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CERES Project 

 

CERES advances a cause-and-effect understanding of how climate change will influence 

Europe’s most important fish and shellfish resources and the economic activities 

depending on them. The projects will provide the knowledge and tools needed to 

successfully adapt European fisheries and aquaculture sectors in marine and inland 

waters to anticipated climate change. We will identify and communicate risks, 

opportunities and uncertainties thereby enhancing the resilience and supporting the 

development of adaptive management and governance systems in these blue growth 

sectors. CERES strongly supports important European policy goals including self-

sufficiency of the domestic supply of fish and shellfish. 

This four-year project is designed to: 

1. Provide regionally relevant short-, medium- and long-term future, high resolution 

projections of key environmental variables for European marine and freshwater 

ecosystems; 

2. Integrate the resulting knowledge on changes in productivity, biology and ecology of 

wild and cultured animals (including key indirect / food web interactions), and ‘scale up’ 

to consequences for shellfish and fish populations, assemblages as well as their 

ecosystems and economic sectors; 

3. Use innovative risk-assessment methodologies that encompass drivers of change, 

threats to fishery and aquaculture resources, expert knowledge, barriers to adaptation 

and likely consequences if mitigation measures are not put in place; 

4. Anticipate responses and assist in the adaptation of aquatic food production industries 

to underlying biophysical changes, including developing new operating procedures, early 

warning methods, infrastructures, location choice, and markets; 

5. Create short-, medium- and long-term projections tools for the industry as well as policy 

makers to more effectively promote blue growth of aquaculture and fisheries in different 

regions; 

6. Consider market-level responses to changes (both positive and negative) in commodity 

availability as a result of climate change; 

7. Formulate viable autonomous adaptation strategies within the industries and for policy 

to circumvent/prevent perceived risks or to access future opportunities; 

8. Effectively communicate these findings and tools to potential end-users and relevant 

stakeholders. 

 

CERES receives funding from the European Union’s Horizon 2020 research and 

innovation programme under grant agreement No 678193 (CERES, Climate Change 

and European Aquatic Resources).  
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Executive Summary  

Introduction 

Climate change (CC) and global heating are creating a set of causes which will lead to 

consequences for inland waters and marine aquaculture and fisheries. Those 

consequences will therefore need to be addressed through a set of management 

measures. In addition, climate change may also bring about opportunities for these 

industries, not least as a means of adapting to the changes. These opportunities will also 

need to be addressed through management measures. Given the complexity of these 

interactions then there is the need for defining and refining conceptual frameworks to 

give a logical and widely accepted means of tackling the challenges.  

 

The causes, consequences and responses need to involve consideration of the natural, 

social, economic, engineering and governance aspects. Most importantly, for the 

solutions to be rooted in the applied and industrial spheres and for them to be 

sustainable and successful, then they need to be derived by stakeholders.  

 

Defining the Challenge  

This deliverable from WP5 of CERES provides the synthesis of CERES by incorporating 

results of WP1-4 together with inputs from industry and policy stakeholders derived from 

an extensive Engagement Strategy (WP6). It focusses on the exposure of aquaculture and 

fisheries to CC effects (as provided by WP1-4) and considers the sensitivity of these 

sectors, thus indicating the scale of the potential problem. A severe exposure has the 

potential to cause a severe reduction in the sectors and thus a loss to the Blue Economy. 

However, as there is adaptive capacity in the system to accommodate change (such as 

changes to technology, location, target or farmed species to match climate change), WP5 

will show how that potential problem might be decreased, and so quantify the resultant 

and residual vulnerability. The residual vulnerability requires alternative solutions in 

order to maximize future Blue Growth. As such WP5 is the central theme of CERES in 

defining and addressing the risks and producing industry-approved practical / operational 

solutions. 

 

Approach 

This task has created a series of stakeholder-informed conceptual models resolving the 

main components of risk assessment and risk management of climate change impacts on 

European fishing fleets and aquaculture segments. Conceptual models are used to 

analyse i) the threats causing a main event (e.g., losses to a particularly industry) as well 

as ii) prevention measures limiting the severity of the main event, and to identify iii) the 

consequences of the main event occurring and, iv) mitigation/adaptation/compensation 

and control measures aimed at minimizing those consequences. The conceptual models 

were created in a generic form at the start of CERES (M1-5), modified and expanded in 

dialogue with stakeholders (Task 5.1), and used as basis for quantitative risk assessment 
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(T5.2) parameterizing the most important links between threats, events and 

consequences and assessment of vulnerability (T5.3) and summarized for various regions 

with each sector (SI groups 1-4, T5.4). 

 

Bow-tie analysis is a simple graphical way to describe and analyse the pathways of a risk 

from hazards linked to the outcomes of management measures. It is a risk management 

tool supplementing cause-and-effect and impact assessment which has been used to 

manage the risks related to potential catastrophic events in a broad range of industry 

sectors. It provides a systematic approach of assuring control over environmental, health 

and safety hazards and has been recently adopted for an ecosystem approach. The 

central knot of the Bow-tie represents a particular risk (e.g. loss of a type of fishery due to 

CC). The left side lists pathways of potential causes and the right side lists consequences 

resulting from the event. Controls are positioned along the pathways of risks on the left 

(solutions preventing the event) and on the right (mitigation/compensation and recovery 

from the event). Escalation factors which undermine the effectiveness of a given control, 

can also be added with additional barriers. Hence, the scheme accommodates uncertainty 

in risk management. In the case of CERES, this is the effect of uncertainty on achieving 

production (Blue Growth) and policy objectives stemming from uncertainty in scientific 

understanding in the ability to adapt fishery or aquaculture production methods, in the 

feasibility of policy objectives, and in implementation effectiveness. Hence, in risk 

management, the performance of management controls in managing or reducing these 

uncertainties relies on a suite of barriers that eliminate, avoid, or control the likelihood of 

a given risk to occur or mitigate or recover from the consequences of a given risk. Barriers 

implemented closest to the sources of the risk provide the greatest assurance in reducing 

uncertainty in achieving objectives. At the same time, determining the prevention or 

response to risk, allows the opportunities to be defined for fisheries and aquaculture to 

successfully accommodate CC impacts and enhance Blue Growth. 

 

Contribution to the project 

This rigorous conceptual analysis of risk management has identified suitable adaptation 

actions as well as the current and future legislation directions and interactions of global, 

European and national legislation and it has also examined the ability to consider these 

against cumulative and in-combination effects. It has synthesised information from all the 

other work-packages and as such forms a fundamental part of the synthesis of the whole 

project. It involved the natural and social sciences and links the bottom-up and top-down 

solutions and considerations. The 25 conceptual models produced by the task, as Bow-tie 

diagrams produced with stakeholder-led workshops, then gave rise to the 24 Storylines 

which show the features and responses of climate change to inland and marine 

aquaculture and fisheries.  

 

The analysis described here is novel in several aspects. Firstly, it is the first use of Bow-

ties for interrogating the causes, consequences and management measures for climate 

change repercussions, both positive and negative, on marine and inland waters 
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aquaculture and fisheries. Secondly, the extensive stakeholder engagement has ensured 

that this is more than an academic exercise and has a very applied focus. Thirdly, the large 

number of case-studies, covering many species, geographical and biogeographical areas, 

different management and industrial systems, and methods of aquaculture and fishing, 

have produced a unique database from which conclusions can be reached. This wide and 

comprehensive approach, following the whole raison d’être of the CERES project, has 

ensured coverage of the most important European fisheries and aquaculture targets and 

regions. Despite this, logistical difficulties led to relatively sparse information from inland 

fisheries although it is considered here that the generic information from those few inland 

waters examples are still transferable from the local regions to Europe-wide statements. 

Lastly, it is notable that the task, through the stakeholder engagement and number of 

conceptual models produced, has involved many of the partners in the CERES project. 

 

Dissemination and exploitation 

The conceptual models (Bow-tie diagrams) were created by having the original generic 

models disseminated amongst stakeholders. The refined versions were then prepared 

and discussed by regional stakeholder groups thereby educating and informing a very 

wide audience about the methods and approaches to risk and opportunity assessment 

and management. The resulting material and approach has been presented at many 

workshops and conferences and the overall method has now been adopted by other 

groups, such as ICES working groups. The approach and basis for the method has been 

published in several international, peer-reviewed publications and this Deliverable will 

form the basis for another Open Access publication. Stakeholder groups will now be 

encouraged to consider and implement the management measures identified.  
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Chapter 1: Introduction 

1.1 Background 

There are many natural and anthropogenic hazards in the marine environment and these 

produce risks when they adversely affect something valued by humans and society, 

including welfare and wellbeing (Elliott, et al, 2014). Hazards and risks may be created 

inside a sea area or catchment by natural changes or human activities, in which the causes 

and consequences of the hazards and risks need to be addressed. Conversely, they may 

emanate from outside the catchment or sea area in which only the consequences are 

managed by management measures inside the area whereas the causes created outside 

the area need management at a much large scale, at the global level in terms of climate 

change. These are respectively termed endogenic managed pressures and exogenic 

unmanaged pressures (Elliott 2011) and climate change is an example of the latter; for 

example, local repercussions of sea-level rise, ocean acidification, storminess or 

increasing temperature will affect the uses and users of the seas and so these 

consequences need to be managed (the causes can only be managed at global levels such 

as the annual UN COP meetings).  

Given that climate change is widely accepted as a risk to the marine system then the 

response of aquaculture and fisheries to climate change is essentially a risk assessment 

and risk management problem (Cormier et al., 2019). However, to be more positive, it can 

also be an exercise for opportunity analysis and opportunity management, i.e. are there 

any benefits as well as adverse consequences. Because of this, the analysis of these 

requires a risk and opportunity assessment and management approach. The causes of 

risks to aquaculture and fisheries will then require to be met with prevention, mitigation, 

compensation, adaptation and control measures to prevent adverse consequences. 

Similarly, the causes of those changes may require that the aquaculture and fisheries 

industries also look for opportunities to enable them to cope with climate change.  

Such an analysis of the causes, consequences and responses to environmental change 

then needs an underpinning framework. Hence, the analysis here employs a well-

established framework for assessing the drivers, activities and pressures causing change 

and the responses, across natural and social sciences, which can be used to minimize the 

effects of that change and even to look for opportunities resulting from the change, for 

example a change to a different fishery stock or farmed species. This follows the 

DAPSI(W)R(M) approach (Elliott, 2014, Elliott et al., 2017) in which, in the context of 

fisheries and aquaculture, Drivers such as the need for food requires specific Activities 

(aquaculture, wild fisheries) which in turn produce Pressures. These are the mechanisms 

causing State Changes on the natural (ecological) system and an Impact (on human 

Welfare). The latter then require Responses (termed Measures in the European Union 

Directives) which can involve technical, economic or legal instruments (Elliott et al., 2017). 

Superimposed on this sequence for all activities in a marine or inland area are external 

factors such as climate change (Elliott et al., 2015) and so there is the need to determine 
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solutions to any consequences to be defined by disentangling the effects of climate 

change from those due to other activities and pressures. 

Against the above background, the solutions to the problems caused to fisheries and 

aquaculture by climate change will be both bottom-up and top-down. Bottom-up 

solutions includes the desires and abilities of the industry sector to address any problems 

caused by climate change (such as changes to company and societal behaviour, location, 

gear technology, production systems, the ability to diversify by switching sectors, and 

economic avenues such as consolidation or insurance changes). In contrast, Top-down 

solutions refer to potential governance and policy changes imposed from the legislation, 

administrative and social systems at national, regional, European and global levels. For 

this, a strong interaction with stakeholders is required as these will inform the approaches 

and are likely to be the main proponents of solutions to any problems identified.  

The resulting management of both the adverse consequences and opportunities will need 

to be as holistic as possible in order to sustainable and successful solutions. This approach 

has been defined previously as the ability to promote the 10-tenets framework (Elliott, 

2013; Barnard and Elliott, 2015) – i.e. they are ecologically sustainable, economically viable, 

technologically feasible, administratively achievable, socially desirable (or at least socially 

tolerable), legally permissible, effectively communicable, ethically correct (morally defensible), 

politically expedient and culturally inclusive. 

This task, described and detailed in this Deliverable 5.1, firstly decided on the most 

appropriate analytical approach for risk assessment and management, and which could 

be adapted for opportunity assessment and management – this was the ISO-31000 

compliant method Bow-tie analysis for producing conceptual models. The aim of the 

approach was to use a large number of case-studies, which eventually became termed 

Storylines throughout the CERES project, to produce BowTie conceptual models which 

highlight: 

• What is/are the main problem(s) for the fishing/aquaculture industry 

related to climate change? 

• What causes this/these problem(s)? 

• What are the consequences of the problem(s)? 

• What opportunities (if any) come from the problem(s)? 

• What can be done as management measures (a) to prevent the problem(s) 

happening, (b) to adapt, control, mitigate and/or compensate for the 

consequences if the problem(s) does/do occur? 
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• What factors can enhance the management measures and what factors can 

cause them to fail? 

1.2  Background to the Bow-tie Method 

The analysis here uses a recognised, industry-standard risk (and opportunity) assessment 

and management technique called Bow-tie Analysis (Cormier et al., 2019 and references 

therein) for 25 case-studies (which then became the 24 ‘Storylines’ 

(https://ceresproject.eu/case-studies/)). Bow-tie analysis is a simple graphical way to 

describe and analyse the pathways of a risk from hazards linked to the outcomes of 

management measures (Cormier et al, 2019). It is a risk management tool supplementing 

cause-and-effect and impact assessment which has been used to manage the risks related 

to potential catastrophic events in a broad range of industry sectors. It provides a 

systematic approach of assuring control over environmental, health and safety hazards 

and has been recently adopted for an ecosystem approach (e.g. Burdon et al., 2018). It is 

notable that this approach has been recommended by ICES and the Department for 

Fisheries & Oceans Canada as their preferred risk assessment and management 

methodology (Cormier et al., 2013). 

As carried out here, Bow-tie analysis synthesises the above aspects, and addresses the 

questions list above, by incorporating stakeholder views and the regional- and sector-

specific aspects, the quantification of risk of climate change to those sectors/regions, the 

ranking of vulnerabilities and the solutions and opportunities delivered to cope with 

climate change. In turn, again as used here, this approach (stakeholder-led risk and 

solution mapping) creates a series of stakeholder-informed conceptual models resolving 

the main components of risk assessment and risk management (and opportunity 

assessment and management) of climate change on European fishing fleets and 

aquaculture sectors both marine and in inland waters.  

The Bow-tie analysis creates conceptual models which have then been synthesised here 

to analyse i) the threats causing a main event (e.g., losses to a particularly industry) as well 

as ii) prevention measures limiting the severity of the main event, and to identify iii) the 

consequences of the main event occurring and, iv) mitigation, compensation and 

adaptation measures aimed at minimizing or accommodating those consequences (see 

below for clarification of the measures terminology). The generic conceptual models were 

created at the start of the process and then modified in dialogue with stakeholders. They 

were then used as a basis for quantitative risk assessment parameterizing the most 

important links between threats, events and consequences, the assessment of 

vulnerability and finally were summarized for various regions with each sector. 

A BowTie is a diagram that visualises the risks being considered in one, clear and easy to 

read picture (Figure 1). Shaped like a Bow-tie, the diagram creates a clear differentiation 

between preventative and mitigation/compensation/adaptation measures – effectively 

ways to prevent an event from happening, and if it does, ways to mitigate any effects; the 

latter step will also include any compensation, adaptation and control measures. The 

https://ceresproject.eu/case-studies/
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power of a Bow-Tie diagram is that it shows a summary of numerous risk scenarios, in a 

single, easy to follow picture that can be understood by all levels of an organisation. In 

short, it provides a simple, visual explanation of a risk that would be much more difficult 

to explain otherwise. Originally designed for the risks associated with health and safety 

practices, the wide scope and capabilities of Bow-Tie analysis mean that it can be adapted 

for a number of purposes including reviews of legislation and ecological assessments and 

investigations. 

The central knot of the Bow-tie represents a particular risk (e.g. loss of profits for a specific 

fishery due to CC). The left side lists pathways of potential causes (Figure 1 – generic 

model) whereas the right side lists consequences resulting from the event. Controls are 

positioned along the pathways of risks on the left (solutions preventing the event) and on 

the right (mitigation/compensation and recovery from the event). Escalation factors which 

undermine the effectiveness of a given control, can also be added with additional barriers. 

Hence, the scheme accommodates uncertainty in risk management. In the current 

analysis case, this is the effect of uncertainty on achieving production (Blue Growth) and 

policy objectives stemming from uncertainty in scientific understanding in the ability to 

adapt fishery or aquaculture production methods, in the feasibility of policy objectives, 

and in implementation effectiveness. Hence, in risk management, the performance of 

management control in managing or reducing these uncertainties relies on a suite of 

barriers that eliminate, avoid, or control the likelihood of a given risk to occur or mitigate 

or recover from the consequences of a given risk. Barriers implemented closest to the 

sources of the risk provide the greatest assurance in reducing uncertainty in achieving 

objectives. At the same time, determining the prevention or response to risk, allows the 

opportunities to be defined for fisheries and aquaculture to successfully accommodate 

CC impacts and enhance Blue Growth. 

1.2 Terminology of Management Measures 

Given that once the causes and consequences of changes in fisheries and aquaculture 

due to climate change have been determined, the more important part of this sequence 

is determining management measures to prevent or accommodate the consequences. 

The management measures adopted in risk assessment and risk management 

terminology rely on the terms prevention, mitigation, adaptation, compensation and 

control. However, these terms have been used in different ways by the two fields of risk 

assessment/management and global/climate change. In general, mitigation is used here 

as a means of reducing the adverse effects whereas adaptation is a means of coping with 

those effects.  

In general, the term mitigation is used for almost all management measures and in the 

Bow-tie analysis here, the type of measures depends on the central event. If the cause of 

the change is climate change, then CO2 reduction strategies would be a prevention control 

to reduce the likelihood of climate change. However, if climate change is the central event 

as the consequence of the introduction of CO2, then CO2 reduction strategies would be 

mitigation that would reduce the magnitude of the climate change. Bow-tie and the ISO 

standards structure the management risk along proactive (prevention) and reactive 
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(mitigation and recovery) management strategies where proactive strategies provide the 

least uncertainty of achieving policy objectives while reactive strategies have the most 

uncertainty of achieving objectives.  

In contrast, when adaptation is used as in the case of the IPCC, it does not classify the 

risks in terms of management strategies because it focused on the effects of climate 

change on the environment and people. The IPCC uses a risk assessment approach based 

on likelihood and consequences (impacts) while the Bow-tie is a risk management 

approach aimed at reduce the effects of uncertainty in achieving objectives by 

implementing (i) proactive management strategies to prevent the problems that could 

undermine the objectives and (ii) reactive management strategies to reduce the 

consequences when the proactive management strategies fail. 

The definitions above have led to the development of the generic Bow-tie (Figure 1) which 

is based on three standards: the IEC/ISO 31010: 2009 definitions and these concepts, the 

application in environmental management in the Australian standards HB 203: 2012 and 

the most recent version of IEC/ISO 31010:2019 which generalized the measures as 

preventative and reactive management measures. These show that prevention controls 

the cause to reduce the likelihood of an event. Mitigation reduces the magnitude of the 

consequences of an event. Recovery controls recover from the consequences of an event 

that could not be mitigated. IEC 31010: 2019 introduced the concept for cascading events 

where a consequence of an event becomes the causes of a subsequent event. This version 

also include management activities to support the implementation of a control in addition 

to escalation fractors and escalation controls. 

 

 

Figure 1 Generic Bowtie based on BowTieXP. 
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The further management measure, compensation, is used as a way of allowing both the 

ecological system and the uses to accommodate the adverse changes even if the changes 

are not prevented. There are three areas of compensation (Elliott et al., 2007) – to 

financially compensate the users, such as fishermen for the loss of income, to 

compensate the resource such as by restocking or replanting, and to compensate the 

environment by re-creating or creating new habitat to allow for the loss in-situ or 

elsewhere. 
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Chapter 2: Methods 

The methods for the deliverable are in three sections – (a) the creation of generic models 

based on the causes emanating from climate change followed by a stakeholder-led 

engagement to discuss, produce and refine the Bow-ties; (b) the extraction of information 

from the created Bow-ties to indicate the opportunities and consequences potentially 

produced by climate change, and (c) the extraction of information from the created Bow-

ties regarding the potential solutions covering the prevention, mitigation, adaptation and 

control measures which can then enhance the opportunities and tackle the 

consequences. 

(a) Creation of generic models based on the causes emanating from climate change 

followed by a stakeholder-led process to produce the final Bow-ties 

Based on previous experience, internal workshops were organised by UHULL and held in 

order to create generic Bow-tie schematic models (Appendix 1). These were then 

distributed to stakeholders within a set of case study areas (proposed by the participants 

of the CERES project) and using a questionnaire response, the Bow-tie diagrams were 

populated, checked and refined. Unlike final Bow-tie diagrams, the generic models used 

blocks of possible entries for each of causes, prevention/mitigation, and consequences 

without the pathways as lines joining individual causes to individual prevention measures, 

etc. The case-studies used here cover inland and marine aquaculture and fisheries in 

Europe by spanning all the major types of fisheries and aquaculture as well as the 

geographical spread from the north to southern and eastern to Western Europe. In turn, 

the Bow-tie diagram is then overlain with the problem-solving framework DAPSI(W)R(M) 

(pronounced dapsiworm) (Elliott et al., 2017) (Figures 2 and 3). 

 
Figure 2 The Bow-tie structure overlaid by the DAPSI(W)R(M) framework (see text) 
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Figure 3 The explained background to elements of the Bow-tie method – the ‘escalation factors’ 

may enhance or hinder the action of the prevention, mitigation, compensation, adaptation and 

control measures (see Cormier et al., 2019) 

Given the framework in Figure 3, an internal exercise by the authors produced a set of 

generic Bow-tie diagrams in order to explain the techniques and aid the stakeholders in 

their thinking. Generic BowTie-like models [hereafter referred to just as Bow-Ties] were 

developed for both aquaculture and fisheries and both risks and opportunities (Appendix 

1). Each model was populated with a set of generic conditions that were considered 

likely/possible in the storyline regions. These were then presented to the storyline lead 

proponents who were asked to convene stakeholder panels and then develop the models, 

essentially by omitting aspects that did not apply to their species/region and to add in any 

conditions that related to their species/region but were missing from the generic model. 

As shown in Appendix 1, the generic models used a set of each element (causes, 

consequences, etc.) but without the pathways, thereby giving the stakeholder panels the 

ability to insert the links and pathways. The stakeholders wanted to show, in the left hand 

side of the model, all the climate interactions. Furthermore, the stakeholders were asked 

where possible to further quantify the models by ranking the causes, consequences and 

solutions as being of high, medium or low importance. Furthermore, also in order to help 

the stakeholders, the categories of causes, consequences and measures were listed. 

The generic Bow-ties were then superseded by more-typical models in which the precise 

causes, consequences and measures are given in individual boxes which are then linked 

as pathways. Stakeholder exercises were held in each area to create a story-line, the 

particular case of a fishery or aquaculture species or group or species in a particular 
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region. This resulted in 25 Bow-tie models (NB, in the remainder of the CERES project, this 

was finalised as 24 storylines in that two of the Bow-tie models for bivalve aquaculture 

were combined into one storyline).   

(b) The analysis of the consequences and opportunities of climate change on 

aquaculture and fisheries 

The 25 Bow-tie diagrams (Appendices 2-4), created prior to being refined for the 24 

Storylines, were analysed by extraction and tabulating all the consequence of climate 

change. The consequences were then grouped according to main topics and then the 

information summarised in tables and text.  

The main topics for the adverse consequences of aquaculture were: (i) Biodiversity, 

Ecosystems and Ecology; (ii) Company Structure and Practices; Employment; (iii) Industry 

Structure, Practices and Competition; (iv) Markets; (v) Competition, and (vi) Local Culture 

and Tourism. The adverse consequences for inland and marine fisheries were: (i) 

Biodiversity, Ecosystems, Foodwebs and Ecology; (ii) Company structure and practices; (iii) 

Local Culture, Traditions, Values and Tourism; (iv) Employment; (v) Industry Structure and 

practices; (vi) Markets, and (vii) Transboundary Policy Issues.  

The opportunities for aquaculture were: (i) Alternative areas and species; (ii) Industry and 

Company Structure, Practices, Competition and Employment; (iii) Markets; Biodiversity, 

ecology and food webs, and (iv) Culture, Traditions, Values and Tourism. The opportunities 

for fisheries were: (i) Alternative Areas, Stocks and Species; (ii) Industry, Market and 

Employment Opportunities, and (iii) Local Culture, Traditions, Tourism and Values.  

(c) The analysis of prevention, mitigation, compensation, adaptation and control 

measures 

Overall, 12 Bow-ties (corresponding to Storylines S4, S14 to S24) were analysed for the 

fishery sector, with a total of 33 types of measure identified for control, adaptation, 

mitigation, and/or compensation. These were grouped into 7 categories of measures:  

A) Behaviour/Marketing (including 3 measures in total);  

B) Economics (4 measures);  

C) Fisheries management (10 measures); 

D) Governance (5 measures);  

E) Spatial management & enhancement (5 measures) 

F) Synergies with other sectors/industry (2 measures);  

G) Innovation (4 measures) 

For the aquaculture sector, 13 Bow-ties (corresponding to Storylines S1 to S3, S5 to S13, 

with two Bow-ties for S8(a, b)) were generated and analysed, with a total of 49 types of 
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measure identified for control, adaptation, mitigation, and/or compensation. These were 

grouped into 9 categories of measures:  

H) Business management (including 5 measures in total);  

I) Control (3 measures);  

J) Synergies with other sectors/industry (1 measure);  

K) Economic incentives & Economics (6 measures);  

L) Governance (7 measures);  

M) Innovation: Research & Monitoring (6 measures); 

N) Innovation: Stock enhancement (3 measures) 

O) Innovation: Technology (11 measures) 

P) Spatial planning (7 measures) 

The analysis was undertaken on the data extracted from the aquaculture and fishery Bow-

ties separately, based on both the presence/absence records of individual measures, and 

the count of measures recorded were grouped by category in each Bow-tie. Multivariate 

cluster analysis was performed on these datasets, using Sorensen similarity for 

presence/absence and Euclidean distance for counts. These metrics were calculated both 

between samples (i.e. Bow-ties) and between variables (i.e. measures or categories) to 

identify similarities between Bow-ties, also in relation to region and species addressed, 

and in the distribution of different measures (as individual items or categories) across 

Bow-ties, respectively. Group average algorithm was applied in the analysis, with SIMPROF 

test performed to identify significant differences (P<0.05) between clusters, and SIMPER 

analysis was employed to identify measures of categories typifying the differentiating 

clusters.  
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Chapter 3: Results 

3.1 Storyline Bowties and causes of consequences 

The stakeholder-led Bow-tie models were created for 25 cases (corresponding to the 24 

Storylines, Table 1) – 13 for aquaculture and 12 for fisheries, covering both marine (21) 

and inland waters (4) although there were many more marine than inland waters models 

(Table 1). The 25 Bow-tie models are given in Appendices 2 (for inland waters both 

aquaculture and fisheries), 3 (for marine aquaculture) and 4 (for marine fisheries). The 

topics within each of the cause, consequence and solutions elements were interrogated 

by being extracted and grouped. 

Table 1 CERES Storylines and Corresponding Bow-ties 

# CERES Storylines Inland W Marine Aquac. Fish. 

1 Rainbow Trout NW Europe      

2 Rainbow Trout East Med     

3 Carp NE Europe     

4 Pike Perch SE Europe     

5 Mussels North Sea     

6 Oysters North Sea     

7 Mussels Atlantic coast     

8 Oysters and Clams Atlantic coast (*)     

9 Mussels Mediterranean     

10 Salmon North East Atlantic     

11 Meagre Atlantic coast     

12 Seabass Seabream West Med and Atlantic     

13 Seabass Seabream East Med     

14 Herring Capelin Cod Barents and NW Sea     

15 Herring Sprat Cod Baltic     

16 Herring North Sea     

17 Gadoids North Sea     

18 Mackerel NE Atlantic     

19 Flatfish North Sea and NE Atlantic     

20 Dolphinfish NW Med     

21 Sardines and Anchovies Bay of Biscay     

22 Sardines and Anchovies NW Mediterranean     

23 Hake Aegean Sea Eastern Med     

24 Bluefin Tuna NW Med     

* two Bow-ties, for Atlantic coast oysters (#8a) and clams (#8b)  

 

The causes of any resulting adverse consequences and the reasons for the opportunities 

in the generic Bow-ties were originally derived and then modified from the climate change 

flow diagrams given in Elliott et al. (2015) (Table 2). The causes were originally listed as 

umbrella categories (5 for inland waters and 9 for marine areas, Table 2). Table 2 indicates 

which of the specific causes relate to each umbrella category. The stakeholder panels then 

expanded on or removed these specific causes for each of their case-studies in creating 

their Bow-tie. The causes identified by each set of stakeholders for their Bow-tie are given 

on the Bow-ties in Appendices 2-4.  
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Table 2 The climate change related causes – both the umbrella topics and the generic 

causes  

(a) INLAND WATERS (numbers relate to the umbrella causes topics below) 

Fisheries Aquaculture 

Opportunities  Risks Opportunities Risks 

Increased survival of 

eurytopic and 

tolerant spp (1,3,5) 

Improved growth 

conditions (1,2,3,5) 

Increased 

reproduction of am 

water species(1,2,5) 

Increased 

recruitment 

(1,2,3,4,5) 

Gain of habitat for 

eurytopic and warm 

water species 

(1,2,3,4,5) 

Gain of spawning 

areas (1,2,3,4,5) 

Gain of nursery areas 

(1,2,3,4,5) 

Species range shifts 

(1,2,3,5) 

Seasonal change 

(1,2,3,4) 

Increased food/prey 

availability (1,2,3,4,5) 

Decreased 

competition by loss 

of "native" species 

(1,2,3,4,5) 

Increased 

recreational fisheries 

opportunities 

(1,2,3,4,5) 

Modified governance 

e.g. EU Renewable 

Energy or Flooding 

Directives cause 

improved synergies 

for fish (2,4,5) 

Change in community 

structure and trophic 

cascading (1,2,3,4,5) 

 

Decreased survival of 

intolerant and cold 

water species 

(1,2,3,4,5) 

Decrease in fish 

health (e.g. parasites 

& disease) (1,2,3,4,5) 

Decreased tolerance 

(1,2,3,4,5) 

Loss of growth 

conditions (1,2,3,5) 

Decreased 

reproduction 

(1,2,3,4,5) 

Decreased 

recruitment 

(1,2,3,4,5) 

Loss of habitat 

(1,2,3,5) 

Loss of spawning 

areas (1,2,3,5) 

Loss of nursery areas 

(1,2,3,5) 

Decrease in habitat 

connectivity (1,2,3,5) 

Species range shifts 

(1,2,3,5) 

Seasonal changes 

(1,2,3) 

Decreased food/prey 

availability (shifts in 

food chain) (1,2,3,5) 

Increased 

competition from 

non-native and 

invasive species 

(1,2,3,4,5) 

Modified governance 

– EU FWMA cause 

negative impacts for 

fish (2,4)  

Modified governance 

e.g. EU Renewable 

Energy or Flooding 

Directives cause 

Increased 

opportunity for novel 

and warm water spp 

(1,2,5,7,9) 

Increased growth 

conditions (1,2,5,7,9) 

Increased 

reproduction 

(1,2,5,7,9) 

Increased 

recruitment of wild 

seed(1,2,3,4,5,7,9) 

Seasons change 

(1,2,3,7,9) 

Increased 

opportunities for 

cultured based 

fisheries  

Modified governance 

(5) 

Altered technologies 

(5) 

Different stock 

species available for 

harvest (2,5) 

Increase in water 

quality 

Increase is water 

availability 

Shift to intensive 

recirculation systems 

Control of diseases 

Legislation prevents 

introduction of new 

species 

Decreased growth 

conditions (1,2,5,7,9) 

Loss of cold water 

species production 

(1,2,3,7,9) 

Decreased feed 

availability 

(1,2,3,4,5,6,7,8,9) 

caused by changes in 

exploitation patterns 

Modified governance 

(5) 

Altered technologies 

(5) 

Anthropogenic CC 

related direct 

contaminants (5) 
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negative impacts for 

fish (2,4,5) 

Anthropogenic CC 

related direct 

contaminants (3,5) 

 

Climate Change related umbrella categories for inland waters opportunities and risks 

1. Altered temperature regime (e.g. stratification in lakes) 

2. Hydrology (frequency, intensity & timing of floods & droughts due to rainfall and run 

off) 

3. Physico-chemical water changes (pollution, change in dissolved oxygen, nutrient 

concentration & salt water intrusion) 

4. Weather changes / climate pattern changes, storms 

5. Exacerbated by anthropogenic influences 

 

(b) MARINE (numbers relate to the umbrella causes topics below) 

Aquaculture Fisheries 

Risks Opportunities Risks Opportunities 

Decreased survival 

(1,2,5,7,9) 

Decreased tolerance 

(1,2,5,6,9) 

Decreased growth 

conditions (1,2,5,7,9) 

Decreased 

reproduction 

(1,2,5,7,9) 

Decreased 

recruitment 

(1,2,3,4,5,7,9) 

Loss of habitat 

(3,4,5,6,7,9) 

Loss of spawning 

areas (3,4,5,6,7,9) 

Loss of nursery areas 

(3,4,5,6,7,9) 

Decrease in habitat 

connectivity 

(3,4,5,6,7,9) 

Decrease in larval 

transport (2,3,4,6,7,9) 

Species range shifts 

(1,2,3,7,9) 

Seasons change 

(1,2,3,7,9) 

Decreased food/prey 

availability 

(1,2,3,4,5,6,7,8,9) 

Increased 

competition from 

non-native and 

Increased survival of 

southern spp 

(1,2,5,7,9) 

Increased tolerance 

(1,2,5,6,9) 

Increased growth 

conditions (1,2,5,7,9) 

Increased 

reproduction 

(1,2,5,7,9) 

Increased 

recruitment 

(1,2,3,4,5,7,9) 

Gain of habitat 

(3,4,5,6,7,9) 

Gain of spawning 

areas (3,4,5,6,7,9) 

Gain of nursery areas 

(3,4,5,6,7,9) 

Increases in habitat 

connectivity 

(3,4,5,6,7,9) 

Increase in larval 

transport (2,3,4,6,7,9) 

Species range shifts 

(1,2,3,7,9) 

Seasons change 

(1,2,3,7,9) 

Increased food/prey 

availability 

(1,2,3,4,5,6,7,8,9) 

Decreased 

competition by loss 

Decreased survival 

(1,2,5,7,9) 

Decreased tolerance 

(1,2,5,6,9) 

Decreased growth 

conditions (1,2,5,7,9) 

Decreased 

reproduction 

(1,2,5,7,9) 

Decreased 

recruitment 

(1,2,3,4,5,7,9) 

Loss of habitat 

(3,4,5,6,7,9) 

Loss of spawning 

areas (3,4,5,6,7,9) 

Loss of nursery areas 

(3,4,5,6,7,9) 

Decrease in habitat 

connectivity 

(3,4,5,6,7,9) 

Decrease in larval 

transport (2,3,4,6,7,9) 

Species range shifts 

(1,2,3,7,9) 

Seasons change 

(1,2,3,7,9) 

Decreased food/prey 

availability 

(1,2,3,4,5,6,7,8,9) 

Increased 

competition from 

non-native and 

 

Increased survival of 

southern spp 

(1,2,5,7,9) 

Increased tolerance 

(1,2,5,6,9) 

Increased growth 

conditions (1,2,5,7,9) 

Increased 

reproduction 

(1,2,5,7,9) 

Increased 

recruitment 

(1,2,3,4,5,7,9) 

Gain of habitat 

(3,4,5,6,7,9) 

Gain of spawning 

areas (3,4,5,6,7,9) 

Gain of nursery areas 

(3,4,5,6,7,9) 

Increases in habitat 

connectivity 

(3,4,5,6,7,9) 

Increase in larval 

transport (2,3,4,6,7,9) 

Species range shifts 

(1,2,3,7,9) 

Seasons change 

(1,2,3,7,9) 

Increased food/prey 

availability 

(1,2,3,4,5,6,7,8,9) 
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invasive species 

(1,2,3,6,7,8,9) 

Modified governance 

(5) 

Altered technologies 

(5) 

Anthropogenic CC 

related direct 

contaminants (5) 

of "native" species 

(1,2,3,6,7,8,9) 

Modified governance 

(5) 

Altered technologies 

(5) 

Different stock 

species available for 

harvest (2,5) 

invasive species 

(1,2,3,6,7,8,9) 

Modified governance 

(5) 

Altered technologies 

(5) 

Anthropogenic CC 

related direct 

contaminants (5) 

Decreased 

competition by loss 

of "native" species 

(1,2,3,6,7,8,9) 

Modified governance 

(5) 

Altered technologies 

(5) 

Different stock 

species available for 

harvest (2,5) 

 

Climate-change related umbrella categories for marine opportunities and risks 

1. Altered temperature regime 

2. Physico-chemical water changes 

3. Weather changes / climate pattern changes 

4. Sea level rise 

5. Anthropogenic influences 

6. Changes to rainfall and runoff 

7. Loss of polar ice cover 

8. Ocean acidification 

9. Hydrodynamic changes 

 

3.2 Adverse Consequences and Opportunities of Climate Change to Fisheries and 

Aquaculture 

The following narrative has been created from the right-hand boxes inserted by the 

stakeholders within 25 Bow-tie analyses which then contributed to the 24 CERES 

Storylines. Comments apply to one or more Bow-tie Diagrams and Storylines and are 

organized under general headings and each comment within the general headings below. 

It is emphasised that they indicate an expert judgement based on a large and varied 

experience amongst stakeholders. It is also emphasised that different Bow-Tie diagrams 

were completed by differing numbers of stakeholders and so there may be differing 

degrees of confidence in the conclusions. Precise examples are given below but the 

individual Bow-Tie diagrams (Appendices 2-4) should be consulted to show which 

individual comments relate to which Bow-tie Diagram. These can then be cross-referred 

to the Storylines.  

In general, the Bow-tie analysis identified more adverse consequences than opportunities 

for both aquaculture and fisheries due to climate change. This may be the result of the 

industries being more concerned with short- to medium-term than long-term 

repercussions. In some Storylines, such as for the fishery targeting dolphin fish and the 

aquaculture of meagre, there were more opportunities identified than adverse 

consequences. It is noted, however, that for some Storylines (mussels in the S European 

Atlantic, gadoids in the North Sea and mackerel in the NE Atlantic), the stakeholders did 

not identify any opportunities due to climate change.   



CERES Deliverable 5.1 Industry- and policy-driven conceptual frameworks of climate change impacts 

Page 23 of 47 

 

ADVERSE CONSEQUENCES 

Adverse Consequences - Aquaculture 

Biodiversity, Ecosystems and Ecology: There is likely to be high pressure on other 

species due to market demand for seafood (such as other bivalve stocks). There will be a 

loss or change of biodiversity and food web structure and only more resistant species can 

be cultured if there are notable environmental changes. For example, there will be an 

increased pressure on other seafood species as oyster culture becomes more difficult, 

and pressure on other species reducing genetic diversity and altering phytoplankton 

structure. The potential change will be to species farmed that can tolerate higher 

temperatures and, since most of the production is expected in sea cages, the impact of 

escapees is of concern. Expansion could be restricted due to carrying capacity issues 

related to food for birds. Jellyfish may become more prevalent in food webs which may 

cause problems for salmon culture and salmon losses may be indirectly increased as 

overfishing of wild stocks may result in increases in jellyfish. Within dam lakes in inland 

waters in some areas, ecosystem regime change will affect production and is likely to 

shorten the production period of rainbow trout.  

Company Structure and Practices:  There will be changes in general industry structure 

and at farm level, as well as changes in product growth and quality, production cycles may 

become shorter (less time in aquaculture facilities, less risk) and therefore the products 

may be marketed at a smaller size. There could be a consolidation of the sector with a 

move towards large farms and a reduction in small enterprises, with more profitable 

farms, and farms concentrating on more than one species (e.g. char). A movement of 

marine culture from near-shore to offshore sites is expected. The consolidation of existing 

companies will accelerate and equipment upgrades will be needed to continue farming 

but adapting gear or operations may increase costs. There could be greatly reduced 

employment due to pathogen infections and fluctuations in annual survival. Companies 

may need to hire climate change professionals for advice and marketing. National 

production will be affected, for example in the main culture areas such as in the Algarve, 

southern Portugal. Inland farms using groundwater as opposed to surface water may 

have an advantage following future climate changes. 

Employment: There will be decreased employment due to farm closures or due to 

pathogen infections, the loss of coastal production areas, and annual fluctuations of 

recruitment (e.g. delivering spat in mussel cultures). There could be reduced employment 

due to a decrease in the number of companies and perhaps an increase in mechanisation 

or a switch to seasonal employment. 

Industry Structure, Practices and Competition: Climate change may bring a reduced 

profit margin and increased competition; there could be an effect on investment (if there 

is no financial protection) and an increase in stock insurance premiums (so the business 

may become non-viable). There could be increased global competition as larger firms 

acquire smaller farms, accelerating the trend toward global aquaculture companies as 

opposed to many, smaller farms. Competition will be reduced as industry moves to more 
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multi-national companies, which may be better able to cope with smaller profit margins 

or absorb risk if sites fail. This move towards conglomerates would reduce the industry 

diversity and change the distribution of farms around the region. These structural 

changes in the industry will change the dynamics of aquatic food markets and, in essence, 

any increased production costs will decrease profits. For rainbow trout in the 

Mediterranean region, production may be moved to higher altitudes thereby increasing 

costs. Elsewhere, there could also be specific changes such as increased cost for mussel 

seed purchase. 

Markets: Climate change could greatly reduce market prices for fish and shellfish 

(especially if the quality diminishes) and regions or the reduction in supply (and increased 

demand and operating costs) could give higher market prices and a long-term decrease 

in market size, e.g. for mussels and oysters. Market prices will change according to the 

supply and quality of mussels and other shellfish produced in warmer waters. Markets 

may only operate in the spring, thereby decreasing the supply. If the product is easily 

substitutable then the prices remain unchanged. For example, the trout market will 

probably reduce (as any impacts will outweigh benefits). There will be changes in aquatic 

food market dynamics. In shellfish, for example, there are specific interrelationships 

between the Portuguese companies and French markets. There could, however, be 

reduced prices due to increases in imported seafood to offset reduced local production. 

Overall, the viability of the operations may decrease. 

Competition: For shellfish, there may be more competition with other seafood products 

but, within the industry, less capacity for competition due to reduced supply of clams; for 

oysters, a decreased supply increases competition between producers. There could be 

increased pressure to compensate mussel production loss although for mussels, pressure 

on other species is not possible because the blue crab is becoming a dominant predator. 

In fish cage culture, there is likely to be an increased demand for wild caught cleaner 

wrasse. 

Local Culture and Tourism: There could be reduced ecotourism due to a reduced 

biodiversity in the region or tourism could have negative pressure on future farming. 

There may be an impact on local traditions and values and, for example, a loss of location 

identity. The long-standing tradition of artisanal clam culture, for example, depends on 

the productivity of specific locations and so the loss of the ability to culture clams in 

specific sites will cause families to change profession. There could be potential 

competition and conflicts with tourism in coastal areas. The successful ‘Wild Atlantic Way’ 

tourism initiative, for example, conflicts with the space needed for salmon farming. In 

addition, it could become more difficult to obtain permits for new farms if tourism 

becomes more successful because of warmer conditions. 

 

 

Adverse Consequences - Fisheries 



CERES Deliverable 5.1 Industry- and policy-driven conceptual frameworks of climate change impacts 

Page 25 of 47 

 

Biodiversity, Ecosystems, Foodwebs and Ecology: The reduced biodiversity may favour 

non-native species, changes to predator/prey relationships and a simplification of the 

food web. Continued expansion of the habitat of invasive tropical tuna species, for 

example, could change the ecosystem structure of the Mediterranean Sea. Warm 

temperatures can decrease energy-rich zooplankton while, at the same time, increasing 

the energy requirements of fish. The food web structure may be strongly impacted 

through changed predation pressure on small/medium pelagic species; for example, 

increased predation pressure on plankton (e.g. copepods) gives a feedback-loop into 

mackerel food webs. Similarly, in the case of cod, capelin and herring, for example, as 

more Atlantic water enters the Barents Sea there will be an increase in biodiversity 

although some Arctic species may disappear. Predation pressure on target species 

increases with climate-driven increase in the abundance of some species, such as bluefin 

tuna as a predator on mackerel migrating to higher latitudes. There may be a change from 

Arctic to Boreal food webs, a pelagic-dominated ecosystem leading, for example, to 

reduced catches of cod but improved conditions for herring. There may be changes from 

mesotrophic to eutrophic conditions with negative effects on system complexity and 

diversity and nursery and spawning areas may also need more protection. In inland 

waters, the changes to food webs and pressure on other species through simplified food 

webs, the vulnerability of some species and the decrease in prey availability may increase 

the pressure on other species, such as pikeperch or bighead carp. In one example, fishing 

other species was not expected to reduce pressure on cod, capelin or herring, but if 

mackerel became very abundant, it could reduce capelin and herring stocks through 

predation and indirectly lead to less cod. 

Company structure and practices: Company size and portfolio may benefit under a 

slight temperature increase due to greater stock sizes of certain species of fish. 

Agriculture could expand at the expense of fishing leading to the migration of employees 

to other areas, the decreased number and size of fishing associations, and reduced 

company size. There will be a tendency towards and fewer, larger, more efficient vessels 

and a concentration of larger companies (and increased monopolism) due to buy-outs of 

smaller companies (or their quotas) unable to adapt. Migrating stocks could increase 

steaming time with economic consequences but there was a mixed view by stakeholders 

of the changes to the accessibility of fishing grounds depending on species.  

Local Culture, Traditions, Values and Tourism: Climate change may lead to decreased 

touristic appeal, reduced cultural heritage, weakened traditional (cultural) values and 

hence a decreased local welfare. This leads to impacts on local communities, values and 

fishing traditions with the loss of tourism to traditional fishing villages. Traditions and 

values associated with fish species, however, will not necessarily change irrevocably 

unless the stocks are in danger of disappearance. As an example, as suggested for the 

Norwegian and Barents Sea fisheries, tourism will increase with warmer temperatures 

and losses in sea-ice that, in turn, could increase conflicts between tourist and fishing 

vessels. 

Employment: Climate change will lead to decreased employment and casualisation of 

employment, possibly due to reduced catches. The pattern is mixed, however, since 
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employment could increase in some cases (e.g. due to greater bluefin tuna abundance), 

or be reduced (e.g. due to migrations of stocks to high latitudes). There are also 

unpredictable employment effects due to multispecies fisheries. As an example, there 

could be increased short- to medium-term employment due to increases in Barents Sea 

cod but decreased long-term employment as fishers would need to travel farther as 

stocks move to Russian waters and, for Norwegian fishers, more fish would be 

inaccessible. Fishers may end up selling elsewhere or reallocating activities and land to 

other uses and the decreased jobs in the fishery sector could lead to young people not 

entering the industry or going abroad for work.  

Industry Structure and practices: With climate change, fishing may move further 

offshore and there could be shorter fishing seasons. The general industry structure may 

improve in colder areas, but in already warm areas, such as the southern central 

Mediterranean Sea, the industries may suffer. A large-scale fishery may no longer be 

viable and there could be a loss of certification and challenges in traceability. Several of 

the Bow-tie stakeholders emphasised that there could be losses of family-owned 

businesses in favour of larger companies, co-operations or co-operatives 

(monopolisation). This could reduce the diversity of fishery and markets. These above-

mentioned structural changes to the industry would increase conflict between fishermen 

and (a) fishing vessel owners, (b) fishermen, and (c) authorities and ultimately the capture 

fisheries could be replaced with aquaculture. 

Markets: The market and economic repercussions of climate change would lead to 

changed prices for fish in relation to both RCP 4.5 and RCP 8.5, to changes in consumer 

habits if new species enter the markets, and to cost increases. The change in fishing costs 

would reduce the market viability. Market sizes and regions might increase, as already 

observed in some regions (such as the N Atlantic for mackerel). Decreases in market price 

are also possible through oversupply, especially if the size of stocks continues to increase 

(e.g. in the case of bluefin tuna). In the case of inland waters, the resulting monopolization 

and higher prices, the decrease of regional wild freshwater fish markets and the increased 

aquaculture in the area would all have an adverse effect.  

Transboundary Policy Issues: Climate change could increase exploitation and value of 

mackerel by northern Non-EU countries (Iceland, Greenland, etc.) leading to increased 

political pressure. If more cod inhabit the Russian zone of the Barents Sea, then fisheries 

treaties between Norway and Russia will be required and there could be less quota for 

Norwegian fishers. There will be new competing species and pressure may increase on 

stocks migrating from the south which have no quota. This could result in wild-fish prices 

poorly competing with cheap imported wild-fish; competition could also be increased with 

farmed fish products. Finally, political factors could exacerbate changes, such as ‘Brexit’ 

creating trade barriers and market disruption for the N Atlantic mackerel fishery and, 

furthermore, the possibility of a ‘mackerel war’ as there is no agreement between Iceland 

and the EU, Faroe Islands and Norway. 

OPPORTUNITIES 
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Opportunities - Aquaculture 

Alternative areas and species: If the conditions become too stressful for species 

currently farmed, the industry will be open to experimenting with alternative species, 

more tolerant of the new conditions. Climate change would allow new farms to be located 

in the north and alternative species to be farmed, for example meagre. The Pacific oyster 

may decline relative to the European oyster, in the latter having a better growth rate at 

higher temperatures and a higher market value. For bivalves, for example, the emerging 

species may respond positively to future change but could exert higher pressure. The sea 

bass/sea bream Bow-tie stakeholders suggested that new species could be exploited and 

that there would be benefits in farming herbivorous and omnivorous species. While, new 

species can be exploited, however, by both the wild and farmed sectors, knowledge is 

needed to culture/harvest new species such as clams, oysters and blue crab. In inland 

waters, new warm-water, disease resistant species may be cultured. In turn, the effects of 

commercial pressure on new species will require research but there may be public 

pressure for a decrease in terrestrial protein (e.g. beef) and an increase in salmon 

production due to the lower carbon footprint for salmon protein.  

Industry and Company Structure, Practices, Competition and Employment: Climate 

change may diversify production and employment with the move to farm new species 

and resistant species and could require different methods. Initial negative growth due to 

high economic investment would eventually pay dividends. The diversification of 

aquaculture products would increase customer choices and the reputation of the sector. 

For example, the increase of meagre farming will require commercialization by processing 

into fillets or portions. There may be an increase in the number of farms but the industry 

will be dominated by large, vertically integrated companies operating cage systems and 

processing plants (again meagre is used as an example). In inland waters, there will be the 

increased possibility to move from cage culture to closed or semi-closed production. 

Increased employment could result due to risk management for adverse climate change 

effects and especially in new farms, RAS and cage farming technology areas, as well as 

seafood processing. For example, in the case of Atlantic salmon farming, organic farming 

methods would allow other areas to compete with Scotland and Norway, 

Markets: There may be an increased market price, as in the case of oysters, due to lower 

production (a short-term benefit). Although the economics of new species being marketed 

are unknown, for example meagre, the income is expected to cover the demand in the 

Mediterranean region and, once processed, it can be exported to non-EU markets. There 

may even be higher prices due to decreased supply and production and more 

environmentally-friendly products. The sector would benefit from the increasing size of 

markets, possibly caused by greater offshore production. If new areas are opened for 

production by government initiatives then production areas will spread. As an example, 

for clams there may be increased market prices and regions because they are a popular 

food. The industry changes may lead to a stability in markets as firms consolidate, and 

consumer choice may change with aquatic protein being regarded as more sustainable 

than terrestrial protein. There may also be changes due to the domestic market becoming 

smaller and consequently the product being increasingly exported. 
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Biodiversity, ecology and food webs: Despite the possible negative effects due to 

escapees, food web interactions and changes in dominance, if farms are moved offshore, 

escapees may have a lesser effect on coastal biodiversity. 

Culture, Traditions, Values and Tourism: Changes to all of these could have a positive 

effect on the future development of aquaculture leading to economic benefits, for 

example for sea bass and sea bream in the Western Mediterranean. Tourism could create 

positive economic future changes and there may be a positive impact on local tourism if 

aquaculture facilities are moved offshore. There may even be the increased promotion of 

alternative shellfish to tourists. 

Opportunities - Fisheries 

Alternative Areas, Stocks and Species: Climate change may cause the industry to 

exploit other stocks (as well or instead of current stocks). In the Mediterranean, examples 

include targeting the round sardinella instead of sardine and anchovy (although round 

sardinella currently has a low market price) and Sparisoma cretense, Trachurus, Spicara and 

squid instead of hake. There may be the potential expansion of tropical tuna into the 

Mediterranean that could be fished instead of bluefin tuna. In the Baltic Sea, the invasive 

goby (Neogobius) could be targeted instead of cod, herring or sprat. A given fishery could 

target different species in different areas, for example, sardine, anchovy and sprat locally 

but other species further away. The NE Atlantic flatfish fishery could exploit new or other 

species such as mullet, gurnard and squid. In inland waters such as Lake Razim, catches 

could change to non-natives such as silver, big head and grass carp, away from pikeperch. 

Instead of cod, capelin and herring in the Norwegian and Barents Sea, species migrating 

into the region such as mackerel & blue whiting may be targeted. In some fisheries, there 

could be a move to different pelagic resources, but these may be less productive species, 

or to deeper water, thermophilic or introduced species. The change to alternative target 

species will also reduce fishing mortality on previous target species, for example, by 

targeting round sardinella instead of sardine and anchovy. 

Industry, Market and Employment Opportunities: The changes in industry structure 

due to climate change may lead to increased employment due to increased abundance 

and access. There could be an increase in market price in the short-term and an increase 

in market size, regions and length of fishing seasons. As a short-term gain, there may be 

a positive increase in ex-vessel prices. There could be an expansion of markets through 

increased globalisation and in exploiting new markets. Markets may respond positively to 

the changing stocks – for example, for cod in the Norwegian and Barents Sea, market 

prices should remain high due to high stock biomass and generally lower biomass of 

stocks in other parts of the North Atlantic. 

Local Culture, Traditions, Tourism and Values: The realignment of the industry (and 

the changing climate) may reinforce traditional (cultural) values, including increased 

tourism to increase seafood consumption. While there could be an erosion of cultural 

heritage based on fishing, it was emphasised by stakeholders that traditions evolve and 

societal priorities change and thus change is not necessarily seen as negative. In inland 
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waters, while there may be a decrease of tourism for recreational angling, there may also 

be an increased fish demand due to more tourists. 

3.3 Prevention, Adaptation, Mitigation, Compensation and Control Measures 

Given the above consequences and opportunities being identified by the stakeholders, 

then it is necessary to focus on the solutions and mechanisms to these. Such management 

measures will need to be employed within and between countries. The narrative below 

indicates the main similarities and differences between the measures and the case 

studies.   

Fisheries  

Of the 33 measures (M) considered, those most frequently occurring in the Bow-ties 

addressed the use and promotion of alternative resources (M1), the protection of 

essential fish habitats (M24 and 25), the management of the fishery via regional stock 

quotas and seasons (M16), and innovation measures towards reducing fossil fuel 

consumption (M30) and increasing selectivity of fishing and gears (M32) (Table 3a). 

Fisheries management and spatial management and enhancement were the broad types 

of mitigation that mostly occurred in the fishery Bow-ties, followed by innovation and 

behaviour/marketing (Table 4a). 

There was no clear pattern of occurrence of measures in the Bow-ties according to the 

measure category, as shown by the cluster analysis between measures (Figure 4a). On 

average, the similarity between measures in their pattern of occurrence between Bow-

ties was low (14.8), ranging across the whole interval of variability 0-100, with 0 being 

recorded in the majority (75%) of the pairs of measures, while the highest similarity was 

generally associated with those groups of measures specific to one Bow-tie (e.g. M26, 27 

and 28 in S4; M4, 5, 13, 14, 18, 29 in S21 only). Measures of variable category co-occurred 

in the Bow-ties with no clear pattern. 

The analysis undertaken between Bow-ties showed that the similarity is generally low, the 

Sorensen index ranging between 0 and 85.7, but being <30 in most of cases (overall 

average = 18.9). The cluster analysis highlighted three groupings that were significantly 

differentiated (SIMPROF, P<0.05), as shown in Figure F5a. 

Group a, includes two Bow-ties (S15 and S21) for pelagic fisheries in the Baltic Sea (cod, 

herring and sprat) and in the Bay of Biscay (sardine and anchovy), respectively. The 

similarity within this group was generally low (28.57) and mainly ascribed to two 

measures, the adoption of new EU/international legislation to control climate change 

(M19) and spatial management associated with flexible spatial limits (M23), which 

occurred in both Bow-ties, while being absent (M19) or rare (M23) in other cases. 

Group b, includes six Bow-ties (S14, S16-18 and S22-23) for different pelagic fisheries 

distributed at variable latitudes, from the Barents and Norwegian Seas (cod, capelin and 
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herring), through the North Sea and NE Atlantic (cod, hake, haddock & saithe, herring, and 

mackerel), to the Mediterranean (sardine & anchovy, and hake). This is the group with the 

highest mean similarity (45.44), with higher similarities generally observed between the 

Bow-ties within the three regional areas covered. The measures most frequently found in 

these Bow-ties are related with the exploration and proportion of alternative resources 

(M1), the protection of essential fish habitats (M24 and 25), and innovation measures 

towards reducing fossil fuel consumption (M30) and increasing selectivity of fishing and 

gears (M32). These measures are absent or occasionally mentioned in Bow-ties from the 

other groups. 

Group c, includes four Bow-ties for specialised fisheries inland (S4, Razim lake and Danube 

delta) or at sea, the latter targeting either bottom-dwelling species such as flatfish in the 

NE Atlantic (S19), or large pelagic fish such as dolphin fish and bluefin tuna in the 

Mediterranean (S20 and 24). Given the variability of the fisheries included in this group, it 

is not surprising this is characterised by the lowest mean similarity (24.51), with the 

measures most frequently occurring being the adaptation of fishing seasons based on 

stock dynamics, quotas and markets (M8), the adoption of legislation according to 

changes in the resource distribution (M22) and the management of fishing quotas to 

control the market (M12). None of these measures occur in the Bow-ties from the other 

groups. 

When the analysis was undertaken at category level, no significant results were obtained 

that differentiated Bow-ties according to the number of measures formulated within each 

category. 

Aquaculture 

Of the 49 measures considered, the one most frequently occurring in the studied Bow-

ties addressed the use and promotion of alternative resources better adapter to higher 

temperature (M29), followed by measures addressing synergies with the fishery sector 

(fishery management, M9), compensation for the losses in the aquaculture sector and 

incentives/subsidies to improve technology (M10 and 11), and also including legislative 

support to these innovation incentives (M22) (Table 3b). Innovation (including technology 

and stock enhancement) and governance measures were in general the most frequent 

type of mitigation suggested for aquaculture Bow-ties, followed by economic incentives & 

economics (Table 4b). 

There was no clear pattern of occurrence of measures in the Bow-ties according to the 

measure category, as shown by the cluster analysis between measures (Figure 4b). On 

average, the similarity between measures in their pattern of occurrence between Bow-

ties was low (10.8), ranging across the whole interval of variability 0-100, with 0 being 

recorded in the majority (>80%) of the pairs of measures, while the highest similarity was 

generally associated with those groups of measures specific to one Bow-tie (e.g. M1, 2, 3 

and 6 in S7; M14, 21, 23, 25, 27, and 32 in S10). Measures of variable category co-occurred 

in the Bow-ties with no clear pattern.  
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The analysis undertaken between Bow-ties showed that the similarity is generally low, the 

Sorensen index being <20 in most of cases (overall mean = 12.0), with a range between 0 

and 100. The Bow-ties S5 and 6 were the only pair showing the maximum similarity value 

of 100, which possibly reflects the high similarity in the aquaculture shellfish resource and 

region (oysters and mussels in the North Sea) and is also likely to be influenced by the fact 

that the same participants completed these two Bow-ties (thus ensuring a higher 

harmonisation of the suggestions for mitigation, compared to other cases with variable 

authorship). This was a particular case, as the next highest similarity recorded between 

pairs of Bow-ties was 44. The cluster analysis did not highlight clear patterns in Bow-ties 

similarities according to region or species, although most of the Bow-ties for shellfish 

resources appeared to be clustered together (towards the right-hand side of the 

dendrogram in Figure 5b) with similarities >20. However, no significant differentiation 

were detected by the SIMPROF test between individual Bow-ties or clusters (Figure 5b). 

When the analysis was undertaken at category level, no significant results were obtained 

that differentiated Bow-ties according to the number of measures formulated within each 

category. 
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Table 3a. Fishery: Frequency of occurrence of individual mitigation measures across the 12 Bow-ties (horizontal bar charts are shown). 

 

 

 

  

Category Measure
No. Bow Ties 

(out of 12)
Category Measure

No. Bow Ties 

(out of 12)

1. Explore and promote alternative resources, species or stocks (including invasive 

thermophilic ones) to conserve the target species
6

18. Access rights and protection of quotas with rapid growth
1

2. Explore alternative markets and consumers
1

19. Adoption of new EU/international legislation to control climate change (e.g. limiting 

greenhouse gas emissions)
2

3. Educating consumers on changing species and origin of products, including ecolabelling
3

20. EU legislation: adaptive legislation which can react to unexpected positive or negative 

changes, allow innovation development
1

4. Invest in improving revenue in the mid-term (technology, security in price, staff 

recruitment and retention, vessels)
1

21. Local legislation: to reduce fishing pressure
1

5. Invest in reducing costs in the mid-term (technology, staff recruitment and retention, 

vessels)
1

22. Adopt legislation according to changes in presence and/or distribution of the species 

(open or close the fishery, regulate fishing of new resources)
3

6. Investment/subsidies to allow/promote alternative species
2

23. Flexible spatial limits for management to improve habitats and productivity, including 

offsetting and No-take Zones
3

7. Government measures (possibly initially financial) to diversify fleets 1 24. Protect essential spawning areas, including temporal closure/dynamic MPAs 4

8. Adapt seasons based on reproduction migrations, recruitment, nursery and spawning 

grounds, catch quotas and markets
3

25. Protect nursery areas, including temporal closure/ dynamic MPAs
5

9. Better stock assessment methodology to provide more robust management measures for 

sustainable stock and fishery
1

26. Restock threatened and declining species
1

10. Exploring how quota could be better allocated 1 27. Improve habitat quality/environmental conditions and connectivity 1

11. Change on the FMSY to adhere to larger scale management objectives 1 28. Promote alternative aquaculture based on native species 1

12. Fishing quotas will control stocks and market price (and employment) 2 29. Increased efficiency and suitability in the canning industry 1

13. Maintenance of the population phenotypic diversity to optimise its adaptation 

opportunity and capacity
1

30. Reduce fossil fuel consumption (and CO2 emissions) or increase alternative energy use
5

14. Pluri-annual management plan 1 31. Technology transfer between fishery sectors and other industries 1

15. Quota swaps between species and years 1 32. More selective fishing and gears 4

16. Regional stock quotas (and/or closing seasons)
4

33. Promote intelligent FADs (echosounders etc) to reduce effort, costs and improve 

sustainability (less marine debris, degradable materials)
1

17. Should be adaptive 1

Economics

Fisheries 

management

Behaviour/ 

Marketing

Innovation

Governance

Spatial 

management 

& 

enhancement

Synergies
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Table 3b. Aquaculture: Frequency of occurrence of individual mitigation measures across the 13 Bow-ties (horizontal bar charts are shown). 

Category Measure
No. Bow Ties 

(out of 13)
Category Measure

No. Bow Ties 

(out of 13)

1. Elaboration of localised plans for maintenance
1

29. Alternative resources: Encourage production/selective breeding/enhancement of 

alternative stocks/resources/spat better adapted to higher temperature 7

2. Larger investment in maintaining existing stocks
1

30. Alternative stocks: more culture of herbivorous and omnivorous species/diversification
1

3. Promote the catch and release of endangered native species 1 31. Introducing disease-resistant strains 1

4. Cost-efficient improvement to maintain the farm conditions and reduce production costs
2

32. Advances bubble curtains (protect from harmful plankton and jellyfish)
1

5. Temporal change needed in culture and sale cycle to adapt to climate change 1 33. Additional oxygenation 1

6. Trade in marine species: control and punish the trade of endangered native species
1

34. Recirculation technologies (RAS) which may provide scope of increasing production in 

drier areas 2

7. Trade in marine species: Increased control for the introduction of exotic species 1 35. To cultivate in open water, instead of warm bays 1

8. EU legislation: Control programme for disease
1

36. Adapt technologies/facilities for the site characteristics and new conditions under CC 

(e.g. stronger storms) 2

Synergies 9. Fishery management measures: seasons and quotas, also dependent on resource 

availability 4
37. Adjusting the production cycle to water availability

1

10. Government compensation payments to farms (e.g. to mitigate the cost of massive 

mortalities, also due to jellyfish blooms or invasive species) 4

38. Cost-efficient production technologies that minimise escapees and cope with climate 

conditions 2

11. Enhancing incentives/subsidies to support and improve production technologies, 

including adaptation to new technologies 4
39. Create new and/or better monitored rearing systems

1

12. Incentives to develop offshore farms and upgrade technologies 1 40. Flood/storm approved equipment and measures 1

13. Incentives: fiscal benefits for those who present “green” farming strategies
1

41. Improve hatchery protocols to cope with changing climate change (e.g. better use of 

onshore RAS for the hatchery and fry stage) 2

14. Counteract employment loss (mitigation)
1

42. Use offshore industry technology for offshore farming incl. robust mooring systems and 

submersible cages 2

15. Reduced cost for water usage
1

43. Governance: Local legislation: Local or central governments should allow aquaculture at 

new suitable regions and offshore 1

16. Adopting the new EU Invasive Alien Species Regulation 2 44. Management: adjust coastal production areas and planning process 1

17. EU legislation needed for the adaptation for monitoring and support 1 45. Management: clustering and risk assessment 1

18. EU legislation: to build up offshore big polygons with common facilities
1

46. Management: Habitat creation or offsetting: increasing the area destined for mussel 

seed collection and mussel settlement structures 1

19. Local legislation:  On exotic species and the aim to increase spawning stock availability 1 47. Management: well-designed ecosystem management 1

20. Local legislation: Better animal welfare 1 48. Research & Development: Model production areas with low probability of CC effects 1

21. Local legislation: to let stakeholders implement and to revamp aquaculture licences 1 49. Technology: relocation of cage farms 2

22. Innovation incentives to improve/promote/support production (including of species 

better adapted to higher temperatures, early warning systems, etc.) 4

23. Development of prophylaxis to treat salmon if stung by jellyfish 1

24. Fighting new diseases 1

25. Genomic selection for robustness in climate change conditions 1

26. Monitor water quality to predict mass mortality 1

27. Into early warning systems for HABs, biofouling and jellyfish 1

28. New feeds 1

Innovation: 

Research & 

monitoring

Innovation: 

Stock  

enhancement

Innovation: 

Technology

Spatial 

planning

Business 

management

Control

Economic 

incentives & 

Economics

Governance



CERES Deliverable 5.1 Industry- and policy-driven conceptual frameworks of climate change impacts 

Page 34 of 47 

 

Table 4a. Fishery: Cumulative number of mitigation measures by category recorded in each Bow-tie (S4, S14 to S24), and frequency of occurrence across 

the 12 fishery Bow-ties. 

 

 

Table 4b. Aquaculture: Cumulative number of mitigation measures by category recorded in each storyline (S1 to S3 and S5 to S13), and frequency of 

occurrence across the 13 aquaculture Bow-ties. 

 

 

S4 S14 S15 S16 S17 S18 S19 S20 S21 S22 S23 S24
No. Bow Ties 

(out of 12)

A Behaviour/ Marketing (3) 0 1 0 2 0 2 0 0 1 1 1 2 7

B Economics (4) 0 2 0 0 0 0 1 0 2 0 0 0 3

C Fisheries management (10) 2 1 1 0 1 2 3 2 2 0 0 2 9

D Governance (5) 0 0 1 0 0 0 2 1 2 0 1 1 6

E Spatial management & enhancement (5) 2 0 1 2 2 2 0 0 2 1 2 0 8

F Synergies (2) 1 0 0 0 0 0 0 0 1 0 0 0 2

G Innovation (4) 0 2 1 2 2 2 0 1 0 1 0 0 7

Mitgation: Category (total No. of measures)

S1 S2 S3 S5 S6 S7 S8a S8b S9 S10 S11 S12 S13
No. Bow Ties 

(out of 13)

A Business management (5) 1 0 0 0 0 3 0 0 2 0 0 0 0 3

B Control (3) 0 0 0 0 0 1 1 0 0 0 0 1 0 3

C Synergies (1) 0 0 0 1 1 1 1 0 0 0 0 0 0 4

D Economic incentives & Economics (6) 0 1 2 0 0 0 2 0 3 3 1 0 0 6

E Governance (7) 0 1 1 1 1 0 0 2 0 2 0 1 2 8

F Innovation: Research & monitoring (6) 0 0 0 0 0 0 0 1 0 4 1 0 0 3

G Innovation: Stock enhancement (3) 0 1 1 1 1 0 1 1 1 0 0 0 2 8

H Innovation: Technology (11) 2 3 1 0 0 2 2 0 1 1 2 1 1 10

I Spatial planning (7) 0 0 0 0 0 0 1 0 0 1 0 2 4 4

Mitgation: Category (total No. of measures)
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Figure 4a. Cluster analysis between mitigation measures based on their occurrence in fishery Bow-ties (Sorensen similarity; group average algorithm). 

Measures connected by red lines cannot be significantly differentiated, whereas black lines separate significantly different measures/groups (SIMPROF, 

P<0.05) based on their pattern of occurrence between Bow-ties. Symbols distinguish measures according to category. 
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Figure 4b. Cluster analysis between mitigation measures based on their occurrence in aquaculture Bow-ties (Sorensen similarity; group average 

algorithm). Measures connected by red lines cannot be significantly differentiated based on their pattern of occurrence between Bow-ties (SIMPROF, 

P>0.05). Symbols distinguish measures according to category. 



   

   

 

 

 

Figure 5a. Cluster analysis between fishery Bow-ties based on occurrence of individual measures (Sorensen similarity; group average algorithm). Samples 

(Bow-ties) connected by red lines cannot be significantly differentiated, whereas black lines separate significantly different groups (SIMPROF, P<0.05), with 

typifying measures being identified for these groups by SIMPER analysis. Symbols and labels distinguish Bow-ties according to region (with also indication 

of inland or marine fisheries) and target species. 
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Figure 5b. Cluster analysis between aquaculture Bow-ties based on occurrence of individual measures (Sorensen similarity; group average algorithm). 

Samples (Bow-ties) connected by red lines cannot be significantly differentiated (SIMPROF, P>0.05). Symbols and labels distinguish Bow-ties according to 

region (with also indication of inland or marine aquaculture) and target species (fish in black, shellfish in blue). 



   

   

 

 

Chapter 4: Discussion 

As shown here, the value of the Bow-tie technique for risk assessment and risk 

management and opportunity assessment and opportunity management is that it is 

considered to be a rigorous and objective industry (ISO) standard and compliant approach 

(Cormier et al., 2019). While there were regional differences in responses, such as the 

Mediterranean Sea compared to NW Europe, the stakeholders in all areas are aware of 

the challenges and appear to have made some preparations to deal with them. The 

stakeholder views often reinforced the impression that while science and policy-makers 

can pay attention to the long-term, with mid- or end-century horizons, the industry 

stakeholders were more preoccupied with immediate problems and solutions.  

The outputs resulting from the analysis cover many aspects and are comprehensive. It is 

of note that the Bow-ties varied in their level of detail (e.g. the number of topics identified 

by the stakeholders), as well as the number and backgrounds of the stakeholders involved 

and the time taken over the exercise. If time had allowed, then a further iteration would 

have been of value in which the creators of each Bow-tie were shown the outputs from 

the other groups – this would have prompted them to include other aspects. However, it 

is likely that with each iteration then the Bow-ties within the aquaculture group and those 

within the fisheries group would have become more similar, thereby losing some case-

specific material.  

The greatest value of the approach is that it was a stakeholder-informed process thereby 

being a means of only considering probable consequences and opportunities and 

practical management measures. It is notable that at the start of the process, both the 

project participants and the stakeholders were cautious about the complexity of the 

method and the difficulty of creating the Bow-ties. However, with further discussion and 

explanation and given the value of the generic Bow-ties as a starting point then both 

groups not only managed to complete the analysis but also became enthusiastic about its 

value.  

It is possible that the starting point, the generic Bow-ties, could have led to bias in 

influencing the stakeholders in their discussions and preventing open thinking about the 

problem. However, it was decided that the topics being addressed were so complex and 

that many of the stakeholders were from business rather than academic backgrounds 

that suggestions and direction from the generic approach were worthwhile. By using an 

industry-approved method, rather than a more academic and environmental approach, 

then this suggests that industry may be more comfortable in the output and conclusions.  

While the Bow-ties are comprehensive, their detailed nature and format could be 

regarded as being inelegant or too complex for display. Furthermore, as they are not the 

easiest form for communicating the main messages, the project then summarised each 

Storyline as more visual, graphical summaries. Figures 6 and 7 give two such examples 

and the complete suite of Storylines including these graphical summaries are given in 

https://ceresproject.eu/case-studies/. It is emphasised that whereas these graphical 

https://ceresproject.eu/case-studies/
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summaries highlight 12-15 of the topics, this is compared to 50-85 items in the original 

Bow-ties and so those using the summaries should be cautious of the loss of information. 

 

Figure 6 Example of the Storyline graphic: the carp fishery in north-eastern Europe 

 

 

Figure 7 Example of the Storyline graphic: the Rainbow trout culture in north-western Europe 

 

Once the Bow-ties were created then an aim was to interrogate them and determine 

whether they could be made more quantitative and also lead to a predictive capability. 
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The multivariate (cluster) analysis carried out has shown the benefits of the textural 

analysis by indicating the similarities and differences both between the cases according 

to the attributes and similarities in the attributes according to eh cases. In turn, the 

attempt to produce a predictive capability was achieved through an extension of several 

of the Bow-tie cases to Bayesian Belief Network (BBN) Modelling (CERES Deliverable 5.2). 

However, given the data requirements, the degree of uncertainty and the time-consuming 

nature of the BBN analysis then only two BBN models were completed with a third being 

created conceptually. As a further development within the same work package, a 

vulnerability modelling exercise was also carried out (CERES Deliverable 5.3).  

4.1 Main Findings 

The Bow-tie analysis has classically been used for risk assessment and risk management, 

thereby following ISO 31000 (Cormier et al., 2019). However, another novel aspect of the 

current project is the use of the technique in opportunity assessment and opportunity 

management. This had the explicit aim of showing that whereas climate change will 

produce many adverse consequences for marine and inland waters aquaculture and 

fisheries, it is important to take a positive approach and also consider any resulting 

opportunities. Communicating this back to stakeholders will be one of the important 

endpoints of the CERES project. 

The analysis here gives a summary of many aspects, not least the ability to group many 

of the topics raised by the stakeholders. Such a grouping, in turn, shows the fundamental 

causes, consequences and responses due to climate change on aquaculture and fisheries. 

While the causes of change due to climate variability are relatively well-known, particularly 

through the IPCC reports, the consequences of those changes and especially the 

management measures required to adapt to or minimise those consequences are less 

well-known but especially important. Although only shown on some of the Bow-ties and 

not collated in detail, some stakeholders considered the escalation factors aimed at 

enhancing or reducing the action of the preventative and 

mitigation/adaptation/compensation control measures. Notably, these show the 

management measures at various scales from bottom-up and top-down and at different 

scales from local, national, regional and European levels. 

The analysis indicated the main topics for the adverse consequences and opportunities 

posed by climate change on aquaculture and fisheries (Table 5). While most categories 

apply for both aquaculture and fisheries, it is of note that there are effects on competition 

between aquaculture activities but not fisheries because of the open nature of the latter. 

Similarly, transboundary policy issues affect fisheries, rather than aquaculture due to the 

marine legislation regime controlling stocks. With regard to the opportunities, the only 

difference is that aquaculture has opportunities related to biodiversity, ecology and food 

webs but this is solely to the identified benefit of moving aquaculture offshore in which it 

then has a lesser effect on coastal ecology. 
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Table 5 Summary of the main categories for (a) the Adverse Consequences and (b) the 

Opportunities posed by climate change on aquaculture and fisheries  

(a) Adverse Consequences Aquaculture Fisheries 

Biodiversity, Ecosystems, Foodwebs and Ecology   

Company Structure and Practices   

Employment   

Markets   

Industry structure, practices and competition   

Competition    

Local Culture, Traditions, Values and Tourism   

Transboundary Policy Issues   

(b) Opportunities Aquaculture Fisheries 

Alternative areas and species (and stocks)   

Industry and Company Structure, Practices, 

Competition and Employment 

  

Markets   

Biodiversity, ecology and food webs   

Local Culture, Traditions, Values and Tourism   

 

The management measures, encompassing prevention, mitigation, adaptation, control 

and compensation, show the large number of options available to counter the adverse 

consequences of climate change (Table 6). It is notable that aquaculture had many more 

and more variety of innovative measures. This may reflect the fact that an essentially land-

based industry is both subject to more controls and also has more scope for technological 

advances (in engineering, siting, infrastructure and biologically) to cope with the adverse 

consequences of climate change. The compensation measures identified cover all the 

three types indicated above.  

In some cases, if there are regulatory mechanisms for achieving this, the fishing and 

aquaculture industries may need to be financially compensated for a loss of change of 

stocks. It is of note that this approach has already been used in Europe with the European 

Maritime and Fisheries Fund (EMFF, https://ec.europa.eu/fisheries/cfp/emff_en) aiming to 

manipulate the fishing and aquaculture industries and communities (.e. removing 

capacity, vessels, etc). The fund, and notably its successor from 2021-27, helps fishermen 

in the transition to sustainable fishing by supporting coastal communities in diversifying 

their economies, financing projects that create new jobs and improving coastal welfare, 

and supporting sustainable aquaculture developments. Of particular importance here is 

that the European Commission will reinforce the environmental aspects by protecting 

marine ecosystems and contribute 30% of its budget to climate change mitigation and 

adaptation, in line with the commitments agreed under the Paris COP Agreement. 

A second type of compensation is that for the resource, i.e. compensating the stock being 

fished or farmed, and this has also been raised by stakeholders. This will involve breeding, 

restocking and release programmes for suitable species. The third type of compensation, 

of enhancing the environment by recreation and restoration was raised but is of less 

relevance in the context here. 

https://ec.europa.eu/fisheries/cfp/emff_en
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Table 6 Summary of Categories of Management Measures 

Management measure Fisheries Aquaculture 

Behaviour/Marketing 3  

Economics & Economic incentives 4 6 

Fisheries management 10  

Business management  5 

Governance 5 7 

Spatial planning, management & enhancement 5 7 

Synergies with other sectors/industry 2 1 

Control  3 

Innovation 4  

Innovation: Research & Monitoring  6 

Innovation: stock enhancement  3 

Innovation: technology  11 

 

4.2  Concluding Comment 

The summary of the main features of the management measures (Figure 8) shows the 

similarities and differences between fisheries and aquaculture. An integrated approach 

which encompasses both top-down demands and bottom-up responses and which covers 

technology, economics, governance and societal and industrial behaviours will be 

required to tackle the challenges posed by climate change on the fisheries and 

aquaculture sectors. It is emphasised that this rigorous conceptual analysis of risk 

management will help determine suitable adaptation actions as well as the current and 

future legislation directions and interactions of global, European and national legislation 

and it will examine the ability to consider these against cumulative and in-combination 

effects (Lonsdale et al. 2020). 
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Figure 8: Summary of the main management approaches for fisheries and aquaculture  
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Appendix 2 

 

Bow-tie diagrams for  

Inland Waters  

(Aquaculture & Fisheries) 



#1 Rainbow trout – NW Europe - aquaculture
Contact: Cornelia Kreiss
Questionnaire responses: 6 (0 full, 6 incomplete)
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Key to control, enhancement and mitigation measures

Ranked High: 
1. Technology: flood measures, flood/storm approved equipment, 

additional oxygenation.
2. Technology: Recirculation technologies may provide scope of 

increasing production in drier areas.
3. Technology: New technologies could potentially maintain the 

conditions needed to farm the species, but may increase 
operating costs more than the impacts of climate change

Not Ranked:
4. Alternative stocks: e.g. char or warm adapted strain of rainbow 

trout, that are tolerant to the changing conditions.
5. Government incentives: subsidies for adaptation of technologies. 

If climate change losses can be estimated and quantified, 
subsidiaries and insurance payoffs would keep farms running, but 
this would not improve market conditions due to losses in 
production.

6. Trade in marine aquatic species: Movement controls could stop 
the spread of diseases, but will significantly impact on farm 
viability.



#2 Rainbow trout – Eastern Mediterranean - aquaculture
Contact: Ferit Rad
Questionnaire responses: 5 (3 full, 2 incomplete)
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Ecosystems: Changes in the 
ecosystem will specially affect 
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Key to control, enhancement and mitigation measures

Ranked High: 
1. Government incentives: Compensation payment to farms
2. Government incentives: Support cultivation of species with higher tolerances for 

CC. 
3. Technology: Use tech to reduce some of problems from CC. 
4. Technology: Use recirculation systems in the hatchery and fry stage.

Ranked Medium:
5. Local legislation: Allow/support more production sites.

Not Ranked:
6. Alternative stocks: e.g. char or warm adapted strain of rainbow trout, that are 

tolerant to the changing conditions.



#3 Carp – North East Europe INLAND
Contact: Paulina Hofsoe, Remi Panicz
Questionnaire responses: 5
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Key to control, mitigation and enhancement measures 

Ranked High:
1. Reduce cost for water usage
2. Adopt new EU Invasive Alien Species Regulation
3. Adopt government incentives/subsidies
4. introduction of disease-resistant strains
5. adjustment of production cycle to water availability

Ranked Medium
6. Promote alternative stock. eg, cold water species pikeperch, perch
7. diversification of employment possibilities
8. improved monitoring and disinfection procedures

Ranked Low:
9. Adopt new technologies
10. Stock enhancement

Not Ranked
11. Explore new markets



#4 Razim lake and Danube delta – Cyprinids
 and pike-perch- capture fishery
Contact: Ion Navodaru, Eugenia Marin
Questionnaire responses: 4 complete

Causes (blue) Control and enhancement measures 
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Key to control, enhancement and mitigation measures

Ranked High: 
1. Stock enhancement: restock threatened and declining species.
2. Fisheries management: extend closed season and areas, moratorium, decreasing fishing effort and quota
3. Fisheries management: prohibition seasons should be calculated according to local conditions and not at 

the central level
4. Synergies: diminish lake siltation through long length and meandering channel connectivity
5. Alternative stocks: develop and promote aquaculture based on native species

Ranked Medium:
6. Trade in aquatic species: enforcement of traceability from fishing to retail markets
7. Trade in aquatic species: there is already control in the area, focus should be on enhancing collaboration 

between institutions
8. Trade in aquatic species: reducing illegal, unreported and unregulated fishing  (IUU)
9. Local legislation: increase enforcement for fish stock conservation, will determine the local population and 

fishermen to no longer migrate
10. Local legislation: a local law should be adopted to set the period of prohibition according to protecting 

undersized stocks
11. Government incentives: social benefits by offering alternatives (e.g. subsidies) to support income will give a 

positive impact on the population, increase employment, encourage tourism and reduce poaching
12. Habitat creation or offsetting: ecological reconstruction of spawning and nursing habitats and designation 

of new protected areas
13. Increase connectivity: increase connectivity between habitats to reduce mortality
14. Increase connectivity: dredging must be done to maintain water flows for migrations and oxygenation

Ranked Low:
15. Technology: increase gear nets selectivity
16. EU legislation: improving WFD and Habitat Directive to protect threatened species
17. EU legislation: must try to harmonize directives with local interests
18. Catch and release: change Danube Delta regulation for recreational fishing to catch and release
19. Catch and release: if undersized species are caught, the catch and release by law is needed for species 

survival

Not Ranked:
20. Other: combating black market
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Bow-tie diagrams  

for  

Marine Aquaculture 



#5 Mussels N Sea 
Contacts: Pauline Kamermans, Joao Ferreira, Richard Corner
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Other physic-
chemical water 

changes 

Increased cost for 
adaption of gear or 

operations

Long term decrease in 
market size

1

Increased 
rainfall

Decreased rainfall

Increased floods

Increased 
droughts

Decreased food 
availability & quality

Changed growth

Changed reproduction 

Competition with non
-native species

Increased viral 
infection, 

pathogens, 
parasites. E.g. 

mortality due to 
the oyster 

herpes virus and 
the Japanese 

oyster drill and 
the presence of 

the toxin TTX

Additional 
anthropogenic impacts 

from modified 
governance

More competition with 
other sea food products

Decreased employment 
due to farm closures

Low
 im

pact
M

edium
 im

pact
Not ranked

High im
pact

Change in company 
structure

Food web changes

Farm alternative species

3

5

2

3

10 11

8

2

4

5

12

9

9

3

9

10

10

5

11

7

13

6

13



Key to control, mitigation and enhancement measures

Ranked High
1. Fishery management measures: seasons/quotas
2. Promotion of alternative stocks/resources (e.g Crassostrea gigas) - 

oysters (for mussel farmers) are better adapted to higher temperature
3. Government innovation incentives to improve production

Ranked Medium
4. Greater controls on trade in marine aquatic species
5. Habitat creation or offsetting
6. Adopt new local legislation
7. Adopt legislation on animal welfare

Ranked Low
8. Adopt new EU legislation
9. Adaptation of new shellfish production technologies
10. Compensation payments from governments

Not Ranked
11. Adjust coastal production areas
12. Cost efficient technologies
13. Adopt legislation on non-native species



#6 Oysters N Sea
Contacts: Pauline Kamermans, Joao Ferreira, Richard Corner
Questionnaire responses = 3

Loss and/or 
mortality of 

cultured oysters 
in the

North Sea

Expansion restricted due 
to carrying capacity 

issues that are related to 
food for birds

Causes (blue) Control measures (green)
Escalation factors (grey)

Mitigation measures (green)
Escalation factors (grey)

Consequences
 (red) and opportunities (orange)

Problem 
(yellow)

St
ro

ng
 Im

pa
ct

Increased 
storms

Sm
al

l I
m

pa
ct

Changed seasonal 
patterns

Loss of access to 
culture grounds

Decreased 
temperature

Decreased survival, 
health & fitness

Increased 
damage due to 
storm/floods

Decreased water 
quality

Sea level rise

Ocean 
acidification 

Other physic-
chemical water 

changes 

Increased cost for 
adaption of gear or 

operations

European oyster > Pacific 
oyster: better growth 

rate at higher 
temperatures & > market 

value

Long term decrease in 
market size

1

Increased 
rainfall

Decreased rainfall

Increased floods

Increased 
droughts

Decreased food 
availability & quality

Changed growth

Changed reproduction 

Competition with non
-native species

Increased viral 
infection, 

pathogens, 
parasites. E.g. 

mortality due to 
the oyster 

herpes virus and 
the Japanese 

oyster drill and 
the presence of 

the toxin TTX

Additional 
anthropogenic impacts 

from modified 
governance

More competition with 
other sea food products

Oysters Increase in 
market prices due to less 
production (short term)

Decreased employment 
due to farm closures

Low
 im

pact
M

edium
 im

pact
Not ranked

High im
pact

Change in company 
structure

Food web changes

Farm alternative species

4

6

2
3

4

11 12

13

15
9

2

5

6

3

14

10

10

4
10

3
4

11

11

3
4

6

12

8

16

16

7



Key to control, mitigation and enhancement measures

Ranked High
1. Fishery management measures: seasons/quotas
2. Promotion of alternative stocks/resources better adapted to higher 

temperature
3. Stock enhancement and selective breeding programmes
4. Government innovation incentives to improve production

Ranked Medium
5. Greater controls on trade in marine aquatic species
6. Habitat creation or offsetting
7. Adopt new local legislation
8. Adopt legislation on animal welfare

Ranked Low
9. Adopt new EU legislation
10. Adaptation of new shellfish production technologies
11. Compensation payments from governments

Not Ranked
12. Adjust coastal production areas
13. Control programme for disease
14. Cost efficient technologies
15. Adjust/improve hatchery protocols for climate change
16. Adopt legislation on non-native species



#7 Mussels – South Atlantic Aquaculture
Contact: John Iceley, Bruno Fragoso and 3 others anonymous stakeholders
Willing to share data or expertise with CERES?: 2 participants out of the 5 were willing.

Losses and/or 
mortality mussels

Impact on 
traditions and 

values 

Hypoxia

Harmful Algal 
Blooms

Increased 
temperature Capital costs

Lack of financing options

Decreased 
Profits

Decreased 
viability of 
operation

Causes (blue) Control measures (green)
Escalation factors (grey)

Mitigation measures (green)
Escalation factors (grey)

Consequences (red)Problem (yellow)

Increased 
storminess

Space 
constraints

Climate change itself is beyond short/medium term control. Control and mitigation measures given here focus instead on measures that 
could be adopted my local producers and fishers, rather then attempting to modify global climate change.

Cr
iti

ca
l i

m
pa

ct
St

ro
ng

 Im
pa

ct
Sm

al
l I

m
pa

ct Decreased 
temperature

Sea level rise

Other physico 
chemical water 

changes

Other 
hydrodynamic 

changes

Increased 
droughts

Season changes

Pathogens and 
parasites

Water quality

Increased 
production costs

NON DIRECT CLIMATE 
RELATED problems

Bio toxins (DSP, PSP, ASP) 
increasing levels

Sea current changes, wind 
current changes

Ocean 
acidification

Change to 
survival, health 
and fitness and 

growth and 
food webs

Changes in 
physiological 

tolerance

Change in 
reproductive 

success

Prey availability

Competition 
with non native 

species

Damage to 
aquaculture 

infrastructure

Costs for 
adaptations of 

gear or 
operations

Reduced 
employment

Higher market 
prices

Low
 im

pact
M

edium
 im

pact
High Im

pact

Some areas only allow 
production of bivalves 

or seaweeds

Competition from 
other 

markets/areas

5
Lower market 

sizes of mussels

5 13

13

Some areas only 
allow production of 

bivalves or seaweeds

d

e

f

1, 7

1

73

3

6

4

5

Capital costs
Lack of financing options

1, 7

8

10

10

10

11

11

11 9

9

12

12
a,b,c 

a,b,c 

a,b,c 

Key to control and mitigation measures
The key is very large due to good stakeholder participation for this storyline.



Key to control and mitigation measures

Ranked High
1. Catch and release: promote the catch and release of endangered native species
2. Control trade in marine species: control and punish the trade of endangered native species
3. Stock management: Larger investment in maintaining existing stocks and elaboration o f localised 

plans for maintenance
4. Fisheries management: Increasing the open season and the quotas would aggravate the problem – 

other options must be considered.
5. Technology: very important to adapt technologies for the site characteristics. Learn from oil 

industries to go further offshore for farming

Ranked Medium
6. EU legislation: Cheaper insurances for losses
7. Stock enhancement programs: programs oriented to enhance mussel seed settlement and 

recruitment by increasing and improving collector structures
8. Local legislation: Investment in more effective control of production and sales and updating of 

aquaculture law
9. Habitat management: increasing the area destined for mussel seed collection and mussel settlement 

structures

Ranked Low
10. Government incentives: More investment in government vet/climate agencies
11. Technology: more research oriented to improve harvesting techniques and cultivation structures
12. Government incentives: Subsidies to buy seed
13. Promote alternative resources: promote the fishing/gathering of exotic species to decrease the 

interspecific competition with commercial and non-commercial local species

No ranking given
a. Local legislation: allow to farm other species not currently allowed.
b. Local legislation: less restrictions in farming practices.
c. Promote alterative resources: look for the most suitable species for the sites.
d. Government incentives: reduce the taxes and fees on farming. incentives on diversification of 

species and products
e. Promote alternative resources: Increase “gastronomic” tourism or other nautical/climate tourism 

activities
f. Promote alternative resources: explore new commercial markets



Cr
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l I

m
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ct
#8a Oysters, Atlantic Coast (Portugal)
Contacts: A Marques, D Matias, J Icely
Questionnaire responses: 4

Change in ability 
to culture 
oysters.

Atlantic coasts of 
southern Europe

Biodiversity and ecology: 
• Loss of biodiversity & food web structure. 

Only more resistant species can be produced 
if there are sharped environmental changes.

• Increased pressure on other seafood species 
as oyster culture becomes more difficult

Increased 
temperature

Company structure and practices:
• Greatly reduced employment due to 

pathogen infections and fluctuations in 
annual survival

Causes (blue) Control measures (green)
Escalation factors (grey)

Mitigation measures (green)
Escalation factors (grey)

Consequences  (red) and 
opportunities (orange)

Problem 
(yellow)

St
ro

ng
 Im

pa
ct

Increased 
storms

Sm
al

l I
m

pa
ct

Changed seasonal 
patterns

Loss of access to 
culture grounds

Decreased 
temperature

Increased 
pathogens, 

parasites, viral 
infections Decreased survival, 

health & fitness

Increased 
damage due to 
storm/floods

Decreased water 
quality

Sea level rise

Ocean 
acidification 

Other physic-
chemical water 

changes 

Increased cost for 
adaption of gear or 

operations

Modified governance 
regimes/legislation

Decreased growth 

Company structure and practices
• Changes in general industry structure, as 

well as changes in product growth and 
quality

• production cycles may become shorter (less 
time in aquaculture facilities, less risk) and 
therefore the products may be marketed 
with a smaller size.

Alternative species: Emerging species positive 
to future change but possibly higher pressure 
e.g. on bivalves

Difficulties in implementing 
incentives and 

compensation mean it may 
not be effective

a

d

12

Other 
hydrodynamic 

changes

Increased rainfall

Decreased rainfall

Decreased physiological 
tolerance 

Decreased phytoplankton 
availability & quality

13

Increased floods 
or droughts

b
13

c

Positive impact:
Increased growth, reproduction, 
survival and tolerance of oysters

Increased cost for 
water use and 

abstraction

Competition: Low supply increases competition 
between producers

Local culture and tourism:
• Reduced bio/eco tourism due to lower 

diversity species in the region
• Tourism could have a negative effects 

towards future farming pressure
• Impact  on local traditions and values

Low
 im

pact
M

edium
 im

pact
Not ranked

High im
pact

Markets:
• changes in aquatic food market dynamics, 

specifically interrelations between the 
Portuguese companies & French markets 

• Increase in market prices due to low supply 
and high demand for oysters

d

1

1

2, 3, 5

4

45 5

6

6

Difficulties in implementing 
incentives and 

compensation mean it may 
not be effective

7

7

7

7

8

8

c 9, 10, 
12

11

11

8

12

b d, e

f

f

f
12



Key to control and mitigation measures

Ranked High
1. Controls on trade in marine species: Increased control for the introduction of exotic 

species
2. Technology: Improve hatchery protocols with gradual alterations of the most important 

parameters affected by CC aiming to produce more adapted spat.
3. Technology: Promote the creation of new and/or better monitored rearing systems
4. Stock enhancement: Create stock enhancement programs with resistant and adapted 

spat
5. Habitat creation or offsetting: increasing the area destined for mussel seed collection 

and mussel settlement structures
6. Government incentives: Subsidies to improve production technologies and 

compensation payments to mitigate the cost of massive mortalities
7. Fisheries management: It is essential to respect the closed seasons and the fishing 

quotas.

Ranked Medium
8. Local legislation: Improved sanitary control of imported spat
9. Local legislation: Adapt the local law to the new climate conditions.
10. EU legislation: The changes must be made at global (and European) level rather than 

creating new local legislations.
11. EU legislation: New EU legislation should aim to promote the production and 

protection of endemic species
12. Alternative resources: Incentivise the culture of unexploited bivalves

Ranked Low
13. Technology: Monitoring the water quality to predict massive mortalities.

No ranking given
a) Local legislation: on animal welfare
b) Technology: Adjust coastal production areas
c) Technology: Control programme for disease
d) Technology: Cost efficient production technologies
e) Technology: Model production areas with probability of CC effects
f) Other measures: Encourage tourists to consume alternative shellfish products



Biodiversity and ecology: Loss of biodiversity, 
food web structure & pressure on other species 
e.g. low genetic diversity, alteration to 
phytoplankton structure

Company structure and practices: No changes in 
company structure

Company structure, employment and practices: 
National production will be affected in Algarve 
south Portugal (main culture area)

Alternative species:
• promote alternative shellfish to tourists
• culture emerging species more tolerant to new 

climate conditions

Competition: Less capacity for competition due to 
reduced supply of clams

Low
 im

pact
M

edium
 im

pact
High im

pact

Markets: 
The domestic market is becoming smaller and 
consequently the product is increasingly exported

#8b Clams, S Atlantic
Contacts: A Marques, D Matias, J Icely
Questionnaire replies: 4

Causes (blue) Control measures (green)
Escalation factors (grey)

Mitigation and enhancement 
measures (green)

Escalation factors (grey)

Consequences (red) and 
opportunities (orange)

Problem 
(yellow)

Markets: Increased market prices & regions 
because clams are a popular food

Biodiversity and ecology: High pressure on other 
species due to market demand for sea food. E.g. 
other bivalve stocks

Employment: Greatly reduced employment due 
to pathogen infections, loss of coastal production 
areas, annual fluctuations of survival recruitment

Changed in ability 
to culture clams 
in the Atlantic 

coast of Southern 
Europe

Increased 
temperature

St
ro

ng
 Im

pa
ct

Increased 
storms

Sm
al

l I
m

pa
ct

Changed seasonal 
patterns or 

duration
Loss of access to 
culture grounds

Increased infections, 
pathogens, parasites

Decreased survival, 
health & fitness

Increased damage 
due to storms/floods

Sea level rise

Ocean acidification 

Other physico-
chemical water 

changes 

Decreased growth 

Positive impacts 
from: Modified 

governance 
regimes/legislation

Decreased 
physiological 

tolerance

Decreased 
storms

Other 
hydrodynamic 

changes

Increased 
rainfall

Increased floods

Increased droughts

Reduction in food 
availability  

Increased predation

Competition with non
-native species

Decreased water 
quality

Decreased 
rainfall

Decreased 
reproduction

Competition with 
native species

Land loss

Increased cost of 
water abstraction

Local culture: Identity of the location may be lost 
as clam culture artisanal and long traditional in 
area.

Tourism: Tourism will decrease if the identity of 
the location is lost

1,3

1,3

1,3

1,3,8

2,5,20

4,6,7,9,16,17,21,a

12

13

11

12

12

10

13

14

15

15

15

16
17
18
19

19

19

21

21

a

a

(11)(9)

(16,17)

(16,17)

(18,19)



Key to prevention and mitigation measures

Ranked High
1. Stock enhancement: Create stock enhancement programs with resistant & adapted spat
2. Local legislation:  On exotic species
3. Local legislation:  Aim to increase spawning stock availability
4. Synergies: Monitor water quality to predict mass mortality
5. EU legislation: Adopt and reinforce EU Invasive alien species regulation 

Ranked Medium
6. Technology: Improve hatchery protocols of the most important parameters affected by 

climate change 
7. Technology: Incentivise/support improvements in culture technology and knowledge
8. Fisheries management: Create closed season during reproduction
9. Fisheries management: Quotas must be adapted to changes resource 
10. EU legislation: Need EU legislation specifically for lagoon habitats
11. Catch and release: Create measures to control the catch and commercialization of natural 

spat and transfer between ecosystems
12. Technology: Develop and/or adopt technology that adds value to production
13. Habitat creation or offsetting: Promote hydrodynamic increase and consequently the 

intertidal areas to create new rearing systems

Ranked Low
14. Local legislation: Control of illegal spat & adult catch in natural bank
15. Other measures: Reinforcement of dredging in lagoon systems, in order to increase water 

renewal and consequently food availability
16. Government incentives: Increase subsidies to improve production technologies & 

compensation payments to mitigate the cost of massive mortalities
17. Government incentives: support the producers in case there is a need to change the 

productive structure
18. Alternative resources: Incentivise catch/culture of unexploited bivalve species
19. Alternative resources: Promote the eating of  unexploited bivalve species to increase their 

value
20. Controls on trade in marine species: Increase the control of the introduction of exotic 

species
21. Controls on trade in marine species: Increased monitoring/inspection of the size of the 

species caught

Not Ranked
a. Technology: Model production areas with low probability of CC affects

Key to escalation factors (number matches with the mitigation and prevention 
measure it applies to)

• (9) Fisheries management: The quotas will have to be changed according to the 
availability of the resource. Eventual decrease in recruitment in the natural bank 
will have a decrease in available stock of good clams in nurseries.

• (11) Catch and release: Possibly not relevant in the case of bivalves produced in Ria 
Formosa

• (16,17) Government incentives/subsidies/compensation: If the changes are very 
drastic there must be a way to support the producers in case there is a need to 
change the productive structure.

• (18,19) Alternative resources: Encourage production of unexplored native species, 
e.g. pullet carpet-shell (Venerupis  senegalensis) due to the fact that this species 
may adapt more easily to climate changes.



#9 Blue mussel – W Mediterranean, marine aquaculture
Contact: 3 participants: M Ramon, C Pelejero, F Maynou,
E Galimany, Willing to share data or expertise with CERES
Questionnaire responses: 7

Causes (blue) Control measures (green)
Escalation factors (grey)

Mitigation & enhancement measures 
(green), Escalation factors (grey)

Consequences (red) and 
opportunities (orange)

Problem 
(yellow)

St
ro

ng
 Im

pa
ct

Sm
al

l I
m

pa
ct Low

 im
pact

M
edium

 im
pact

High Im
pact

Salinity decrease

Reduced oxygen

Increased nutrients and pesticides

Increased 
rainfallfreshwater 
discharge from rice 

fields

HABs (occurrence 
and intensity)

Heat waves and 
increased temperature

Reduced health, fitness, tolerance, 
reproduction, growth and survival

Oceanographic currents

Residence time 
of water in bays

pH and ocean 
acidification

Reduction in 
marketable 
biomass of 

mussels - western 
Mediterranean

Culture 
oysters or 

fish for blue 
crab

This 
opportunity 

may not help 
as all the 

bivalve species 
are cultivated 

inside the 
same bays

4,5

Sediment 
resuspension

Feeding physiology

Markets:
• Market price changes according to supply and 

quality of mussels produced in warmer waters
• Market size and regions reduced by poor 

product quality and/or reduced production
• Markets only operate in spring

Sea level rise

Increased storms

Changed seasonal 
patterns and durations

11
12

Increased competition 
with non native species 
(e.g. Callinectes sapidus)

Increased pathogen and 
parasite infections

Damage to culture equipment/sites

Company structure and practices:
• Increased costs gear adaptations
• Structure changes at farmer level

Employment: Reduced employment or seasonal

Industry structure and competition: increased 
cost for mussel seed purchase

Industry structure and competition: diversification 
(production and employment) into new culture 
species

New skills & 
training needed for 

this to work

Culture, values and traditions: artisanal/historical 
traditions are lost and families forced to change 
profession

Pressure on other species
• increase pressure to compensate mussel 

production loss
• pressure on other species is not possible 

because the blue crab is eating everythin

Alternative species:
• Knowledge needed to culture/harvest new 

species e.g. clams, oysters, blue crab.
• Effects of commercial pressure on new species 

needs research

Subsidies so 
far have only 
contributed 

to the 
producers 
not making 
an effort to 

improve 
technology 
or practices

7

2

2

16

1

2

3

3
6

7

8

9 10

12

13
14

13
14

14

15
18

15
18

17

16

19

19

6



Key to Control and Mitigation measures:

Ranked High: 
1. Promote alternative stocks: diversification into other bivalves
2. Technology: improved tech reduces production costs
3. Government incentives: incentives to develop offshore farms and 

upgrade technologies
4. Government incentives: subsidies for seed purchase
5. Government incentives: compensation for mussel seed mortalities 

and natural events such as invasive blue crab predation.
6. Technologies: develop technology to cultivate in open water, 

instead of warm bays
7. Other: Temporal change needed in culture and sale cycle to adapt 

to climate change

Ranked Medium:
8. Other: Toxicity testing and farm closure
9. Technology: to mitigate factors of mortality and loss of shell quality
10. Other: Insurance to mitigate against sustained Temp. increase, 

black tide and waste disposal (Spanish Reg. BOE 310, 24/12/2016 
“Plan Seguro Agrario Combinado”

11. Synergies: Natural water management (rice fields).
12. Synergies: local water management needed to increase quality and 

quantity of freshwater released into farming bays
13. Stock enhancement: research how to preserve seed through the 

warmer summer months
14.  Stock enhancement: to revive natural populations
15. Fisheries management: start a new fishery on blue crab
16. Fisheries management: manage based on seasons to help natural 

populations recover

Ranked Low:
17. Controls on trade in marine aquatic species: should be increased, 

especially applied to reduce invasive species
18. Promote alternative stocks: e.g. blue crab
19. New legislation local: to improve zoo-technical practises



#10 Salmon – NE Atlantic Ireland
Contact: Tom Doyle
Questionnaire responses: 7 + results of a workshop

Reduced 
production of 

cultured salmon
NE Atlantic

Increased 
temperature

Causes (blue) Control and enhancement measures 
(green), escalation factors (grey)

Mitigation and enhancement measures 
(green), escalation factors (grey)

Consequences (red) and 
opportunities (orange)

Problem 
(yellow)

Other 
hydrodynamic 

changes

Cr
iti

ca
l i

m
pa

ct
St

ro
ng

 Im
pa

ct

Changed 
seasonal patterns

Increased viral 
disease, pathogens 

& parasites e.g. 
Amoebic gill disease 

and HABs 

Loss of access to 
culture grounds

Additional 
anthropogenic 
impacts from

Modified governance 
regimes/legislation

Increased 
storms

Increased damage due 
to storms

Increased water 
abstraction costs 

Increased jelly fish 
blooms

Decreased 
survival

Sm
al

l I
m

pa
ct

Sea level rise

Ocean 
acidification

Other physico 
chemical water 

changes

Decreased rainfall

Increased 
droughts

Decreased 
health and 

fitness, growth, 
physiological 
tolerance and 
reproduction

Decreased water 
quality

Reduced oxygen 
levels in water

Low
   im

pact
M

edium
   im

pact
High   im

pact

Industry structure and practices:
• Effect on investment (no protection). Increase in stock 

insurance premiums (so may become unviable)

Not ranked

Local culture, traditions and values: Reduced traditions and 
corporate values increase in prevalence

Tourism: The successful “Wild Atlantic Way” tourism 
initiative conflicts with the space needed for salmon farming. 
Planning permission for new farms will get worse due to 
tourism success.

Ecosystems: salmon losses may be indirectly increased as 
overfishing of wild stocks may result in increases in jellyfish

Proper marketing could add 
value and harmonise with 
tourism

 Campaigns to try to chance 
negative perception of finfish 
farming in Ireland

Local culture, traditions and values: If negative attitudes 
change then there may be a growth in the industry.

Pressure on other species: Increased demand for wild caught 
cleaner wrasse

Employment: reduced or switch to seasonal employment

Industry structure and practices: Reduced competition and 
diversity as industry moves to more multi-national 
companies to absorb risk when sites fail

 New aquaculture for wrasse 
to reduce pressure on wild 
stocks.

Markets:
• Increased prices
• Stability in markets as firms consolidate
• Aquatic protein more sustainable than terrestrial protein

Biodiversity and ecology: reduced biodiversity

Company structure and practices:
• Farm organically to compete with Scotland and Norway
• Consolidation of existing companies accelerated
• Equipment upgrades needed to continue farming

Alternative species: 
• New species can be exploited by wild and farmed sectors
• Decrease beef & increase salmon production due to lower 

carbon footprint for salmon protein

(7,8,9,10,11) Government 
must work to reduce the 
backlog of aquaculture 
licence applications 

Foodwebs: Jellyfish may be more important in foodwebs 
which may cause problems for salmon culture

1, 3, 4, 5, 
6, 9, 18

1, 3, 4, 5, 
9, 18, 22

2

2

5

7

7

7

8

10

11
10

10

11

12

10

10

20

20

20

20

13

14
15

16

16

16

17

17

18

19

19 1

21

21

16



Key to control, enhancement and mitigation measures

Ranked High: 
1. Technology: bubble curtains (protect from harmful plankton and jellyfish)
2. Technology: new feeds
3. Technology: genomic selection for robustness in climate change conditions
4. Technology: early warning systems
5. Technology: moving salmon farming to closed containment systems onshore 

(prevention) and counteract employment loss (mitigation)
6. Technology: Development of prophylaxis to treat salmon if stung by jellyfish
7. Government incentives: pay-outs for losses due to jellyfish blooms
8. Government incentives: incentives/subsidies to adopt new technologies
9. Government incentives: government support for research into early warning systems 

for HABs, biofouling and jellyfish
10. Government incentives: government needs to better support & promote the 

aquaculture industry
11. Local legislation: to let stakeholders implement local legislation
12. Local legislation: to revamp aquaculture licences

Ranked Medium:
13. Fisheries management: restricted season for fishing of wild cleaner fish
14. Fisheries management: health screening prior to livestock moving
15. EU legislation: needs to be adopted and adapted to the local conditions
16. Alternative stocks: research needed into alternative species that could be cultured

Ranked Low:
17. Trade in marine aquatic species: live shellfish and cleaner fish should not be moved 

without health screening & risk assessment
18. Stock enhancement: selective breeding for thermal tolerance and sting resistance
19. Catch and release: increase survival of wild salmonids

Not ranked:
20. Promote synergy between renewable energy and aquaculture. For example, can we 

move aquaculture further out to see where wind farms are being built
21. Reduced impact on benthic diversity if farm is not overstocked and is fallowed 

between cycles
22. Lower stocking densities



#11 Meagre, Atlantic coast of Europe
Contacts: Antonio Marques.
Questionnaire replies:  3  (2 full, 1 incomplete)

Changes to 
meagre 

aquaculture 
production 
potential

Increased 
temperature

Causes (blue) Control measures (green)
Escalation factors (grey)

Mitigation and enhancement measures (green)
Escalation factors (grey)

Consequences (red) and 
opportunities (orange)

Problem 
(yellow)

St
ro

ng
 Im

pa
ct

Increased 
storms

Sm
al

l I
m

pa
ct

Changed 
seasonal 
patterns

Loss of access to 
culture grounds

Decreased 
temperature

Increased viral 
infection, 

pathogens, 
parasites & HABs Decreased survival, 

health & fitness

Increased 
damage to farms

Decreased water 
quality

Oxygen depletion

Sea level rise

Ocean 
acidification 

Other physico-
chemical water 

changes 

Increased cost for 
adaption of gear or 

operations

Decreased growth 

Additional 
anthropogenic 
impacts from:

increased water 
abstraction costs

Cr
iti

ca
l I

m
pa

ct

Other 
hydrodynamic 

changes

Increased 
rainfall

Increased growth 

Increased survival, 
health & fitness

Note: this is generally a positive BowTie. CC is generally 
good for meagre which thrive better in warmer waters. 

There are more opportunities than consequences

Low
 im

pact
M

edium
 im

pact
High im

pact

Biodiversity and ecology: since most of 
the production is expected to happen in 
sea cages, impact of escapees is of utmost 
concern

Industry structure and practices:
• The upscale of meagre farming will 

require commercialization by 
processing into fillets or portions

• Diversification of aquaculture 
products increasing customer choices 
and reputation of the sector

Tourism: Potential conflicts with tourism 
as increased competition/conflict for 
coastal areas

Employment: Job creation, especially in 
new farms, RAS and cage farming 
technology areas, as well as seafood 
processing

Company structure and practices:
• Increase in number of farms
• Industry will be by large companies 

operating cage systems and integrated 
processing

Markets:
• Meagre prices are unknown (new 

product to market)
• Expected to cover the demand in the 

Mediterranean region and since 
processed it can be exported to non-
EU markets

2

3

1

1

2

2
1

3

343

2
1

2

(2) Requires 
government to 

commit 
financially

(1) Requires 
financial input 

from companies 
or government



Key to control, enhancement and mitigation

Ranked High: 
1. Technology: New RAS facilities / sea cages adapted 

to stronger storms / fighting new diseases
2. Government incentives: fiscal benefits for those 

who present “green” framing strategies

Ranked Medium:
3. EU legislation: Reducing CO2 footprint strategies by 

means of positive reinforcement

Ranked Low:
4. Habitat creation or offsetting



#12 Bream/Bass W Med & Atlantic Coast
Contacts: V Martin, A Marques, L Ribeiro,
P Dominguez, J Ferreira.
Questionnaire responses: 3 full, 4 part complete

Changes to 
Bream/Bass 
Aquaculture 
production 
potential

Increased 
temperature

Greatly reduce 
employment due to 
pathogen infections

Causes (blue) Control  and enhancement measures (green)
Escalation factors (grey)

Mitigation and enhancement measures (green)
Escalation factors (grey)

Consequences (red) and 
opportunities (orange)

Problem 
(yellow)

St
ro

ng
 Im

pa
ct

Increased 
storms

Sm
al

l I
m

pa
ct

Changed 
seasonal 
patterns

Loss of access to 
culture grounds

Decreased 
temperature

Increasd viral 
infection, 

pathogens, 
parasites

Decreased survival, 
health & fitness

Increased 
damage due to 
storm/floods

Decreasd water 
quality

Oxygen depletion

Sea level rise

Ocean 
acidification 

Other 
physicochemical 
water changes 

Increased growth 

Increased cost for 
adaption of gear or 

operations

Modified governance 
regimes/legislation

High cost to cool 
seawater in hatching 

breeding facilities

Decreased growth 

Cost to 
develop and 
adopt new 

technologies

Cost to 
develop and 
adopt new 

technologies

Difficulties 
reproducing in 
warmer waters 

(seabass)

Escaped fish

Additional 
anthropogenic 
impacts from:
Limited supply 
and prices of 
fishmeal/oil

d

2

1

Low
   im

pact
M

edium
   im

pact
High   im

pact

Changes in general 
industry structure, 

aquatic food market 
dynamics

Greatly reduce market 
prices & regions

3 5, 6

a

Peoples tradition & value 
have a positive 

consequence to future 
changes & economic 

usability

Fisheries 
management

4 8 a

New emerging species 
positive to future change 

e.g. Meagre

7
aCost to 

develop and 
adopt new 

technologies

Shifts in 
public 

perception

Stock 
enhancement 
programmes

Tourism has a positive value 
towards economic future 

changes

Loss of biodiversity, 
food web structure & 

pressure on other 
species

5, 6

2
1

1

2

3
b
c

5
6

d

d

9



Key: Control and mitigation measures

Ranked high
1) Local legislation: Better animal welfare, adjust coastal production areas, 

adjust planning process
2) EU legislation: Control programme for disease
3) Technology: Cost efficient production technologies that minimise 

escapees and cope with climate conditions
4) Fisheries management: Model production areas with low probability of 

CC affects.

Ranked medium
5) Alternative resources: Promotion of the use of native species to minimize 

the impact on biodiversity
6) Alternative species: culture emerging species
7) Stock enhancement: Specific genetic breeding

Ranked low
8) Government incentives/subsidies: Payments for natural disasters, 

increased floods, storminess.
9) Promotion of the contracting of individual or collective insurance

Not ranked
a) The adoption of an ecosystem approach to aquaculture as integrated 

multi-trophic 
b) Replacement of fish meal/oil in feed manufacture.
c) Design improved feed
d) Promotion of the use of autochthonous species to minimize the 

repercussions of the fish escapes on biodiversity



#13 Seabream / Seabass – Eastern Mediterranean Aquaculture
Contact: Ferit Rad, Tevfik Aytemix, Hayri Deniz
Questionnaire responses: 10 (4 full, 6 incomplete)

Altered 
production 
capacity of 

seabass/bream in 
the Eastern 

Mediterranean

Harmful Algal 
Blooms

Increased 
temperature

Causes (blue) Control and enhancement measures 
(green). Escalation factors (grey)

Mitigation and enhancement measures 
(green). Escalation factors (grey)

Consequences (red) and 
opportunities (orange)

Problem (yellow)

Increased 
storminess

Cage failure

Cr
iti

ca
l i

m
pa

ct
St

ro
ng

 Im
pa

ct
Sm

al
l I

m
pa

ct

Decreased 
temperature

Sea level rise

Other physico 
chemical water 

changes

Other 
hydrodynamic 

changes

Rainfall  
increases or 
decreases

Increased floods 
or droughts

Season changes

Increased 
disease and 

parasites

Water quality

Access to 
culture / catch 

grounds or 
facilities

NON DIRECT CLIMATE RELATED
Price of fish meal and oil also 

impact production costs 

Negative consumer 
perception of aquaculture 

products.
New competitive emerging 

production countries.

Ocean 
acidification

Low
   im

pact
M

edium
   im

pact
High   im

pact

Reduced health, 
fitness & survival

Altered growth

Stress & changed 
physiological 

tolerance

Costs to adapt 
gear or 

operations

Anthropogenic 
impacts from 
governance & 

legislation

Strong negative 
anthropogenic 
impacts from 

higher feed costs

Other: Possibility to move inland from cage culture 
to closed, semi-closed production

Employment: increased employment due to risk 
management for adverse cc effects

Biodiversity, ecology and foodwebs: 
• Possible negative effects due to escapes, food web 

interactions & dominance changes.
• If farms moved offshore escapes may interact less 

with coastal biodiversity

Markets: Reduced prices due to increases in 
imported seafood to offset reduced local production. 
Smaller market sizes.

Markets:
• Higher prices (low production & more “green" 

products)
• Increasing size of markets (higher population & 

offshore production)
• More product (offshore production)

Alternative species: Exploitation of new species and 
culture of herb- & omnivorous species

Local culture, traditions and values
• People want processed & ready to cook products
• Loss of traditional aquaculture methods
• Better perception of aquaculture products

Industry structure and practices
• Dominance of large-scale farms
• Reduced profit margin, increased competition
Industry structure and practices
• Diversification to resistant species & methods
• Initial –re-growth due to high economic 

investment, but turning positive with time

Tourism: Positive impact on local tourism if 
aquaculture facilities are moved offshore

Company structure and practices
• Large enterprises become dominant in sector
• CC professionals hired by companies
• Change towards offshore aquaculture

Needs long-term 
assurance of 

logistics

7

7

1

1

2

2

3 4
5

8

6 8

9 10

10

Costs to adapt 
gear or 

operations

11

12, 13, 15, 20, 21

15

16

16
17
18

16

18

19

20

21 22

22

22
2

4

1

4

6

9

9

9

14

15
6

12
15



Key to control, enhancement and mitigation measures on previous slide

Ranked High: 
1. Selective breeding: breeding  and production of strains tolerant to climate change. 
2. Other: well designed ecosystem management, spatial planning, clustering and risk assessment.
3. Technology: Use of submersible cages, relocation of cage farms, use of better and robust mooring 

systems
4. Local legislation: Local or central governments should allow aquaculture at new suitable regions 

and offshore
5. EU legislation: adaptation of new EU legislation on monitoring and support.
6. EU legislation: to build up offshore big polygons with common facilities
7. Alternative stocks: more culture of herbivorous and omnivorous species. 
8. Other: new companies of services with environmentalists, marine biologists, divers to measures 

are effective

Ranked Medium:
9. Technology: Use of better off-shore technology.
10. Technology: adaptation and promotion of new technologies 
11. Technology: use of closed circuit system will increase at hatchery and fry stages.
12. Fisheries management: pre planned, active and responsive management is essential. 
13. Fisheries management: should be under the control of external evaluators.
14. Government incentives: for events when farmers own insurances do not cover damages.
15. Government incentives: High valued species cultivation experiments should be supported by 

government.
16. Trade in marine aquatic species: must be better regulated to avoid transmission of diseases for 

aquatic animals including farmed species.
17. Trade in marine aquatic species: increased control and penalties on trade of especially live and 

invasive aquatic species.
18. Trade in marine aquatic species: the government should initially fund the tagging of all animals 

once they are in the culture cages...over time the farmers should adopt this extra cost as an 
obligation.

Ranked Low:
19. Habitat creation or offsetting: habitat offsetting alternatives need to be approached with 

precaution
20. Stock enhancement: Breeding selection programmes, prebiotics and probiotics
21. Catch and release: Catch and release of wild broodstock for gene pool diversification can be 

supported if well monitored

Not Ranked:
22. Lower stocking densities
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#14 Barents and Norwegian Seas capture fishery 
(cod, capelin and herring [C/C/H]). 
Contact: Ken Drinkwater. 
Responses: 4 (2 complete, 2 incomplete)

Causes (blue outline) Control and enhancement measures 
(green outline). Escalation factors (grey)

Mitigation and enhancement measures 
(green outline). Escalation factors (grey)

Consequences (red outline) and opportunities 
(orange outline)

Problem (yellow)
Cr

iti
ca

l i
m

pa
ct

St
ro

ng
 Im

pa
ct

Increased 
temperature

Sm
al

l I
m

pa
ct Low

   im
pact

M
edium

   im
pact

High   im
pact

Ocean acidification

Other physico 
chemical water 

changes

Increased storms

Other 
hydrodynamic 

changes

Changed season 
patterns/durations

Increased rainfall

Increased floods

Increased droughts

Positive impact on 
survival, growth, 

health and fitness

Positive impact on 
reproduction and 

recruitment
Positive impact on 

species range

Positive impact 
physiological 

tolerance

Some species may 
migrate beyond 
territorial waters

Reduced access to 
catch grounds

Negative impact on 
prey quality

Positive impact on 
prey availabilityPositive impact on 

habitat size and 
connectivity

Positive impact on 
spawning and 
nursery areas

Increased cost to 
adapt gear and 

operations

Negative impact 
from modified 

governance and 
legislation

Reduced sea ice 
coverage

Changed catches 
of cod, capelin 

and herring 
(C/C/H) in the 
Barents and 

Norwegian Seas

Company structure and practices
• If more cod inhabit the Russian zone of the Barents Sea, 

fisheries treaties between Norway & Russia  required & 
likely less quota for Norwegian fishers.

• Tendency towards larger companies, fewer, larger, 
more efficient vessels

• Shifting stocks means longer steaming time 

Markets: For cod, market prices should remain high due 
to high biomass and generally lower biomasses in other 
parts of North Atlantic.

Employment: Increased employment (short-med term) in 
terms of expected cod abundance but decreased 
employment (long-term) as fishers have to travel farther as 
stocks move to Russian waters. For Norwegian fishers 
more fish would be inaccessible

Biodiversity and ecology: As more Atlantic water fills the 
Barents Sea there will be increase biodiversity although 
some Arctic species will likely disappear.

Alternative species: 
• Fish invasive species (mackerel & blue whiting)
• Shift to different pelagic resources, but these are less 

productive species

Foodwebs and ecosystems:
• Change from Arctic to boreal food web.
• Change to a pelagic dominated ecosystem - reduced 

catches of cod but improved conditions for herring.
• Possibly a large impact if a substantial expansion of the 

to Calanus fishery over current levels

Local culture, traditions and values: Traditions and values 
associated with fish species will not change unless the 
stocks are in danger of disappearance.

Pressure on other species: Fishing other species not 
expected to reduce pressure on cod, capelin or herring, 
but if Mackerel became very abundant it could reduce 
capelin and herring stocks through predation and 
indirectly lead to less cod.

Tourism: Tourism will increase with warmer temperatures 
and disappearing sea ice - could cause small conflict 
between tourist boats & fishing vessels.

Industry structure and practices
• Fewer but larger companies.
• Reduction in diversity of fishery & markets

2

6

1
2
3

1
2
3

1

2

3

4

5

6

7
10
11

Requires 
cooperation btw 

countries

Gov’t incentives 
unlikely for the C/C/H 
stocks in Norwegian 

waters.

8 9

Unlikely to occur 
in the Barents or 
Norwegian seas

9

9

7
10
11

Requires 
cooperation btw 

countries

7
10
11

Trade restrictions 
for C/C/H unlikely 

for foreseeable 
future.

12

Trade restrictions 
for C/C/H unlikely 

for foreseeable 
future.

12

13

Currently not an option 
for C/C/H in the Barents 

or Norwegian Sea.



Key to control, enhancement and mitigation measures

Ranked High: 
1. Alternative stocks: If valuable new stocks invade or are brought in (e.g. 

snow crab), they will be fished.
2. Alternative stocks: Promotion of alternative resources or stocks could help 

conserve the three species of interest, e.g. if a mackerel stock developed in 
the Barents in the future, fishing it could help to conserve C/C/H.

3. Government incentives: (possibly initially financial) to diversify fleets to 
alternative stocks other than C/C/H, e.g. switching to mackerel and blue 
whiting plus also new resources e.g. mesopelagic species.

4. Technology: Industry and government incentives (possibly through grants, 
loans, business incentives) for technology transfer between fishery sectors 
and industries

5. Technology: Improved technology in ship operations could help reduce CO2
from the fishing vessels.

6. Fisheries management: Greater reliability of stock assessment methodology 
to provide more robust management measures for maintaining sustainable 
stock and fishery.

Ranked Medium:
7. Local legislation: will have a small effect on cod and capelin as the stocks 

are governed by fisheries treaties between Norway and Russia. 
8. Government incentives: Provide incentives for ensuring a sustainable 

harvest level
9. Habitat creation or offsetting: Creation of selected 'closed areas' for 

protecting vulnerable parts or life stages of the stock.

Ranked Low:
10. EU legislation: could affect the Norwegian Sea (herring) but would have 

less effect for the Barents Sea
11. EU legislation: adoption of new legislation that encompassed the non-EU 

sectors of the high-seas fisheries and sectors of the fishery that was 
outside the jurisdiction of the EU (adjacent coastal states)

12. Trade in marine aquatic species: A greater level of traceability and 
labelling of marine products especially in regard to origins and sustainable 
fisheries. Adherence to sourcing from sustainable fisheries.

13. Catch and release: Catch and release: Investment in live release of 
unwanted catches or partial catches for pelagic fisheries



#15 Cod, Herring and Sprat wild caught fisheries in the Baltic sea
Contact: Rasmus Nielsen and Sieme Bossier

1) Fish stock size 
and

2) fishing resource 
availability

 in the Baltic

Changed prices for 
fish in relation to 
RCP 4.5 and 8.5

Economic viability 
reduced

Effectiveness and 
enforcement

Change in fishing 
costs

Industry switches to 
larger companies

Causes (blue) Control/prevention measures (green)
Escalation factors (grey)

Mitigation measures (green)
Escalation factors (grey)

Consequences (red)
and opportunities (orange)

Problem (yellow)

Ranked High
3. Adoption of new EU legislation to control climate change at a top level

Climate change itself is beyond short/medium term control . Prevention and mitigation measures given here focus instead 
on measures that could be adopted locally , rather then attempting to modify global climate change.

RECRUITMENT

GROWTH

FISHING 
MORTALITY

NATURAL 
MORTALITY

Decreased 
salinity

Increased 
temperature

Increased 
storminess

Eutrophication

Inflows

Increased rainfall

Sea level rise

Decreased 
oxygen

Species selective 
fishing

MSY

Sprat
All spp

Cod

Cod egg survival

Black Goby – 
alternative species?

RANKS for control measures:
Effectiveness High
1. Technology: Increased fuel efficiency or alternative 

energy for fishing (e.g. electricity)
2. Fisheries management: Spatial & Seasonal (Regional)
3. Adoption of new EU legislation to control climate 

change
Effectiveness Medium
4. Subsidies and compensation payments
5. Technology: other
6. Habitat creation or offsetting
Effectiveness Low
7. Promotion of new species

Increase in market 
price

Reduced 
biodiversity

Cr
iti

ca
l i

m
pa

ct
St

ro
ng

 Im
pa

ct
Sm

al
l I

m
pa

ct

Pressure changes 
on species in 

foodwebs

Low
   im

pact
M

edium
   im

pact
High   im

pact

Adoption and cost

7

2

4

2

2

1

6

5

6

6

7



#16 Herring mixed capture fisheries in the North Sea
Contact: Sandra Rybicki (and Martin Pastoors)
Willing to share data or expertise?: YES

Reduced 
employment

Increased 
competition

Causes (blue) Control/prevention measures (green)
Escalation factors (grey)

Mitigation measures (green)
Escalation factors (grey)

Consequences and 
opportunities (red/orange)

Problem (yellow)

Climate change itself is beyond short/medium term control . Prevention and mitigation measures given here focus instead 
on measures that could be adopted my local producers and fishers , rather then attempting to modify global climate 
change.

NATURAL 
MORTALITY

Increased 
temperature

Changed 
seasonal patterns

Other 
physicochemical 
water changes

Decreased 
health and 

fitness

Decreased 
survival

Reduced habitat 
connectivity

Reduced income

Key to Control and Enhancement measures:
1. Temporal closed areas to protect stocks and/or nursery and spawning grounds (mainly for demersal trawlers as 

herring are demersal spawners and demersal trawling destroys the eggs)
2. Temporal closed areas for pelagic fisheries (the area where most first-feeding herring larvae are found and the 

fish most impacted by lower food availability)
3. More selective gears (to target either herring, or alternative species)
4. New technology to reduce fuel consumption
5. Exploit new species moving into the North Sea e.g. squid or tuna
6. Promote alternative species as food

Reduced prey 
availability

Increased 
monopolism

St
ro

ng
 im

pa
ct

Reduced 
spawning and 
nursery areas

Decreased 
recruitment

Decreased 
growth

Increased 
competition with 

native species

Reduced herring 
stock size and 

availability
 in the North Sea

1

1

Political factors e.g. 
1) Brexit 
2) Disputes with Russia
3) Export restrictions
All potentially creating trade barriers and 
market disruption 

3

4

4 6

5
6

Cost of changing 
technologies/gears

Cost of changing 
technologies/gears

Need to re-train or gain 
knowledge experience 
in alternative fisheries

2

2

3

OPPORTUNITY
Target other species 
e.g. sardine, anchovy 

and sprat (locally) 

OPPORTUNITY
Target other species 

further away

5 3

3

5

Need to re-train or gain 
knowledge experience 
in alternative fisheries

Capacity 
of fleet

Brexit may impact which 
part of the herring stock 
will be fished (e.g. more 
focus on juvenile herring 

in future)

Additional anthropogenic 
pressure from:

Negative impact from 
modified governance 

regimes

Loss of fishing space 
due to clean energy 

sites

Demersal trawlers 
destroying herring 

spawning sites
1

Pelagic fisheries 
threatening larval 

herring and their food
2

1, 2



#17 Cod Hake ,Haddock, Saithe, in the North Sea
Sevrine, Sarah, Sandra

Temperature 
changes

Causes (blue)
Control measures (green)
Escalation factors (grey)

Mitigation measures (green)
Escalation factors (grey) Consequences (red)

Problem 
(yellow)

St
ro

ng
 Im

pa
ct

Sm
al

l I
m

pa
ct

Decreased 
tolerance

Increased habitat 
size

Decreased 
growth and 

survival

Changed 
seasonal
 patterns

M
edium

 im
pact

High Im
pactSpecies range 

shifts
northwards

Employment impacts

Increased or 
decreased 

storms

Decreased health 
and fitness

Decreased 
reproduction

Decreased 
spawning and 
nursery areas

Decreased prey 
availability

Competition 
with native and 

non native 
species

Increased 
predation 
pressure

Access to catch 
grounds

Storm damage to 
fleet and 

infrastructure

Space lost to 
renewable energy 

developments
Modified 

governance 
regimes

Loss or reduction 
in fishery 
potential 

(biological and 
operational) Increased competition (Cod war)

Increased competition with farmed fish 
products

Wild fish prices will compete with 
cheap imported wild fish

Nursery and spawning areas may need 
more protection

4

1

6

6

7

1

4

4

6

5

Cost of changing 
technologies/gears

Need to re-train or gain 
knowledge experience 
in alternative fisheries

Cost of changing 
technologies/gears

2
23

3

3

3

5



Key to Control and Mitigation measures:

Ranked High
1. more selective gears
2. new technology to reduce fuel consumption
3. temporal closed areas to protect nursery and 
spawning grounds
4. regional stock quotas

Ranked Medium
5. Quota swaps between species and years
6. enhancing the allowed seadays so that fisher can 
reallocate their effort/follow stocks to northern fishing 
grounds.

Not ranked:
7. Exploit new species moving into the North Sea e.g. 
squid



Increased predation pressure on 
plankton (e.g. copepods) – feeding 

back into mackerel foodwebs (causes)

increased exploitation and value of 
mackerel by northern Non-EU countries 

(Iceland, Greenland etc.) leading to 
increased political pressure (causes)

#18 Mackerel, in the North Sea and 
north east Atlantic
Contact: Sandra Rybicki
Questionnaire replies: 2

Increased 
temperature

Causes (blue) Control measures (green)
Escalation factors (grey)

Mitigation and/or Enhancement 
measures (green)

Escalation factors (grey)

Consequences (red)Problem 
(yellow)

St
ro

ng
 Im

pa
ct

M
ed

iu
m

 Im
pa

ct

Increased
 habitat size

Increased 
survival

Changed 
seasonal 

patterns or 
durations

M
edium

 im
pact

High Im
pact

Species range 
shifts (positive 

for fishery)

Key to Control and Enhancement measures 
(note: this is a positive BowTie so as well as mitigating any negative consequences, we are also looking at 
enhancement and opportunity for the fishery)
(note: respondents provided no control/mitigation/enhancement suggestions so these are based on expert judgement)
1. more selective gears
2. new technology to reduce fuel consumption
3. temporal closed areas to protect stocks and/or nursery and spawning grounds
4. regional stock quotas
5. Quota swaps between species and years
6. Exploit new species moving into the North Sea e.g. squid or tuna
7. Promote mackerel as food and/or promote alternative species as food

Increased 
recruitment

Increased health 
and fitness

Increased 
reproduction

Increased 
spawning and 
nursery areas

Increased prey 
availability

Storms and bad 
weather

Space lost to 
renewable energy 

developments

Other physico-
chemical water 

changes

Changes to 
fishery potential 
(biological and 

operational)

increased competition, concentration 
of larger companies due to buy-outs of 

smaller companies (or their quotas) 
that cannot adapt

Market sizes and regions might 
increase, at least regions do already

4

1

6

6

7

7

7

5

Cost of changing 
technologies/gears

Need to re-train or gain 
knowledge experience 
in alternative fisheries

2

the increased northern distribution of 
mackerel might also increase the 

appearance of other larger predators 
such as tuna

5

No
t r

an
ke

d

3

6
Cost of changing 

technologies/gears

Need to re-train or gain 
knowledge experience 
in alternative fisheries

Increased intra (other 
mackerel) and inter 
specific competition 

(herring)

Political factors e.g.
1. Brexit creating trade 

barriers and market 
disruption

2. The mackerel war (no 
agreement between 
Iceland and EU, Faroe Ils., 
Norway)

Reduced access 
to catch grounds

Increased 
physiological 

tolerance



#19 Flatfish – NE Atlantic, marine capture fishery
6 participants: 3 complete, 3 incomplete
Storyline contact: Katell Hamon

Reduced catches 
of flatfish in the

N Sea and NE  
Atlantic

Employment reduced due 
to northern shift of fish 

stocks

Increase in market price in 
short term

Increased 
temperature

Causes (blue) Control measures (green)
Escalation factors (grey)

Mitigation measures (green)
Escalation factors (grey)

Consequences (red) and 
opportunities (orange)

Problem 
(yellow)

Increased storms

Ocean 
acidification

Cr
iti

ca
l i

m
pa

ct
St

ro
ng

 Im
pa

ct

Decreased 
temperature

Sm
al

l I
m

pa
ct

Changed reproduction 
and recruitment

Decreased health, 
fitness, growth and 

survival

Other physico 
chemical water 

changes

Low
 im

pact
M

edium
 im

pact
High Im

pact

Exploit new/other 
species e.g. mullet, 

gurnard, squid

Species range shifts

Sea level rise

Decreased habitat size 
and connectivity

Impacts local 
communities, values and 

fishing traditions

Loss of family owned 
business for larger 

cooperations

Exploit new markets

12

Other 
hydrodynamic 

changes

Altered rainfall 
(more/less)

Changed nursery and 
spawning areas

Prey and food availability

Space lost to 
other marine 

developments 
e.g. clean energy

Loss of tourism to 
traditional fishing villages

Fishers selling elsewhere 
or reallocating activities 

& land to other uses

8

15

10

1

Changed season 
patterns or 
durations

Access to catch 
grounds

Additional strong 
impacts from 

modified governance 
and legislation

Simplification of the food 
chain

pressure may increase on 
stocks coming from the 

south which have no 
quota

11

11

2

3

4

5

6

7

11
1 11

12

9

17

12
18

19

18
19

8

2

3

4

5

2

3

4

5

6

7

7

9

6

10

12

13

14

13

14

13
14

15

17

6

20
20

Increased pressure on new spp
New spp may not be able to 
compensate for flatfish loss

Increased pressure on new spp
New spp may not be able to 
compensate for flatfish loss

Needs governing 
bodies to support 

and finance

Needs governing 
bodies to support 

and finance

Needs governing 
bodies to support 

and finance

more tariffs would negatively 
impact the price of the flatfish 

which are mainly sold to 
southern Europe countries



Key to control, enhancement and mitigation measures

Ranked High: 
1. EU legislation: adaptive legislation which can react to unexpected changes (+ & -), allows 

innovation development
2. Fisheries management: exploring how quota could be better allocated
3. Fisheries management: change on the Fmsy to adhere to larger scale management 

objectives
4. Fisheries management: should be adaptive
5. Local and EU legislation: enabling access to changes in species distributions
6. Alternative stocks: investment/subsidies to allow/promote alternative species

Ranked Medium:
7. Technology: new technology to reduce impact on the benthos and reduce fishing costs
8. Habitat creation or offsetting: multi-sectoral use. e.g. windfarms in combination with nature 

conservation (also see #15)
9. Technology: less stringent “red-tape” to allow innovation, and investment/subsidies to aid 

innovation
10. EU legislation: change from landing obligation to fully documented fisheries for an 

economically efficient fishery

Ranked Low:
11. Local legislation: design adaptive legislation in combination with local stakeholders.
12. Stock enhancement: research into adaptive behaviour of fish, marine ecosystem to climate 

change.
13. Government incentives: subsidies to stimulate innovations and economic resilience in 

fisheries.
14. Government incentives: transition funding
15. Synergies: combine nature with renewable energy in order to preserve fishable area (also 

see #8)

Not Ranked:
16. Trade in marine aquatic species: better regulated to help prevent spread of invasive species
17. Reduce export of species (especially plaice) and sell locally
18. Alternative stocks: develop markets for bycatch e.g. mullet, gurnard, squid
19. Alternative stocks: exploit new or other species
20. Other: it would be useful to invite fishermen to share knowledge and ideas.



Increases Nº of days 
for fishing; increase in 
abundance; Increase 
mean weight at the 
onset of the fishery

Market size increases 
through growth and 

season expansion

Increased 
temperature

Increased employment 
due to increased 

abundance/access

Decreased 
temperature

Cr
iti

ca
l i

m
pa

ct
St

ro
ng

 Im
pa

ct

Increased rainfall

Sm
al

l I
m

pa
ct

Strong  effect on 
phenology of 
spawning and 
potentially on 
recruitment

Increased habitat 
size, habitat 

connectivity and 
spawning / 

nursery areas

Changed seasonal 
patterns

Positive im
pact

Use increased tourism to 
increase consumption

Species range shifts

Altered severity of 
Storms

Growth increased
Reinforcement of 

traditional (cultural) 
values

a, b

4 6

Decreased rainfall

Additional impacts of climate 
change benefitting the 

dolphin fish fishery

Catching grounds 
easier to access for 

fishers

d, g, h

#20 Dolphin fish – Mediterranean, marine wild fishery
Contact: Ignacio Catalan
Participants: 4 complete responses, 1 incomplete

Causes (blue)
Enhancement measures (green)

Escalation factors (grey)
Enhancement measures (green)

Escalation factors (grey)
Consequences (red) and 
opportunities (orange)

Opportunity 
(yellow)

NOTE: This is a positive Bow Tie with the impacts from climate change generally favouring the survival of the Dolphin Fish species in the Mediterranean and therefore 
benefitting and enhancing the fishery. 

Damage to floating 
aggregating 

devices

Increased cost of 
maintenance

Increased 

severity

Decreased 
severity

Market price decreases 
through oversupply

7

4
6

1

2

8

8

3

a, b

4

5

a, c, e, f

a, c, e, f
a, b

c, h

c

c

c
c, h



Key to control and mitigation measures

Ranked high
1. Technology: The use of GPS tracked FADs could improve the fishing 

effort, reduce fishing costs and  marine debris.
2. Technology: FADs should be made with degradable material 

(especially the anchorages)
3. Legislation: Possible adoption of legislation according to changes in 

presence and/or distribution of the species (open or close the 
fishery)

4. Fisheries management: potential modification (advance) of the 
fishing season. Fishery based on recruitment.

5. Fisheries management: catch quotas could help maintain market 
prices

Not ranked
6. National/Local legislation: Modify the allocation of FADs to 

fishermen
7. Fisheries management: Fishers could adopt self imposed TACs
8. Branding and marketing: This species not consumed in mainland 

Spain. Measures such as smoking could be explored to expand the 
market

Key to escalation factors
a. EU legislation due to increased interest in 

this species may enhance or hamper the 
fishery.

b. Fishermen have a self-imposed daily 
quota. More benefits only if market is 
widened.

c. Operational costs
d. Staff recruitment and retention
e. (immediate problem) competition of 

local products with imported products
f. (immediate to long term problem) 

People’s consumption habits
g. (mid term problem) attractiveness of the 

fishery to young fishermen
h. (long term problem) fuel costs



#21 Sardine and Anchovy  – Bay of Biscay, 
marine capture fishery
Contact: M. Huret,, P. Pettigas

Change in fish 
size (sardine and 
anchovy) in the 

Bay of Biscay

Increased employment

Increase in market size and regions

Increased 
temperature

Causes (blue) Control measures (green)
Escalation factors (grey)

Mitigation measures (green)
Escalation factors (grey)

Consequences (red) and 
opportunities (orange)

Problem 
(yellow)

St
ro

ng
 Im

pa
ct

Other 
hydrodynamic 

changes

Increased habitat 
connectivity, size, 

spawning & nursery 
areas

Increased growth 
and survival

Changed 
seasonal patterns

Not ranked
High Im

pact

Species range shifts

Increased 
rainfall

Increased 
competition with 

non native and 
invasive spp

New competing species

16

Increased 
reproduction and 

recruitment

positive impacts from 
space lost to clean 

energy developments

positive impacts from 
modified governance 
regimes/legislations

Increased prey 
availability

Market price increase

Pressure on other species reduces 
fishing mortality on sardine and 

anchovy

e. f. h. i. o

Increased Storms

Increased 
predation 
pressure

Food web changes: decrease in 
energy rich zooplankton combined 

with warmer temperature increasing 
fish energy requirements

15

Decreased DO 
concentration

Changed selective 
mortality

 Loss of quotas

Decrease of the 
phenotypic 

diversity (infra-
population) 

No
t r

an
ke

d

1

2

a. b. c. d.

Decreased employment and 
casualisation of employment

Decreased/increased accessibility of 
catch grounds

Changes in industry structure

Fishing moves further offshore. 
Shorter fishing seasons

Decreased touristic appeal, reduced 
cultural heritage, decreased local 

welfare

Loss of certification and challenges in 
traceability

3

3

4

5

6 7
8

9
10

3 4

6

7
8

9

10

11

12

13
14

11

11
12

c. e. f. j g. h. i. j

g. h. i. j

g. k. l. m. n

g. k. l. m. n k. l. o. p



Key to Control and Mitigation measures:
1. International policy for limitation of greenhouse gas 

emissions
2. Maintenance of the population phenotypic diversity to 

optimise its adaptation opportunity and capacity

Fishing activities
Regulations
3. Increase of authorised fishing areas
4. Pluri-annual management plan
5. Security in price and access rights
6. Protection of quotas with rapid growth
Incentives
7. Support in establishment
8. Support in investment (vessels, material)

Canning industry
Technics
9.  Multi sourcing
10.  Development of industrial technics to adapt to the 

evolution of the product
Regulations
11.  More flexibility in labelling norms

Sector
Communication
12.  Variability of a ‘wild’ product
13.  Integrated and cooperation actions
14.  Improve communication to consumers on origin of 

products

Other
15. New legislation: flexible spatial limits for management 
16. Fisheries management: protect essential spawning 

areas 

Key to Escalation Factors:

Global change as a multi-factor problem
a. Pollution / water quality
b. Endocrine disruptor
c. Natural variability of the ecosystem
d. Size selectivity decreasing the infra-population diversity

Fishing activity
Regulations
e.  Quota on sardine
f.  More constraining regulation on alternating species
Competition
g.  Other fleets
h.  Other activities
Financial-Technical
i.  Conservatism of the profession
j.  Risky Investment in an uncertain context

Canning industry
Regulations
k.  Increase of legal constraints
l.  Increase of consumer expectations for more transparency
m.  Certification limits substitution opportunities
Technics
n.  Production chain and know-how difficult to adapt
Market / Consumers
o.  Increased awareness of environmental problem by 

consumers
p.  Low opportunities for innovation in the sector and for 

diversification in other species



#22 Sardine and Anchovy  – NW Mediterranean, marine capture fishery
Contact: Francesc Maynou
Participants: 3 (2 full, 1 incomplete)

Losses and/or 
mortality of 
sardine and 

anchovy in the 
Mediterranean

Reduced employment

Food web impacts as 
small pelagics are prey 

fish

Increased 
temperature

Causes (blue) Control measures (green)
Escalation factors (grey)

Mitigation measures (green)
Escalation factors (grey)

Consequences (red) and 
opportunities (orange)

Problem 
(yellow)

Other physico 
chemical water 

changes

St
ro

ng
 Im

pa
ct

Other 
hydrodynamic 

changes

Sm
al

l I
m

pa
ct

Decreased 
tolerance

Decreased 
habitat 

connectivity,  
size & spawning 

areas

Decreased water 
quality

Decreased 
growth and 

survival

Changed 
seasonal patterns

Low
 im

pact
M

edium
 im

pact
High Im

pact

Species range 
shifts

Increased or 
decreased 

rainfall

Non native and 
invasive species

Biodiversity changes:
Predator/prey

Weakened traditional 
(cultural) values

Technology and 
investment  must 

be available

Finance 
available

1

4
3

2

4

3

Ocean 
acidification

Decreasd health 
and fitness

Decreased 
reproduction and 

recruitment

positive impacts from 
space lost to clean 

energy developments

positive and negative 
impacts from modified 

governance 
regimes/legislations

Decreased prey 
availability and 

quality 

Market prices: 
Positive increase in ex

-vessel prices

Key to Control and Mitigation measures
Ranked High: 
1. Fisheries management: protect nursery areas
2. Technology: more selective fishing
3. Promote alternative stocks/resources
Ranked Medium:
4. Government incentives: undesirable to fishery

Finance 
available

Finance 
available

Fish for Sardinella 
instead / as well
(but Sardinella 

currently has a low 
market price)

3

Finance 
available

4

3

1

2

2

3

Technology and 
investment  must 

be available

Finance 
available

Technology and 
investment  must 

be available



#23 Hake – Mediterranean, marine capture fishery
Contact: George Tserpes and Dimitrios Damalas
Participants: 5

Reduced catches 
of hake in the 

Mediterranean

Employment 
impacts

Cost increases for market

Increased 
temperature

Decrease in employment 
due to decreased catches

Unpredictable 
employment effects due 
to multispecies fishery

Causes (blue) Control measures (green)
Escalation factors (grey)

Mitigation measures (green)
Escalation factors (grey)

Consequences (red) and 
opportunities (orange)

Problem 
(yellow)

Other physico 
chemical water 

changes

Decreased 
temperature

Cr
iti

ca
l i

m
pa

ct
St

ro
ng

 Im
pa

ct

Other 
hydrodynamic 

changes

Sm
al

l I
m

pa
ct

Decreased 
tolerance

Decreased 
habitat 

connectivity, size 
and spawning 

areas

Decreased water 
quality

Decreased 
growth and 

survival

Exploit other demersal stocks
Expansion of markets: 

globalisation

Changed 
seasonal patterns

Low
 im

pact
M

edium
 im

pact
High Im

pact

Changes in consumer 
habits if new species 

enter markets

Species range 
shifts

1, 9, 10, 11, 12

Increased 
rainfall

Non native and 
invasive spp

Biodiversity changes:
Predator/prey
Non-natives

Large scale fishery no 
longer viable

Enforcement 
needed

6

Weakened traditional 
(cultural) values

Finance 
available

13

Finance 
available

11

12

Finance 
available

13
2, 3

17

2, 3

2

3

7, 8

17

Opportunity to fish new spp:
e.g. Sparisoma cretense, 

Trachurus, Spicara and squid.

7, 8

17

Not ranked

Ocean 
acidification

Increased storms

Decreased 
reproduction and 

recruitment

Decreased prey 
availability

Increased cost of 
gears and 
operations

Industry shifts to fish 
deeper water species or 
thermophilic/introduced 

species

2, 3

2, 3

2, 3

4, 5

4, 5

2

3

6

7, 8

13

14, 15

14, 15

14, 15
16

16

17

Enforcement 
needed



Key to Control and Mitigation measures:

Ranked High: 
1. Local legislation: to reduce fishing pressure on hake
2. Alternative resources: Promote the fishing and consumption of 
invasive thermophilic species
3. Alternative resources: Species like Trachurus and Spicara could be 
exploited by trawlers instead of hake
4. Habitat creation or offsetting: No take zones will have to cover a 
minimum % of marine regions
5. Habitat creation or offsetting: Zoning MPAs in nursery grounds 
would be beneficial

Ranked Medium:
6.   Expansion of markets: globalisation
7.   Fisheries management: Closure of nursery areas to trawling.
8.Fisheries management: Stricter quota management and 
spatiotemporal closures. 
9.   EU legislation: EU legislation is needed but must be decentralised 
due to different fisheries and regions.
10. EU legislation: Full implementation of the landing obligation so as 
to reduce undersized catches is needed
11. Government incentives: Incentives should not be monetary in 
nature
12. Government incentives: Subsidies may be necessary in some 
sectors but should be avoided. Fishery is already heavily subsidised

Ranked Low: 
13. Stock enhancement: Possibly a good idea, but uncertainty about 

effectiveness and how to implement
14. Technology: Increased mesh sizes
15. Technology: adaption of fishing gear and techniques to more 

efficient and environmentally friendly.
16.  Controls on trade in marine species: greater controls could help 

diminish the black market of undersized/endangered species
17. Synergies: Trade controls and synergies between countries 

sharing stocks



#24 Bluefin tuna – Mediterranean, marine wild fishery
No. participants: 3
Contact: Patricia Reglero

Changes to 
potential of 
bluefin tuna 
fishery in the 

Mediterranean

FOOD WEB STRUCTURE may see strong 
impacts through changes in predation pressure 

on small/medium pelagics

Increased 
temperature

EMPLOYMENT increases due to greater BFT 
abundance

COMPANY SIZE/PORTFOLIO ETC: would benefit 
under slight temp increase due to more stock 

to fish

Causes (blue) Control measures (green)
Escalation factors (grey)

Mitigation measures (green)
Escalation factors (grey)

Consequences (red) and 
opportunities (orange)

Problem 
(yellow)

Other physico
chemical water 

changes

Decreased 
temperature

C
ri

ti
ca

l i
m

p
ac

t
St

ro
n

g 
Im

p
ac

t

Other 
hydrodynamic 

changes

Sm
al

l I
m

p
ac

t

Negative impacts 
on physiological 

tolerance of 
adults

Positive impacts 
on habitat size

Positive impacts 
on growth and 

survival

CAUSES KEY:
Negative causes - blue with red fill
Positive causes  - blue with green fill

Changed 
seasonal 

pattern/duration

M
ed

iu
m

 im
p

act
H

igh
 im

p
act

Negative impacts on 
species range

Increased 
competition with 

native and non 
native spp

MARKET PRICES decrease if populations 
continue increasing abundance

PRESSURE ON OTHER SPP increases with 
increasing abundance as BFT top predator

GENERAL INDUSTRY STRUCTURE may improve 
in colder areas, but in already warm areas, as 

southern central Mediterranean the industries 
may suffer

2, 3, 5

4

Ocean 
acidification

Increased storms

Negative impacts 
on health and 

fitness

Positive impacts 
on recruitment 
spawning and 
reproduction

Positive impacts 
on spawning and 

nursery areas

Negative impacts 
on prey 

availability and 
quality

Increased 
predation 
pressure

Access to catch 
grounds due to 

weather

Excessive temp 
increase would 
be detrimental

6

Temp increases have 
negative effect on 

spawners in the actual 
warmer spawning areas 

e.g. Gulf of Mexico

1

ECOSYSTEM CHANGES: Expansion of habitat of  
invasive tropical tuna species could change the 

Mediterranean ecosystem structure

4

6

OPPORTUNITY
Potential expansion of invasive tropical tuna 

into Mediterranean. Could be fished instead of 
BFT

7



Key to Control and Mitigation measures:

Ranked High: 
1. Adapt open seasons to variations in reproductive migration 
timings
2. Explore alternative markets
3. Fish alternative stocks
4. New fisheries in northern areas
5. Fishing quotas will control stocks and market price
6. Maintain high quotas to encourage employment
7. Catch of tropical tunas should be regulated 
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