman 

et al. 2015). The capacity of seawalls and other hardened structures to prevent damage to the 

infrastructure behind them will also be reduced as climate impacts worsen (Donner and Webber 

2014). Protective structures are already damaged during extreme events, (e.g. the east coast of 

the US following superstorm Sandy), but public sympathy for affected communities typically 

results in maladaptive political decisions to rebuild and fortify, rather than consider managed 

retreat or relocation options (Frazier et al. 2010).  

To date, adaptation to extreme marine events such as heatwaves and upwelling of acidified water 

has been patchy, bottom-up, and reactive (Howard and Pecl 2019). Closing fisheries until recovery 

has occurred is an adaptation action of sorts, as is the restoration of depleted fisheries, such as by 

reseeding abalone (Caputi et al. 2019). Other reactive adaptation efforts include fishers moving to 

areas with cooler water to continue to access the species of interest, or to avoid mortality of 

animals kept in live wells on vessels (Pecl et al. 2019a). Forecasts offer the potential for proactive 

adaptation (Hobday et al. 2016b, a; Champion et al. 2019). Seasonal forecasts of extreme 

warming can allow aquaculture operators to harvest early, change stocking densities, or move 

location of animals that may be impacted. Stockpiling and diversifying product can also allow a 

business to smooth over temporary loss of production during and following extreme events. 

Industries that are exposed to ongoing extreme events may relocate a vulnerable production 

stage and implement technological solutions to support adaptation, as have shellfish farmers 

along the west coast of the US, who have been exposed to frequent upwelling of acidified water 

(Barton et al. 2015; Pershing et al. 2018). 

 

Alternative future narrative 1: Business-as-usual 2030 

In the business-as-usual 2030 extreme events are more common and more severe, and exposed 

coastal regions are facing very high, rapidly increasing costs of protection and recovery from 

events (Fig. 4). These impacts have started to drive displacement of coastal populations in some 

places – both planned and unplanned. As costs of repair and reconstruction rise, property 

insurance has become harder to obtain. In some countries, governments are filling the role as 

‘insurer of last resort’, but demand exceeds available funds. Public funding is further diverted 

from ‘future-proofing’ and resilience-building projects in marine and coastal systems, towards 

post-disaster recovery programs (Tompkins and Eakin 2012; Biagini et al. 2014; Ummenhofer and 

Meehl 2017).  
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Heat stress, disease outbreaks, sedimentation, and increased storms have resulted in dramatic 

loss of warm-water coral reefs in increasingly widespread locations (Hughes et al. 2018, GBRMPA 

2019). Poleward expansion of light-dependent coral species has been limited (with few 

exceptions; e.g.  Yamano et al. 2011) due to life history characteristics (e.g., slow growing, long 

lived, with limited dispersal capacity) and increase in other anthropogenic pressures (e.g. 

pollution, habitat destruction). However, some have begun to expand into deeper water (>50m), 

where non-photosynthesising coral co-exist and may provide refugia for some species (Bongaerts 

et al. 2017). Heat stress and storms have caused mass die-offs in mangrove forests as well as sea 

grasses and macro-algae in some areas (Duke et al. 2017; Babcock et al. 2019). This loss of habitat 

and coastal protection has in turn led to declines and collapses of fisheries, and increased 

exposure of coastal infrastructure and industries to inundation, erosion and storm surges (Ward 

et al. 2016).  

More intense storm and rainfall events further erode coastal habitats (Yoshida et al. 2017; 

Murakami et al. 2017). Hardening of the shoreline remains the adaptation response of choice, 

with further declines in the amenity, recreational, cultural and biodiversity values of beaches and 

coastal ecosystems and the effectiveness of protective infrastructure. The capacity of older 

structures is exceeded in some places, prompting decisions about retreat, removal, refurbishment 

or replacement. Significant displacement of vulnerable coastal communities and low-lying areas is 

occurring, particularly in poorer countries with less capacity to construct large-scale coastal 

defenses (Donner and Webber 2014). Many people have limited options for relocation without 

support. There is greater international pressure to help climate-displaced people, but still no 

commitment internationally (and in some cases hostility) to doing so. There is substantially more 

public attention on how to manage displaced coastal populations, and escalating conflicts 

involving climate refugees, than on the mitigation and adaptation actions to avoid further 

displacement. Imposition of culturally inappropriate responses has, in some cases, led to 

impacted communities rejecting outside help, despite escalating risks (Norris and Anbarasu 2017), 

and indigenous and traditional communities continue to be marginalised and dispossessed in their 

relationship with the ocean (Table 2, Fischer et al 2020, this issue; Tauli-Corpuz et al. 2020). 

Extensive deployment of wind, wave and tide energy projects is providing carbon-neutral energy 

for coastal communities in wealthier nations, but not in poorer countries. Where they have been 

deployed, these renewable energy projects have led to conflicts among marine users (Bax et al. 

this issue; Alexander 2019). Multiple-use platforms that combine aquaculture, renewable energy, 

and other activities show promise for resolving some of these conflicts, but they are yet to be 

deployed at scale. There is also concern that some technologies (e.g. offshore wind) might impact 
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wildlife populations, particularly seabirds (Köppel 2017), but a lack of coordinated observation 

and monitoring across jurisdictions makes assessments of impacts uncertain. The maintenance of 

these installations, including worker access and safety, is of growing concern due to increasingly 

severe ocean storms.  

Kelp farms have been established in some places, aiming to contribute to carbon dioxide removal 

and offsetting, supported by national policies that encourage carbon dioxide removal activities 

(Fig. 4; Chung et al. 2011, Duarte et al. 2017, Froehlich et al. 2019). However, the effectiveness of 

carbon dioxide removal activities has been widely contested, and even if their effectiveness is 

assumed, the scale of deployment has not been adequate to substantially offset the continued 

rise in greenhouse gas emissions. Some nations have attempted ocean fertilisation of their 

waters, including through the dispersal of iron. Results have varied from place to place, but 

overall, the small scale of such fertilisation activities has had no impact on atmospheric carbon 

dioxide concentrations (GESAMP 2019). Carbon dioxide removal efforts (including restoration of 

blue carbon ecosystems such as mangroves and seagrasses) are consistently disrupted by extreme 

events. 

Solar radiation management research has reached the feasibility stage, following small-scale field 

tests of stratospheric aerosol injection and even localised deployment of marine cloud 

brightening over places like the Great Barrier Reef and polar ice-covered areas. A growing number 

of nations increasingly recognise the need to move to full-scale deployment of solar radiation 

management to prevent irreversible catastrophic warming, but there is still no international 

consensus nor international governance regime to manage transboundary risks. Governance for 

high-risk interventions such as stratospheric aerosol injection continues to be piecemeal and 

reactive at a national scale, with little integrated assessment of impacts, knowledge sharing and 

coordination between actors and across countries (McGee et al 2018). The continued 

experimentation with solar radiation management in the absence of strong governance has 

undermined public trust but public support is growing slowly as climate impacts worsen 

(McDonald et al. 2019b; Preston 2013; Scheer and Renn 2012).  

Extreme events are more frequent and intense, as predicted for marine heatwaves and cyclones 

under RCP 4.5 and 8.5 (Gettelman et al. 2018; Oliver et al. 2019). Declines in the productivity of 

many fisheries forecast by the 2050/2055 time horizon are beginning to become evident, 

particularly at low-to-mid latitudes (Cheung et al. 2010; Barange 2014; Rousseau et al. 2019). 

Outbreaks of disease are more frequent (Tracy et al. 2019), leading to substantial losses for 

aquaculture industries (Leung and Bates 2013) and local extinctions of wild populations. Range 
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shifts are leading to species loss from ecosystems in some areas, while new arrivals are creating 

management challenges elsewhere (Melbourne-Thomas et al. 2020 this issue; Spijkers and 

Boonstra 2017; Alexander 2019).  

Despite short term spikes in appetite for climate action during and shortly after extreme climate-

related events, overall, for a range of complex psychological and social reasons (Gifford 2011; 

McDermott and Surminski 2018), human inaction continues to lead to increasing cost and 

increasing inequities. Businesses and individuals try to mitigate their exposure and risk by acting 

on their own, in a range of ways (including choosing not to act; Bercht 2017). The lack of 

coordination and support across multiple levels of society and government means some adaptive 

actions are ineffective (Pecl et al. 2019a) and some even perpetuate the problem (e.g. increased 

energy use from air conditioning). Public and political discourse is centred around ascribing blame 

and arguing about the necessity for or pace of climate action, rather than proactive action 

(Bowles et al. 2015).  

 

Alternative future narrative 2: Sustainable 2030 

In the optimistic, sustainable and technically achievable 2030, as in the business-as-usual 

scenario, the world is feeling the effects of climate change impacts that are already ‘locked in’, 

with more frequent and severe extreme events, inundation of low-lying islands and coastal areas, 

and resulting displacement of coastal populations. However, this future is differentiated from the 

business-as-usual 2030 in that the public is more proactive in understanding the impacts of 

climate change on all marine systems, and there is increased appetite for implementation efforts 

to mitigate and adapt to climate change in ways that promote climate justice, support equity 

(Alexander et al. this issue; Smith et al. this issue), support indigenous and traditional access rights 

(Table 2; Fischer et al. 2020 this issue) and maintain quality of life (Fig. 4). Increased public 

awareness and support for and willingness to bear costs of implementation has created 

opportunities for governments to commit to coordinated regional and global action on mitigation 

and adaptation and for the corporate sector to engage proactively at a sub-national level.  

Governments have responded to the climate crisis and increasing pressure from industry and civil 

society, with commitment to and investment in ambitious mitigation, including marine-based 

renewables and carbon sequestration. Global greenhouse gas emissions have peaked. The large-

scale deployment of a wide range of carbon dioxide removal technologies, governed by robust 

national laws and global policies, is starting to improve prospects of staying below the 2°C 

threshold of the Paris Agreement. Following successful trials in Europe, the US and Australia, 
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multi-use installations are being developed in many parts of the world that deliver co-benefits for 

food and energy production and environmental protection, including by relieving pressure on 

coastal regions (see https://blueeconomycrc.com.au/; Novaglio et al. 202 this issue). The 

international community has also agreed to provide funding to support the roll out of a 

catastrophe insurance scheme for all small island states and developing marine nations (McGee et 

al. 2014) and to assist in the relocation of displaced coastal peoples, responding to loss and 

damage arising from climate impacts that exceed the limits of adaptation.  

Climate change continues to present major risks to marine systems and nations are implementing 

coordinated programs of adaptation options to address unavoidable impacts. These strategies are 

supported by growing public, private and philanthropic funding, and include restoration of 

degraded coastal and marine ecosystems, genetic selection of species to re-populate lost habitats, 

and fisheries management and aquaculture practices that adapt to species redistributions 

(Melbourne-Thomas et al. 2020 this issue), while also balancing food production with sustaining 

biodiversity and other ecosystem services (Farmery et al 2020 and Ward, Layton et al 2020, this 

issue). Local and Indigenous knowledge and cultural practices are valued and prioritised in 

adaptation planning and interventions (Fischer et al 2020), especially in Indigenous Marine 

Protected Areas (‘Sea Country’; Ban and Frid 2018; Ban et al. 2018). Improved management of 

non-climate stressors, including coastal development, over-exploitation of fisheries, and marine 

pollution, is enhancing the adaptive capacity of vulnerable systems, species and human society.  

While there has been significant progress in mitigation action to limit climate change, concern 

over the risks of overshooting 2°C of warming has led to broad international consensus on the 

need for increased research and development into solar radiation management technologies. A 

new international legal framework and supporting national laws provide a robust protocol for 

research, notification, assessment, monitoring and public reporting of solar radiation 

management activities. Solar radiation management research and pilot interventions, in line with 

this protocol, have built public trust (Lacey et al. 2018) while enabling researchers to understand 

the efficacy, cost, and risks of available technologies. Concerns persist over the impacts of 

planetary scale interventions such as stratospheric aerosol injection, but rigorous programs of 

field testing are underway to support readiness of such large-scale interventions if observations 

show that predetermined thresholds are being reached faster than anticipated. There is 

significant support for local and regional marine cloud brightening to protect especially vulnerable 

ecosystems (e.g. reefs and areas of ice) while mitigation activities stabilise levels of warming, 

subject to strong, enforceable, participatory national laws, developed in alignment with 

international laws.  
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Interventions are coordinated across sectors and scaled and aligned with relevant legal 

frameworks and incentives to avoid policy failure and maladaptation. As these climate 

interventions are rolled out, new markets and technologies emerge to collect, interpret, 

synthesise, analyse and distribute information about climate interventions in useful and user-

friendly ways. Continued advances in ecosystem modelling and integration with observations has 

supported development of ‘ecosystem forecasting’ services (in an analogous manner to the way 

that climate observations and models supported the development of weather forecasting services 

in the last century; Gneiting 2005). Extreme events still occur, but prediction and intervention 

help to minimise impacts. Translocations have been successfully used to move species to 

emerging areas of viable habitat and ‘engineer’ emerging ecosystems. Ecological communities and 

dependent human communities have also benefited from the implementation of technological 

advances, such as genetic selection and breeding to support adaptation of ecosystems (e.g. coral 

reefs, mangroves, kelp forests) and improve fish stocks.  

Coastal managers and property owners (local councils, states, individuals) are embracing a more 

adaptive, ecosystem-based approach to coastal management in some coastal cities and Island 

nations (Bax et al., this issue; blueeconomyseychelles.org/; Ajuntament de Barcelona 2020) and 

these are seen as blue prints for the rest of the world. Ecosystem-based coastal management and 

town-planning strategies are aimed at accommodating the impacts of sea level rise and extreme 

events, rather than avoiding or defending against them (Dafforn et al. 2018). Ecosystems remain 

resilient enough to deliver important ecological co-benefits. This new style of integrated adaptive 

coastal zone management is backed by strong policies and laws. Funds saved in shifting from hard 

coastal protection are directed towards supporting vulnerable communities to retreat from highly 

exposed areas. Political leaders remain committed to this long-term strategy, even in the 

aftermath of specific events when there is public pressure to focus only on affected communities.  

Appetite for climate action has built across sectors and scales. Climate action is seen as an 

opportunity to reimagine positive social change (Hulme 2008), rather than a reactionary impulse 

(Fagan 2017), supporting agency and promoting a sense of shared identity within and across 

communities (Scannell and Gifford 2013). Ocean and climate change literacy are core parts of 

school curricula (Kelly et al., this issue), as are critical thinking skills that equip individuals to reject 

misinformation regarding climate change. There has been considerable effort and progress in 

aligning and coordinating adaptation and mitigation efforts across scales (from local to 

international) with strong engagement of both the public and private sectors. Private-sector and 

public engagement has been supported by new incentive schemes such as government grants for 

tax breaks to support adoption of and investment in renewables, with corresponding elimination 
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of perverse incentives such as fossil fuel subsidies for marine fisheries and transport sectors. 

Similarly, incentives and investment has supported knowledge-sharing and cooperation across 

scales and sectors, which has resulted in positive feedbacks of engagement (Jordan et al. 2018). 

There has also been substantial and sustained investment in adaptation planning and disaster risk 

reduction. Adaptation plans, financial mechanisms to deliver blue natural capital benefits (Claudet 

et al. 2020), policies and incentives are implemented to enable structural transformation driven 

by consistent risk reduction frameworks and practical advice (Gibbs 2015) and shared worldviews 

regarding climate change mitigation strategies (McDermott and Surminski 2018). 

 

Table 2: Indigenous and Traditional Views on Ocean Mitigation and Adaptation 

 

There was no part of the world’s Ocean where traditional and Indigenous peoples did not 

travel, visit or know about. Even Antarctic waters were visited by the Maori centuries before 

European exploration of the ocean (see Mustonen et al. 2020 this issue; Hulbe et al. 2010).  

This has also included gendered understandings of the sea, where Indigenous women have had 

a special access and knowledge of their own, such as on Haida Gwaii, on the Western coast of 

Canada (see Fischer et al. 2020 this issue).  

Today when climate change is altering the seas at large we can try to discern some aspects of 

climate change mitigation and adaptation questions from the viewpoint of Indigenous and local 

or traditional knowledge and wisdom. These knowledges have baselines and understandings of 

the ocean of which only a fraction has ever been seen outside of these worlds. 

The past 500 years of marine governance built on the dominion and greed by European settler 

powers has resulted in immense collapse of fish stocks, whale and marine mammal species, 

and other ecosystems across the planet (Díaz et al. 2019). No part of the ocean is unaffected by 

this legacy and on-going expansionist use of the seas (Jouffray et al. 2020). Central to this 

process has been the loss of traditional governance of the seas, a transfer of power from the 

hands of the traditional owners, users and maritime nations of the Indigenous and traditional 

peoples into supra-entities and also unregistered fleets, corporations and organisations that 

take advantage of the “Freedom of the Seas” for their unsustainable uses. 

Climate change affects marine areas in a range of system altering ways, including but not 

limited to warmer waters, loss of coral reefs and habitats, alterations to ocean currents, species 

on the move, unsafe travel at sea, unpredictable weather events, loss of resources both on the 

coasts and at sea, and a range of intertwined events and processes as a part of this regime 

shift. 

We can therefore ask critically what and how can Indigenous and traditional maritime peoples 

do in the context of mitigation and adaptation whilst having lost most of their previous global-

wide access to the sea and her resources. A central answer is a return to Indigenous rights and 

title to the sea where possible, leaving sea and coastal areas to recover and reform in the new 
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normal and support rewilding and restoration work where possible (Fischer et al 2020 this 

issue). Central to these actions are issues of power, equity and resources and lack there-of (see 

Ogier et al 2020 this issue). 

If settler and global powers are serious in their commitment to help Indigenous and traditional 

communities to mitigate harm from global climate change and adapt to the new realities, they 

need to form a new relationship with the sea and her peoples (Frainer et al. in review).  

Some actions can be taken. The first strategic action to take across the global coastal and 

marine environments is to operationalise an Indigenous-science guided pause in development 

and industrial use of marine resources, to allow ecosystems to rebuild, re-connect and re-

organise themselves in this new normal. This can come in the form of ratifying The United 

Nations Declaration on the Rights of Indigenous Peoples (UNDRIP), inclusion of Indigenous 

rights at the national EEZ level, and actively supporting Indigenous participation in international 

for a such as UN processes, including more inclusive participation in the production of IPCC 

reports. 

On a tactical level, some actions may be suggested. They should be always tailored to the local 

context and priorities in a co-governance manner in order to reach long-lasting solutions. For 

food security priorities, quotas should be given to the small-scale fleets and Indigenous 

harvesters (Farmery et al 2020 this issue) as many issues result from industrial scale gear and 

associated by-catch issues. For anadromous fish, e.g. Atlantic Salmon, that migrate from the 

ocean to freshwaters to spawn, ecological restoration and conservation of Indigenous-owned 

catchment areas has proved a partial success in the European North (Brattland and Mustonen 

2018). At the coasts, use of Indigenous knowledge and science can stimulate restoration efforts 

(Goldman 2019) supporting resilience (Jones et al. 2017). For heavily hit communities such as 

low-lying island nations and sea ice-dependent Bering Sea communities in Alaska (e.g 

Shismaref, Unalakleet, and Kotzebue), use of large-scale adaptation ranging from large 

international aid programs through to re-location of whole communities is needed urgently. 

 

 

Navigating the path toward a sustainable 2030 and beyond  

We identified eight overarching actions, associated with our umbrella drivers, that together could 

underpin a pathway toward our sustainable 2030 scenario (Fig. 5, Table S2). For Appetite for 

climate action these are (i) proactive creation and enhancement of economic incentives for 

mitigation and adaptation, and (ii) supporting the proliferation of local actions to spur a global 

transformation. For Extreme events the two key actions we identified are (iii) enhancing proactive 

costal adaptation management, and (iv) investing in research to support adaptation to emerging 

risks. For Interventions we identified four key actions: (v) deploying marine-based renewable 

energy and (vi) negative emissions technologies; (vii) developing solar radiation management 
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approaches; and (viii) deploying existing and new solar radiation management approaches to help 

safeguard critical ecosystems.  

Across all these actions, government, industry, research institutions and civil society (notably non-

government organisations and foundations) all have key roles to play in the short, medium and 

long-term (Fig. 5). Coordination, cooperation and knowledge-sharing across jurisdictions and 

scales will be essential (Gattuso et al. 2018).  

A key cross-cutting message is that decision-makers and other stakeholders need ongoing support 

to understand the risks and benefits of novel interventions, including the risks of doing nothing 

(i.e. ‘risk vs. risk’ tradeoffs). Strengthening communication of co-benefits and trade-offs among 

different adaptation and mitigation interventions will help facilitate this (e.g. Bindoff et al. 2019), 

and concerted effort and targeted research is also needed on maximising the effectiveness of 

science-policy linkage and knowledge exchange (Cvitanovic et al. this issue; Kelly et al. this issue). 

Fostering public support for mitigation, adaptation and geoengineering decisions requires clear 

and transparent reporting of these risk vs. risk and risk/benefit accountings and trade-offs. This is 

not currently supported by relevant laws and policies, which typically focus on narrowly defined 

environmental threats from extractive activity/development, rather than addressing the risk of 

doing nothing and allowing climate impacts to occur unabated. Full accounting of risks and 

benefits does not currently underpin decision-making for marine systems anywhere in the world 

(although some jurisdictions are headed in the right direction with an ecosystem approach). 

Achieving such a full accounting for costs, benefits and risks is among the most pressing needs for 

achieving the ocean we need for the future we want (Ryabinin et al. 2019; Claudet et al. 2020). 

Improved international governance mechanisms are required to ensure coherency in ocean-based 

climate action (Gattuso et al. 2018). Nevertheless, there are many opportunities for adaptation 

interventions that are highly likely to result in substantial tangible benefits (and avoided costs) by 

2030. In contrast, mitigation interventions are not expected to have discernible effects by 2030 

but will underpin avoidance of extreme costs in the longer-term. An important priority is to 

identify those mitigation interventions that are least likely to have negative consequences for the 

ocean, while also adding value to delivering SDGs (e.g. restoration efforts). Renewable energy is a 

‘no-regret’ measure, ready for immediate widespread deployment (Gattuso et al. 2018). There is 

a legitimate concern that a greater focus on adaptation and solar radiation management may 

provide a “moral hazard” dilemma, in that these actions might decrease effort on emissions 

reduction (Preston 2013; McLaren 2016). However, the level of climate change that has already 

occurred (1.1ºC) and that is already locked in for the future (at least 0.4ºC; IPCC 2019) means that 
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mitigation action alone will not be enough to protect human communities from significant costs. 

It is critical to communicate clearly to policymakers and the public that all of mitigation, 

adaptation and solar radiation management are important and action in one area should not be 

to the detriment of resources and effort in another.  

A more comprehensive set of measures to enable greater equity in the delivery of suitable 

outcomes, including rationalisation of the range of incentives that surround mitigation and 

adaptation interventions will also be essential to achieving a 2030 aligned with the SDGs and the 

sustainable scenario that we describe here. In the short term, this could take the form of targeted 

rebates and incentive schemes (e.g. tax breaks), expanding over time to be economy-wide. In 

addition to introducing new incentives, this will also involve removing incentives for 

maladaptation and phasing out perverse subsidies. Governments will likely play a central role 

through grants, funding, rebates and capacity building. Industry engagement will also be 

important, notably from the insurance industry where there is likely to be the opportunity for 

incentives and discounts to encourage adaptation. 

Financial and other incentives for mitigation, adaptation and solar radiation management 

research, development and uptake will need to be coordinated, or at least not conflicting, across 

locations and scales. Uptake of incentives by business and NGOs will be important to ensure that 

they contribute to action, and there is strong potential for targeted investment and leadership 

from industry and civil-society foundations to help catalyze this. In order to be effective, 

incentives will need to have appeal beyond climate change to deliver broad ocean-based natural 

capital benefits – e.g. an adequate system to finance blue economy development, financial 

savings, public perception businesses, and sustainability of organisational practices (Claudet et al. 

2020). Drawing on learning theory principles, incentives need to be desirable (i.e. be relevant and 

of use to the organisation/individual) and allow for regular rewards for early success before being 

offered on an intermittent schedule to develop lasting behavioural change (Cohen et al. 1994). 

Importantly, repeated engagement with the desired behaviour can perpetuate climate action 

beyond the need for incentives through the development of personal values aligned with climate 

action which motivate behaviour to be consistent with such values (Bardi and Schwartz 2003), 

supporting long-term behavioural change (Katz 2011). Public education will be key to achieving 

acceptance and support of new incentive approaches, and NGOs and foundations are likely to be 

well positioned to deploy public education and outreach activities to support this.  

Change at the scale required to achieve the sustainable version of the futures described in this 

paper will require cooperation, coordination, and knowledge-sharing across scales and 
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jurisdictions. An important part of this will be developing the social processes to: recognise, 

acknowledge and respect Indigenous ways of knowing the ocean; allow communities to learn 

from each other, and understand and accept risks and change; and to support the trial and 

implementation of novel solutions in an adaptive manner (Goddard 2016). National and 

subnational governments will need to experiment with ecosystem-based coastal adaptation 

strategies, such as the Netherlands Room for the River Programme 

(https://www.ruimtevoorderivier.nl/english/https://www.ruimtevoorderivier.nl/english/), and 

develop processes for sharing experiences and findings. This also requires development of a 

shared global identity and associated altruistic behaviours when it comes to climate change. Local 

actions also have an important role to play in this context because of their potential to increase 

personal salience and agency, thereby increasing motivation for, and likelihood of, behavioural 

change (Scannell and Gifford 2013). 

 

Conclusions 

The drivers we identify and the pathways for action that they frame are based on repeatable 

methods, but we recognise that (as with all such “expert-driven” processes) they inevitably reflect 

the experience of the authors, and they are not the only possibilities. Restricting ourselves to only 

two scenarios may have also resulted in some possibilities being missed (Cornish 2004). We also 

recognise that the complexities and nested scales of social-ecological systems and context 

dependencies of decision-making processes mean that frameworks specifically designed for 

assessing effects of enviornmental change on ecosytem services and guiding environmental 

management (e.g. Rounsevell et al 2010; Elliot et al. 2017) are needed for guiding specific actions. 

Nonetheless, we hope that this paper provides a useful contribution toward addressing the 

immense challenges currently facing society in responding to the effects of climate change on 

ocean systems. Without such attempts, alternative framings of the future cannot be used to 

motivate actions. The actions required for the sustainable pathway and future are technically 

achievable, but whether many of these actions are ‘realistic’ may ultimately be a matter of 

opinion. We hope that laying out the alternative scenarios and actions that could underpin the 

sustainable pathway will provide inspiration and motivation to help make it both technically 

achievable and clearly realistic. 

Our treatment of the issue of climate change adaptation and mitigation for the ocean, and 

specifically what might be done in this space in the 2021-2030 timeframe to move towards a 

future more aligned with the SDGs, is not intended to be exhaustive. Moreover, the effects of the 
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2020 COVID-19 pandemic mean that some of the drivers and related actions we describe are 

currently in a state of flux. While we do not yet have the evidence to identify how these might 

look once the pandemic has passed, the current disruptions that COVID-19 is causing to the global 

ocean, environment and society may indeed present a platform for change and an opportunity to 

‘reset’ trajectories in the coming decade (as discussed in Pecl et al. 2020 this issue). The 

sustainable future presented here is one option for such a shift. 

Supporting resilient marine social-ecological systems and achieving sustainable development into 

the future both depend critically on urgent and ambitious emissions reductions coupled with 

coordinated, sustained and increasingly ambitious mitigation and adaptation actions. 

Furthermore, strong and intensifying cooperation and coordination among governing authorities 

across spatial scales and planning horizons will be a fundamental enabler for climate action.  

These ingredients, along with strong investment in education and climate literacy, monitoring and 

forecasting, data sharing, and addressing social vulnerability and equity will underpin the future of 

the resilient marine systems that society needs and wants. 
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Figures and Legends 

 

Figure 1. Climate change impacts ‘locked in’ for 2030 (IPCC 2014, 2019) and key ocean-based 

adaptation and mitigation actions (colour coding of icon outlines in bottom panel indicates 

whether actions primarily comprise of adaptation [gold] or mitigation [purple] activities, or may 

include both) 
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Figure 2. Mitigation (blue) and adaptation (green) and interventions to address the impacts of 

climate change. Interventions with a technological focus (often collectively termed 

“geoengineering) are shown in gold. 
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Figure 3. Feedbacks among drivers for climate change mitigation and adaptation responses. 

*mitigation interventions are expected to reduce the frequency and intensity of extreme events 

in the long term, but even under our sustainable scenario, this effect will not be realised by the 

2030 timeline 
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Figure 4.  Business-as-usual vs. optimistic but technically achievable futures for ocean social-

ecological systems 
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Figure 5. Actions and timescales for navigating toward a sustainable 2030 

 

 

 

 

 

 

 

 

 

 

 

 

 



282 

 

Appendix B: Chapter 3 Supplementary Materials 

 

Prepared for change? An assessment of the current state of knowledge to support 

climate adaptation for Australian fisheries 

 

Electronic Supplementary Materials 

 

Hannah E. Fogarty1,2*, Christopher Cvitanovic2,3,4, Alistair J. Hobday2,3, Gretta T. Pecl1,2 

 

1 Institute for Marine and Antarctic Studies, University of Tasmania, Private Bag 49, Hobart, 

Tasmania, 7001, Australia 

2 Centre for Marine Socioecology, University of Tasmania, Private Bag 49, Hobart, Tasmania, 7001, 

Australia 

3 CSIRO Oceans and Atmosphere, Castray Esplanade, Hobart, Tasmania, 7000, Australia 

4 Current address: Australian National Centre for the Public Awareness of Science, Australian 

National University, 2601, Australia  

* Corresponding author: Hannah.Fogarty@utas.edu.au 

 

 

 

Online Resource 1 
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Table 1 The common and scientific names for the 99 species included in this study. ‘Bold’ lettering 

and symbol * indicates the 35 species with literature included in the content analysis. The symbol ~ 

indicates the 53 species with data listed in the SAFS database 

Common Name Scientific Name 
Common Name 

(cont.) 
Scientific Name 

(cont.) 
Common Name 

(cont.) 
Scientific Name 

(cont.) 

Australian anchovy Engraulis australis Giant trevally Caranx ignobilis 

Scalloped 
hammerhead             
* Sphyrna lewini 

Australian herring Arripis georgianus 
Gloomy octopus        
* Octopus tetricus School mackerel Scomberomorus 

Australian sardine 
Sardinops 
neopilchardus Gold spot cod Epinephelus pelagicus 

School prawn          * 
~ 

Metapenaeus 
macleayi 

Baldchin groper         
* Choerodon rubescens 

Goldband snapper     
~ 

Pristipomoides 
multidens 

Silver lipped pearl 
oyster                           
~ Pinctada maxima 

Banana prawn        * 
~ Penaeus merguiensis 

Golden snapper         
~ Lutjanus johnii Snapper Pagrus auratus 

Barramundi             * 
~ Lates calcarifer Golden trevally 

Gnathanodon; 
Gnathanodon 
speciosus 

Southern bluefin 
tuna 
                                   * 
~ Thunnus maccoyii 

Barred javelin Pomadasys kaakan Grass emperor Lethrinus laticaudis 
Southern bluespot 
flathead  

Platycephalus 
speculator 

Bigeye tuna                 
~ Thunnus obesus 

Greenlip abalone   * 
~ Haliotis laevigata 

Southern calamari     
~ Sepioteuthis australis 

Bight redfish Centroberyx gerrardi 
Grey mackerel            
~ 

Scomberomorus 
semifasciatus 

Southern garfish        
~ 

Hyporhamphus 
melanochir 

Billfish (Sailfish) 
Istiophorus 
platypterus 

Grooved tiger prawn 
                                   * 
~ Penaeus semisulcatus 

Southern rock 
lobster 
                                   * 
~ Jasus edwardsii 

Black bream               
* 

Acanthopagrus 
butcheri 

Gummy shark             
~ Mustelus antarcticus 

Southern sand 
flathead                       
~ 

Platycephalus 
bassensis 

Black jewfish               
~ 

Protonibea 
diacanthus 

Jack mackerel         * 
~ Trachurus declivis 

Southern saucer 
scallop                      * 
~ 

Amusium balloti; 
Ylistrum balloti 

Black spot cod Epinephelus coioides 

King George whiting 
                                   * 
~ 

Sillaginodes 
punctatus 

Spangled emperor    
* Lethrinus nebulosus 

Blacklip abalone     * 
~ Haliotis rubra 

King threadfin         * 
~ 

Polydactylus 
macrochir 

Spanish mackerel       
~ 

Scomberomorus 
commerson 

Blacktip shark 1 Carcharhinus tilstoni Longtail tuna Thunnus tonggol 
Spanner crab              
~ Ranina ranina 

Blacktip shark 2 
Carcharhinus 
limbatus 

Mangrove jack           
* 

Lutjanus 
argentimaculatus Spot tail shark Carcharhinus sorrah 

Blue grenadier            
~ 

Macruronus 
novaezelandiae 

Mud crab                 * 
~ Scylla serrata 

Spotted mackerel      
~ 

Scomberomorus 
munroi 

Blue mackerel            
~ 

Scomber 
australasicus 

Mud crab, orange      
~ Scylla olivacea Striped marlin Tetrapturus audax 

Blue sprat 
Spratelloides 
robustus Mullet Liza vaigiensis 

Stripey snapper         
* 

Lutjanus 
carponotatus 

Blue swimmer crab 
                                   * 
~ Portunus pelagicus Perth herring 

Nematalosa 
vlaminghi 

Tailor                            
~ Pomatomus saltatrix 

Blue threadfin 
Eleutheronema 
tetradactylum Pigeye shark 

Carcharhinus 
amboinensis 

Thickskin                      
~ 

Carcharhinus 
plumbeus 

Bluespotted emperor 

Lethrinus 
punctulatus; 
Lethrinus lentjan Pikey bream Acanthopagrus berda 

Tiger flathead             
~ 

Neoplatycephalus 
richardsoni; 
Platycephalus 
richardsoni 

Brown tiger prawn 
                                   * 
~ Penaeus esculentus 

Pilchard                       
~ Sardinops sagax 

Tropical lobster      * 
~ Panulirus ornatus 

Brownlip abalone 

Haliotis cornicopora; 
Haliotis rubra 
cornicopora 

Red emperor              
~ Lutjanus sebae 

WA Dhufish                
~ 

Glaucosoma 
hebraicum 

Bug Thenus orientalis Red spot king prawn Penaeus longistylus 

Western Australian 
salmon                         
~ Arripis truttaceus 

Commercial scallop   
~ Pecten fumatus 

Red throat emperor 
                                   * 
~ Lethrinus miniatus 

Western blue groper 
                                      
* Achoerodus gouldii 

Coral trout               * 
~ Plectropomus spp 

Redbait                        
* Emmelichthys nitidus 

Western king prawn 
                                   * 
~ 

Melicertus 
latisulcatus; Penaeus 
latisulcatus 
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Crimson snapper        
~ 

Lutjanus 
erythropterus Rock flathead 

Platycephalus 
laevigatus 

Western rock lobster 
                                   * 
~ Panulirus cygnus 

Dusky flathead       * 
~ Platycephalus fuscus 

Roe's abalone            
* Haliotis roei Whiskery shark Furgaleus macki 

Eastern Australian 
salmon                     * 
~ Arripis trutta 

Saddle tail snapper    
~ Lutjanus malabaricus 

Whiting                        
~ Sillago ciliata 

Eastern king prawn   
~ 

Melicertus plebejus; 
Penaeus plebejus 

Sandfish (Beche-de-
mer)                             
* Holothuria scabra 

Yellowfin tuna        * 
~ Thunnus albacares 

Eightbar grouper 

Hyporthodus 
octofasciatus; 
Epinephelus 
octofasciatus Sandy sprat Hyperlophus vittatus 

Yellowtail kingfish * 
~ Seriola lalandi 

Garfish                         
~ Hyporhamphus spp Saucer scallops 

Amusium japonicum; 
Ylistrum japonicum Yellowtail scad 

Trachurus 
novaezelandiae 

 

 

 

 

Online Resource 2 

The literature search returned 760 peer-reviewed research articles, which was reduced to 77 

relevant and unique articles according to methods described in Fig. 1. 

 

Fig. 1 The number of research articles published per year which contributed new knowledge about 

climate implications related to Australian fisheries species (included in content analysis). Articles 

covering more than one species investigated in this study are counted only once 
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Online Resource 3 

The thematic content analysis conducted in NVIVO on the fisheries species with literature allowed 

for species-specific results. Here we present these species-specific results, identifying specie 

counts of articles, “Literature Scores” divided by category and timeframe (i.e. observed vs. 

projected), and “Individual Mentions” divided by climate-related themes and timeframe (Tables 2 

& 3; Figs. 2 & 3).  

The highest number of Climate-Driven Biological Change themes discussed in the literature about 

a single species was six themes (blacklip abalone, jack mackerel, and coral trout; Table 3), while 

only two species (school prawn and tropical lobster) did not discuss any Climate-Driven Biological 

Change themes (Tables 2 & 3). The species with the top Literature Score within the Climate-Driven 

Biological Change category was jack mackerel with 11 (out of a possible 14) climate-driven 

biological changes mentioned (including observed/projected theme separation), followed by 

blacklip abalone (with nine biological changes), western rock lobster and coral trout (both with 

seven changes), and black bream, redbait, and southern rock lobster (all with six changes) (Table 

2; Figs. 2 & 3). Literature for eight species did not discuss any Socio-Ecological Climate Implication 

themes (redbait, dusky flathead, baldchin groper, sandfish (beche-de-mer), spangled emperor, 

mangrove jack, gloomy octopus, and scalloped hammerhead), while another literature for eight 

species discussed all three possible Socio-Ecological themes (black bream, greenlip abalone, 

blacklip abalone, southern rock lobster, school prawn, yellowfin tuna, barramundi, and brown 

tiger prawn; Tables 2 & 3). The species with the top Literature Score within the Socio-Ecological 

Climate Implications category was southern rock lobster with six (out of a total possible six) socio-

ecological implications mentioned (including current/future theme separation), followed by black 

bream and school prawn (both with five implications), and then blue swimmer crab, western rock 

lobster, brown tiger prawn, and western king prawn (all with four implications) (Table 2; Figs. 2 & 

3). The five top species with the highest Total Literature Scores overall (combined categories) 

were blacklip abalone, southern rock lobster, and jack mackerel all with 12 (out of a total possible 

20) themes mentioned (including observed/projected theme separation), followed by black 

bream and western rock lobster with a score of 11 themes mentioned (Table 2; Figs. 2 & 3). 

The highest number of Individual Mentions from a single species was literature on black bream 

with 93 individual references related to climate-driven biological changes. The next highest for a 

single species was blacklip abalone with 30 individual references, followed by southern rock 

lobster (29 individual references; Table 3). Within the categories, the most represented climate-

related themes within the literature (i.e. themes with more than 40 Individual Mentions) for the 

top species were as follows, (Table 3): within theme “Abundance”, black bream had the most 

thorough research, with references in nine out of 11 research articles returned for the species. 

Within theme “Distribution”, blacklip abalone was most researched with references from three 

(out of five) articles discussing changes in the distribution of blacklip abalone. Within theme 

“Phenology”, black bream was again the most researched, with references from six (out of 11) 

articles discussing changes in black bream phenology. Within theme “Physiology”, barramundi 

had the most Individual Mentions, with references from six (out of 11) articles discussing changes 

in the physiology of barramundi. Within theme “Management & Adaptations”, southern rock 

lobster had the most in depth discussion of any species from five (out of seven) articles discussing 

management implications and adaptation strategies relating to the southern rock lobster. Finally, 

within theme “Fisheries Implications”, barramundi again had the most Individual Mentions from 

five (out of 11) articles discussing climate implications on barramundi fisheries. 
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Table 2 The 35 species with literature, and their respective article counts and content analysis 

results 

Species Name Count of Articles Literature Score 

Common 
Name 

Scientific 
Name 

Articles 
Returned 
in Scopus 

Search 

Articles 
Downloaded 

(Initially 
Considered 
Relevant) 

Articles 
Used in 
Content 
Analysis 
(NVIVO) 

Total 
Literature 

Score 
(_/20) 

Category 
1 

Literature 
Score 
(_/14) 

Category 
2 

Literature 
Score 
(_/6) 

Observed 
Literature 

Score 
(_/10) 

Projected 
Literature 

Score 
(_/10) 

Baldchin groper 
Choerodon 
rubescens 4 2 2 4 4 0 2 2 

Banana prawn 
Penaeus 
merguiensis 

3 3 1 3 2 1 3 0 

Barramundi 
Lates 
calcarifer 

20 13 11 10 5 5 5 5 

Black bream 
Acanthopagr
us butcheri 12 12 11 11 6 5 6 5 

Blacklip 
abalone 

Haliotis rubra 7 6 5 12 9 3 4 8 

Blue swimmer 
crab 

Portunus 
pelagicus 3 2 1 6 2 4 4 2 

Brown tiger 
prawn 

Penaeus 
esculentus 

3 3 2 5 1 4 3 2 

Coral trout 
Plectropomus 
spp 

8 7 4 8 7 1 1 7 

Dusky flathead 
Platycephalus 
fuscus 5 2 1 2 2 0 1 1 

Eastern 
Australian 
salmon 

Arripis trutta 2 1 1 3 1 2 1 2 

Gloomy 
octopus 

Octopus 
tetricus 

1 1 1 1 1 0 1 0 

Greenlip 
abalone 

Haliotis 
laevigata 5 5 5 8 5 3 2 6 

Grooved tiger 
prawn 

Penaeus 
semisulcatus 

7 4 2 7 4 3 4 3 

Jack mackerel 
Trachurus 
declivis 12 3 3 12 11 1 7 5 

King George 
whiting 

Sillaginodes 
punctatus 

3 3 3 6 3 3 4 2 

King threadfin 
Polydactylus 
macrochir 

1 1 1 3 1 2 2 1 

Mangrove jack 
Lutjanus 
argentimacul
atus 

3 2 2 1 1 0 1 0 

Mud crab Scylla serrata 12 4 3 3 2 1 3 0 
Red throat 
emperor 

Lethrinus 
miniatus 5 4 2 3 2 1 1 2 

Redbait 
Emmelichthys 
nitidus 

1 1 1 6 6 0 3 3 

Roe's abalone Haliotis roei 1 1 1 4 2 2 3 1 
Sandfish 
(Beche-de-mer) 

Holothuria 
scabra 

5 1 1 2 2 0 0 2 

Scalloped 
hammerhead 

Sphyrna 
lewini 2 1 1 1 1 0 1 0 

School prawn 
Metapenaeus 
macleayi 

5 2 2 5 0 5 2 3 

Southern 
bluefin tuna 

Thunnus 
maccoyii 

2 2 1 4 2 2 1 3 

Southern rock 
lobster 

Jasus 
edwardsii 

13 13 7 12 6 6 7 5 

Southern 
saucer scallop 

Amusium 
balloti 

1 1 1 5 2 3 4 1 

Spangled 
emperor 

Lethrinus 
nebulosus 

3 2 1 1 1 0 1 0 

Stripey snapper 
Lutjanus 
carponotatus 

3 3 1 2 1 1 0 2 

Tropical lobster 
Panulirus 
ornatus 6 5 2 2 0 2 0 2 

Western blue 
groper 

Achoerodus 
gouldii 

1 1 1 2 1 1 0 2 

Western king 
prawn 

Melicertus 
latisulcatus 2 2 2 7 3 4 3 4 

Western rock 
lobster 

Panulirus 
cygnus 

5 5 3 11 7 4 6 5 

Yellowfin tuna 
Thunnus 
albacares 25 5 3 5 2 3 0 5 

Yellowtail 
kingfish 

Seriola lalandi 1 1 1 3 2 1 1 2 

SUM 35 species 192 124 90 180 107 73 87 93 
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Table 3 The depth of theme discussion (Individual Mentions) among the species with literature, 

divided into observed vs. projected biological changes, and current vs. future socio-ecological 

implications 

Species Abundance Behaviour Diet Distribution 
Interspecific 
Interactions 

Phenology Physiology 
Adaptations & 
Management 

Fisheries 
Implications 

Monitoring & 
Modelling 

Total (All 
Themes) 

Baldchin 
Groper 

3 Obs. 
1 Proj. 

  
1 Obs. 
1 Proj. 

      
4 Obs. 
2 Proj. 

Banana Prawn 
3 Obs. 
 

    
1 Obs. 
 

  
2 Curr. 
 

 
6 Obs. 
0 Proj. 

Barramundi 
3 Obs. 
2 Proj. 

   
2 Obs. 
 

 
10 Obs. 
3 Proj. 

1 Curr. 
1 Fut. 

14 Curr. 
1 Fut. 

 
1 Fut. 

30 Obs. 
8 Proj. 

Black Bream 
45 Obs. 
11 Proj. 

  
2 Obs. 
 

 
18 Obs. 
5 Proj. 

12 Obs. 
 

 
3 Fut. 

2 Curr. 
3 Fut. 

1 Curr. 
3 Fut. 

80 Obs. 
25 Proj. 

Blacklip 
Abalone 

2 Obs. 
8 Proj. 

2 Obs. 
1 Proj. 

 
 
10 Proj. 

2 Obs. 
1 Proj. 

 
1 Proj. 

3 Obs. 
 

 
3 Fut. 

 
3 Fut. 

 
1 Fut. 

9 Obs. 
28 Proj. 

Blue Swimmer 
Crab 

1 Obs. 
 

     
1 Obs. 
 

1 Curr. 
1 Fut. 

 
1 Curr. 
1 Fut. 

4 Obs. 
2 Proj. 

Brown Tiger 
Prawn 

4 Obs. 
 

      
1 Curr. 
1 Fut. 

 
1 Fut. 

1 Curr. 
 

6 Obs. 
2 Proj. 

Coral Trout 
 
1 Proj. 

 
2 Proj. 

 
1 Proj. 

 
2 Proj. 

 
 
1 Proj. 

1 Obs. 
1 Proj. 

 
 
2 Fut. 

 
1 Obs. 
10 Proj. 

Dusky Flathead    
 
1 Proj. 

  
1 Obs. 
 

   
1 Obs. 
1 Proj. 

Eastern 
Australian 
Salmon 

  
3 Obs. 
 

    
 
1 Fut. 

 
 
1 Fut. 

3 Obs. 
2 Proj. 

Gloomy 
Octopus 

      
1 Obs. 
 

   
1 Obs. 
0 Proj. 

Greenlip 
Abalone 

1 Obs. 
7 Proj. 

 
4 Obs. 
 

 
9 Proj. 

 
 
1 Proj. 

 
 
6 Fut. 

 
1 Fut. 

 
1 Fut. 

5 Obs. 
25 Proj. 

Grooved Tiger 
Prawn 

1 Obs. 
 

  
 
1 Proj. 

 
2 Obs. 
1 Proj. 

 
1 Curr. 
1 Fut. 

2 Curr. 
 

 
6 Obs. 
3 Proj. 

Jack Mackerel 
1 Obs. 
2 Proj. 

1 Obs. 
 

2 Obs. 
1 Proj. 

1 Obs. 
1 Proj. 

6 Obs. 
1 Proj. 

1 Obs. 
2 Proj. 

  
2 Curr. 
 

 
14 Obs. 
7 Proj. 

King George 
Whiting 

4 Obs. 
 

     
4 Obs. 
2 Proj. 

 
6 Curr. 
 

1 Curr. 
1 Fut. 

15 Obs. 
3 Proj. 

King Threadfin 
2 Obs. 
 

      
 
1 Fut. 

2 Curr. 
 

 
4 Obs. 
1 Proj. 

Mangrove Jack       
6 Obs. 
 

   
6 Obs. 
0 Proj. 

Mud Crab 
2 Obs. 
 

  
1 Obs. 
 

    
12 Curr. 
 

 
15 Obs. 
0 Proj. 

Red Throat 
Emperor 

   
5 Obs. 
 

    
 
1 Fut. 

 
5 Obs. 
2 Proj. 

Redbait 
1 Obs. 
2 Proj. 

 
2 Obs. 
2 Proj. 

 
6 Obs. 
1 Proj. 

     
9 Obs. 
5 Proj. 

Roe’s Abalone 
1 Obs. 
 

     
1 Obs. 
 

 
2 Fut. 

1 Curr. 
 

 
3 Obs. 
2 Proj. 

Sandfish 
(Beche-de-mer) 

 
2 Proj. 

     
 
1 Proj. 

   
0 Obs. 
3 Proj. 

Scalloped 
Hammerhead 

6 Obs. 
 

         
6 Obs. 
0 Proj. 

School Prawn        
1 Curr. 
4 Fut. 

3 Curr. 
4 Fut. 

 
1 Fut. 

4 Obs. 
9 Proj. 

Southern 
Bluefin Tuna 

   
 
2 Proj. 

 
3 Proj. 

  
1 Curr. 
2 Fut. 

  
1 Obs. 
7 Proj. 

Southern Rock 
Lobster 

9 Obs. 
4 Proj. 

   
3 Obs. 
 

9 Obs. 
 

2 Obs. 
2 Proj. 

2 Curr. 
15 Fut. 

4 Curr. 
4 Fut. 

1 Curr. 
2 Fut. 

30 Obs. 
27 Proj. 

Southern 
Saucer Scallop 

2 Obs. 
 

     
1 Obs. 
 

2 Curr. 
1 Fut. 

 
2 Curr. 
 

7 Obs. 
1 Proj. 

Spangled 
Emperor 

      
1 Obs. 
 

   
1 Obs. 
0 Proj. 

Stripey Snapper         
 
1 Fut. 

 
0 Obs. 
2 Proj. 

Tropical Lobster        
 
2 Fut. 

 
3 Fut. 

 
 

0 Obs. 
5 Proj. 

Western Blue 
Groper 

      
 
3 Proj. 

 
 
1 Fut. 

 
0 Obs. 
4 Proj. 

Western King 
Prawn 

3 Obs. 
3 Proj. 

    
 
1 Proj. 

 
1 Curr. 
3 Fut. 

 
1 Curr. 
3 Fut. 

5 Obs. 
10 Proj. 

Western Rock 
Lobster 

6 Obs. 
2 Proj. 

  
3 Obs. 
2 Proj. 

 
1 Obs. 
1 Proj. 

2 Obs. 
 

2 Curr. 
2 Fut. 

2 Curr. 
5 Fut. 

 
16 Obs. 
12 Proj. 

Yellowfin Tuna    
 
6 Proj. 

 
5 Proj. 

  
 
3 Fut. 

 
11 Fut. 

 
1 Fut. 

0 Obs. 
26 Proj. 

Yellowtail 
Kingfish 

    
2 Obs. 
1 Proj. 

    
 
1 Fut. 

2 Obs. 
2 Proj. 

Total  
(All Species) 

97 Obs. 
45 Proj. 

3 Obs. 
3 Proj. 

11 Obs. 
6 Proj. 

13 Obs. 
35 Proj. 

21 Obs. 
12 Proj. 

32 Obs. 
13 Proj. 

46 Obs. 
12 Proj. 

12 Curr. 
52 Fut. 

52 Curr. 
41 Fut. 

7 Curr. 
17 Fut. 

299 Obs. 
236 Proj. 
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Fig. 2 Species-specific Literature Scores (the number of themes mentioned in the literature) for 

each climate-related category (Climate-Driven Biological Change themes vs. Socio-Ecological 

Climate Implications themes). Total possible Literature Scores is 20 due to theme separation (i.e. 

observed vs. projected) 

 

 

 

Fig. 3 Species-specific Literature Scores (the number of themes mentioned in the literature) for 

timeframe separated combined theme categories, i.e. observed / current vs. projected / future 

climate-related research themes 

 

 

 

0
2
4
6
8

10
12
14

B
al

d
ch

in
 g

ro
p

er

B
an

an
a 

p
ra

w
n

B
ar

ra
m

u
n

d
i

B
la

ck
 b

re
am

B
la

ck
lip

 a
b

al
o

n
e

B
lu

e 
sw

im
m

e
r 

cr
ab

B
ro

w
n

 t
ig

e
r 

p
ra

w
n

C
o

ra
l t

ro
u

t

D
u

sk
y 

fl
at

h
ea

d

Ea
st

er
n

 A
u

st
ra

lia
n

 s
al

m
o

n

G
lo

o
m

y 
o

ct
o

p
u

s

G
re

e
n

lip
 a

b
al

o
n

e

G
ro

o
ve

d
 t

ig
er

 p
ra

w
n

Ja
ck

 m
ac

ke
re

l

K
in

g 
G

e
o

rg
e

 w
h

it
in

g

K
in

g 
th

re
ad

fi
n

M
an

gr
o

ve
 ja

ck

M
u

d
 c

ra
b

R
ed

 t
h

ro
at

 e
m

p
er

o
r

R
ed

b
ai

t

R
o

e
's

 a
b

al
o

n
e

Sa
n

d
fi

sh
 (

B
ec

h
e

-d
e-

m
er

)

Sc
al

lo
p

ed
 h

am
m

er
h

ea
d

Sc
h

o
o

l p
ra

w
n

So
u

th
er

n
 b

lu
ef

in
 t

u
n

a

So
u

th
er

n
 r

o
ck

 lo
b

st
er

So
u

th
er

n
 s

au
ce

r 
sc

al
lo

p

Sp
an

gl
ed

 e
m

p
er

o
r

St
ri

p
ey

 s
n

ap
p

er

Tr
o

p
ic

al
 lo

b
st

er

W
es

te
rn

 b
lu

e 
gr

o
p

er

W
es

te
rn

 k
in

g 
p

ra
w

n

W
es

te
rn

 r
o

ck
 lo

b
st

e
r

Ye
llo

w
fi

n
 t

u
n

a

Ye
llo

w
ta

il 
ki

n
gf

is
h

Li
te

ra
tu

re
 S

co
re

Climate Driven Biological Change Themes (_/14) Socio-Ecological Climate Implications Themes (_/6)

0

2

4

6

8

10

12

B
al

d
ch

in
 g

ro
p

er

B
an

an
a 

p
ra

w
n

B
ar

ra
m

u
n

d
i

B
la

ck
 b

re
am

B
la

ck
lip

 a
b

al
o

n
e

B
lu

e 
sw

im
m

e
r 

cr
ab

B
ro

w
n

 t
ig

e
r 

p
ra

w
n

C
o

ra
l t

ro
u

t

D
u

sk
y 

fl
at

h
ea

d

Ea
st

er
n

 A
u

st
ra

lia
n

 s
al

m
o

n

G
lo

o
m

y 
o

ct
o

p
u

s

G
re

e
n

lip
 a

b
al

o
n

e

G
ro

o
ve

d
 t

ig
er

 p
ra

w
n

Ja
ck

 m
ac

ke
re

l

K
in

g 
G

e
o

rg
e

 w
h

it
in

g

K
in

g 
th

re
ad

fi
n

M
an

gr
o

ve
 ja

ck

M
u

d
 c

ra
b

R
ed

 t
h

ro
at

 e
m

p
er

o
r

R
ed

b
ai

t

R
o

e
's

 a
b

al
o

n
e

Sa
n

d
fi

sh
 (

B
ec

h
e

-d
e-

m
er

)

Sc
al

lo
p

ed
 h

am
m

er
h

ea
d

Sc
h

o
o

l p
ra

w
n

So
u

th
er

n
 b

lu
ef

in
 t

u
n

a

So
u

th
er

n
 r

o
ck

 lo
b

st
er

So
u

th
er

n
 s

au
ce

r 
sc

al
lo

p

Sp
an

gl
ed

 e
m

p
er

o
r

St
ri

p
ey

 s
n

ap
p

er

Tr
o

p
ic

al
 lo

b
st

er

W
es

te
rn

 b
lu

e 
gr

o
p

er

W
es

te
rn

 k
in

g 
p

ra
w

n

W
es

te
rn

 r
o

ck
 lo

b
st

e
r

Ye
llo

w
fi

n
 t

u
n

a

Ye
llo

w
ta

il 
ki

n
gf

is
h

Li
te

ra
tu

re
 S

co
re

Observed / Current Themes (_/10) Projected / Future Themes (_/10)



289 

 

Online Resource 4 

All 99 species included in this study had previously been assigned climate sensitivity estimates 

(Caputi et al. 2015; Pecl et al. 2011; Welch et al. 2014). Investigating climate sensitivity against 

research effort, we found a significant difference in the Total Literature Scores (combined 

categories) between the highest (M=2.97, SD=3.98) and lowest (M=0.85, SD=1.62) species 

sensitivity groups (t(64)=2.84, p=0.0061). This may indicate that species with higher estimated 

climate sensitivity had increased research effort among climate-related species research. 

However, there were still a number of species with higher climate sensitivity and little literature 

available (Fig. 4).   

 

Fig. 4 The Total Literature Scores for all 99 species, ordered by highest to lowest climate sensitivity 

scores. A) Top 33 most (highest) sensitive species with a combined Total Literature Score of 98 

(themes mentioned). B) Middle 33 species with a combined Total Literature Score of 54 (themes 

mentioned). C) Lowest 33 climate sensitive species (least sensitive) with a combined Total 

Literature Score of 28 (themes mentioned). Data labels indicate the estimated species climate 

Total Sensitivity Scores, with blanks indicating the species fall within the surrounding Total 

sensitivity scores 
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Online Resource 5 

The 99 fisheries species were separated by region of occurrence when investigating their 

estimated climate sensitivity (Fulton et al. 2018). Species were relatively well distributed between 

regions, with slightly more species with literature occurring in the South-East and Western 

Australian regions, and less species overall, than in the other three Australian coastal regions (Fig. 

5).  

 

Fig. 5 The number of species that occurs within each region of the Australian coastline 

 

The aforementioned estimated climate sensitivity scores were provided for each region the 

species occurred. We present here the mean estimated species climate sensitivity scores by 

region, by taking the highest Total Sensitivity Score per species, then averaging across scores from 

all species that occurred in the same region. We found that all coastal regions had higher mean 

Total Sensitivity Scores among the species with climate-related literature, than among the species 

with no literature (Fig. 6). 

 

Fig. 6 The mean estimated species climate sensitivity scores by region 
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Online Resource 6 

Here we present some pairwise analysis results exploring which factors are most related to 

research effort. The factors which returned significant pairwise results were commercial catch 

weight (Fig. 7), commercial catch value (Fig. 8), as well as “Overfished / Transitional-Depleting” 

sustainability status (Fig. 9). 

Investigating the species as groups (i.e. 21 ABARES species groups), commercial state wild-catch 

weight (2010-16 average) was found to have a significant positive influence on Total Literature 

Score, with one excluded outlier (“Clupeoids”) (P = 0.0419, df = 18, y = 0.0030x + 2.8230) (Fig. 7). 

However, grouped species catch weight had only a small-moderate relative influence in the 

second GBR model with the grouped species (see Fig. 6b of main paper). Similarly, grouped 

commercial state wild-catch economic value (2010-16 average) showed a significant positive 

influence on research effort, both with and without “Marine Crustaceans” (which had a 

disproportionately large Total Literature Score sum of 61) (P = 2.357e-05, df = 18, y = 0.0002x + 

2.7374; Fig. 8). This supported the BRT with grouped species, which placed catch economic value 

as the second most influential driver of research effort (see Fig. 6b of main paper). The top five 

species groups with the greatest catch weight were “Clupeoids” (39,526 t), “Penaeus Shrimps” 

(6924 t), “Mullets” (5300 t), “Marine Crustaceans” (4788 t), and “Snappers and Jobfishes” (4520 t) 

(Fig. 7). The top five most economically valuable species groups were “Abalones” ($133,270,830), 

followed by “Penaeus Shrimps” ($85,619,000), “Marine Crustaceans nei” ($61,734,000), “Snapper 

and Jobfishes” ($28,627,830), and “Clupeoids” ($24,437,170; Fig. 8). In both instances, “Tuna-like 

Fishes” had the lowest economic value ($49,170) and catch weight (9 t). 

Investigating the species-specific data further, the “Number of Regions Occupied by Commercial 

Fish Stocks” for the 53 species with data reported in the SAFS database, was not related to Total 

Literature Scores, with no significant trend found (P = 0.7931, df = 51, y = -0.1192x + 3.1160). 

Therefore, the BRT analysis in the main paper is supported, showing that the number of regions 

occupied by commercial fish stocks per species is not related to research effort. Similarly (but 

looking at all 99 species), the “Number of Regions the Species Occurs” showed regional 

occurrence was not an influencer of research effort either (P = 0.5333, df = 97, y = -0.1778x + 

2.1666), again supporting the BRT results (see Fig. 6a of main paper). “Commercial Catch Weight” 

was found to have a significant relationship with research effort (see Fig. 6b of main paper; P = 

0.0016, df = 50, y = 0.0013x + 1.4635), with the top five species with the highest catch weight 

being pilchard (38,672 t), western rock lobster (6050 t), black jewfish (4,185 t), western king 

prawn (3,804 t), and blacklip abalone (2,987 t; see Fig. 7b of main paper). The species with the 

smallest catch weight was jack mackerel (6.7 t).  
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Fig. 7 Grouped commercial catch weight (tonnes; 2010-16 average; ABARES), related to the 

summed Total Literature Scores (for all 99 species), excluding one outlier species group 

(“Clupeoids” had a catch weight of 39,526 t and summed Total Literature Score of zero); P = 

0.0419, df = 18, y = 0.003x + 2.823 

 

 

Fig. 8 Grouped commercial catch economic value ($’000; 2010-16 average; ABARES data), related 
to the summed Total Literature Scores (for all 99 species); P = 0.0028, df = 19, y = 0.0003x + 3.217 
(p value includes “Marine Crustaceans” is an outlier, which is excluded due to a summed Total 
Literature Score of 61, and Catch Value of $61,734,000) 

 

There was a total of 193 fish stocks recorded for the 53 species with data listed in the SAFS 

database. A large proportion of fish stocks (121 out of the 193) were listed with a stock status as 

“Sustainable” (Fig. 10), which caused the “Number of Commercial Fish Stocks” and the “Number 

of Sustainable / Transitional-Recovering Stocks” to be correlated, and therefore the latter variable 
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was removed from the GBR models in the main paper (see section “Influencers of Research 

Effort”). Of the 24 (out of 35) species with literature listed in the SAFS database, there were 107 

stocks between them, of which 68 were listed with a “Sustainable” stock status. In the GBR 

models in the main paper, the “Number of Overfished / Transitional-Depleting Stocks” was found 

to have only very small relative influence on research effort. However, a pairwise test found a 

positive significant relationship between this variable and Total Literature Scores (P = 0.0105, df = 

51, y = 0.8912x + 2.1641; Fig. 9). Other stock statuses (“Sustainable / Transitional-Recovering 

Stocks” and “Undefined / Negligible / Environmentally Limited Stocks”) did not have a significant 

relationship with Total Literature Scores. The top five species with the most commercial fish 

stocks were blacklip abalone (13 stocks), blue swimmer crab (10 stocks), southern garfish and 

garfish (10 stocks between the species), and barramundi (nine stocks) (see Fig. 7a of main paper).  

Finally, a multiple regression between the “Number of Commercial Fish Stocks”, and the “Weight 

(t) of Commercial Catch (ABARES)”, and “Economic ($) Value of Commercial Catch (ABARES)” 

showed that these factors together can reliably predict “Total Literature Score” (P = 0.0001, df = 

16), however the number of fish stocks alone could be used to predict “Total Literature Score” (P 

= 0.0006, df = 16, y = 9.254e-01x -1.175e+00). 

 

Fig. 9 The number of fish stocks listed as overfished / transitional-depleting, relative to species 

Total Literature Scores, for the 53 species with data reported in the SAFS database; P = 0.0105, df 

= 51, y = 0.8912x + 2.1641 
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Fig. 10 The number of commercial fish stocks, divided by stock sustainability status, for the 53 

species with data listed in the SAFS database. Stocks for species with “pooled” data in SAFS were 

only counted once, therefore these stocks come from 43 individual and 6 “pooled” species 
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Online Resource 1: Management Documents Included in Content Analysis 

The management documents relating to Australian fisheries species were for species previously 
identified in Fogarty et al. (2019), which compiled a list of 99 species relevant to Australian 
fisheries from four national climate change and fisheries reports (Caputi et al. 2015; Fulton et al. 
2018; Pecl et al. 2011; Welch et al. 2014). We compiled a list of state fisheries management 
documents (i.e. directive management documents), gathered through searches on Australian 
state government websites, and individual searches of fisheries and target species (Table 1). 
Management documents were excluded where the document did not mention “commercial” 
fisheries, but were included where they alluded to the fact that they included commercial 
fisheries (i.e. they did not specifically rule out commercial fisheries as included, or they did not 
state that they were in reference to only non-commercial fisheries), and/or it was already known 
the document encompassed commercial fisheries. We used the latest available version of each 
management document, as many had been updated from their original format, and the latest 
versions were the most likely to include climate-related mentions. 

We found 125 Australian state fisheries management documents to include in the first content 
analysis investigating the extent that climate was considered in current state fisheries 
management documents. Western Australia had the highest number of management documents 
assessed in our content analysis, followed by South Australia, Tasmania, New South Wales, 
Queensland, the Northern Territory, and Victoria (Figure 1). The most recent versions of which 
were published between 2007 and 2018, with all states having documents published as recently 
as 2018 (Figure 1A). Of all the current management documents that were analysed in this study, 
the oldest came from Tasmania, and was written in 2007 (identified as a “policy document”). 
Among other states, the earliest current documents were from 2009 (Queensland documents) 
and 2010 (Northern Territory and Victorian documents) (Figure 1A). Overall, the number of 
management documents assessed tended to increase with increasing year of publication, with 
2018 having the greatest number of documents, most published in New South Wales, followed by 
South Australia (Figure 1A). Meanwhile, most of the management documents assessed were 
deemed to have a Mid-Level in Document Hierarchy, followed next by Higher-Level documents 
(Figure 1B). Tasmania held the highest number of Higher-Level management documents within 

mailto:Hannah.Fogarty@utas.edu.au
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our assessment, while Western Australia had the greatest number of Mid-Level documents, and 
South Australia had the most Lower-Level documents (Figure 1B). Tasmania was the only state 
with no Lower-Level documents, followed by Western Australia with only one Lower-Level 
document within our assessment, meanwhile Victoria had the least Mid-Level documents, with 
just one (out of 10) document included (Figure 1B). 

Further analysis of the management documents revealed that as the number of documents 
produced increased over the study period, the proportion of documents mentioning climate 
decreased even though the actual number of documents mentioning climate increased (Figure 
2A, Main Text Figure 4B).  Across the documents and in each state, “direct” mentions of climate 
were slightly more frequent in occurrence than “indirect” climate mentions (44 vs. 35 mentions, 
Figure 2B, Main Text Table 1).  South Australia leads with a standout number of individual Climate 
Mentions (Figure 2B), which was reflected in the main text as being the state with the most 
documents with Climate Mentions (Main Text Figure 4D), followed again by Victoria and 
Queensland (Figure 2B, Main Text Figure 4D).  

 

 

Figure 1. The percentage and count of fisheries management documents included in this study, 
separated by state of publication, and then; (A) the year of publication of current version of 
document, and (B) the hierarchical levels of management documents. Data labels represent the 
count of documents, with the labels to the right of the bars representing the overall count of 
management documents in categories. “NSW” = New South Wales, “NT” = Northern Territiry, 
“QLD” = Queensland, “SA” = South Australia, “TAS” = Tasmania, “VIC” = Victoria, “WA” = Western 
Australia. 
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Figure 2 (A) the percentage of fisheries management documents with “Climate Mentions” and the 
percentage of total fisheries management documents, by year of current version of document. 
N.B. 2008 had no documents and therefore no climate-related mentions included in this study. (B) 
The number of direct and indirect “Climate Mentions” extracted from the management 
documents, separated by state. N.B. does not include climate “actions”.  

 

Table 1 The 125 fisheries management documents included in the content analysis. 

State 
Date of 
Latest 

Version 
Document Title 

NSW 2018 Fisheries Management (Abalone Share Management Plan) Regulation 2000  

NSW 2018 Fisheries Management (Estuary General Share Management Plan) Regulation 2006  

NSW 2018 
Fisheries Management (Estuary Prawn Trawl Share Management Plan) Regulation 
2006  

NSW 2018 Fisheries Management (General) Regulation 2010  

NSW 2018 Fisheries Management (Lobster Share Management Plan) Regulation 2000  

NSW 2018 Fisheries Management (Ocean Haul Share Management Plan) Regulation 2006  

NSW 2018 
Fisheries Management (Ocean Trap and Line Share Management Plan) Regulation 
2006  

NSW 2018 Fisheries Management (Ocean Trawl Share Management Plan) Regulation 2006  

NSW 2018 Fisheries Management (Supporting Plan) Regulation 2006  
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NSW 2018 Fisheries Management Act 1994  

NSW 2018 NSW Commercial Fisheries Administration Guide  

NSW 2017 Fisheries advisory groups: Establishment and governance 2017 

NSW 2015 Fisheries Resource Sharing in NSW Policy 2015  

NSW 2014 Fisheries NSW Strategic Research Plan 2014-2018  

NSW 2012 Debt management: Commercial fisheries quota transfer restrictions Policy  

NSW 2012 Developmental Fisheries Policy 2012  

NSW 2011 NSW Fisheries Compliance Enforcement Policy and Procedure  

NT 2018 Barramundi Fishery Management Plan 2018 

NT 2018 Fisheries Act 2018 

NT 2018 Fisheries Regulations 2018 

NT 2018 Mud Crab Fishery Management Plan 2018 

NT 2016 
Guidelines for implementing the Northern Territory Fisheries Harvest Strategy 
Policy (2016)  

NT 2016 Northern Territory Fisheries Harvest Strategy Policy 2016 

NT 2015 
NEW - Management Arrangements for the Northern Territory’s Demersal Fishery 
(DF), 2012 

NT 2015 
NEW - Policy Guidelines for Management of the Northern Territory’s Timor Reef 
Fishery, 2015 

NT 2015 Northern territory fishery resource sharing framework 2015 

NT 2014 Pearl Oyster Culture Industry Management Plan 2014 

NT 2010 Spanish Mackerel Fishery Management Plan 2010 

QLD 2018 Fisheries Regulation 2008  

QLD 2017 Fisheries (East Coast Trawl) Management Plan 2010  

QLD 2017 Fisheries Act 1994  

QLD 2017 Queensland Sustainable Fisheries Strategy 2017-2027  

QLD 2016 Policy for the Management of the Coral Fishery 2016  

QLD 2015 Policy guidelines on the term of authorities  

QLD 2013 Fisheries (Coral Reef Fin Fish) Management Plan 2003 

QLD 2013 Limited Entry Policy  

QLD 2013 
Queensland Finfish (Stout Whiting) Trawl Fishery - Statement of Management 
Arrangements 2013 

QLD 2009 
A guide to the Queensland Marine Aquarium Fish Fishery and the Queensland 
Coral Fishery  

QLD 2009 Sustainable Planning Act 2009  

SA 2018 Blue Crab Fishery Management Plan 2018 

SA 2018 Fish Processors Regulations 2017 (?)  
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SA 2018 Fisheries Management (Fees) Regulations 2017  

SA 2018 Fisheries Management (Marine Scalefish Fisheries) Regulations 2017  

SA 2018 Fisheries Management (Misc. Developmental Fisheries) Regulations 2013  

SA 2018 Fisheries Management (Rock Lobster Fisheries) Regulations 2017  

SA 2018 Management Policy for commercial fishing of Giant Crabs in South Australia 2018 

SA 2018 Miscellaneous Fishery Regulations 2015 (?)  

SA 2018 River Fishery Regulations 2017 (?)  

SA 2017 Fisheries Management (General) Regulations 2017  

SA 2017 Fisheries Management Act 2007  

SA 2017 Gulf St Vincent Prawn Fishery Management Plan 2017 

SA 2016 Commercial Lakes and Coorong Fishery Management Plan 2016  

SA 2016 Cost Recovery Policy 2016 

SA 2015 Harvest Strategy Guidelines 2015  

SA 2015 Harvest Strategy Policy 2015  

SA 2014 Charter Boat Fishery Management Plan 2014 

SA 2014 
Commercial Marine Scalefish Fishery, PART B – Management arrangements for the 
taking of sardines 2014 

SA 2014 Northern Zone Rock Lobster Fishery Management Plan 2014 

SA 2014 Spencer Gulf Prawn Fishery Management Plan 2014 

SA 2013 Co-management Policy 2013  

SA 2013 Lake Eyre Basin Fishery Management Plan 2013 

SA 2013 Marine Scalefish Fishery Management Plan 2013 

SA 2013 Southern Zone Rock Lobster Fishery Management Plan 2013 

SA 2012 Abalone Fishery Management Plan 2012 

SA 2010 NEW - Management Policy for the Commercial West Coast Prawn Fishery, 2010 

TAS 2018 Fisheries (Abalone) Rules 2017 

TAS 2018 
Tasmanian Rock Lobster Fishery - East Coast Stock Rebuilding Strategy 2013-2023, 
September 2018 

TAS 2017 
2017 Update of Policy Document for the Tasmanian Minor Shellfish Fishery, March 
2017 

TAS 2017 
Commercial Abalone Fishery - Operational Information Paper for the 2018 Fishing 
Year, December 2017 

TAS 2017 Fisheries (Marine Plants) Rules 2017 

TAS 2017 Fisheries (Rock Lobster) Rules 2011 

TAS 2017 Fisheries (Scalefish) Rules 2015 

TAS 2017 Fisheries (Shellfish) Rules 2017 

TAS 2017 Living Marine Resource Management Act 1995 



301 

 

TAS 2017 Tasmanian Marine Plants Fishery - Policy Document, September 2017 

TAS 2016 Fisheries (General and Fees) Regulations 2016  

TAS 2014 Fisheries (Commercial Dive) Rules 2011 

TAS 2013 Fisheries (Giant Crab) Rules 2013 

TAS 2011 Commercial Dive Policy Paper 2011 

TAS 2011 Fisheries (Penalty) Regulations 2011  

TAS 2010 Fisheries (Processing and Handling) Rules 2010 

TAS 2010 Fisheries (Scallop) Rules 2010 

TAS 2007 Shellfish Fishery Policy Document, March 2007 

TAS  Developmental Fisheries Management Policy Document 

TAS 2009 Fisheries (Mackerel) Rules 2009 

VIC 2018 NEW - Victorian Pipi Fishery Management Plan, 2018 

VIC 2017 Eel Fishery Management Plan 2017  

VIC 2017 Fisheries (Fees, Royalties and Levies) Regulations 2008 

VIC 2017 Fisheries Act 1995 

VIC 2017 Fisheries Regulations 2009 

VIC 2017 NEW - Harvest Strategy for the Victorian Wrasse (Ocean) Fishery), 2017 

VIC 2017 Rock Lobster Fishery Management Plan 2017  

VIC 2015 Wild Harvest Abalone Fishery Management Plan 2015 

VIC 2014 NEW - Sea Urchin Fishery Baseline Management Arrangements, 2014 

VIC 2010 Giant Crab Fishery Management Plan 2010  

WA 2018 Aquatic Resources Management Act 2016  

WA 2018 Fish Resources Management Regulations 1995  

WA 2018 
FMP 265 - Exmouth Gulf Prawn Managed Fishery harvest strategy 2014 – 2019, 
July 2018.  

WA 2018 
FMP 286 - Octopus resource of Western Australia harvest strategy 2018 – 2022, 
April 2018.  

WA 2018 
FMP 287 - Western Australian Sea Cucumber Resource Harvest Strategy 2018 – 
2023, May 2018.  

WA 2018 FMP 289 - Pearl Oyster (Pinctada maxima) Resource Allocation Report, July 2018.  

WA 2018 
FMP 292 - Marine Aquarium Fish Resource of Western Australia Harvest Strategy 
2018 – 2022, September 2018.  

WA 2017 
FMP 283 - Abalone Resource of Western Australia Harvest Strategy 2016 - 2021, 
February 2017.  

WA 2017 
FMP 284 - Gascoyne demersal scalefish resource harvest strategy 2017 - 2021, 
September 2017.  

WA 2017 
FMP 285 - North Coast demersal scalefish resource harvest strategy 2017 – 2021, 
November 2017.  
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WA 2016 Fish Resources Management Act 1994  

WA 2016 Fisheries Adjustment Schemes Act 1987  

WA 2016 Fishing and Related Industries Compensation (Marine Reserves) Act 1997  

WA 2016 Fishing Industry Promotion Training and Management Levy Act 1994  

WA 2016 
FMP 276 - Western Australian silver-lipped pearl oyster (Pinctada maxima) 
resource harvest strategy 2016 – 2021 - Version 1.0 - Pearl Oyster Fishery, August 
2016.  

WA 2016 
FMP 279 - Policy on the application of fish size limits in Western Australia, 
November 2016.  

WA 2016 
FMP 281 - Integrated fisheries management resource report Pearl oyster (Pinctada 
maxima) resource, November 2016.  

WA 2016 Pearling Act 1990  

WA 2015 
FMP 271 - Harvest Strategy Policy and Operational Guidelines for the Aquatic 
Resources of Western Australia, July 2015.  

WA 2015 
FMP 272 - West Coast Deep Sea Crustacean Resources Harvest Strategy 2015 – 
2020, July 2015.  

WA 2015 
FMP 273 - Blue Swimmer Crab Resource of the Peel-Harvey Estuary Harvest 
Strategy 2015 - 2020, May 2015.  

WA 2015 
FMP 274 - Finfish Resources of the Peel-Harvey Estuary Harvest Strategy 2015 - 
2020, May 2015.  

WA 2014 
FMP 264 - West Coast Rock Lobster Harvest Strategy and Control Rules 2014 – 
2019, July 2014.  

WA 2014 
FMP 266 - Exmouth Gulf Prawn Managed Fishery bycatch action plan 2014 – 2019, 
November 2014.  

WA 2014 
FMP 267 - Shark Bay Prawn Managed Fishery harvest strategy 2014 – 2019, 
November 2014.  

WA 2014 
FMP 268 - Shark Bay Prawn Managed Fishery bycatch action plan 2014 – 2019, 
November 2014.  

WA 2013 FMP 249 - West Coast demersal scalefish allocation report, August 2013.  

WA 2013 
FMP 261 - Policy on restocking and stock enhancement in Western Australia, July 
2013.  

WA 2012 FMP 260 - The Houtman Abrolhos Islands Management Plan, November 2012.  

WA 2010 
FMP 244 - A bycatch action plan for the Pilbara fish trawl interim managed fishery, 
July 2010.  
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Online Resource 2: Search Terms for Content Analysis of Management Documents 

The content analysis was conducted on the management documents using NVIVO, searching for 
comments relating to climate or climate change, to determine the frequency of their occurrence 
within the documents. To help with consistency and robustness of our methods, we used pre-
determined terms to search the management documents for climate-related comments, which 
included:  

• “acidi” (i.e. “acidification” or similar) • “increase” 

• “adapt” (i.e. “adaptation”) • “mitigat” (i.e. “mitigation”) 

• “adverse” • “precaution” (i.e. “precautionary”) 

• “bleach” (i.e. “bleaching”) • “protect” 

• “change” • “salinity” 

• “climat” (i.e. climate) • “sea level” 

• “cool” (i.e. “cooling”) • “storm” 

• “cyclone” • “temp” (i.e. “temperature”) 

• “danger” (i.e. “dangerous”) • “varia” (i.e. “variability”) 

• “decline” • “warm” (i.e. “warming) 

• “decrease” • “weather” 

• “environment” • “welling” (i.e. “upwelling” or “downwelling”) 

• “extreme” • “wind” 

• “impact”  

 

Where these search terms were identified in text, they were then verified as correctly referencing 
climate and not another topic (for example, “impact” may have been discussing any range of 
impacts on a fishery or environment, not just climate impacts).  
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Online Resource 3: FRDC Climate-Related Research Proposals 

Investigating the FRDC Calls for Applications of Research Priorities revealed nine priorities that 
had a reference to climate, determined from the list of climate-related search terms detailed in 
Online Resource 1. Seven of these priorities were classed as “directly” climate-related, and two 
were “indirectly” climate-related (Table 2). These priorities came from seven years of Calls (nine 
Calls), which listed a total of 351 research priority applications by 21 different “jurisdications”, 
which were: 

• Comm FRAM (Comm RAC) 
(Commonwealth) 

• P IPA 
(Pearling) 

• SA FRAB (SA RAC) 
(South Australia) 

• AS IPA 
(Atlantic Salmon) 

• WA FRAB (WA RAC)  
(Western Australia) 

• AAHS 
(Aquatic Animal Health Subprogram) 

• NSW FRAB (NSW RAC) 
(New South Wales) 

• IRG 
(Indigenous Reference Group) 

• Tas FRAB (Tas RAC) 
(Tasmania) 

• IFS 
(Indigenous Fishing Subprogram) 

• NT FRAB (NT RAC) 
(Northern Territory) 

• HDRS (HDR) 
(Human Dimensions Research Subprogram) 

• Q FRAB (Q RAC) 
(Queensland) 

• RR 
(Recfishing Research) 

• Vic FRAB (Vic RAC) 
(Victoria) 

• APFA 
(Australian Prawn Farmers’ Association) 

• SRL IPA 
(Southern Rock Lobster) 

• ABFA 
(Australian Barramundi Farmers’ Association) 

• SBT IPA 
(Southern Bluefin Tuna) 

• National 

• ACPF IPA 
(Australian Council of Prawn Fisheries) 

 

 
* RAC = Research Advisory Committee, FRAB = Fisheries Research Advisory Body, IPA = Industry 
Partnership Agreement. 
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Table 2 Research priority application which had a determined direct or indirect reference to 
climate. 

Year Jurisdiction Climate-Related Research Priority 

2014 Tasmanian 
Fisheries 
Research 
Advisory Body 
(Tas FRAB) 

(DIRECT) “Priority: Understanding East Coast recruitment collapse – 
development of pre-recruitment monitoring, simulation of 
recruitment variation and predicting the impact of climate variation.” 

2015 West Australian 
Fisheries 
Research 
Advisory Body 
(WA FRAB) 

(DIRECT) “Priority: Future proofing WA’s iconic Marron fishery – 
challenges and opportunities. Need: Marron populations throughout 
the state face a growing range of cumulative stressors such as 
destruction of riverbank vegetation, increasing salinity, climate change 
and reduced river flows.” 

2015 West Australian 
Fisheries 
Research 
Advisory Body 
(WA FRAB) 

(INDIRECT) “Priority: Understanding the cause of and develop 
mitigation measures for recruitment variation of prawns and scallops 
in Shark Bay, Abrolhos Islands and Exmouth Gulf. … Planned outcomes: 
Predictive managmenet approaches to extreme events.” 

2017 Commonwealth 
Research 
Advisory 
Committee 
(Comm RAC) 

(DIRECT) “Priority: Physics to Fish: Investigate Oceanographic and 
Environmental Factors Impacting on the Eastern Tuna & Billfish 
Fishery. … Planned outcomes: Components may include: 1. 
Characterise spatial and temporal variability in key “fisheries relevant” 
environmental factors within the ETBF, including the influence of 
climateocean system drivers upon those.; … 3. Assess regional and 
domestic fisheries and environmental data trends to assess evidence 
for environmentally driven connectivity/mixing (or separation) This 
would include assessing questions such as: a) Do within season 
regional spatial patterns in fish sizes and CPUE suggest movement of 
fish into the ETBF from adjacent regions and if so under what 
environmental/climatic conditions?; 4. Based on the above 
investigations and analyses, develop predictive models to assist 
management and industry planning (e.g. expected relative shifts in 
catch levels, spatial patterns, and seasonal trend, under different 
climate conditions and under long term climate change). This project 
may benefit and complement the recreational fishery project specified 
below.” 

2017 Northern 
Territory 
Research 
Advisory 
Committee 
(NT RAC) 

(DIRECT) “Priority: Assessing the relevance of key coastal habitats and 
habitat–related ecological processes, such as tidal inundation and 
seasonal flooding, to fisheries production and sustainability. Need: 
Understanding how habitat architecture and service provision couples 
with key environmental drivers, particularly in the Gulf of Carpentaria, 
is important in the short term with regard to acute habitat 
perturbation (e.g. mangrove dieback and regrowth) and chronic long 
term changes to coastal regions under climate change.” 

2017 
Nov 

South Australian 
Research 
Advisory 
Committee 
(SA RAC) 

(DIRECT) “Priority: Implications of Gulf St Vincent Productivity Loss: 
Developing Tools to Optimise MultiFishery Management in a Changing 
Environment. Planed outcomes: This project is expected to develop a 
spatially explicit GSV ecosystem model that integrates key 
environmental times series. These and other key developments will 
enable complex ecological and spatial use change scenarios to be 
undertaken, including an assessment of the relative importance of a 
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range of factors (e.g. seagrass loss, pollution, climate change) that may 
contribute to declining fishery production.” 

2017 
Nov 

Queensland 
Research 
Advisory 
Committee 
(Q RAC) 

(DIRECT) “Priority: Influence of Changes in Reef Habitat Condition and 
Climate Change on Coral Trout — To Inform Abiotic Drivers of Coral 
Trout Stocks. Need: Coral trout are the main commercial and 
recreational species in Queensland’s Coral Reef Finfish Fishery, and 
also caught in other fisheries in northern Australia. The reef habitats 
that support coral reef finfish are already being impacted by ongoing 
climate change, including severe coral bleaching and storm damage, 
and further environmental deterioration is most likely. Experimental 
research suggests high vulnerabilities for coral trout from climate 
change, for example these fish appear to already be living in waters 
now at the upper end of their thermal tolerance and their physiology 
is expected to be impaired with further ocean warming. The different 
life-stages of coral trout also have various dependencies on healthy 
coral reefs (e.g. for settlement habitat, prey). There is a need to 
expand this laboratory research into the reef environment to better 
understand the flow-on effects of changing reef condition and 
environment on coral reef finfish fisheries. ... Planned outcomes: 
Adaptation options for industry to allow rapid mitigation efforts in 
relation to climate risks.” 

2018 
Apr 

Tasmanian 
Research 
Advisory 
Committee 
(Tas RAC) 

(INDIRECT) “Priority: Challenges and opportunities provided by range 
extending species: understanding population dynamics, ecosystem 
impacts and management needs. Need: Species-level responses to 
ocean warming is a priority research area as they underpin the 
structure and function of marine ecosystems and the productivity of 
fisheries that operate within them.” 

2019 
Apr 

Victorian 
Research 
Advisory 
Committee 
(Vic RAC) 

(DIRECT) “Priority: Fish stocking – decision tools for native fish outside 
their range; Need: Stocking fish outside their natural distribution 
provides a greater level of uncertainty regarding the impact that the 
stocked fish has on their surroundings. Similarly, recent changes in 
environment and climate may have impacted species distribution 
when compared to historical information. Hence, there is the need for 
the development of decision tools and objective criteria to inform the 
stocking native fish outside their ranges.” 
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Online Resource 4: FRDC Funded Climate-Related Research Projects 

We investigated the number of climate-related projects funded by the FRDC, and found 36 
complete projects, and 19 projects underway between 2009-19 (Table 3), i.e. the we identified 
one of the keywords from Online Resource 1, used in the context of climate change, within the 
project title or description. Our compiled list of climate-related research projects were sourced 
from: 

• FRDC "Marine climate change adaptation projects" (http://www.frdc.com.au/Industry-
and-Environment/Climate-change/Marine-climate-change-adaption-projects) viewed 
10/4/2019. 

• FRDC "Climate Adaptation Program" (http://www.frdc.com.au/en/Industry-and-
Environment/Climate-change/Climate-Adaptation-Program) viewed 10/4/2019. 

 

Table 3 Completed or underway climate-related research projects (between 2009-19), funded by 
FRDC. 

Year 
Project 
Number 

Project Title 

Completed Project Status 

2009 2009-055 
Development and testing of a national integrated climate change adaptation 
assessment framework 

2009 2009-056 
Understanding the biophysical implications of climate change in South East 
Australia: Modelling of physical drivers and future changes 

2009 2009-070 
Risk Assessment of Impacts of Climate Change for Key Species in South-Eastern 
Australia- part 1 and part 2 

2009 2009-073 
Identifying management objectives hierarchies and weightings for four key 
fisheries in South Eastern Australia 

2009 2009-074 
Marine Australia: directions for management & further research; building on the 
findings of the Climate Change Adaptation – Marine Biodiversity & Fisheries 
R&D initiative 

2010 2010-023 
Potential futures for Australia’s south eastern marine ecosystems, quantitative 
Atlantis projection 

2010 2010-506 
Adaptive management of temperate reefs to minimise effects of climate 
change: Developing new effective approaches for ecological monitoring and 
predictive modelling 

2010 2010-510 Adapting to the effects of climate change on Australia’s deep marine reserve 

2010 2010-521 
Vulnerability of an iconic Australian finfish (Barramundi, Lates calcarifer) and 
related industries to altered climate across tropical Australia 

2010 2010-524 
Identification of climate-driven species shifts and adaptation options for 
recreational fishers: learning general lessons from a data rich case 

2010 2010-532 
Changing currents in marine biodiversity governance and management: 
responding to climate change 

2010 2010-533 
Developing adaptation options for seabirds and marine mammals impacted by 
climate change 

2010 2010-534 
Ensuring the Australian Oyster industry adapts to a changing climate: a natural 
resource and industry spatial information portal for knowledge and informed 
adaptation frameworks 

2010 2010-535 
Management implications of climate change effect on fisheries in Western 
Australia   

2010 2010-536 Beach and surf tourism and recreation in Australia: vulnerability and adaptation 

2010 2010-542 A marine climate change adaptation blueprint for coastal regional communities 

http://www.frdc.com.au/Industry-and-Environment/Climate-change/Marine-climate-change-adaption-projects
http://www.frdc.com.au/Industry-and-Environment/Climate-change/Marine-climate-change-adaption-projects
http://www.frdc.com.au/en/Industry-and-Environment/Climate-change/Climate-Adaptation-Program
http://www.frdc.com.au/en/Industry-and-Environment/Climate-change/Climate-Adaptation-Program


308 

 

2010 2010-554 
Effects of climate change on reproduction, larval development, and population 
growth of coral trout (Plectropomus spp.) 

2010 2010-564 
Pre-adapting a Tasmanian coastal ecosystem to ongoing climate change through 
reintroduction of a locally extinct species 

2010 2010-565 
Implications of climate change on fisheries resources of northern Australia. 
Vulnerability assessment and adaptation options 

2011 2011-030 
Evaluating candidate monitoring strategies, assessment procedures and harvest 
control rules in the spatially complex Queensland Coral Reef finfish Fishery 

2011 2011-037 
Implications of climate change for recreational fishers and the recreational 
fishing industry 

2011 2011-039 
Preparing fisheries for climate change – assessing alternative adaptive options 
for four key fisheries in south-eastern Australia 

2011 2011-040 
Estuarine and near-shore ecosystems – assessing alternative adaptive 
management strategies for the management of estuarine and coastal 
ecosystems 

2011 2011-070 
TSGA IPA: Comparative susceptibility and host responses of endemic fishes and 
salmonids affected by amoebic gill disease in Tasmania 

2011 2011-084 
Comparative sequestration and mitigation opportunities across the Australian 
landscape and its land uses 

2011 2011-233 
Growth opportunities & critical elements in the supply chain for wild fisheries & 
aquaculture in a changing climate 

2011 2011-503 Climate Change Adaptation: Building community and industry knowledge 

2012 2012-024 
INFORMD Stage 2: Risk-based tools supporting consultation, planning and 
adaptive management for aquaculture and other multiple-uses of the coastal 
waters of southern Tasmania 

2012 2012-036 Revitalising Australia’s Estuaries 

2014 2014-008 Fishery status reports: health-check for Australian fisheries 

2014 2014-012 
Tasmania's coastal reefs: deep reef habitats and significance for finfish 
production and biodiversity 

2014 2014-019 Developing a fishery independent estimate of biomass for snapper 

2014 2014-031 
TSGA IPA: Predicting marine currents, nutrients and plankton in the coastal 
waters of south-eastern Tasmania in response to changing weather patterns 

2015 2015-040 
ABFA IPA: an assessment of the risk of exotic disease introduction and spread 
among Australian Barramundi farms from the importation of Barramundi 
products 

2015 2015-406 
Oysters Australia IPA: development of a national Pacific Oyster Mortality 
Syndrome (POMS) response plan 

2016 2016-005 
eSAMarine – phase 1: the first step towards an operational now-cast/forecast 
ocean prediction system for Southern Australia 

Underway / Current Project Status 

2009 2009-211 
Whose fish is it anyway? – Investigation of co-management and self-governance 
solutions to local issues in Queensland's inshore fisheries 

2013 2013-006 
The impact of habitat loss and rehabilitation on recruitment to the NSW Eastern 
King Prawn fishery 

2013 2013-205 
Beyond engagement: moving towards a co-management model for recreational 
fishing in South Australia 

2013 2013-210 
Adapt or Fail: Risk management and business resilience in Queensland 
commercial fisheries 

2013 2013-217 
Development of management recommendations to assist in advisories around 
seafood safety during toxic bloom events in Gippsland Lakes 

2014 2014-005 
The application, needs, costs and benefits of Habitat Enhancement Structures in 
Western Australia and cost effective monitoring methods 
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2014 2014-010 
Understanding recruitment collapse of juvenile Abalone in the Eastern Zone 
Abalone fishery – development of pre-recruitment monitoring, simulation of 
recruitment variation and predicting the impact of climate variation 

2014 2014-023 
An industry based mark recapture program to provide stock assessment inputs 
for the Western Rock Lobster Fishery following introduction of quota 
management 

2014 2014-025 
SRL IPA: Developing cost-effective industry-based techniques for monitoring 
puerulus settlement in all conditions: Phase 2 

2014 2014-040 
Oysters Australia IPA: Pacific Oyster Mortality Syndrome (POMS) – closing 
knowledge gaps to continue farming C. gigas in Australia 

2014 2014-224 
Rebuilding Abalone populations to limit impacts of the spread of urchins, 
Abalone viral ganglioneuritis and other external impacts 

2014 2014-402 
Planning, developing and coordinating national/regional research, development 
and extension (RD&E) for Australia's recreational fishing community 

2015 2015-011 
Understanding the factors contributing to decreased School Prawn productivity 
in Camden Haven Estuary and associated lakes, to target ameliorative actions 

2015 2015-025 
Patterns of interaction between habitat and oceanographic variables affecting 
the connectivity and productivity of invertebrate fisheries 

2015 2015-026 
Understanding recruitment variation (including the collapse) of Saucer Scallop 
stocks in Western Australia and assessing the feasibility of assisted recovery 
measures for improved management in a changing environment 

2015 2015-027 
Examining the relationship between fishery recruitment, essential benthic 
habitats and environmental drivers in Exmouth Gulf 

2015 2015-239 
Oysters Australia IPA: Pacific Oyster Mortality Syndrome – resistant Oyster 
breeding for a sustainable Pacific Oyster Industry in Australia 

 

 

 

Online Resource 5: FRDC Research Proposal Key Phrases 

Investigating the “Topic”, “Objectives”, “Need” and “Background” text from 1208 which research 
projects funded by the FRDC between 2009-2019, to provide further context of the in-text use of 
these keywords, we searched for key word combinations (key phrases) using the search function 
(“Ctrl+F”) in Microsoft Word, and noted the most commonly used word combinations and their 
frequencies. We then took the top two key phrases for each of the 36 top keywords, and compiled 
them into a group ordered by their weighted value (the number of uses). Finally, we removed 
duplicates (e.g. “fisheries-management”, as both “fisheries” and “management were key words), 
and arrived at list of 63 of the top key phrases relating to variations on the top keywords (Table 
4). “Climate-change” was the third highest used key phrase (Table 4). Other key phrases identified 
which used the word “climate”, included “climate-varia(bility/tion)” with 18 uses, “changing-
climate” with 16 uses, and “climate-impact(s)” with 13 uses. On a similar theme, key phrases 
identified using the keywords “environmental” and “sustainable” included “environmental-
conditions with 89 uses, and “environmental-change(s)” with 32 uses, as well as “sustainable-
development with 88 uses, “ecologically-sustainable” with 73 uses, “sustainable-
fish(ing/eries/ery)” with 54 uses, and “sustainable-management” with 48 uses (Table 4). 

 

 

 



310 

 

Table 4 The 63 top key phrases (word combinations) using phrase variations on the top 36 
keywords (i.e. keywords including and above “climate”) 

Top Key Phrases 
Number 
of Uses 

(Weight) 
Top Key Phrases (continued) 

Number 
of Uses 

(Weight) 

fisheries-management 548 commercial-catch 74 

seafood-industr(y/ies) 534 management-plan 73 

climate-change 427 ecologically-sustainable 73 

by-catch(es) 420 water-quality 72 

harvest-strateg(y/ies) 377 potential-impact(s) 63 

recreational-fisher(s/y/ies) 314 socio-economic 60 

stock-assessment 281 risk-management 60 

fishing-industr(y/ies) 276 quality-assurance 58 

commercial-fisher(s/y/ies) 263 future-harvest 57 

aquaculture-industr(y/ies) 244 social-licence 57 

management-strateg(y/ies) 153 knowledge-gaps 53 

catch-rates 128 recreational-fishing-communit(y/ies) 51 

aquatic-animal-health 243 aquatic-animal-disease(s) 51 

fish-stock(s) 184 economic-yield 50 

management-strateg(y/ies) 153 aquaculture-development(s) 46 

fishing-sector(s) 144 disease-outbreak(s) 46 

catch-rates 128 economic-impact(s) 45 

indigenous-fish(er/ing/ies) 127 future-management 40 

wild-catch(es) 123 export-market(s) 35 

natural-resource(s) 103 fisheries-production 33 

risk-assessment 99 environmental-change(s) 32 

stock-status 97 development-strateg(y/ies) 32 

fisheries-resource(s) 91 Australian-communit(y/ies) 31 

strategic-plan 90 high-value 30 

sustainable-development(s) 89 improved-understanding 28 

post-harvest 89 lack-of-knowledge 26 

environmental-conditions 89 human-health 22 

social-science(s) 87 scientific-information 20 

market-access 80 mental-health 20 

aquaculture-sector(s) 78 climate-varia(bility/tion) 18 

recreational-sector(s) 76 economic-information 17 

value-add(ed/ing/ition) 76 memorandum-of-understanding 13 

indigenous-people(s) 76   
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Appendix E: Chapter 5 Supplementary Materials 

Stakeholder perceptions on actions for marine fisheries adaptation to climate change 
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Online Resource 1: Case Study: Tasmanian Commercial Wild-Catch Fisheries 

Tasmania has a wild-catch fisheries seascape composed of six main commercial fisheries: abalone, 

rock lobster, giant crab, scallop, scalefish, and commercial dive (urchins, periwinkles, clams and 

seaweed), the largest and most valuable of which are the commercial rock lobster and abalone 

fisheries. Tasmanian commercial wild-catch fisheries hold a total production value of A$194.3 

million (US$142 million; 5314 tonnes) in 2017–18, accounting for 18% of Tasmania’s seafood 

gross value production (GVP) – the largest seafood GVP of any Australian state (Steven et al. 

2020). Tasmanian state fisheries employed 778 people (full-time equivalent) directly, and 564 

people indirectly in 2017–18 (Fisheries Research and Development Corporation 2019). 

Additionally, Tasmania has various recreational and Indigenous fisheries, with 22% of Tasmanian 

residents (98 000 people) participating in recreational fishing activity at least once per year (Lyle 

et al. 2014). Tasmanian commercial wild-catch fisheries are managed by the Wild Fisheries 

Management Branch of the Tasmanian Government Department of Primary Industries, Parks, 

Water and Environment, through overarching legislation (the Living Marine Resources 

Management Act 1995) as well as individual management plans for each fishery set as legislation, 

and harvest strategies, issued and updated by the Wild Fisheries Management Branch. Tasmanian 

fisheries management documents currently do not prominently discuss the effects of climate 

change on the industry or associated environments; however, this may be included in stock 

assessments for individual fisheries (Fogarty et al. 2020). Decisions on important issues around 

commercial wild-catch fisheries management in Tasmania are issued by the Fisheries Minister 

(local member of parliament), and may or may not be based on recommendations and advice 

provided by a Fishery Advisory Committee (FAC), which are the peak advisory groups for each 

major Tasmanian fishery (Department of Primary Industries, Parks, Water and Environment 2020). 

The Fisheries Minister must seek consultation over key arrangements, such as size limits, seasonal 

closures, gear restrictions, and Total Allowable Catches (TACs). FAC meetings are generally held 2–

4 times per year for each fishery, with membership made up of a diverse range of fishery 

stakeholders (Department of Primary Industries, Parks, Water and Environment 2020). 

Management methods in place for many of these fisheries include gear restrictions, limited entry, 

mailto:Hannah.Fogarty@utas.edu.au
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quotas, size limits, spatial closures, temporal closures, and TAC limits (Fisheries Research and 

Development Corporation 2020). 

Of the Tasmanian wild-catch fisheries, the largest and most valuable to the state’s economy are 

the commercial rock lobster fishery and the commercial abalone fishery, in 2017–18 contributing 

A$97.2 million (US$71 million) and A$86.4 million (US$63.1 million) respectively in GVP to the 

state (Steven et al. 2020). The Tasmanian commercial rock lobster fishery targets the southern 

rock lobster species (Jasus edwardsii) using pots and traps, and has the largest participation size 

of Tasmanian commercial wild-catch fisheries, with 194 active vessels in the 2017–18 fishing 

season (Hartmann et al. 2019), 383 people directly employed in 2016 (Ogier et al. 2018), and 311 

licence holders in 2016 (Steven et al. 2020). Most exports of commercial southern rock lobster 

catch are live, fresh product, though markets are also available for frozen rock lobster exports 

(Hartmann et al. 2019). The rock lobster fishery is divided into two fishing ‘zones’ (east and west 

regions) and 11 stock assessment areas (Hartmann et al. 2019). Management methods in place 

for the rock lobster fishery include gear restrictions, limited entry, quotas, size limits, spatial 

closures, temporal closures, and Total Allowable Catch (TAC) limits (Fisheries Research and 

Development Corporation 2020). The Tasmanian rock lobster fishery has a history of being 

affected by habitat degradation caused by the long-spined sea urchin (Centrostephanus rodgersii; 

a climate-driven range extender species; Ling and Keane 2018), with management interventions in 

place aimed at rebuilding the virgin biomass of the stock to 20% by 2023 through implementing 

an East Coast Stock Rebuilding Zone (SRZ), and adjusting TACs (Hartmann et al. 2019). Current 

fisheries management for southern rock lobster is aimed at ensuring that healthy egg production 

is maintained at 20% or more of unfished levels (Hartmann et al. 2019). Southern rock lobster 

have a long pelagic larval period of up to 2 years (Fitzgibbon et al. 2014), which may lead to 

variability in stock recruitment from year to year depending on environmental or anthropogenic 

stressors (Hartmann et al. 2019). However, TAC settings are more influential on stock biomass, 

and are therefore used as an effective management response (Hartmann et al. 2019). 

Tasmania’s commercial abalone fishery is the largest wild abalone fishery in the world (Ogier et al. 

2018; Tasmanian Seafood Industry Council 2017) and predominantly targets blacklip abalone 

(Haliotis rubra; ~90–95% of catches), with some greenlip abalone (H. laevigata; ~5–10% of catch) 

caught by diving (Mundy and McAllister 2018; Mundy and McAllister 2020). The Tasmanian 

commercial wild-catch abalone fishery has participation 102 active divers and another 170 people 

directly employed in 2016, and 121 licence holders in 2017–18 (Ogier et al. 2018; Steven et al. 

2020). The abalone fishery is divided into six fishing ‘zones’ with smaller-scale block caps within 

these, which are used in assessing and managing the fishery (Mundy and McAllister 2020). 

Management methods in place for the abalone fishery include limited entry, quotas, size limits, 

spatial closures, and TAC limits (Fisheries Research and Development Corporation 2020). The 

Tasmanian abalone wild-catch fishery is affected by historical overfishing from the 1990s, long-

term habitat degradation caused by C. rodgersii and multiple marine heatwaves over the past 

decade, which together have contributed to reduced abalone stocks, particularly in eastern 

Tasmania (Mundy and McAllister 2020). Stocks in western Tasmania more recently appeared to 

be rebuilding, while stocks in northern Tasmania are relatively stable, although some areas still 

show signs of decline (Mundy and McAllister 2018). To address falling stock levels across much of 

the fishery, TAC limits for the fishery have been continually reduced since 2011(Mundy and 

McAllister 2020). 

The smaller Tasmanian commercial wild-catch fisheries include the giant crab fishery, scallop 

fishery, scalefish fishery, and commercial dive fishery. The Tasmanian giant crab fishery primarily 
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the giant crab species Pseudocarcinus gigas using pots (or traps), the Tasmanian scallop fishery 

primarily harvests the commercial scallop species Pecten fumatus, but also includes the take of 

the doughboy scallop and queen scallop (Ogier et al. 2018). The Tasmanian scalefish fishery is a 

multi-gear and multi-species fishery and harvests various scalefish, shark, and cephalopod species 

using gill-nets, hooks, seine nets (Ogier et al. 2018). Finally, the Tasmanian commercial dive 

fishery collects mainly urchins (Heliocidaris erythrogramma and increasingly Centrostephanus 

rodgersii), and periwinkles (Lunella undulata), as also allows for harvest of clams and introduced 

oysters and seaweeds (Ogier et al. 2018). 

 

Online Resource 2: Theoretical Saturation of Concepts 

Interviews were completed with 16 fisheries stakeholders: seven fisheries managers, seven 

academics, and two industry representatives. These were the available participants who agreed 

to be part of the study, out of a total of 28 stakeholders that were contacted for interview, 

including seven industry representatives from various organisations. Theoretical saturation of 

concepts encountered during interviews was reached after conducting 13 interviews (Fig. S1). 

Evidence suggests that theoretical saturation often occurs after ~12 interviews (Baker and 

Edwards 2012; Guest et al. 2006). 

 

Figure S1 Cumulative number of concepts encountered with increasing number of interviews, with 

a plateau after approximately eight interviews, and theoretical saturation of concepts after 

conducting 13 interviews (following Hagerman et al. 2010). 
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Online Resource 3: Interview Guide 

The interview guide was designed to explore the perceptions of participants around how 

Tasmanian commercial wild-catch fisheries can better prepare for and adapt to long-term 

environmental changes like climate change. Interview recordings lasted between 20 and 49 min, 

with an average time of 33 min. Interview guide was structured as follows: 

 

1. What is your role within your organisation? How long have you been in this role? 

 

2. Are you also a member of any (other) councils, committees, or associations related to 

Tasmanian Commercial state fisheries?  

 

3. What are your personal views on climate change? 

a. Optional prompt: do you agree or disagree that current climate change is human 

induced? 

 

4. How (if at all) is your organisation or research addressing long-term environmental 

changes like those associated with climate change, in relation to commercial fisheries? 

 

5. In relation to the state fisheries you deal with, could you please identify some examples of 

the impacts your fisheries and marine environments have experienced already, as a result 

of long-term environmental changes?  

a. Optional prompt: Are there any positive changes? 

 

6. How has the Department or industry responded to those changes and impacts? 

a. Optional prompt: Has there been any management changes? 

 

7. How effective have any management changes been to minimise the negative impacts, and 

maximise the positive outcomes of those long-term environmental changes? 

 

8. How (if at all) does your organisation or research measure or assess the effectiveness of 

the management changes in relation to long-term environmental changes? 

 

9. What are the costs (financial or otherwise) of implementing management changes in 

relation to minimising the negative impacts or maximising the positive outcomes of long-

term environmental changes? Who is affected by these management changes? 

 

10. What environmental changes and impacts do you expect to affect the commercial state 

fisheries or marine environment you deal with in the next 10-50 years? 

a. Optional prompt: What about in the next 5 years? 

 

11. Is there anything preventing your state fisheries from responding to the impacts of long-

term environmental changes? 

 

12. What do you think is necessary for your agency or industry to minimise the future 

negative impacts, and maximise future positive outcomes? 

a. Optional Prompts: How might this be improved moving forward? How can 

fisheries be proactive in responding to climate change? 



316 

 

References 

Baker, S. E., and Edwards, R. (2012) How many qualitative interviews is enough? National Centre 

for Research Methods, Southampton, UK. 

Department of Primary Industries, Parks, Water and Environment (2020) Fishery Advisory 

Committees. Tasmanian Government, Department of Primary Industries, Parks, Water and 

Environment: Hobart, Tas., Australia. 

Fisheries Research and Development Corporation (2019) Australian fisheries and aquaculture 

industry 2017/18: economic contributions estimates report. FRDC project 2017–210, Fisheries 

Research and Development Corporation, the Institute for Marine and Antarctic Studies, University 

of Tasmania, and BDO EconSearch, Australia. 

Fisheries Research and Development Corporation (2020) Status of Australian Fish Stocks Reports. 

(FRDC: Australia) 

Fitzgibbon, Q. P., Jeffs, A. G., and Battaglene, S. C. (2014). The Achilles heel for spiny lobsters: the 

energetics of the non-feeding post-larval stage. Fish and Fisheries 15(2), 312–326. 

doi:10.1111/faf.12018 

Fogarty, H. E., Cvitanovic, C., Hobday, A. J., and Pecl, G. T. (2020). An assessment of how 

Australian fisheries management plans account for climate change impacts. Frontiers in Marine 

Science 7, 591642. doi:10.3389/fmars.2020.591642 

Guest, G., Bunce, A., and Johnson, L. (2006). How many interviews are enough? An experiment 

with data saturatio and variability. Field Methods 18(1), 59–82. doi:10.1177/1525822X05279903 

Hagerman, S., Dowlatabadi, H., Satterfield, T., and McDaniels, T. (2010). Expert views on 

biodiversity conservation in an era of climate change. Global Environmental Change 20(1), 192–

207. doi:10.1016/j.gloenvcha.2009.10.005 

Hartmann, K., Gardner, C., León, R., and Rizzari, J. (2019) Fishery Assessment Report: Tasmanian 

Rock Lobster Fishery 2017/18. Institute for Marine and Antarctic Studies, University of Tasmania, 

Hobart, Tas., Australia. 

Ling, S. D., and Keane, J. P. (2018) Resurvey of the Longspined Sea Urchin (Centrostephanus 

rodgersii) and associated barren reef in Tasmania. Institute for Marine and Antarctic Science, 

University of Tasmania, Hobart, Tas., Australia. 

Lyle, J. M., Stark, K. E., and Tracey, S. R. (2014) 2012–13 Survey of Recreational Fishing in 

Tasmania. Institute for Marine and Antarctic Studies, University of Tasmania, Hobart, Tas., 

Australia. 

Mundy, C., and McAllister, J. (2018) Tasmanian Abalone Fishery Assessment 2017. Institute for 

Marine and Antarctic Studies, University of Tasmania, Hobart, Tas., Australia. 

Mundy, C., and McAllister, J. (2020) Tasmanian Abalone Fishery Assessment 2019. Institute for 

Marine and Antarctic Studies, University of Tasmania, Hobart, Tas., Australia. 



317 

 

Ogier, E., Gardner, C., Hartmann, K., Hashino, E., León, R., Lyle, J., and Mundy, C. (2018) Economic 

and Social Assessment of Tasmanian Fisheries 2016/17. Institute for Marine and Antarctic Studies, 

University of Tasmania, Hobart, Tas., Australia. 

Steven, A. H., Mobsby, D., and Curtotti, R. (2020) Australian fisheries and aquaculture statistics 

2018. Fisheries Research and Development Corporation project 2019–093, ABARES, Canberra, 

Act, Australia. 

Tasmanian Seafood Industry Council (2017) Seafood industry workforce profile: May 2017. Report 

prepared by Stern and Associates. TSIC, Hobart, Tas., Australia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



318 

 

Appendix F: Chapter 5 Stakeholder-Derived Recommendations for Climate 

Adaptation 

Research Project: Stakeholder perceptions on requirements for marine fisheries 
adaptation to climate change 

 

STAKEHOLDER-DERIVED RECOMMENDATIONS FOR CLIMATE ADAPTATION 

Purpose 

This correspondence is to provide feedback to interview participants (fisheries managers, 
academics, and industry representatives) and relevant stakeholders of the results of a recent study 
investigating climate adaptation in the management of Tasmanian commercial wild-catch fisheries. 
In particular, the recommendations mentioned by participants to potentially improve climate 
adaptation and resilience of fisheries into the future. We hope this study helps to improve 
communication and understanding between Tasmanian fisheries stakeholders, and will help 
promote cooperation, forward-thinking, and proactive adaptive responses to climate change and 
other long-term environmental changes. 

Results Summary 

This research identified that: 

1) Long-term environmental changes like climate change are affecting Tasmanian marine 
environments and fisheries. 

2) Climate adaptation in Tasmanian fisheries management is minimal so far, and has largely 
been passive or incidental to date. 

3) Implementing adaptation strategies creates a range of economic and social costs, with 
potential to be largely absorbed by industry and the Tasmanian community, which may 
have various negative cascading effects (in addition to the climate adaptation benefits). 

4) Fisheries climate adaptation in Tasmania is currently perceived as hindered by resistance 
from people, politics, insufficient resources and funding, and insufficient research or 
available expertise. Inaction, insufficient education/outreach/extension/engagement, 
interaction between stakeholder groups, and industry limitations were also mentioned as 
obstacles.  

Recommendations for Future Improvements 

Recommendation Strategy 

5) Science-led 
opportunities 
 

 

• More basic fieldwork and biological information to create stronger baseline 
information upon which change can be compared. 

• Monitoring to evaluate what species are shifting here, and forecasting to 
predict when additional changes are expected. 

• Move modelling and projections towards application, extension, and 
interpretation at a fishery level. 

• More ecosystem-integrated thinking. 

• Identify where the long-term strongholds are for certain wild species. 

6) Government-led 
opportunities 
 

• Improve flexibility in management arrangements (e.g. novel or discretionary 
spatial and temporal management, relaxing fishing trip restrictions for vessels 
on gear types and number of permits), and reduce lag times to be able to 
change more quickly in response to changes. 

• Take a strategic approach to managing implications of climate change and 
extreme events (e.g. marine heatwaves), such as building in climate 
adaptation as a key part of every strategy. 
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• Keep bolstering stocks and building biomass to a level that is more resilient to 
shocks in a system, and applying a precautionary approach to management 
and decisions. 

• Increase capability in risk and uncertainty thinking, systems thinking, and 
negative feedback among decision-makers to break the cycle of inaction. 

• Review property right regimes (e.g. introduce a “resource rent” to access 
fisheries, auctioning system for property rights on a 5-year basis, fishers to 
lease an area of the seafloor). 

7) Industry-led 
opportunities 

 

• Diversify to spread the risk (e.g. alternative target species, new or different 
markets) and ensure fisheries are more resilient to changes and variability in 
catch and demand. 

• Implement more cooperative structures to allow for the financing and security 
to move between different species and markets, value adding, and sharing 
resources between groups (e.g. vessels, crew, and processing and storage 
facilities). 

• Industry to take a long-term view and reconsider asset and property right 
regimes (e.g. return control to vessel owners and skippers, away from quota 
owners). 

• Doing and demonstrating environmentally clean industry practices (e.g. 
conscious of fuel consumption and plastics use, shift to more energy efficient 
operations, increase communication and extension on the good things fishers 
are doing). 

• Change infrastructure to cope with the effects of climate change (e.g. change 
heights of walls to adapt to sea level rise, provide better access to coastlines, 
re-gear fisheries). 

8) Cross-cutting 
opportunities 

 

• Increase trans-disciplinary and trans-boundary thinking (i.e. across two or 
more disciplines; e.g. Knowledge Brokers, intermediary roles, boundary work), 
and foster learning from, and collaboration with, stakeholder groups. 

• Develop more projects on (or with) engagement and communication, and 
more extension services to allow fishers to share their local knowledge. 

• Increase funding, resources, and support for stakeholder collaborations, 
research, and action. 

• Improve the scientific literacy of the public, decision-makers, and fishers. 

• Showcase the benefits of investing in climate change by framing climate 
change in a way that highlights what industry will gain and what they will save 
by investing. 

 

Further Information 

This study is approved by the Tasmanian Social Sciences Human Research Ethics Committee 
(approval reference: H0018116), and is included in a PhD thesis (Fogarty), and scientific journal 
article submitted to Marine and Freshwater Research. 
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