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Abstract 

The science-policy interface (SPI) comprises the processes that encompass relationships between 

scientists and others in policy development, which allows for discussion of knowledge and 

consideration of evidence with the aim of improving decision making. Development of effective 

responses to the climate and biodiversity crises at the scale and pace required will necessitate 

scientists, policy officials, politicians, and managers to effectively interact, co-design, communicate, 

and deliver these responses, i.e. work effectively at the SPI.   

This thesis sets out the nature and impact of a body of work conducted by the author in fulfilment of 

a PhD by Publication. Critical analysis of the work tracks the author’s career development from early-

career scientist to senior government policy advisor. The work follows a trajectory of focus from the 

micro (species) to macro (policy development) level. The influence of the work is considered, and for 

the more recent research, recommendations on how the work can be progressed are set out.  

The body of work completed at the SPI has principally influenced scientific understanding and policy 

development with regards to how marine resources, including species, habitats and space itself, 

should be used and managed for the benefit of wider society. Critical analysis highlighted that the 

prevailing SPI model could be modified to incorporate an additional component – the knowledge 

exchange between stakeholders considering the effects of management.   

The time span of the work, varying focus of the publications considered and various positions held by 

the author have enabled, following reflection and consideration of the critical analysis, the 

identification of nine elements key to maximising effectiveness when working at the SPI: challenge, 

empathise, identify governance and knowledge gaps, network, collaborate with international experts, 

understand politics, develop trust of decision makers, communicate and persevere. These elements 

can help those working at the SPI influence commissioning and contribute to science that informs and 

influences policy decisions to deliver environmental outcomes and progress nature recovery. 
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Preamble 

Author background 

I am a Principal Advisor working at Natural England – the Statutory Nature Conservation Body in 

England. In this role I provide conservation advice to government policy officials, regulators, and 

developers on the pressures that activities in the marine environment exert on protected features 

(species and habitats). A key component of my role is to provide government with conservation advice 

when developing legislation that has implications for the environment. Recent advice has influenced 

the development of the Fisheries Act 2020, the Environment Act 2021, and the Environmental 

Improvement Plan – 2023, in addition to 2020 amendments to the Marine and Coastal Access Act 

2009.  

Over the last 20 years, I have authored publications related to the management of species and habitats 

for fisheries and conservation purposes. A selection of these publications is considered within this 

thesis for examination for a PhD by Publication. 

 

Purpose of the thesis 

This thesis 1 provides the evidence required by the University of East Anglia (UEA) to allow me to be 

examined for the degree of Doctor of Philosophy. Section A is a list of the publications on which the 

assessment is to be based. Section B is a critical analysis of the published works. Appendix A provides 

confirmation of my contribution to the multi-author papers listed in Section A. Appendix B consists of 

the publications assessed.  

 

  

 
1 Suggested citation: Vaughan, D. (2024) Micro to macro and species to society – lessons learnt at the science and policy interface. PhD 
Thesis. University of East Anglia. 
 
Cover images: top to bottom. The authors first fishing trip circa 1988. V-notching a berried lobster in Maine USA in 2018 – one of the 
oldest fisheries management measures. Gyre 2009 by Chris Jordan on display at the Monterey Bay Aquarium (the image is constructed of 
2.4 million piece of marine plastic – the amount estimated to enter the sea each hour). Rohan Vaughan – Earth Day 2019.  
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N.J., Sykes, H.R., Taylor, O.J.S., and D. Vaughan (2000) Mass coral bleaching in the Fiji Islands, 2000. 
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Section B. Critical analysis 
1 Introduction 

1.1 The Science, Policy, Management Interface 

Van den Hove (2007) defines the Science Policy Interface (SPI) as “social processes which encompass 

relations between scientists and other actors in the policy process, and which allow for exchanges, co-

evolution, and joint construction of knowledge with the aim of enriching decision-making. They are 

implemented to manage the intersection between science and policy”. The SPI can exist at different 

scales, such as within an organisation, between organisations, or inter-governmentally – the 

Intergovernmental Panel on Climate Change (IPCC) and the Intergovernmental Science-Policy 

Platform on Biodiversity and Ecosystem Services (IPBES) being two of the latter most cited as examples 

(Kohler, 2022, Horton and Brown, 2018). Sokolovska et al. (2019) details how the communicative 

relationship between science and policy-making has evolved over time from that of the ‘linear phase’ 

(when science informed policy-making in a unidirectional manner) through the ‘interactive phase’ 

(when both sides found themselves in a continuous interaction) to the ‘embedded phase’ (when 

citizens’ voices come to be involved within this dialogue more explicitly). 

There are usually three components of the SPI: science, policy, and the interface between the two 

(Eroğlu and Erbil, 2022, Van den Hove, 2007). An individual can play distinct roles when operating 

within science or policy, as well as at the interface (‘boundary spanners’) between the two (Bednarek 

et al., 2018). Recognising the unusual role of the author in the earlier papers considered within this 

thesis – a manager commissioning science, developing policy, and conducting the science at a national 

level – a fourth component to the SPI has been introduced: management (Fig. 2). A specific 

management component of the SPI as presented below does not appear explicitly within scientific 

literature. 

 

Figure 2. The modified Science Policy Interface 
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Individuals within organisations that are working effectively as boundary spanners at the interfaces 

modelled are in the privileged and powerful position of being able to: (1) provide advice, either 

publicly or privately, that is sought by politicians or policy officials within government, or (2) proffer 

unsought advice – again publicly or privately to government. These communication channels enable 

individuals and the organisations that they represent to influence policy discussions (sometimes 

significantly) in either a proactive (shaping the agenda) or reactive manner5.  

Opportunities to influence ‘policy windows’ may, at times: (1) be fleeting, and require swift 

interventions; (2) appear because of trust and connectedness (networking); and (3) be 

choreographed, opportunistic, or anticipated, i.e. knowing that a subject is to be formally consulted 

on (Rose et al., 2020, Kingdon and Stano, 1984, Reed et al., 2014). With these opportunities come 

significant responsibilities.  Interventions such as the provision of advice either publicly or privately at 

odds to a government position or policy can result in the relationship and trust between organisations 

being damaged (potentially irreparably) (Lacey et al., 2018). This can have long-term and significant 

implications for the organisation’s very existence (UK Parliament, 2018), noting that reform of 

Statutory Nature Conservation Bodies (SNCBs) (Defra, 2022b) and other Arms-Length Bodies (ALB) in 

the UK is a perennial threat (Dalton and Gill, 2022).  

1.2 Presenting the analysis 

The work presented here reflects employment and publications across different subject matter in 

various locations. A common thread running through the work is that it has been carried out at the 

SPI as a boundary spanner. My interactions at the SPI have varied over time – reflecting in part, subject 

matter, career progression, and experience. The publications presented within this critical analysis are 

covered in three phases. The phases define three distinct areas of my personal and career 

development rather than the phases set out by Sokolovska et al. (2019) (although each career phase 

loosely mirrors these).  Each development phase attempts to identify how the publication has: (a) 

contributed to the scientific evidence base and fits within the literature and (b) influenced 

management and policy. For the older publications, consideration of how the topic that the work 

contributed to (i.e. understanding of the role that global warming plays in coral bleaching) has 

developed in general since the publication is provided, whereas for the more recent publications, 

follow-on work is suggested. Lessons learnt are summarised at the end of each phase.    

At the start of my career (professional establishment), my focus was on the use of science to describe 

or solve specific management problems (phase one). As my career and experience progressed, my 

 
5 This is the case in the UK where these individuals (such as the author) represent arm’s length bodies (ALB).  In situations such as this as, 
government may a) be legally obligated to seek and consider the views of these organisations and set out how it has considered the advice 
or b) consider unsolicited, but proffered advice. 
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professional network expanded, providing opportunities to collaborate. This period was also 

formative as it provided opportunities to work across scientific disciplines (phase two). More recently 

(phase three), opportunities have arisen to influence policy and management decisions because of the 

experiences and skills that I have been able to develop over two decades – often in a resource 

management role. This has enabled me to identify policy or legislative gaps that I have been able to 

address through advice provision in various forms, drawing on the scientific evidence base that I have 

contributed to through the production of the publications presented within this thesis. These 

opportunities also coincide with an increasing desire to influence policy and, ultimately, 

environmental outcomes in a positive manner at scale and pace to contribute to addressing the 

biodiversity and climate crises. 

Phase one (Baselining and knowledge transfer – Section 2) reflects: (a) a focus on the impacts of 

anthropogenic activities on species, (b) the importance of quantifying the status of the marine 

environment, and (c) the level of pressures exerted upon it. In this phase, the author is predominantly 

engaged in the science and management components of the modified SPI model (Fig. 2). This phase 

highlights the importance of collaborating and sharing knowledge in the most appropriate manner to 

ensure that scientific, management, and enforcement advancements are discoverable and can be 

replicated.  

The second phase (Protecting the wider seas – Section 3) recognises that both species and habitat 

protection through designation using marine protected areas (MPAs), and subsequent introduction of 

appropriate management, will confer a degree of protection. However, this protection is unlikely to 

be a sufficient response to the existing and future types and levels of pressures (such as benthic 

disturbance) that the marine environment is exposed to. Therefore, this second phase explores how 

MPAs can provide wider seas environmental benefits and, conversely, how improved wider seas 

marine management can augment protection conferred by MPAs. This second phase recognises the 

challenge of sectoral management and a propensity for solving problems in isolation, which can 

merely move pressures resulting from activities (i.e. abrasion caused by commercial fishing) around 

the marine environment that may inadvertently result in perverse environmental outcomes.  

The third phase (Influencing policy at scale – Section 4) is a recognition that to affect effective marine 

management at scale and pace, there is a need to seek a paradigm shift in approach and attitudes of 

marine users, regulators, and policy officials. To achieve this, peer-reviewed academic papers were 

developed highlighting societal and financial levers that can be used in support of the transformational 

reform of marine use which will be required to support marine nature recovery – a goal of the UK 

government (Defra, 2023a).  
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For each publication analysed within this thesis, an infographic is provided (e.g. Fig. 4) detailing the: 

(1) publication title; (2) authors of the publication; (3) country of institutes associated with authors to 

illustrate international collaboration; (4) synopsis of the paper; (5) identification of the target audience 

for the work (primary = green, secondary = yellow, not targeted = grey); (6) maturity of the work when 

published/now; (7) identification of where the paper fits with the timeline for this body of work; (8) 

identification of elements key to success (see Discussion for detail) when working at the modified SPI 

interface (coloured green in the infographic); and (9) dominant modified SPI interaction(s) – arrows 

indicate interaction direction (Fig. 3). 

 

Figure 3. The modified Science Policy Interface interactions 
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2 Phase one: Baselining and knowledge transfer 

The papers considered within phase one focus on the provision of information of the biological state 

of species and habitats. High-quality, understandable, transparent, and accessible information 

enables legislation, evidence-based policy, and important management measures such as stock 

assessments to be developed.  

The first paper in this section (Cumming et al., 2000) [publication 1] considered the first mass coral 

bleaching event in the Fiji Islands, whereas the second and third papers (Clerveaux and Vaughan, 2003, 

Vaughan, 2004) [publications 2 and 3] consider fisheries management within the Turks and Caicos 

Islands (TCI) – the latter two papers are considered together within this phase. The fourth paper 

(Wilson et al., 2008) [publication 4] considers the development of a test to determine whether bleach 

has been used to catch lobsters illegally within the TCI.  
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2.1 Mass coral bleaching in the Fiji Islands [publication 1]  

 

Figure 4. Cumming et al. 2000 [publication 1] infographic 
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2.1.1 How has the work contributed to the scientific evidence base? 

Publication 1 not only provided the baseline scientific data within the Fiji Islands (29.5–30°C), but it 

also formed one of the initial temperature threshold datasets on the water temperatures that mass 

coral bleaching occurs globally. Publication 1 investigated temperature as a forcing factor in coral 

colony die off by analysing both in situ and satellite-derived sea surface temperature (SST) data during 

the 2000 La Nińa event and coral reef survey data.  

Veron et al. (2009) wrote ‘Temperature-related effects of global warming on coral reefs are highly 

visible, well-defined, and extensively documented. Correlations between rising CO2 levels, rising ocean 

temperature and the biological responses of reefs are therefore known in detail, providing a 

particularly well-grounded basis for future prediction’. This paper and many others that followed (Sully 

et al., 2019, Virgen-Urcelay and Donner, 2023), as well as the IPCC report (IPCC 2022), drew upon the 

initial work on coral bleaching conducted in the 1970s when bleaching occurred in isolated locations, 

and research conducted during mass bleaching events in the early 2000s, such as the event in Fiji 

[publication 1] (see also (Hoegh-Guldberg, 1999)).   

The research that led to publication 1 highlighted the importance of data collection using repeatable 

methodologies, networking, and collaboration (sharing data and co-authoring publications) between 

scientists – the co-authors of publication 1 were all working independently in Fiji. The Status of coral 

reefs in the Fiji Islands 2006 (Sykes, 2007) referred to publication 1, stating that it established the need 

for standardised and regular surveys of representative sites across the Fijian archipelago, in order to 

measure long-term changes affecting the entire country.  

2.1.2 How has the work influence management and policy?  

The research conducted in the early 2000s (including publication 1) was critical in establishing the 

causal link between sea surface temperatures and coral bleaching – indeed, before the research in Fiji 

was published, the IPCC in 2000 noted disagreement on the cause–effect relationship between global 

climate change and an increase in coral bleaching (McCarthy, 2001). The mass bleaching events and 

the collection of research data that were disseminated were critical in securing the attention of 

politicians of Small Islands Developing States. These politicians were then able to advocate 

successfully for climate change action on the global scale.   

Concerningly, models incorporating bleaching thresholds are now predicting the large-scale loss of 

coral reefs by mid-century under even low-emission scenarios. Even achieving emission reduction 

targets consistent with the ambitious goal of 1.5°C of global warming under the Paris Agreement will 

result in the further loss of 70–90% of reef-building corals compared with today, with 99% of corals 
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being lost under warming of 2°C or more above the pre-industrial period (IPCC, 2022, Hoegh-Guldberg, 

1999). 

2.1.3 How has the work been updated? 

The temperature threshold for mass coral bleaching events identified in publication 1 has been 

refined.  A global analysis of coral bleaching over the past two decades by Sully et al. (2019) noted that 

not only has coral bleaching increased in frequency and intensity, but in the last decade (2007–2017), 

the onset of coral bleaching has occurred at significantly higher SSTs (~0.5°C) than in the previous 

decade (1998–2006: 28.7°C).  The increase in threshold temperature for bleaching suggests that past 

bleaching events may have culled the thermally susceptible individuals, resulting in a recent 

adjustment of the remaining coral populations to higher thresholds of bleaching temperatures  and/or 

coral communities have acclimatised to increasing SSTs (Sully et al., 2019). 

The value of a national coral reef monitoring network highlighted by publication 1 led to the 

establishment of the Fiji Coral Reef Monitoring Network (FCRMN), a branch of the Global Coral Reef 

Monitoring Network (GCRMN). The FCRMN established 12 survey sites across Fiji, placed temperature 

loggers on some of them, and published a report focusing on the recovery of Fiji’s reefs between 2000 

and 2004 (Lovell and Sykes, 2004) in Sykes (2007). Publication 1 informed the first biannual publication 

of the Status of Coral Reefs of the World in 2000 (Wilkinson, 2000). Coral bleaching events continue 

to occur throughout Fijian waters.  The FCRMN survey sites established following publication 1 form 

part of the long-term monitoring datasets within the global dataset (Souter et al., 2021, Delaval, 2021).  
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2.2a An investigation of the effects of increasing fishing efficiency on the productivity 
of the queen conch (Strombus gigas) and Caribbean spiny lobster (Panulirus argus) 
fisheries within the Turks and Caicos Islands [publication 2]  

 

Figure 5. Clerveaux and Vaughan 2003 [publication 2] infographic 
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2.2b A description of fisheries management in the Turks and Caicos Islands: an 
overview of the problems and suggestions for mitigation [publication 3] 

 

Figure 6. Vaughan 2004 [publication 3] infographic 
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2.2.1 How has the work contributed to the scientific evidence base? 

The two papers considered here (Clerveaux and Vaughan, 2003, Vaughan, 2004) [publications 2 and 

3, respectively] provide important information about the state of the two key fishery stocks of the TCI. 

The target audience for the papers was fishery managers working within the Caribbean. The work was 

presented at two Gulf and Caribbean Fisheries Institute Conferences, with the papers later being 

published in the conference proceedings. Although this approach reached the local target audience at 

the time, it has become clear in the subsequent academic literature and with conversations with 

practitioners that these papers have been overlooked. In early 2023, the Joint Nature Conservation 

Committee (JNCC) had been commissioned to conduct research in support of conch (Strombus gigas) 

fishery management improvements in the TCI (JNCC, 2023). On contacting the JNCC manager for this 

programme, it became apparent that JNCC were aware of publication 2 but not of publication 3. The 

latter publication was subsequently shared to provide important historical data relating to the conch 

fishery, thus strengthening the evidence base. This collaboration highlighted: (1) the importance of 

ensuring that completed work is published in widely accessible, if not open access, peer-reviewed 

journals to ensure the longevity of the research rather than conference proceedings, and (2) the value 

of networking and offering to share information on subjects of common interest. In 2023, a report 

exploring visual survey methodology for deep water surveying of conch in the TCI was published by 

JNCC (van Rijn et al., 2023). 

2.2.2 How has the work influenced management and policy?  

The influence of the work at the time of presentation and publication is difficult to discern as the 

target audience for the work comprised regional fishery manager counterparts rather than academics 

writing papers.  Despite the apparent relative lack of influence the work had at global and regional 

levels, as evidenced through a lack of citations, the work was used to establish fishing quotas within 

the TCI. It also informed my work as Chief Fisheries and Conservation Officer (CFCO) for the TCI 

Government.   

Publication 2, which investigated fishing efficiency, was formative in developing my understanding of 

technological creep within fisheries and the significant implications that this has for management of 

fisheries and other marine activities. This, coupled with the requirement to introduce fisheries 

management as the CFCO within the extensive TCI MPA network, first led me to consider the 

importance of managing fisheries displacement.  

Publication 3 highlights the use of a Fishery Advisory Council (FAC) (comprising active and retired 

fishers, fisheries scientists, fisheries managers, and processors) within the TCI fisheries management 

framework. Personal experience of the TCI FAC demonstrated to me the importance of Fisheries 
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Science Partnerships (FSPs). This personal experience is in line with a substantial and growing body of 

work on this topic internationally extoling the importance of FSPs that provide bottom-up stakeholder 

engagement and participation within fisheries management and decision-making frameworks (Karr et 

al., 2017, Lomonico et al., 2021, Gray and Catchpole, 2021, Hipwell, 1998). This experience within the 

TCI prompted interventions with Defra policy officials recommending the inclusion of an FAC within 

the nascent fisheries management framework that was developing in the UK post EU exit. 

2.2.3 How has the work been updated? 

Two publications comprise the extent of detailed TCI fisheries management updates since Publication 

2 and 3, respectively. The first (Lockhart et al., 2005) considers the status and threats to the fisheries 

of the TCI.  The second (Ulman et al., 2016) uses a catch reconstruction approach to estimate catches 

for 1950–2012, estimating all removals, including reported catch destined for export, and unreported 

domestic artisanal and subsistence catches6. The results from the catch reconstructions incorporate 

estimates for poached stock by foreign fishing fleets and improved subsistence and recreational catch 

data. The reconstructions indicate that incomplete catch totals have been used for decades to 

calculate sustainable catch limits for the islands' marine resources.  The implication of Ulman et al. 

(2016) is that the stock assessments and landing data presented in publications 2 and 3 are incomplete 

and the levels of exploitation of the fisheries set out within these publications are underestimates.  

Recognising the implications of the catch reconstruction work, the TCI government, advised by 

DEMA7, reduced subsequent quotas and recommended an export cessation of up to five years (Ulman 

et al., 2016).  

 

 
6 Catch reconstruction for small-scale fisheries is a relatively recent scientific development (Pauly and Zeller, 2016, Zeller and Pauly, 2007) 
providing important insights into the historical state of stocks – notwithstanding the challenges recognised by pioneers in this approach 
(Pauly and Palomares, 2019) 
7 DEMA was the Department for Environment and Maritime Affairs in the TCI. A previous (and current) incarnation of DEMA is the 
Department of Environment and Coastal Resources. (DECR).  
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2.3 Efficacy of a starch-iodide swab technique to detect the illegal use of bleach in a 

spiny lobster (Panulirus argus) fishery [publication 4]  

 

Figure 7. Wilson et al. 2008 [publication 4] infographic 
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2.3.1 How has the work contributed to the scientific evidence base? 

Wilson et al. (2008) [publication 4] has enhanced the scientific evidence base detailing the illegal use 

of noxious substances (such as household bleach) to both catch marine species (e.g. lobsters, fish for 

food and the aquarium trade, and octopi) and strip eggs from female lobsters (known as berried hens).  

These practices are conducted in fisheries throughout the world (Wright and Esmonde, 2001, Tissot 

and Hallacher, 2003, Center, 2017).  

Developing effective methodologies that can detect these illegal acts that are simple to deploy in the 

field and can withstand scrutiny in the courtroom have long been sought by enforcement personnel 

(publication 3). Publication 4 built upon preliminary work by Wilson et al. (2004) conducted in 2000–

2002 and published only in the Conference Proceedings of the Gulf and Caribbean Fisheries Institute. 

The work was subsequently published in the journal Fisheries Research (impact factor 1.434) in 2008 

to enable the data to be more widely findable than the 2004 conference proceedings. 

2.3.2 How has the work influenced management and policy? 

The swabbing technique developed in publication 4 has influenced policy and management as it has 

been successfully rolled out and is in use within the TCI  for fisheries compliance purposes (Lockhart 

et al., 2005).   

In my role as CFCO for the Department of Environment and Coastal Resources of the TCI Government, 

I had the challenge of managing the spiny lobster (Panulirus argus) fishery – one of the country’s most 

valuable natural resources. Illegal fishing undermined fisheries management measures and the 

credibility of the fishery officers who would regularly come across fishing vessels with empty bleach 

bottles in the vessels, fishers of those vessels with bleach-stained clothing, and lobsters smelling 

strongly of bleach, yet were limited in how they could respond.  

Recognizing the need to address this problem, I collaborated with the Centre Director of the School 

for Field Studies. Techniques were identified that had been developed to address this type of illegal 

activity elsewhere, albeit for a different species being targeted by fishers. A key aim of the work was 

to demonstrate that an existing fisheries enforcement technique used to identify illegally obtained 

species could be replicated within the TCI for use in identifying illegally caught spiny lobster. The 

decision to publish in a specialist topic scientific journal was taken to lend credibility to the research 

so that it would have greater standing in court.  
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2.3.3 How has the work been updated? 

The scientific literature base does not reflect any update to the lobster bleaching swab test since 

publication 4. However, working on the test was a formative experience for me as this led to the 

development of a further enforcement tool in a different lobster fishery. In my role as Deputy Clerk 

and Fishery Officer at Eastern Sea Fisheries Joint Committee8 (ESFJC), I drew upon the lessons learnt 

in the TCI to address the illegal removal of eggs from lobsters in the UK through scrubbing by fishers. 

The legislation being contravened by fishers was a bylaw of the ESFJC. National legislation prohibiting 

the landing of berried lobsters had not been introduced, partly because of the lack of a UK test to 

identify berried lobsters that had been scrubbed. However, a test (Karlsson and Sisson, 1973) 

deployed by the Commonwealth of Massachusetts in the USA to identify scrubbed American lobsters 

(Homarus americanus) did exist. The Karlsson and Sisson test was subsequently researched and 

replicated for the European lobster (Homarus gammarus) (Jessop et al., 2010). The research was 

successful, with the test being deployed in 2007 – this test resulted in a successful prosecution 

(Eastern Sea Fisheries Joint Committee, date unknown).   

In March 2017, Defra launched the Consultation on the Prohibition on Landing Egg-Bearing (‘Berried’) 

Lobsters and Crawfish in England (Defra, 2017a). In September 2017, Defra published the Government 

response and summary of responses to the consultation (Defra, 2017b). National legislation in the 

form of a Statutory Instrument (SI) (UK Government, 2017a) was subsequently introduced prohibiting 

the landing of berried lobsters. The introduction of this legislation was a direct result of the research 

that resulted in a UK test for European lobsters, and work undertaken to influence policy officials. The 

explanatory note that accompanied the SI (Section 9.1) (UK Government, 2017b) set out: The Marine 

Management Organisation and IFCA9 enforcement officers will be required to train staff to use testing 

kits that can demonstrate if eggs have been recently removed from a berried lobster or crawfish.  

2.4 Phase one: Science, Policy, and Management Interface summary 

The publications included within this phase focused on the science component of the modified SPI 

model but include links from science to management and policy. Publication 1 saw the collection of 

biological data following a physical event resulting from climate change. The key output from this work 

was the communication of the results to other scientists, with subsequent dissemination to politicians. 

The importance of scientific curiosity and collaboration were vital in ensuring that the evidence of the 

bleaching impact could be captured and disseminated. 

 
8 Eastern Sea Fisheries Joint Committee was replaced with the Eastern Inshore Fisheries and Conservation Authority (EIFCA) in 2011 
following the introduction of the Marine and Coastal Access Act in 2009. 
9 Inshore Fisheries and Conservation Authorities (IFCA), of which there are ten, are public authorities responsible for inshore fisheries and 
conservation management within English waters 0-6nm. 
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Publications 2 and 3 both describe one of the key challenges of fisheries management – that of fishing 

technology and effort creep. These publications build the evidence base for this topic and seek to 

secure wider attention of the challenge and the identification of measures to address it by managers 

and policy officials. In contrast, publication 4 provides a clear example whereby a resource manager 

may seek a scientific solution to a particular problem. Publication 4 demonstrates the value of 

scientists and managers looking to adapt existing solutions to problems they face. 

Key elements for working effectively at the SPI identified within this phase were: (a) the importance 

of collaborating, (b) the value of networking and (c) communicating these gaps to the appropriate 

audiences. Figs. 5, 6 and 7 highlight three interactions with the missing component (management) 

from the classic SPI model: science → management, management → policy, and management → 

science.  
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3 Phase two: Protecting the wider seas 

From a marine conservation perspective, a country’s Economic Exclusive Zone can either be 

designated as an MPA or be considered ‘wider seas’. The papers (Vaughan, 2017, Vaughan and Agardy, 

2019) [publications 5 and 6] within phase two developed from a growing realisation within the wider 

scientific community of the role that an ecosystem approach10 to management should play in 

addressing marine management challenges. Management measures such as fishing effort control (e.g. 

as quotas), enforcement tools (e.g. berried lobster scrubbing identification kits), and the designation 

of MPAs have often been advocated within research, conservation, management, and enforcement 

silos as responses to solve a specific local issue. The downside of this is often unintended 

consequences in the wider seas, i.e. the underlying problem – such as (a) shifting stocks, (b) too much 

effort in the system, or (c) a system under increasing pressures from different sectors – is often not 

addressed. As a result, fishing effort and the pressures exerted by this activity are directed elsewhere 

within the marine system when management measures are introduced. 

For several decades, commercial fishing effort displacement had received limited attention in the UK 

and elsewhere in both the scientific literature and from policy officials, the consensus being that 

displacement was too difficult a topic to be addressed with no clear method of assessment or 

palatable management options. More recently, the increasing demand for marine space (principally 

through the growth of offshore wind farms) (Gourvenec et al., 2022) and the introduction of 

management measures within MPAs (Marine Management Organisation, 2014), in conjunction with 

the recognition that the wider marine environment is in poor condition (Defra, 2019), required the 

topic of fishing effort displacement to be revisited. 

Publications 5 and 6 have tried to bring the pressing need to holistically address demands on marine 

resources to the attention of various stakeholder groups.  

  

 
10 The ecosystem approach is defined by within the Convention of Biological Diversity as a strategy for the integrated management of 
land, water and living resources that promotes conservation and sustainable use in an equitable way SECRETARIAT OF THE CONVENTION 
ON BIOLOGICAL DIVERSITY 2004. The Ecosystem Approach. Montreal. 
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3.1 Fishing effort displacement and the consequences of implementing Marine 

Protected Area management – An English perspective [publication 5]  

 

Figure 8. Vaughan 2017 [publication 5] infographic 
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3.1.1 How has the work contributed to the scientific evidence base? 

A general definition of fishing displacement was proposed in McLeod (2014); however, a typology for 

fishing effort displacement had not been proposed until publication 5. Identification of fishing effort 

displacement as subject matter within the scientific literature occurred in the early 2000s with a focus 

on changes in fisher behaviour (Dinmore et al., 2003, Wilen et al., 2002). Later papers focused on the 

recovery of species, habitats, and ecosystem services (Epstein and Roberts, 2023) within MPAs 

because of displacement of fishing effort from those areas. Several papers citing publication 5 have 

identified fishing effort displacement as an important consideration when conducting marine spatial 

planning (Chollett et al., 2022, Iwona et al., 2021, Trouillet et al., 2019).  

3.1.2 How has the work influenced management and policy? 

Publication 5 significantly influenced the Beynon Report into Highly Protected Marine Areas (HPMAs) 

(Benyon, 2020), with fisheries displacement being mentioned as an important topic (19 times in 130 

pages) to be addressed during the identification of HPMAs, with Recommendation 7 of the report 

setting out: Government should acknowledge displacement in its decision making during HPMA 

designation. It should put strategies in place to support marine uses and avoid creating new problems 

from moving pressures to other parts of the marine environment. 

The Government’s response to this report (UK Government, 2022a) addressing Recommendation 7 

pledged to: (a) undertake further research to increase understanding of displacement; (b) consider 

the potential social, economic, and environmental impact of displacement from HPMA designation; 

and (c) consider whether the current provisions considering displacement within marine plans are 

adequate. 

Publication 5 led to a resulting increased interest in the topic and an acknowledgement that this was 

a problem that government was required to address.  This provided the impetus for Natural England 

(NE) to commission a report setting out how fisheries displacement could be assessed; this report 

(ABPmer, 2017) was managed by the author of this thesis. The displacement assessment report was 

guided by a steering group that included a representative of the National Federation of Fishermen’s 

Organisations (NFFO). Vaughan (2017) and ABPMer (2017) influenced the Marine Management 

Organisation (MMO) in 2020 to publish Evidence Requirement R141 (Marine Management 

Organisation, 2020a), thus indicating the recognition and acceptance of the MMO as to their role in 

addressing displacement.  

In 2018, Defra published the White Paper11 Sustainable fisheries for future generations consultation 

document (Defra, 2018a). The consultation sought feedback on various aspects of fisheries 

 
11 White papers are policy documents produced by the Government that set out their proposals for future legislation.  
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management, with feedback intended to inform the development of the draft Fisheries Bill and 

subsequent Fisheries Act 2020 (UK Government, 2020). NE submitted a response (Natural England, 

2018) to this consultation setting out the pressing need to address fishing effort displacement within 

a new fisheries management framework – the response included reference to publication 5. 

Displacement concerns were identified as being raised within the Summary of consultation responses 

and government response (Defra, 2018b). 

A deeper understanding of the threat that displacement of fishing activities posed led the NFFO in 

collaboration with the Scottish Fishermen’s Federation (SFF) to commission ABPMer to produce the 

report: Spatial Squeeze in Fisheries (ABPmer, 2022). This report, along with dissemination of the paper 

on displacement (publication 5) and the report on assessing displacement (ABPmer, 2017), played a 

critical role in in securing the Displacement Policy (section 4.2.9) within the Joint Fisheries Statement 

(JFS) (UK Government, 2022b)12.  

In 2022, the Scottish Government drew heavily on publication 5 and the ABPMer report in their Good 

Practice Guide for Assessing Fishing Displacement by Other Licenced Marine Activities (Marine Science 

Scotland, 2022). 

3.1.3 How could the work be updated? 

Section 3 (Management Solutions) of publication 5 sets out not only the need to understand the 

magnitude of the problem, but also the need to consider and develop appropriate management 

responses that address displacement. This element, addressing displacement, is the most challenging 

facet of the displacement management problem, yet is fundamental to resolving excess effort.  

The challenge of addressing displacement in England remains even if suitable mechanisms to do so 

are not identified because there is a lack of a clear vision for: (1) how English waters should be used, 

including the extent to which fishing activity fits within this (something that the MSPri work being 

undertaken by government hopes to inform13), and (2) what the desired fishing fleet composition 

should be in terms of numbers and sizes of vessels, as well as economic and environmental 

performance.   

Although a clear vision for how English waters should be used is lacking, there is a desire to co-locate 

and co-exist different marine activities (including fishing) (Christie et al., 2014). However, these 

options are not anticipated to be adequate as the blue growth agenda in the form of offshore 

windfarm development is still in its infancy (13.9 GW out of a proposed 50 GW by 2030 are in 

 
12 The UK Government is required to publish a JFS that sets out how the eight fisheries objectives of the Fisheries Act 2020 are to be 
delivered. 
13 MSPri is considered later in this section of the thesis. 
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operation) (Department for Business and Trade, 2023) and the marine environment in terms of both 

the MPA network (Defra, 2023a) and the wider seas is in poor condition (McQuatters-Gollop et al., 

2022) – trade-offs are therefore required. Although clear legal targets and commitment to deliver 

carbon net zero/offshore windfarm generating capacity and to improve the state of the marine 

environment exist (UK Government, 2019, UK Government, 2023a, Defra, 2023a), similar targets do 

not exist for fishing. As action is taken to deliver both carbon net zero and state of the marine 

environment targets, it is anticipated that fishing may be the sector that will be displaced, with fishing 

effort requiring removal from the marine system. The political unpalatability of this (even when 

support is provided for a just transition) is likely to be significant. This brings to the fore the urgent 

need to identify suitable displacement management mechanisms.  

The first step towards a coherent approach to better managing displacement is to clearly articulate 

the current approach(s) within a jurisdiction – in England this has not been done. The current 

approach, however, could be considered one of an accidental laissez faire, where capitalist market-

forces will address fishing effort displacement with uneconomic fishing operations existing within the 

fishery ceasing. If this is the de facto approach, it is one undermined by the provision of tax concessions 

and subsidies to economically support the sector (see publication 9), thus enabling those operations 

that are marginally economically viable to remain within the fishery.  

To date, there has not been a comprehensive collation and structured analysis (the STEEPLE14 

framework is suggested) of the various mechanisms used internationally that could be implemented 

by policy officials and marine managers to address fishing effort displacement. It is recommended that 

this research is conducted, and presented in such a manner that the options identified are globally 

relevant. In doing so, this will enable policy officials to identify the option(s) that would be most 

suitable in that jurisdiction for more in-depth consideration, thus increasing the global relevance of 

the work. This approach would also enable options that may otherwise be considered politically 

challenging (such as decommissioning schemes) to be presented to policy officials. Officials could then 

form a view as to the options that could be taken forward for more in-depth country-relevant review.  

  

 
14 STEEPLE – Social, Technical, Economic, Environmental, Political, Legal, Ethical. 
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3.2 Marine protected areas and marine spatial planning – allocation of resource use 

and environmental protection [publication 6] 

 

Figure 9. Vaughan and Agardy 2019 [publication 6] infographic 
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3.2.1 How has the work contributed to the scientific evidence base? 

Publication 6 is the first attempt to comprehensively set out how marine planning can aid the delivery 

of MPA objectives and vice versa. Marine planning and MPA designation and management are two 

distinct but interconnected areas of marine management. Although countries have been designating 

MPAs for several decades, the first International Marine Protected Areas Congress (IMPAC I) was only 

held in 2005. This was only a short time before UNESCO held the first International Workshop in 2006 

on marine spatial planning (MSP)15, which is thought of as the birthplace of marine planning 

internationally.  

Publication 6 is already being cited by others building the argument for a more holistic approach when 

implementing marine protection. von Thenen et al. (2021) and Manea et al. (2023) both cite 

publication 6 when setting out their views that MSP anchored to ecosystem‐based management can 

aid the delivery of marine sustainable development and marine nature recovery. 

3.2.2 How has the work influenced management and policy? 

Marine Protected Areas: Science, Policy and Management (Humphreys and Clark, 2019) was 

commissioned with the aspiration that it would become the reference text for academics, policy 

officials and university students.  Prior to inclusion of publication 6 as a chapter, the book focused 

narrowly on MPAs, neglecting the contribution of MPAs to the improvement in the state of the wider 

seas and vice versa – how protection and management of the wider seas can improve the condition 

of species and habitats afforded protection through MPA designation. It is hoped that the inclusion of 

publication 6 will highlight to readers the interconnectedness of the marine environment, and an 

imperative to ensure that protection is effective and should look beyond the protection of individual 

species or habitats to an ecosystem-based approach.    

Publication 6 is being used by NE to inform its strategic approach to marine conservation with the 

MPA network ostensibly complete, and has been used to influence wider seas management to aid the 

delivery of the UK Marine Strategy (Natural England, 2024). 

3.2.3 How could the work be updated? 

There are two elements in publication 6 that could benefit from further work.  The first is a more in-

depth consideration of what a transition to a whole-site approach (WSA) to MPA management might 

entail. In 2019, there was little in the public domain on this topic other than (a) a reference to a 

transition to a WSA in the UK Government’s 25 Year Plan (UK Government, 2018) and (b) the 

 
15 Marine Planning (MP), Marine Spatial Planning (MSP) and Marine Spatial Prioritisation (MSPri) can be considered as three iterations of 
marine planning with ever increasing levels of spatial specificity regarding the sighting and prioritisation of marine activities occurring 
within a country’s maritime jurisdiction.  Confusingly marine planning and marine spatial planning have been used interchangeably in the 
scientific literature and by practitioners. 
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statement by the UK government that the WSA is reflected in the designation of three HPMAs (Defra, 

2023c). However, there has been little in the way of detail or debate (both prior to and since 2019) 

regarding an accepted definition for, or wider application of, a WSA. This has led to academics and 

environmental non-governmental organisations forming their own subtly different interpretations 

(Solandt et al., 2020, Davies et al., 2022, Wildlife and Countryside Link, 2020). Developing an articulate 

description of a progressive interpretation of what a WSA could entail from within government 

provides the opportunity to shape the future narrative on the progression of a WSA within English 

waters and the future design of the English MPA network. This was a topic Defra raised in the Green 

Paper16 on Nature Recovery consultation (Defra, 2022b).  

The second element that may benefit from further consideration is the second and most recent 

evolution of Marine Planning (MP), that of Marine Spatial Prioritisation (MSPri). In MSPri, marine 

resources (physical and space itself) are considered and allocated according to the prioritisation that 

government seeks in order to strategically deliver specific objectives (UK Government, 2022c). MSPri 

has developed in England and English waters rapidly as it has become clear that the ambitious blue 

growth agenda (principally offshore power generation) and existing uses are increasingly challenging 

to reconcile with: (a) the current state of English seas, (b) the status of protected species and habitats 

within the English MPA network, and (c) marine protection ambitions and commitments (UK 

Parliament, 2022a) (Slater and Claydon, 2020). That this second evolution is occurring within English 

waters is unsurprising as these are some of the busiest marine areas in the world, and areas that have 

key resources, i.e. biologically productive shallow seas (Marine Management Organisation, 2020b, 

Kröger et al., 2018).  

3.3 Phase two: Science, Policy, and Management Interface summary 

The publications included within this phase focus on directly and indirectly influencing policy through 

communication at the SPI. Directly, this is achieved through publication 5, by drawing the attention of 

policy officials to the topic of fisheries displacement. Indirectly, this was sought through publication 6, 

where the case for managing marine space holistically was made; the intended audience for the book 

incorporating publication 6 included marine conservation and management postgraduates and 

researchers, as well as policy professionals.  

Publication 5 was successful in securing UK policy attention to the topic of displacement, as the 

publication provided credibility to and underpinned interventions by: (a) me in my role of conservation 

adviser to government during the drafting of the JFS and (b) colleagues in relation to HPMA 

 
16 Green Papers are consultation documents produced by the Government. The aim of this document is to allow people both inside and 
outside Parliament to give the department feedback on its policy or legislative proposals. 
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designation conservation advice provision. Publication 5 provided the opportunity to commission 

further fisheries displacement work – namely, the report Displacement of fishing effort from Marine 

Protected Areas (ABPmer, 2017). To deliver this report, a steering group was established which 

included the NFFO. NFFO involvement was sought to ensure that the outputs of the work were 

credible in the eyes of an organisation that may otherwise have been wary of engaging this topic. 

Empathy and a desire to understand the fishing industry’s perspective regarding fishing effort 

displacement were key to ensuring the outputs were useful and progressed understanding of this 

topic by interested parties (ABPmer, 2022).  

Key elements for working effectively at the SPI identified within this phase were: (a) identification of 

knowledge gaps and (b) communicating these gaps to the appropriate audiences. The impact of 

publication 5 is exemplified through the inclusion of displacement policy within the JFS.  Figs. 8 and 9 

highlight one interaction with the missing component (management) from the classic SPI model:  

science → management.  
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4 Phase three: Influencing policy at scale  

The papers within phase three (publications 7, 8 and 9) focus on influencing policy with the aim of 

securing significant environmental gains at scale and pace. English waters are the focus of the 

publications, although they have wider application.  

The European Union (EU) referendum in 2016, which had ‘take back control’ as a key message, was 

tangible to the public, showing the powerful influence of the fishing sector on national and 

international psyche and politics (Stewart et al., 2022, Phillipson and Symes, 2018). Yet, EU exit 

provided the opportunity for Government and, by extension, society, to consider what we want from 

our waters, and how and where is the optimum way to provide this. Government made clear its 

intention to transition from the Common Fisheries Policy (CFP) (Defra, 2018a) to an alternative ‘world 

class’ framework, yet it did not have a view of what that framework should look like (Reeves et al., 

2018). Thus, the transition from the CFP to the new fisheries management framework provided the 

opportunity to develop a new regulatory and financial incentive/disincentive regime. This regime 

could be used to secure improvements in the state of the wider seas by transitioning (aiding or 

compelling) the industry to less damaging fishing operations in terms of where, when, and how fishing 

is conducted throughout UK waters.  Publications 7 and 9 are disruptive in that they were targeted at 

specific government departments (e.g. His Majesty’s Treasury (HMT)) with the intention of challenging 

the status quo of resource management. These papers were possible because of the role of the author 

working within a Statutory Nature Conservation Body (SNCB) at the SPI during a time of significant 

policy and legislative flux. 
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4.1 Marinising a terrestrial concept: Public money for public goods [publication 7] 

 

Figure 10. Vaughan et al. 2021 [publication 7] infographic 
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4.1.1 How has the work contributed to the scientific evidence base? 

Publication 7 sought, for the first time, to consider the application of the concept of using public 

money for public goods (PMPG) in the marine environment and to provide the peer-reviewed scientific 

analysis that could be used to influence the embryonic fisheries and marine management policy space, 

post EU exit.   

The analytical foundations for the theory of public goods were laid by Samuelson (1954) in ‘The Pure 

Theory of Public Expenditure’. However, it was not until the early 2000s and critiques of the Common 

Agricultural Policy (CAP) (Zahrnt, 2009) that the use of PMPG as a concept was developed. The 

development of this concept into the marine environment is novel.   

An early citation of publication 7 considers the PMPG concept and multifunctionality17 within the 

Vermont dairy industry and the Maine Lobster fishery through the exploration of farmers’ and fishers’ 

perceptions of the value of the tourism industry in New England (Paras et al., 2022). This work 

identifies that public policy could be used to redistribute the benefits of tourism through (amongst 

other options) the provision of direct subsidies to farmers and fisheries, recognising the vitally 

important role they have in attracting visitors to these states.  

Although publication 7 was not directed at academics, and had an England focus, the paper is already 

being used internationally to question the use of public money in the provision of fishing subsidies 

(Elsler and Oostdijk, 2023).  

4.1.2 How has the work influenced management and policy? 

A transition towards an agriculture subsidy framework deploying the PMPG concept became a 

possibility following the referendum on the UK leaving the EU and, by extension, the CAP (Bateman 

and Balmford, 2018). NE was tasked by Defra with delivering the financial aid package (the English 

Land Management Scheme) for farmers based on the PMPG concept. The principal organisational 

body within NE engaged on EU Exit policy engagement work was the Green Farming and Fisheries 

Programme. An internal workshop exploring policy opportunities led to the challenge: could a PMPG 

concept and framework be applied in the marine environment, and specifically to fisheries and 

aquaculture? Publication 7 answers that question. 

Fishers received significant financial support from government through subsidies (Costello and 

Mangin, 2015, Reeves et al., 2018). However, fisheries subsidies have long been shown to result in 

overfishing (Sumaila et al., 2019, Costello et al., 2021) and support for a sector that is recognised as 

 
17 the characteristic of agriculture to produce not only food and fiber, but also an array of environmental, cultural, and rural development 
benefits is referred to as multifunctionality Paras et al. (2022). 
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one of the principal activities exerting pressures leading to the current degraded state of UK waters 

(United Kingdom Marine Monitoring and Assessment Strategy, 2018). It was for this reason that 

publication 7 was developed not with an academic audience in mind, but one comprising government 

ministers and policy officials within Defra (as the implementing government department responsible 

for fisheries policy), the MMO (as the principal grant management body for fishing in the UK through 

its role as the Management Body for the UK Seafood Fund), and, critically, HMT (as the government 

department that can compel other departments to progress policy development that would otherwise 

be challenging).  

It quickly became clear that the concept of the PMPG in the marine environment had not been 

considered previously, either by government or within the academic literature. It also became clear 

that because fishers operate within a ‘commons’ system, i.e. they do not own the sea or the resources 

they target, the PMPG concept could be applied to fishing and aquaculture, but there would be limited 

instances that fisheries would be able to receive payment – principally because the very act of fishing 

is a damaging one (in terms of both removal of stock, a public asset, and damage to the marine 

environment, also a public resource). As set out within publication 7, fishers currently receive public 

money to conduct an activity for private gain that can lead to the significant degradation of public 

assets. This is challenging to reconcile with the application of the polluter pays principle (of which 

damage is considered pollution). This principle was enshrined in the Environment Act 2021 (UK 

Government, 2021) and the associated Environmental Principles Policy Statement (Defra, 2023b). 

These important findings in the paper were shared directly with HMT, Defra, the MMO, and 

counterparts in the Steering Group of the UK Seafood Innovation Fund (UKSIF). Feedback from policy 

officials within Defra on the impact of publication 7 was that Defra had been asked by HMT to consider 

how the UK Seafood Fund (circa £100m) and other future funding schemes could incorporate the 

PMPG model (Defra, 2022a).  

The research outputs from publication 7 were presented at the 2022 Coastal Futures conference to 

an audience principally constituting academics, conservation advisors, regulators, and environmental 

policy officials. The application of the PMPG concept to fisheries was also set out within NE’s written 

evidence to the EFRACSC Food Security Inquiry (Natural England, 2022). 

4.1.3 How could the work be updated? 

Understandably, there is a desire within government to continue to support the fishing and 

aquaculture industry, not least to ensure international competitivity in a business environment that 

has seen significant trade barriers being introduced following EU exit (Barnes, 2022). A desire to 

support industry, but also to transition to a financial support framework that increasingly reflects a 

PMPG concept, is creating challenges. The reality is that fishing as an extractive and damaging activity 
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of a public resource for private profit is difficult to reconcile with a PMPG model. Therefore, 

consideration of how a model whereby public money is provided to fishers to aid a transition to 

activities that damage the environment less is recommended. 
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4.2 Same species, same space, different standards: a review of cumulative effects 

assessment practice for marine mammals [publication 8] 

 

Figure 11. Hague et al. 2022 [publication 8] infographic 
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4.2.1 How has the work contributed to the scientific evidence base? 

Publication 8 presents a review of Cumulative Effects Assessment (CEA) practice, with a comparison 

across 11 maritime industries. The work considers assessments for marine mammals; however, the 

findings and recommendations are relevant to other countries, environments, and species. This is the 

first study that compares and quantifies differences in the practice of assessing potential cumulative 

impacts between maritime industries. This is important, as this work identifies non-uniformity 

between sectors, indicating that some industries may be more rigorous in preventing the cumulative 

impacts of their respective activities than others. This work provides new insights into the state of 

practice, whilst providing solutions to address current limitations, with the aim to standardise and 

ultimately improve the assessment and mitigation of cumulative impacts. This provides a timely and 

significant contribution towards improving practices that can deliver effective marine conservation. 

Publication 8 is already being cited, with most citing papers seeking to highlight the disconnect 

between the need to protect wider seas and the growth of the blue economy (Turschwell et al., 2023, 

Willsteed et al., 2023).  

Publication 8 was submitted as written evidence (UK Parliament, 2022d) to the UK Parliament Marine 

Mammals inquiry ‘to investigate issues affecting marine mammals and how Britain can play a role in 

protecting them’ (UK Parliament, 2022b). 

4.2.2 How has the work influenced management and policy? 

The report of the UK Parliament Marine Mammals inquiry (House of Commons, 2023b) highlighted  

the increasing pressures marine mammals faced which threaten population numbers and welfare.  

The report also noted that a significant barrier to their protection is the lack of data available.  

Recommendations for improvements in monitoring and assessing marine mammals were made. 

Whilst the Government, in its response to the inquiry (House of Commons, 2023a), did not explicitly 

refer to strengthening marine assessment, it did highlight multiple projects intended to improve the 

collection of marine mammal monitoring, which, in turn, can inform and indeed improve the 

environmental assessments of marine developments as sought by publication 8.  

The UK government is continuing to consider the role and influence of environmental assessment in 

the marine environment and the implications this has for: (a) MSPri and the achievement of targets 

and obligations related to offshore energy generation, and (b) the delivery of Target 3 (Convention of 

Biological Diversity, 2023), which the UK government interprets as 30% of the UK Economic Exclusive 
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Zone (EEZ) should be designated as MPAs by 203018. This consideration presents not only 

opportunities for strengthening environmental assessment (as recommended by publication 8) but 

also threats of environmental regression. 

4.2.3 How could the work be updated? 

Publication 8 did not consider (a) whether the CEAs were located within an MPA or (b) what the 

implications of this might be for the quality of the assessments scored by the authors of the paper, i.e. 

were scores inadvertently higher for those CEAs where the development was located within an MPA? 

It is recommended that publication 8 is updated to address this gap to ascertain the implications of 

any differences for marine licensing and consenting. 

Interest in wider seas protection and management is increasing (see early discussion in this thesis and 

publication 6), leading to consideration of ‘go fish’ and ‘go develop’ areas within the wider seas that 

can guide developers to areas that, although not protected, are of lower sensitivity to the pressures 

from their development activity. Unfortunately, the distribution of habitats at a fine EUNIS19 

classification scale and thus the sensitivity of the UK’s wider seas is unclear. To address this, a habitat 

sensitivity and mapping tool (Natural England Seabed Spatial Sensitivity Tool – NESSST) is being 

developed to partially fill this evidence gap (Hartley et al., In preparation).  

  

 
1830x30 is the UK colloquial term for: Target 3 in the Global Biodiversity Framework “Ensure and enable that by 2030 at least 30 per cent 
of terrestrial, inland water, and of coastal and marine areas, especially areas of particular importance for biodiversity and ecosystem 
functions and services, are effectively conserved and managed through ecologically representative, well-connected and equitably governed 
systems of protected areas and other effective area-based conservation measures, recognizing indigenous and traditional territories, where 
applicable, and integrated into wider landscapes, seascapes and the ocean, while ensuring that any sustainable use, where appropriate in 
such areas, is fully consistent with conservation outcomes, recognizing and respecting the rights of indigenous peoples and local 
communities, including over their traditional territories”. 
19 For a detailed explanation of EUNIS see: https://www.marlin.ac.uk/habitats/eunis  

https://www.marlin.ac.uk/habitats/eunis
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4.3 The use of fuel tax concessions in the UK commercial fishing fleet [publication 9] 

 

Figure 12. Vaughan et al. 2023 [publication 9] infographic 
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4.3.1 How has the work contributed to the scientific evidence base? 

Publication 9, for the first time, draws upon public datasets that have been collected and made 

available with government funding to develop a model (and associated publicly available R script) that 

can be used to determine the reliance of the UK fishing industry, and different sectors within it, on 

fuel tax concessions (FTCs). The model can be updated annually as new data are made available. The 

model can also be modified to replicate this work for other countries.  

Harmful fishing subsidies, and in particular fuel subsidies, have long been identified as a barrier to the 

delivery of sustainable fisheries management, with subsidies resulting in overfishing and 

environmental impacts (Skerritt et al., 2023). Timperley (2021) sets out that fossil fuel subsidies are 

one of the biggest financial barriers hampering the world’s shift to renewable energy sources; 

however, it is only recently that scientific attention is being drawn to the relationship between fishing 

subsidies and CO2 emissions in the fisheries sector (Machado et al., 2021). Publication 9 considers this 

link in detail for the UK fishing fleet. 

It is becoming increasingly clear that fossil fuel subsidies or FTCs (both of which reduce the effective 

cost of fuel) are increasingly difficult to reconcile scientifically, economically, environmentally, and 

politically. For policies to be developed that provide for or compel a just transition from fossil fuel 

reliance by individual sectors (i.e. fishing or agriculture), detailed information is required on the type 

and magnitude of subsidies that a sector can receive. The importance of this information is reflected 

in the United Nations Climate Change Conference (COP28) decision text (United Nations Framework 

Convention on Climate Change, 2023), which requires: ‘Phasing out inefficient fossil fuel subsidies that 

do not address energy poverty or just transitions, as soon as possible’. 

4.3.2 How has the work influenced management and policy? 

Section 1 of the Fisheries Act 2020 (UK Government, 2020) sets out eight Fisheries Objectives. One of 

these (in what is thought to be a world first; (Stephenson and Johnson, 2021)), is the climate change 

fisheries objective20. 

In addition, section 2 of the Act requires the government to publish a JFS detailing the policies that 

will deliver the objectives. As the Senior Advisor for NE leading on the provision of advice to Defra on 

the development of the draft JFS, I conducted a gap analysis to identify potential new policies that 

could/would need to be developed to deliver the government’s stated ambition of world class 

fisheries management (Defra, 2018a). One suggested policy was: fishing subsidies – fuel use: the red 

 
20 The “climate change objective” is that— 
(a) the adverse effect of fish and aquaculture activities on climate change is minimised, and 
(b) fish and aquaculture activities adapt to climate change. 
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diesel fuel rebate is phased out for the use within vessels engaged within commercial fishing and 

aquaculture operations. This new policy subsequently appeared in a modified form in section 4.2.14.2 

of the JFS (UK Government, 2022b). 

To potentially inform this policy, publication 9 was developed. The FTCs provision by the UK 

government (circa £150–180m/yr 2009–2019) established in the draft paper were initially challenged 

by Defra economists as the understanding at the time (as recorded in the OECD Fisheries Support 

Estimates) was that the FTCs were significant lower (circa £27m and £32m for 2007 and 2008, 

respectively). The research highlighted that only one component of the FTCs – Marine Voyages Relief 

(MVR) – that the fishing industry could receive had been identified/reported, and the total relief 

provided by the two components of the FTCs (Red Diesel Rebate (RDR) and MVR) had not been 

estimated. Publication 9 provides a transparent estimate of the combined FTCs accessible by the UK 

commercial fishing sector (important because this is public money foregone in support of commercial 

operations), enhancing the evidence base on sector support. Publication 9 provides UK data points 

that can be considered against FTC figures estimated for the EU fishing fleet, such as those set out in 

the recent report, Better Use of Public Money: The End of Fuel Subsidies for the EU Fishing Industry 

(Elsler and Oostdijk, 2023).  

Shortly after presenting the work to Defra economists, the Defra Minister Victoria Prentis provided 

evidence at the Environment Food and Rural Affairs Commons Select Committee (EFRACSC) Inquiry 

into the UK Seafood Fund (UK Parliament, 2022c). An improved understanding of the components of 

the FTCs that the fishing industry could draw up enabled Minister Prentis to set out the following 

response to a question regarding the government position on supporting fishers during a period of 

high fuel prices resulting from the war in Ukraine:  

“……. fishing is one of the very few sectors to benefit from duty relief on fuel. There are two types of 

duty relief. One is the marine voyages relief and the other is the extension of red diesel, which the 

Chancellor was pleased to give us in this year’s Budget, for the fishing sector. Taken in combination, 

that should add up to 100% of relief on fuel duty costs for fishing. We are not minded to pay fishermen’s 

fuel bills, apart from the relief that they have been given.” 

After the EFRACSC UK Seafood Fund Inquiry, NE submitted written evidence to the EFRACSC Food 

Security Inquiry. This evidence set out the extent of the FTC, links between FTCs and the Climate 

Change Fisheries Objective, and the state of UK waters resulting from fishing activity (Natural England, 

2022).  

During the development of publication 9, the research was raised at a UK Government Fisheries and 

Climate Change Liaison Group (FCCLG). This group was established and hosted by Defra for UK marine 
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policy officials, regulators, and conservation advisors. The potential to use FTCs as a tool to aid the 

delivery of carbon net zero within the fishing sector was subsequently incorporated in the report, 

Carbon emissions in UK fisheries: recent trends, current levels, and pathways to Net Zero (Engelhard 

et al., 2022). On 6 September 2023, a follow-up presentation of the FTC paper was provided to the 

FCCLG to ensure dissemination of the work. Publication 9 was subsequently shared across 

government, including with HMT.  

NE is a statutory consultee under The Environmental Assessment of Plans and Programmes 

Regulations 2004 (SEA regulations 2004). Under these regulations, NE provided its response to a Defra 

consultation on six Fisheries Management Plans. The response referenced publication 9 and the 

Climate Change Fisheries Objective, and noted that some fishing operations utilise disproportionately 

greater quantities of fuel whilst simultaneously often being the same fisheries that are responsible for 

the greatest benthic disturbance (Natural England, 2023).  

The R model code underpinning publication 9 has been provided to Seafish (a UK public body) to 

enable the FTC calculations to be replicated and updated annually as new data become available. The 

work led to modifications being considered of both the Seafish Sea Fishing Fleet Survey and the 

underlying database for the UK Ship Register (UKSR) Part 2 – Fishing to facilitate analysis on the 

transition to alternative fuel propulsion and the development of policy decisions regarding economic 

support to the sector in support of carbon net zero delivery. 

Publication 9 highlighted the extent to which the sector is reliant on FTCs to operate profitably. If FTCs 

were removed, this would have serious implications for the fleet. The publication has attracted the 

attention of the fishing sector (Oliver, 2023) and the media (McVeigh, 2024). The publication is already 

providing an evidence base for industry to engage in an informed manner with policy officials. 

Importantly, the work can be used to inform policy and industry discussions regarding what a future 

fishing fleet composition/structure could/should look like (to deliver the eight fisheries objectives), 

and how the grant and tax systems can be designed to support this. 

4.3.3 How could the work be updated? 

Although publication 9 sets out the scale of the FTC and the difficulties in reconciling this with the 

Climate Change Fisheries Objective, the work to date does not set out how the FTCs are distributed, 

be it by geography (e.g. by administration, i.e. Scotland) or by another metric. Understanding how 

FTCs are distributed geographically would enable policy officials to better understand how FTC 

removal/modification would affect different sectors/areas. The available government datasets do not 

allow this analysis.  
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The model highlighted inadequacies in both the UK Fishing Vessels Register and the Seafish Fishing 

Fleet Survey – neither of these record/allow the identification of propulsion type, i.e. electric, fossil 

fuel, or indeed type of fuel (i.e. diesel/petrol). This information will be important when tracking the 

transition to renewable/low carbon fuel sources. This publication has led policy officials to seek 

changes to the Fleet Survey to facilitate this analysis. Discussions are underway with the Maritime and 

Coast Agency regarding extractions of data from the shipping registry database to aid future analysis.  

Publication 7 on the application of the PMPG concept took a terrestrial concept and sought to apply 

it in the marine realm. It is suggested that in the case of the FTC model, the reverse is explored, i.e. 

the model is applied to agricultural activities. The challenge of reconciling the provision of harmful 

fossil fuel subsidies to the agricultural sector with UK Carbon Net Zero 2030 commitments is akin to 

that faced by the fishing and construction sectors (as set out in publication 9). Like fishing, the 

agricultural sector avails itself of RDR, which reduces the level of tax applied to fuel. Unlike the 

maritime sector, the agricultural sector cannot avail itself of the MVR, and therefore it does not benefit 

from the complete exemption of fuel tax (it merely pays a lower rate of duty).  

One of the challenges to the removal of FTCs from the fishing sector set out within publication 9 is 

that of providing a level playing field in an open access and competitive fishery; if the UK were to 

remove the FTCs, foreign vessels would still be able to access UK waters to fish their quota, but could 

bunker within the EU, where FTCs are still available. There are moves in the EU to review FTCs. Were 

this to occur, and if FTCs were removed ahead of the UK, then countervailing measures (an anti-

subsidy measure) could be applied by the EU in the form of tariffs on UK goods such as seafood 

(European Union, 2016). Conversely, if the UK were to remove FTCs ahead of the EU, then this would 

put UK vessels (principally small inshore vessels, as larger UK offshore vessels could transit and bunker 

in the EU, also strengthening the incentive to land outside of the UK) at an economic disadvantage.  

The FTC model developed considered the most up-to-date data at the time. The model can be rerun 

as new data become available, enabling policy officials to consider how exiting the EU has altered fuel 

consumption and emissions, and how the FTC contributions to fleet segments have changed. Recent 

work (Scherrer et al., 2023) has highlighted that the fuel intensity of the Norwegian fleet doubled after 

EU exit. 

A similar economic disadvantage may present itself if the UK agricultural sector were to be faced with 

the removal of the RDR. Both fish and agricultural products are traded globally. Nevertheless, the 

desire to apply the PMPG concept to agriculture leads one to question the appropriateness of 

continued tax relief for this sector; - in essence, public money is forgone in support of continued fossil 

fuel consumption. To inform future anticipated policy discussions on the continued appropriateness 

of FTCs being applied to the agricultural sector, it is recommended that analysis is conducted by sector, 
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i.e. upland sheep farming, cereal production, etc., to better understand the reliance of each sector on 

the RDR. This information will be valuable for policy officials as the agricultural sector employs 

significantly more individuals and contributes more to UK GDP than fishing.  

The FTC model within publication 9 could be adapted appropriately, and the analysis completed 

relatively quickly, as the information required to populate the model appears to be collected and 

collated in the Defra Farm Business Survey (UK Government, 2023b) with data from 2013 to present 

covering England and Wales, and with comparable data collected in Scotland and Northern Ireland 

(SRUC, 2023, DAERA, 2023). 

4.4 Phase three: Science, Policy, and Management Interface summary 

The publications within this phase were written with the express intention of eliciting policy action 

that would deliver environmental outcomes at scale and pace. Publications 7, 8 and 9 were intended 

to challenge the status quo of marine management using the opportunity that EU exit afforded 

through the development of environmental and fisheries management legislation – namely, the 

Fisheries and Environment Acts – and subordinate legislative/policy framework. The development of 

these publications and the identification of legislative/policy gaps were made possible through an 

extensive professional network and previous experience of collaborating with some of the co-authors. 

These gaps included the application of the PMPG framework to fishing and aquaculture (publication 

7), Cumulative Impacts Assessment (publication 8), and the Fisheries Act Climate Change Objective 

(publication 9).   

Publication 9 took almost three years from conception to publication. Much of this time was spent 

navigating the politics of government bodies to ensure that the rationale for the work, and the policy 

implications of it, were understood and valued prior to submission of the paper for peer review and 

publication. Demonstrating empathy with the fishing sector when communicating findings of 

publications 7 and 9 was crucial to ensure the maintenance of professional relationships. Empathy 

enabled framing the work as important to fishers so that a just and supported transition away from 

fossil fuels could be developed rather than the work seeking to undermine public and governmental 

support for the sector. Networking led to the effective collaboration in publications 7 and 8. The 

collaboration in publication 7 led to further collaboration in publication 9 and the opportunity to draw 

in global subject matter experts, adding credibility to the work.   

Key elements for working effectively at the SPI identified within this phase were: (a) perseverance to 

successfully (b) challenge the status quo, which requires (c) empathy and (d) securing the trust of 

policy officials, which in turn requires (e) political understanding.  Fig. 11 highlights one interaction 

with the missing component (management) from the classic SPI model: science → management.  
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5 Discussion 
The development of effective responses to the climate and biodiversity crises that face humanity at 

the scale and pace required will necessitate scientists, policy officials, politicians, and managers to 

effectively interact, co-design, communicate, and deliver these responses. To address these crises 

requires a shift to a systems thinking approach (STA) – a shift recognised by the UK Government (Defra, 

2023a)21. For this shift to an STA to be effective, those tasked to deliver this will be required to 

effectively engage at the SPI.  

The SPI has evolved and strengthened over the last few decades, which has led to significant 

improvements in the communication between scientists and policy officials/politicians. Of crucial 

importance over the next decade will be converting international commitments to address the climate 

and biodiversity crises into policy, and then into management action that delivers policy effectively, 

in a just and timely manner.  

The publications considered within this thesis were analysed through the lens of a modified SPI 

incorporating a novel management component (Fig. 2). That this management component is not 

considered within the SPI literature is therefore an important observation and one recommended for 

further investigation.  Further consideration of this missing component of the SPI may provide 

opportunities to address the a) need to increase the effectiveness of marine scientists working at the 

SPI is highlighted by Cvitanovic et al. (2015), b) mismatch between the claims and reality of the 

effectiveness of knowledge exchange (Karcher et al., 2021). 

Lessons learnt whilst working at the SPI throughout the development of the publications considered 

in each of the three phases of this thesis are important. They have been learnt over two decades 

working in multiple countries, collaborating with local, regional, and global experts on differing topics 

and from differing perspectives, i.e. sometimes I have been working at the interface as a scientist and 

others as a manager or policy official. This has provided me with experience and perspective on 

effective engagement and, importantly, action that results from that engagement when working at 

the SPI.      

The identification of nine key elements below is intended to aid others working at the SPI to maximise 

their effectiveness for the benefit of society and the wider environment. These elements are: 

1)  Challenge – be curious and question the status quo 

2) Empathise 

3) Identify governance and knowledge gaps  

4) Network  

 
21 For an overview see: (Aronson, 1996) 
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5) Collaborate with recognised experts 

6) Understand politics 

7) Develop trust of decision makers  

8) Communicate – target your audience  

9) Persevere  

These elements are drawn from the work presented in this thesis and are based on the large body of 

work in the literature as discussed below. The elements identified for each publication are 

summarised in Table 1. 

Table 1. The elements of key to success when working at the modified Science and Policy Interface 
identified in each of the publications considered within this thesis. 

 

Curiosity, time to think and reflect (for yourself and others), and willingness to challenge the status 

quo (ask why or why not?) can provide insights into different perspectives that will help to better 

understand problems and aid the identification of solutions. Challenging the status quo may mean 

significant change for stakeholders. This will be the case if we are to address the climate and 

biodiversity crises. Change may be embraced and/or resisted as there will be winners and losers as 

society adjusts to the challenges and opportunities presented. It is therefore important to recognise 

this and demonstrate empathy for those affected.  

Furthermore, one should seek to identify governance and knowledge gaps so that evidence can be 

collected, and papers developed that can influence how the governance gap is filled (Bergsten et al., 
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knowledge gaps
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Phase 3: Influencing policy at 
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Phase of work

Elements key to success when 
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interface 

Phase 2: Protecting 
the wider seas
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2019, Fried et al., 2022, Karlsson and Gilek, 2020). To do this, build a network of people with different 

perspectives and skill sets that you can draw upon to check thinking, challenge and collaborate with. 

Collaboration increases the reach of your work and its credibility (Kelemen et al., 2021). Collaborating 

with recognised local and global subject matter experts can maximise the reach and impact of 

interactions and interventions. 

Different government departments and policy officials with the same department may have different 

and competing agendas. Try and understand inter- and intra-department politics in addition to 

national politics to identify individuals that are blockers and enablers to attempts to influence policy 

change or development (Watson, 2005, Gluckman et al., 2021). Try to identify the power holders – 

these may be individuals or government departments which have a different but more powerful 

agenda that can be used to influence policy, i.e. HMT. In the pursuit of this, building relationships with 

officials (policy leads and Special Advisers22) is critically important.  

Trust, respect, and understanding are byproducts of working collaboratively through difficult matters 

and not products in and of themselves. When there is trust, there are more opportunities to 

collaborate, which moves you from a consultation and transactional relationship to one of co-design 

or indeed a delegation to you to do the drafting of policy (Lacey et al., 2018). Opportunities may 

present themselves because policy officials are often extremely busy and may not be subject-matter 

experts; therefore, if you have their trust, you may be provided with tremendous opportunities to 

influence. When commenting on draft policies or consultation documents, it can be highly productive 

to suggest replacement text when seeking amendments. The most effective relationship with policy 

officials is when you are seen to be a useful collaborator, as this enables you to operate and influence 

behind the scenes, but also on the record, so that views are known and understood. Recognise that 

Ministers, regulators, and policy officials, day to day, have contact with stakeholders that have ‘skin 

in the game’, and they are also often the ones that shout the loudest. Therefore, it is these 

stakeholders that are often heard, and as such, they have compelling influence. Wider society or 

indeed other elements of a stakeholder group can be poorly or imperfectly represented in these day-

to-day policy decisions and discussions. 

To maximise the impact of any intervention or interaction, it is important to communicate well 

(Spierenburg, 2012). Determining the most appropriate method of communication to reach the most 

appropriate and influential audience to aid the delivery of the desired outcome is vital; for example, 

it may be possible to target peer-reviewed papers at government departments to maximise influence 

on policy. 

 
22 Special Advisers are a type of civil servant in the UK. https://www.civilservant.org.uk/spads-homepage.html   

https://www.civilservant.org.uk/spads-homepage.html
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Attempting to effect change, let alone change at pace and scale, is incredibly challenging. It requires 

perseverance and a strong support network (De Young, 2011, Rose et al., 2020). I consider myself 

incredibly lucky to have the second, professionally and personally, throughout the period covered by 

the publications presented within this thesis. 

The critical analysis within this thesis highlights the substantial contribution that the publications 

considered have made to the scientific literature, policy development and, importantly, marine 

management interventions. These publications (a) incorporate the development of original ideas such 

as the application of PMPG to the marine environment, (b) seek to raise the visibility of topics such as 

fishing effort displacement and spatial squeeze to identify the race for marine space by different 

marine sectors, (c) seek to offer solutions to addressing marine management challenges such as 

enforcement techniques, and (d) contribute to understanding implications of the climate crisis and 

identifying work needed to aid the transition away from fossil fuel activities. 
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Glossary 

Arm's Length Bodies: a specific category of central government (UK) public bodies that are 

administratively classified by the Cabinet Office. 

Cumulative Environmental Assessment: a sub-discipline of environmental impact assessment that is 
concerned with appraising the collective effects of human activities and natural processes on the 
environment. 

Environment Food and Rural Affairs Commons Select Committee: is appointed by the House of 
Commons to examine the expenditure, administration and policy of the Department for Environment, 
Food and Rural Affairs and its associated public bodies. 

Exclusive Economic Zone: an area of the sea in which a sovereign state has exclusive rights regarding 
the exploration and use of marine resources, including energy production from water and wind. 

Fuel Tax Concession: the combined tax relief provided by Red Diesel Rebate and Marine Voyages Relief 
in the UK. 

Fisheries Science Partnership: a form of fisheries co-management, in that it entails joint research 
undertaken by fishers and scientists together that is often initiated, funded, and monitored by 
government, and feeds directly into fisheries management decision-making. 

Highly Protected Marine Area: a type of MPA. Areas of the sea (including the shoreline) that allow 
the protection and full recovery of marine ecosystems.  

Habitats Regulations Assessment: the process that competent authorities must undertake to 
consider whether a proposed development plan or programme is likely to have significant effects on 
a European site designated for its nature conservation interest. 

Joint Fisheries Statement: a requirement of the Fisheries Act 2020 and aims to make sure that policies 
deliver a thriving, sustainable fishing industry and healthy marine environment. 

Marine Conservation Zone: a type of MPA. Areas that protect a range of nationally important, rare, 
or threatened habitats and species. 

Marine Planning: a tool for governments to allocate space for different activities and uses of our seas.  

Marine Protected Area: defined by the International Union for Conservation of Nature as parts of 
intertidal or subtidal environments, together with their overlying waters, flora and fauna and other 
features, that have been reserved and protected by law or other effective means. 

Marine Spatial Planning: the process by which various stakeholders, adjust their uses in the marine 
space. 

Marine Spatial Prioritisation: the process by government prioritises how marine space will be 
allocated (prioritised) for different marine sectors to deliver governmental commitments. 

Marine Strategy Framework Directive: European Union legislation setting out the aim to achieve 
Good Environmental Status for the EU Member States’ marine waters by 2020, applying the Ecosystem 
Approach. 
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Maximum Sustainable Yield: a theoretical concept used extensively in fisheries science and 
management. In fisheries, MSY is defined as the maximum catch (in numbers or mass) that can be 
removed from a population over an indefinite period. 

Net Zero: a target of completely negating the amount of greenhouse gases produced by human 
activity, to be achieved by reducing emissions and implementing methods of absorbing carbon dioxide 
from the atmosphere. 

Public Money for Public Goods: the concept of ensuring public money is spent on securing public 
goods that are not provided for through markets i.e. clean air or flood protection. 

Small Islands Developing States: a grouping of developing countries which are small island countries 
and tend to share similar sustainable development challenges. These include small but growing 
populations, limited resources, remoteness, susceptibility to natural disasters, vulnerability to 
external shocks, excessive dependence on international trade, and fragile environments. 

Special Area of Conservation: a type of MPA. Are protected areas in the UK designated under the 
Conservation of Habitats and Species Regulations 2017 (as amended) in England and Wales. 

Statutory Instrument: a form of legislation which allow the provisions of an Act of Parliament to be 
subsequently brought into force or altered without Parliament having to pass a new Act. 

Statutory Nature Conservation Body: an organisation charged by government with advising on nature 
conservation matters. 

Special Protection Area: a type of MPA. Areas for birds in the UK classified under the Conservation of 
Habitats and Species Regulations 2017 (as amended) in England and Wales.  

Science Policy Interface: the interaction scientists and other actors in the policy process, and which 
allow for exchanges, co-evolution, and joint construction of knowledge with the aim of enriching 
decision-making.  

Systems Thinking Approach: an approach to problem solving which considers the overall system as 
well as its individual parts. 

United Kingdom Marine Strategy: the UK interpretation of the Marine Strategy Framework Directive 
– a three-stage framework for achieving Good Environmental Status in UK waters. 

Whole Site Approach: a developing concept whereby management is directed to protect important 
and sensitive habitats or species within an MPA that are not designated features.  

Wider Seas: the area of a country’s Exclusive Economic Area that does not fall within a marine 
protected area network. 
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Acronyms 

ALB  Arm’s Length Body 

CEA   Cumulative Environmental Assessment 

CEFAS   Centre for Environment, Fisheries and Aquaculture Science 

CAP  Common Agricultural Policy 

CFP  Common Fisheries Policy 

Defra   Department of Environment, Food and Rural Affairs 

EFRACSC  Environment Food and Rural Affairs Commons Select Committee 

FAC  Fisheries Advisory Council 

FSP  Fisheries Science Partnership 

FTC   Fuel Tax Concession 

GDP   Gross Domestic Product 

GW   Giga Watt 

HMT   His Majesty's Treasury 

IFCA   Inshore Fisheries and Conservation Authority 

IPCC   Intergovernmental Panel on Climate Change 

HPMA   Highly Protected Marine Area 

HRA   Habitats Regulations Assessment 

JFS   Joint Fisheries Statement 

JNCC   Joint Nature Conservation Committee 

MCAA   Marine and Coastal Access Act 

MCZ   Marine Conservation Zone 

MMO   Marine Management Organisation 

MP   Marine Planning 

MPA   Marine Protected Area 

MSP   Marine Spatial Planning 

MSPri   Marine Spatial Prioritisation 

MSFD   Marine Strategy Framework Directive  

MSY   Maximum Sustainable Yield 

MVR   Marine Voyages Relief 

NE   Natural England 
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NERC   Natural Environment and Rural Communities Act 

NFFO   National Federation of Fishermen's Organisations 

PMPG   Public Money for Public Goods 

RDR   Red Diesel Rebate 

SAC   Special Area of Conservation 

SI   Statutory Instrument  

SNCB   Statutory Nature Conservation Body 

SPA   Special Protection Area 

SPI   Science Policy Interface 

SSSI   Site of Special Scientific Interest 

STA   Systems Thinking Approach 

TCI   Turks and Caicos Islands 

UKMS   United Kingdom Marine Strategy 

WSA   Whole Site Approach  
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Abstract  The south-western Pacific island countries
were largely unaffected by mass coral bleaching during
the intense El Nino of 1998, but experienced mass
bleaching in 2000 during the subsequent strong La
Niña.  Nineteen reef locations were surveyed in eight
geographic regions within the Fiji archipelago between
mid April and early July 2000, to assess the geographic
extent and intensity of Fiji's first recorded mass bleach-
ing event.  64% of all scleractinian coral colonies sur-
veyed were bleached (partially or fully, or recently dead
from bleaching), and mass bleaching occurred in all
regions surveyed except in the far north (north of Vanua
Levu).

Bleaching was most intense (>80% of colonies
bleached) in southern and eastern sites (south and east
from Viti Levu and Vanua Levu, Kadavu and Northern
Lau), and lower in some western and one northern
site(s).  The geographic patterns in bleaching coincide
with Fiji’s position on the north-western edge of an area
of high sea surface temperatures (SSTs), and support the
prediction based on SSTs that bleaching should be most
severe in the south and east.  Seawater temperatures
exceeded expected summertime maxima for 5 months
and peaked at 30-30.5oC between early March and early
April 2000.  The bleaching threshold for Fiji appears to
be in the range of 29.5-30oC.  Our data estimate 10-40%
of coral colonies had died from bleaching within four
months of the onset of bleaching.

Keywords Coral bleaching, Fiji, Seawater temperature,
HotSpot, Bleaching intensity, Bleaching mortality,
Aerial survey, temperature logger, Degree Heating
Weeks, Pathfinder

Introduction

Coral reefs of the south-western Pacific Islands largely
escaped the global-scale El Niño-associated mass
bleaching of 1998, but experienced mass bleaching in
2000 during the subsequent strong La Niña.  In early
2000, satellite surveillance of sea surface temperatures
(SSTs) showed a band of warming water initiating in
Papua New Guinea (PNG) and extending down through
the Solomon Islands (NOAA/NESDIS HotSpot website:
http://psbsgi1.nesdis.noaa.gov:8080/PSB/EPS/SST/clim
ohot.html).  By February 1 2000, HotSpot anomalies
(HotSpots: SSTs 1oC or more above the climatological
maximum monthly mean SSTs) extended across the
south Pacific from PNG to Easter Island.  Accumulated
heat stress was greatest in a pool stretching south-east
from Fiji, encompassing Tonga, Niue, southern Cook
Islands and Tubuai (Fig. 1). Fiji was on the north-
western edge of this pool and experienced within-
country gradients in accumulated heat stress, with great-
est heat stress in the south and east of the country.

Countries that experienced mass bleaching in 2000
include PNG and Cook Islands (WWF South Pacific
Programme 2000a), Solomon Islands (WWF South Pa-
cific Programme 2000b), Tonga (Lovell 2001), Easter
Island (Wellington et al. 2001) and Fiji (Cumming et al.
2000; South and Skelton 2000; Lovell 2001). We are
aware of only one previous report on mass bleaching in
the south-west Pacific region, from Papua New Guinea
in 1996 (Davies et al. 1997).

No coordinated country-wide monitoring program
existed in Fiji at the time of the 2000 bleaching event.
Instead, eight independent groups conducted surveys at
19 locations spread throughout Fiji (Fig. 2).  These
studies were not standardized and employed a wide va-
riety of survey methods to estimate bleaching severity,
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Fig. 1  NOAA/NESDIS Degree Heating Weeks (DHW) chart for the 90-day period up to 15 April 2000. DHWs accumulate Hot-
Spot anomalies over a continuous 12-week period.  One DHW is equivalent to one week of satellite-derived SSTs 1oC above the
MMM (maximum monthly mean: 28.3oC for Fiji) SST; two DHWs are equivalent to two weeks of SSTs 1oC above the MMM
SST or one week of  SSTs 2oC above the MMM SST, and so on. Light shading indicates 8-10 DHWs, darker shading inside the
light shading indicates 10-14 DHWs. This chart is available in colour on the NOAA DHW website:
http://psbsgi1.nesdis.noaa.gov:8080/PSB/EPS/SST/dhw_retro.html

Fig. 2  Map of Fiji showing surveyed locations and the route
of the aerial survey (dotted line)  Adapted from UNEP/IUCN
(1988).  Site numbers, names and descriptions are given in
Table 1.

including line intercept transects, belt transects, colony
counts, point counts, video transects, video quadrats,
coral tagging and aerial surveillance (see Table 1).  We
standardized these data to provide an overview of the
geographic extent and severity of bleaching in Fiji.  To
investigate seawater temperature as a forcing factor, we
accessed both in situ and satellite-derived data, and

show a geographic pattern of bleaching that corresponds
to seawater temperatures.

Materials and methods

Seawater temperatures

Seawater temperature has been recorded in situ since Septem-
ber 1996 at Suva Barrier Reef (site #5, Table 1), and since
July 1997 at Vuna Point, Taveuni (see Fig. 2) by the Fiji Sea-
water Temperature Monitoring Project at the University of the
South Pacific, Fiji
(http://www.usp.ac.fj/marine/gcrmn/research/seatemp.htm).
Hugrun Seamon s/f underwater temperature recorders (with an
accuracy of + 0.05oC) record hourly at approx. 10m depth.

Seawater temperatures for 1985-2000 are from new, high
resolution satellite data (Toscano et al. this volume).  The
NOAA/NASA AVHRR Oceans Pathfinder Program (Vazquez
et.al. 1998) introduced an improved archival SST dataset to
dataset provide a long (currently 17 years), consistently cali-
brated time series of global SST fields for climate studies
(Kilpatrick et al. 2001).  All AVHRR data from 1985 to pres-
ent have been reprocessed using a Pathfinder version of the
current NOAA Non-Linear SST algorithm (Kilpatrick et al.
2001).  Pathfinder algorithm coefficients are estimated by
regressing the remotely-sensed brightness temperatures to in
situ best available moored and drifting buoy SSTs (matchups)
within 30 min and 0.1o latitude/longitude of each other. Algo-
rithm performance is globally well within a 0.5o C range, with
the tropics showing a slight negative bias of 0.1-0.2o C com-
pared to buoys (Kilpatrick et al. 2001).  Thus the Pathfinder
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Table 1  Details of locations surveyed.  Regions are ordered by latitude (refer to Fig. 2).  Superscripts indicate surveyors, numbers match
authors as listed on page 1.  ‘LIT’ = line intercept transect.

Region Date Location Site Description Replicate samples

7 April 1A.  Great Astrolabe Reef 5

Sites between:
180 45.24’ S, 1780 28.00’ E,
180 43.31’ S, 1780 29.19’ E.

Leeward (north-western) outer barrier.
Dominated by Acropora.

3 sets of 0.25 m2 video photos (n=42,
36, 39) at 7 m.  Colonies surveyed per
set: 129, 111, 121.

7-10 June 1B.  Great Astrolabe Reef 7

(1) 18o 46.50’ S, 178o 31.56’ E.
(3) 18o 46.05’ S, 178o 34.06’ E.
(4) 18o 43.05’ S, 178o 34.06’ E.
(5) 18o 43.68’ S, 178o 27.95’ E.

Five sites: (1),(2) lagoonal sea mounts;
(3) windward outer barrier; (4),(5)
leeward outer barrier. All dominated
by Acropora except (4) which was the
most diverse site.

5  1 m belts, 33-69 m long, 1-27.5 m
depth.  Colonies surveyed per repli-
cate: 150, 232, 249, 153, 113 respec-
tively.

Kadavu

8 June 2.  North Astrolabe Reef 7

(1) 18o 37.34’ S, 178o 33.30’ E.
(2) 18o 37.20’ S, 178o 33.25’ E.

Barrier reef on north-east corner.
Dominated by Acropora.

2  1 m belts, 79 & 27 m long, 2-21.5
m.  Colonies surveyed per replicate:
283, 68.

17 April 3.  Pacific Harbour 4

18o 17.51’ S, 178o 4.84’ E.
Two large, lagoonal patch reefs one
mile apart.  Dominated by Acropora.

2  30x1 m belts at 1.5-3.5 m.  Colo-
nies surveyed per replicate:  224, 155

14 April 4A.  Beqa 5 Beqa Barrier Reef outer sides of chan-
nels. High coral cover, dominated by
Acropora and Pocillopora.

10  60 m2 areas at 4-9 m. Colonies
surveyed per replicate:  23, 52, 28, 25,
33, 46, 62,89, 53, 67.

Southern
Viti Levu

18, 20
April

4B.  Beqa 4

18o 27.57’ S, 178o 6.05’ E.
18o 24.12’ S, 178o 11.48’ E.
18o 28.97’ S, 177o 56.02’ E.

Beqa Barrier Reef outer reef slope.
High coral cover, dominated by Acro-
pora and Pocillopora.

3  30x1 m belts at 3-10 m.  Colonies
surveyed per replicate: 181, 227, 135.

19 April 5.  Suva Barrier Reef 4,9

18o 09.55’ S, 178o 23.98’ E.
Outer entrance to Suva Harbour.
Submerged spur extending seaward
from a barrier reef.  High wave surge,
often turbid.  Dominated by Acropora
and Pocillopora.

1  40 m LIT, 1  30x1 m belt, at 1.5-12
m.  Colonies surveyed per replicate:
65, 24

20 April 6.  Nukubuco Reef 1 Reef crest.  High wave energy and
strong currents, dominated by flattened
Acropora aspera.

Two sites of tagged corals, at 0 m.
Colonies surveyed per replicate: 21,
14.

16 April 7.  Vunavadra Island 4

17o 41.77’ S, 177o 18.73’ E
Windward fringing reef (south-east
facing) with moderate coral cover.

2  30x1 m belts at 1.5-5 m.  Colonies
surveyed per replicate: 79, 39.

Western
Viti Levu

15 April 8.  Tavua Island 4

(1) 17o 33.90’ S, 177o 17.92’ E.
(2) 17o 34.51’ S, 177o 20.76’ E.

Two shallow patch reefs, 2 and 4
miles from Tavua Island:  (1) south-
east facing, 5 m, (2) top of reef, 2 m,
with sparse corals.

(1) 1  10x1 m belt, (2) 1  30x1 m belt.
Colonies surveyed per replicate: 21,
62.

11 June 9.  Navula Reef 9

(1) 170 55’ S, 1770 12’ E.
(2) 170 56’ S, 1770 12’ E.

Two sites on the northern (1) and
southern (2) sides of a barrier reef
passage.  Outer barrier reef slope,
strong currents, rich in soft corals and
Millepora, with predominantly small
scleractinian colonies.

6  20 m LITs at 5-12 m (3 at each
site). Colonies surveyed per replicate:
20, 25, 31, 18, 24, 35.
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Table 1 cont’d

Region Date Location Site Description Replicate samples

Eastern
Viti Levu

5-12 June

1-8 June

10. Caqalai Island 11

6 sites between:
17o 47.25’ S, 178o 43.65’ E,
17o 47.60’ S, 178o 44.28’ E.

11. Wakaya Island 9

17o 35’ S, 178o 58’ E.

Shallow reef flats with low coral
cover, dominated by Pocillopora.

Outer corner of a barrier reef passage.
Heavily impacted by crown-of-thorns
predation in 1999/2000. Low coral
cover,  dominated by small colonies of
Pocillopora.

6 sets of 1x1 m quadrats (n=34, 35,
36, 36, 40, 36) at 3 m, 81 point counts
per quadrat, % cover data.

2  40 m LITs at 10 m, colonies sur-
veyed per replicate: 24, 22.

Vatu-I-Ra
Passage

28 May-
2 June

29 May-
5 June

12.  Pinnacle 9

17o 20’ S, 178o 32’ E.

13.  Vuya Reef 9

Vanua Levu Barrier Reef
17o 15’ S, 178o 34’ E.

Steep-sided pinnacle in the middle of a
deep water passage.  Dominated by
large Acropora and Porites.

Sheltered shallow reef floor, almost
flat, behind a barrier reef.  High coral
cover, dominated by large Acropora.

2  20 m LITs at 7-18 m, colonies sur-
veyed per replicate: 32, 36.

5  20 m LITs at 12 m, colonies sur-
veyed per replicate: 40, 30, 34, 37,
26.

Northern
Lau Group

16 April 14.  Vanua Balavu 9

17o 20’ S, 179o 00’ W.
Southern reef crest inside lagoon.
Dominated by Acropora.

1  10 m LIT, 1  20 m LIT, at 1 m,
colonies surveyed per replicate: 11,
26.

Southern
Vanua
Levu

27 April-
1 May

30 June-
2 July

3-4 June

2 June

15. Yadua Tabu Island 6,10

16.  Savusavu Bay 2

Sites between:
16o 48.62’ S, 1790 14.35’ E,
160 50.01’ S, 179o 17.96’ E.

17.  Rainbow Reef 9

16o 46’ S, 179o 56’ E.
16o 45’ S, 179o 57’ E.

18.  Honeymoon Island 9

16o 40’ S, 179o 51’ E.

Southern fringing reefs exposed to
south-easterly trades.  Data collected
by volunteers.

Windward reef slope, approx. 60%
coral cover, dominated by Acropora
and Pocillopora.

Patch reef  in a deep water passage
with strong currents.  Dominated by
soft corals, scleractinian corals domi-
nated by small Pocillopora.

Shallow fringing reef off a small in-
shore island.  No particular dominants.

3 sites of 1x1 m quadrats (n=6, 15, 6),
at 0-15 m, colonies surveyed per rep-
licate: 61, 186, 92.

6  20-75 m LITs at 3-6 m, colonies
surveyed per replicate: 21, 19, 24, 21,
29, 58.

3  20 m LITs at 9-15 m, colonies sur-
veyed per replicate: 17, 15, 15.

2  20 m LITs at 1 m, colonies sur-
veyed per replicate: 22, 12.

Northern
Vanua
Levu

5-6 July 19.  Great Sea Reef 3

Sites between:
16o 19.75’ S, 179o 18.14’E,
16o 14.43’ S, 179o 02.10’E.

Shallow reef slopes on the outer and
inner sides of a barrier reef. Approx.
60% coral cover, dominated by Acro-
pora hyacinthus

3  20 m LITs at 2-3 m, colonies sur-
veyed per replicate: 37, 34, 32.

NLSST algorithm is tuned to bulk SST measurements, closely
(or slightly under-) estimating the bulk temperature felt by
coral reef organisms.

Reef surveys

We standardized the reef survey data to colony counts for all
locations except Caqalai (#10), and to four bleaching catego-
ries: (1) Not bleached (normal colouration), (2) Partially
bleached (part of the colony white or pastel-coloured, often on
the top only), (3) Fully bleached (whole colony white or pas-
tel-coloured), (4) Bleached/dead (bleached colony with new

algal turf on the skeleton). Categories (2), (3) and (4) were
combined for the proportion of colonies affected by bleaching.

Aerial survey

Reefs between Suva and the Great Sea Reef north of Vanua
Levu were surveyed by air on 21 April 2000 (Fig. 2).  Reefs
surveyed include barrier reefs around Suva and north to
Ovalau Island, Vatu-I-Ra passage, Vanua Levu Barrier Reef,
southern Vanua Levu, northern Vanua Levu and the Great Sea
Reef.
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We used photographs taken during the survey to catego-
rize bleaching severity.  Categories were: (1) <10%, (2) 10-
30%, (3) 30-60%, (4) >60%, of substrate cover bleached.
Two of the surveyed reefs (Suva {#5}and Nukubuco {#6},
both barrier reefs adjacent to Suva) were also assessed by
SCUBA, allowing us to ground truth the aerial surveys for
these sites.

Results

Seawater temperature and the onset of bleaching

Heat stress was most intense in southern and eastern
Fiji.  By mid April 2000, south-eastern Fiji (encom-
passing Beqa, Suva, Kadavu and the Southern Lau
Group), had accumulated 12-16 DHWs and south-
western Fiji had accumulated 8-12 DHWs.  In the north-
west, DHWs were ≤4, suggesting a drastic difference in
heat stress.  The Northern Lau Group had 6-10 DHWs.
North of Vanua Levu, 0 DHWs were recorded.  These
patterns can be seen in detail on the DHW website (Fig.
1).

The onset of mass bleaching was rapid, occurring
over only a few days during the first week of March.
Minor bleaching occurred up to two weeks earlier
(Hendee 2000; Lovell 2001).  By 1 February 2000, 2-3
DHWs had accumulated along the southern coast of Viti
Levu, increasing to 5 DHWs by 29 February and 6
DHWs (1.5-2.0oC HotSpots) in the first week of March
when mass bleaching occurred.

Neither HotSpots nor mass bleaching occurred in
the far north (north of Vanua Levu), though this area did
exhibit anomalies <1oC above climatological maximum
monthly mean SSTs (and some minor bleaching).

Seawater temperature recorded in situ at Suva Bar-
rier Reef exceeded the maximum monthly mean
(MMM: 28.5o C) for five months, remained above 29oC
for 3.5 months and peaked at 30-30.5oC between early
March and early April (Fig. 3a). Similar patterns and
peak temperatures occurred at Vuna Point, Taveuni,
though the MMM is 0.3oC lower  (Fig. 3b).

Seawater temperatures for 1985-2000 were con-
structed from both satellite-derived SSTs and in situ
logger data, for Suva Barrier Reef and Vuna Point (Fig.
4).  At Suva Barrier Reef, 2000 was the hottest year
during this period, though 1989 was almost as hot.  At
Vuna Point, seawater temperature in 2000 was hotter
than all other years except 1996.

Reef surveys

Eighteen of the 19 locations surveyed (Table 1) had
bleached corals (Fig. 5).  Bleaching was still widespread
as late as July, four months after the onset of bleaching

(Fig. 5).  Sixty-four percent of all coral colonies sur-
veyed were affected by bleaching, and were either par-
tially or fully bleached, or recently dead from bleaching.

Fig. 3   Seawater temperature measured hourly by in situ tem-
perature loggers at approx 10 m depth.  A Suva Barrier Reef.
B Vuna Point, Taveuni.

In the southern survey regions (southern Viti Levu
and Kadavu; Table 1) 82% of colonies surveyed were
affected by bleaching, with 13% already dead.  Site
means ranged between 67% and 100% of colonies
bleached, and Beqa Barrier Reef outer reef slope (#4B)
had the highest proportion of dead colonies (26%).  Se-
vere bleaching was not restricted to southern Fiji, how-
ever.  Vanua Balavu (#14) in the Northern Lau Group
had 94% of colonies affected by bleaching, mostly fully
bleached, and the highest proportion of bleaching-
related mortality of all sites surveyed in April (32%).
Bleaching also occurred in the Southern Lau Group (ND
pers obs).

The western sites surveyed in April, Vunavadra
(#7), Tavua (#8) and Yadua Tabu (#15), had less severe
bleaching.  Vunavadra had significantly less colonies
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affected than all other sites surveyed in April (p<0.001;
one-way ANOVA, arcsin transform; SNK tests), with
only 24% of colonies affected, no bleaching-related
mortality and a relatively high proportion of partial
bleaching (42% of colonies).  Tavua and Yadua Tabu
had significantly less bleaching than the most severely
bleached sites: Beqa (#4), Vanua Balavu (#14) and Nu-
kubuco (#6).  Mass bleaching also occurred in the
northern Yasawa Islands (T McLeod, Walt Smith Inter-
national, pers comm).

Fig. 4  Fifteen-year temperature records, combining 9km Path-
finder SST data, for 1985-1999 (black), and average daily in
situ logger data for 1996/97-2000 (grey).

At sites surveyed in April, most bleached colonies
were fully bleached, with relatively few partially
bleached and dead colonies.  This was reverse in June-
July, with most bleached colonies only partially
bleached.  Less colonies were affected in the June sur-
veys than the April surveys (53% vs. 74%), reflecting
probable recovery of some colonies.  Nevertheless,
>70% of colonies were still bleached in June at the two
sites in Vatu-I-Ra Passage.  Site means for all other sites
surveyed in June ranged between 39% and 57%, except
for Honeymoon (#18; 17%) which had significantly less
bleaching-affected colonies than all other sites surveyed
in June (p<0.001; one-way ANOVA, arcsin transform;
SNK tests), and had no bleaching-related mortality.  The
two most northerly sites, Honeymoon and Great Sea
Reef (#19), had the lowest incidence of bleaching of all
sites.  Great Sea Reef had no bleaching in early July,
though minor bleaching was seen during the aerial sur-
vey in April.

Mortality from bleaching was low (<15%) at most
sites in the April surveys and was higher in the later
surveys (Fig. 5).  The highest mortality was recorded at
Savusavu (#16) and Vuya (#13), where more than 40%
of the scleractinian corals had died from bleaching by
June/July.

Fig. 5 Percentage of scleractinian colonies affected by
bleaching (partially and fully bleached and recently dead from
bleaching; white), partially bleached (grey) and recently dead
from bleaching (black). The percentage not bleached is the
inverse of the white bar.  Site descriptions are given in Table
1.  Partial bleaching was not recorded at sites 1A, 1B, 2, 4A
and 10.  Recent mortality was not recorded at sites 6 and 10.
Data from site 10 are % cover.

Aerial survey

Extensive bleaching (>30% substrate cover bleached)
occurred on all reef slopes surveyed south of Vanua
Levu.  We recorded 30-60% cover bleached through the
Vatu-I-Ra Passage and 10-30% on a southern Vanua
Levu fringing reef.  Reef flats and crests were variable
and often lower than 30%, but this may reflect low coral
cover rather than low intensity of bleaching.  Minor or
no bleaching (<10% substrate cover bleached) was ob-
served on all reefs north of Vanua Levu, including the
Great Sea Reef.

Suva (#5) and Nukubuco (#6) outer reef slopes
were the only reefs for which we recorded >60% cover
bleached.  Our estimate was lower for the adjacent reef
crests (30-60%).  The difference reflects the lower coral
cover of the reef crests (RC, EL, unpubl data); Nu-
kubuco crest had severe bleaching, with 100% colonies
bleached in the two sites surveyed (Fig. 5).
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Discussion

Geographic patterns of bleaching

Our data demonstrate that mass bleaching was wide-
spread in Fiji south of Vanua Levu, and bleaching was
only minor north of Vanua Levu.  This geographic pat-
tern coincides with Fiji’s position on the north-western
edge of an area of high heat stress (idenitfied by satel-
lite-derived SST data), with accumulated heat stress
greatest in the south and east of the country.  More than
40% of scleractinian coral colonies were affected by
bleaching at 16 of the 19 sites surveyed, including all
seven geographic regions surveyed south of Vanua
Levu.

The most severe bleaching (>80% of colonies af-
fected) was recorded in April 2000 in the southern Viti
Levu and Kadavu regions, and at a single reef crest site
in the Northern Lau Group.  The western sites surveyed
in April (Vunavadra, Tavua and Yadua Tabu) had sig-
nificantly less bleaching than the most severely
bleached sites (Beqa, Vanua Balavu and Nukubuco),
and the second most northerly site (Honeymoon) had
significantly less bleaching than all other sites surveyed
in June.  These trends coincide with the accumulation of
heat stress in the south and east.  Several sites had low
replication and/or small numbers of colonies per repli-
cate, however, and these trends could also be explained
by the smaller-scale, within-reef spatial variation in
bleaching intensity which is known to occur (Spencer et
al. 2000; Marshall and Baird 2000).

The two most severely bleached sites surveyed
were both barrier reef crests (Nukubuco and Vanua
Balavu). The adjacent reef flat of Nukubuco Reef was
much less severely bleached, due at least in part to the
predominance of massive and branching Porites spp.
which were partially bleached or not bleached (RC un-
publ data).  The third reef crest site (Honeymoon) had
much less severe bleaching (than other sites surveyed in
June), however, suggesting variable responses on reef
crests, though Honeymoon may have been less affected
by bleaching because of its northern location.

Links with seawater temperature

Though no previous mass bleaching event is on record
for Fiji, minor bleaching (involving a small proportion
of colonies and/or a high proportion of partial bleach-
ing) occurred in 1998 and 1999. In 1999, DHWs around
south-eastern Viti Levu reached 7-8 (February–April
1999), and prominent bleaching of Acropora and Platy-
gyra colonies occurred in Suva Harbour. Widespread
bleaching occurred again in 2001, and was minor at
most sites.

Since minor bleaching occurred in both 1998 and
1999 and major bleaching occurred in 2000, we can use
Fig. 4 to estimate that the bleaching threshold lies in the
range of 29.5-30oC at both Suva Barrier Reef and Vuna
Point, Taveuni.  This range largely agrees with the
bleaching thresholds used for HotSpot mapping of 1oC
above MMM.  For both sites, 2000 is one of the two
hottest years since 1985.  The other hot year was 1996
at Taveuni and 1989 at Suva, suggesting the north and
south of the country are influenced by different hot wa-
ter masses.  In 1996, bleaching occurred in PNG (Da-
vies et al. 1997) and Williams and Bunkley-Williams
(1990) provide an anecdotal report of bleaching in
southern Fiji in 1989.

Mass bleaching occurred in western and northern
areas that experienced thermal anomalies of <1oC (Fig.
1). Our data therefore add to accumulating evidence that
elevated seawater temperatures <1o C above MMM can
also lead to mass bleaching (e.g. Toscano et al. this vol-
ume; Goreau et al. 2000).

Mortality from the 2000 bleaching event

Bleaching mortality, estimated as the proportion of
bleached colonies that were dead at the time of survey-
ing, was low (<15%) at most sites in the April surveys
and reached >40% (Savusavu {#16} and Vuya {#13})
in the later surveys.  Mortality recorded in the later sur-
veys may represent a reasonable estimate of ultimate
mortality from bleaching because few colonies re-
mained fully bleached (Fig. 5) and recovery of the re-
maining partially bleached colonies could have been
high. On the other hand, the proportion of colonies af-
fected by bleaching was probably underestimated in our
later surveys because some bleached colonies recover
their colour within four months (Lang et al. 1992;
McField 1999; RC unpubl data).

Several of our sites are being monitored regularly
as part of the incipient Global Coral Reef Monitoring
Network in Fiji (http://www.usp.ac.fj/marine/gcrmn/).
Preliminary estimates of impact from post-bleaching
surveys and qualitative observations provide the fol-
lowing.  By December 2000, <10% of coral cover was
lost at both coral-depauperate Wakaya (#11) and coral-
rich, Acropora-dominated Vatu-I-Ra Pinnacle (#12)
(HS).  Approximately 40% of coral cover was lost at
Vuya (#13), which was also Acropora-dominated (HS).
Possibly, the steep sides of the pinnacle reduced direct
sunlight on the corals, compared with the flat Vuya site.

Beqa Barrier Reef outer reef slope and Pacific Har-
bour lagoonal patch reefs lost 99% and 80% of Acro-
pora colonies respectively between April 2000 and
April 2001 (BC).  Much of this loss was probably due to
the 2000 bleaching event, though this time period also
includes a further bleaching event in 2001 and Cyclone
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Paula in early March 2001, which damaged southern
and south-western reefs.

Suva Barrier Reef outer reef slope (#5), which was
Acropora-dominated and severely bleached, lost ap-
proximately 30% of coral cover and 45% of coral colo-
nies by January 2001 (RC, EL).  Nukubuco Reef crest
(#6), which was also severely bleached, lost 65% of the
dominant Acropora aspera colonies by August 2000
(RC).

In the west, no mortality of Acropora was detected
at Vunavadra (#7), where bleaching was significantly
less than at all other sites surveyed in April, and sub-
stantial mortality of Acropora colonies (47%) occurred
at Tavua (#8) (BC).

The most severe bleaching recorded in Fiji (>80%
of colonies affected) was of similar intensity to the
worst-hit sites in the Indian Ocean in 1998.  Mortality of
70-99% of coral cover was recorded at many of these
sites (Goreau et al. 2000; Wilkinson 2000).
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bstract

The destructive and illegal practice of using chemicals (bleach, dishwashing liquid, gasoline) to catch spiny lobster (Panulirus argus) is thought
o be common throughout much of the Bahamian Archipelago. Injection of a chemical irritant into a lobster den will result in either a rapid escape
esponse or a subduing effect, both of which make it easier to capture spiny lobster. We used both laboratory and field trials to determine the
fficacy of a starch-iodide swab technique to identify lobsters that had been exposed to bleach solution (NaOCl). All lobsters exposed to bleach
ested positive immediately following exposure and for varying periods thereafter. No false positives were detected on control lobsters. The average

ength of time that bleach remained detectable on the exoskeleton was 6.2 and 9.6 h in the laboratory and field, respectively, with some individuals
esting positive 12 h after exposure. The swab technique will provide fishery officers with a powerful tool to reduce or eliminate the illegal use of
leach for harvesting spiny lobster.

2007 Elsevier B.V. All rights reserved.
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. Introduction

The use of noxious substances to capture marine and fresh-
ater fishery products is prevalent in many fisheries around the
orld (Hensley and Sherwood, 1993; Jones and Steven, 1997;
ennett and Clerveaux, 2005; Inogwabini, 2005; Mak et al.,
005). Cyanide is the most commonly used with fisherman in
he aquarium trade using cyanide to stun or asphyxiate ornamen-
al fish for collection (Jones and Steven, 1997; Barber and Pratt,
998; Halim, 2002; Mak et al., 2005). Chlorine bleach has also

een employed widely, with uses ranging from the stripping of
ggs from ovigerous (egg-bearing) females in the Maine rock
obster (Homarus americanus) fishery (Austin, 1995; Cogger
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nd Bayer, 1996; Lobster Institute, 1997; Heckman et al., 2000),
o its use as a subduing agent in both reef fish and crustacean
spiny lobster) fisheries in the Pacific (Hensley and Sherwood,
993), Bahamas (Campbell, 1977) and the Turks and Caicos
slands (Lang et al., 1998; Clerveaux and Vaughan, 2001; Rudd,
003; Tewfik and Bene, 2004). The deleterious effects of cyanide
nd chlorine bleach on marine organisms are well documented
Carpenter et al., 1972; Campbell, 1977; Lehtinen et al., 1988;
osemarin et al., 1994; Jones and Steven, 1997), with effects

anging from decreased productivity to partial or total mortality
f benthic communities (Campbell, 1977). Specifically, corals
nd other organisms are killed by the chemicals, with fleshy
nd turf algae rapidly recolonizing the area, thereby making the
ecolonization by corals and other organisms difficult and slow
Carpenter et al., 1972; Lehtinen et al., 1988; Rosemarin et al.,
994).

In the Maine lobster fishery, ovigerous lobsters are taken by
rap fisherman and the eggs are subsequently removed by dip-

ing the tails into a seawater and bleach solution (Heckman et
l., 2000). Bleach solutions used by Maine fishers frequently
xceed 20% concentrations and result in the complete removal
f eggs in less than 2 min, quicker at higher concentrations

mailto:davetroywilson@gmail.com
dx.doi.org/10.1016/j.fishres.2007.09.028
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Cogger and Bayer, 1996). To combat this illegal egg removal
ethod, researchers developed three techniques to detect the

se of bleach. Firstly, Cogger and Bayer (1996) developed a
icroscopic examination technique, where chemical scrubbing

f ovigerous lobster using bleach was detectable from the dam-
ge caused to the plumose setal hairs on the lobster tail. However,
his technique required the removal of the swimmerets for micro-
copic examination, thereby causing physical damage to the
obster (Lobster Institute, 1997), making them less suitable for
ale. Smith (1999) then developed a test whereby a 0.1% hema-
oxylin solution was applied to a lobster tail and resulted in
leach exposed tissue turning purple. Finally, a less invasive
echnique developed by Heckman et al. (2000), involved the use
f a simple swab test, that combined two chemicals (potassium
odide and a starch indicator solution) to detect the use of con-
entrated (20% or greater) solutions of chlorine bleach (5.25%
aOCl) on lobster.
In the Turks and Caicos Islands (TCI), Bahamian

rchipelago, fishers illegally inject household bleach, or liq-
id detergent sometimes mixed with gasoline into spiny lobster
ens using a small plastic bottle (Clerveaux and Vaughan, 2001;
udd, 2003). These methods have either a ‘subduing’ effect

bleach) or result in a rapid escape response (detergent and gaso-
ine) and aid in the harvesting of lobster. Chlorine bleach is the
referred chemical by fishers in the TCI as it causes the least
rritation to themselves, is cheap, and results in the ‘subduing’
f lobsters inside their dens (Clerveaux and Vaughan, 2001).
pecifically, bleach causes a chemical reaction in the gill tissue
hich blocks the transfer of oxygen and causes the lobster to

lowly asphyxiate.
The present paper aims to develop and validate a portable

etection method that would assist fishery officers to reduce
r eliminate the use of bleach in the TCI’s spiny lobster (P.
rgus) fishery. The methods of Cogger and Bayer (1996) and
mith (1999) were considered unsuitable for field use in the
CI fishery, given the requirements for laboratory examination
f plumose setal hairs, and a 0.1% hematoxylin solution applied
o lobster tails, respectively. Thus, the swab test developed by
eckman et al. (2000) was considered the most adaptable to the
CI fishery. However, given that in the TCI bleach is injected by
shers into the water column rather than used as a concentrated
ipping solution, the dilution of the bleach solution may make
he swab test developed by Heckman et al. (2000) ineffective
or detecting lobster caught in this manner. Thus, we aimed to
est the efficacy of the potassium iodide and starch indicator
wab technique over time on lobsters exposed to bleach injected
nto the water column, both in the laboratory and in the field. In
ddition, we provide information on the efficacy of the test with
espect to lobster size and sex.

. Methods

.1. Study site
The spiny lobster fishery is the most valuable marine export
roduct to the TCI economy each year. At South Caicos (Fig. 1),
arine resource harvesting (e.g. conch, lobster) is the principle

T
v
c
n

ig. 1. Location of the Turks and Caicos Islands at the southern end of the
ahamian Archipelago.

omponent of the economy and employment, and in combination
ith fisheries from the other islands, contributes approximately
.4% of the TCI GDP (2000 estimate). TCI regulations stipulate
hat lobster fishing is only permitted from 1st August to 31st

arch and minimum carapace length (CL) for harvested lobster
s 3 1/4” (83 mm) (Fishery Protection Ordinance, 1994). During
he closed season, no lobster can be exported or served in local
estaurants. However, there is no harvest quota, thus local stocks
re subject to intensive fishing pressure during the open season
Rudd, 2003).

Spiny lobsters are harvested predominantly by “free diving”
i.e. without underwater breathing support—the use of SCUBA
nd Hookah for fishing purposes is illegal) with the remain-
er being caught with traps. Free diving is in itself a form of
ffort limitation on the rate and quantity of harvesting, due to
he depths that the divers can achieve. Free divers fishing for
obsters currently utilize several illegal fishing methods, most
otably “the hook” (a large fishing hook fixed to the end of a
–5 ft fiberglass rod) and noxious chemicals to force lobsters
rom their dens (Clerveaux and Vaughan, 2001; Rudd, 2003).

The efficacy of a starch-iodide swab technique was tested
oth in a laboratory environment and in the field at South Caicos,
CI (Fig. 1), from August through November 2004, and from
anuary through February 2005, respectively.

.2. Starch-iodide swab technique

The swab test consisted of two primary chemicals (potas-
ium iodide and a starch-indicator). The potassium iodide crystal
Spectrum Chemical® code #P1335-10) was prepared as a 0.1%
olution in distilled water. The starch-indicator solution (Fisher
cientific® code #SS408) was used in its manufactured concen-

ration (0.1% Starch). Swabs used in the trials were Dynarex®

rand (#4304) cotton swabs that were sterile and unbleached.

he swab test involved removing a cotton swab from its indi-
idual protective packaging and applying five drops of each
hemical from a dropper bottle, to ensure that neither the swab
or test chemicals were contaminated during repeated trials. The
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otton swab was then rubbed on the smooth areas of the carapace,
etween the rostrum (horns), around the base of the antennae,
ephalothorax and the front legs. During a series of initial trials,
hese anterior areas of the lobster were found to retain bleach
or longer periods than posterior areas (pers obs). A positive
est result was recorded when white swabs turned purple after
eing rubbed on the bleach exposed exoskeleton, a result of the
hemical reaction between the swab chemicals and bleach.

.3. The efficacy of the starch-iodide swab technique in a
ontrolled laboratory environment

Using the aquarium facilities located at the Depart-
ent of Environment and Coastal Resources (DECR)
outh Caicos base, five raceways measuring 3 × 0.5 × 0.5 m
length × width × depth) were used in the experimental manip-
lations. Lobsters for experimental trials were collected
sing industry standard lobster traps to minimize potential
njury/mortality attributable to free diving fishing methods, and
o ensure no previous exposure to bleach. Prior to each trial the
ater in each raceway was tested for the presence of bleach
sing a standard chlorine test kit. In all cases the test produced
negative result. Five lobsters were then taken from a main

olding tank and were swab tested for the presence of bleach. If
egative (all were negative), each lobster was measured to the
earest mm carapace length, sexed, then placed into a separate
aceway. This gave four treatment raceways and one control for
ach trial (n = 5). Water flow was then turned off and 40 ml of
ousehold bleach (CloroxTM) was added to each experimental
ank using two 20 ml syringes (40 ml) (not the control) and left
n situ for a period of approximately 60 s. Forty milliliters of
leach was used for the trials following discussions with both
ECR fisheries officers and former lobster fisherman in the TCI.
hese individuals provided anecdotal evidence that free-diving

obster fishers would inject at least 40 ml of bleach into a lobster
en containing 2–5 lobsters. Thus, we chose to use 40 ml, the
ower limit of estimates given, for all trials.

Following treatment all lobsters were removed from raceways
nd placed in separate holding baskets. The lobsters were swab
ested using the starch-iodide solution (including the control)
o test for the presence of bleach and the result recorded as
ither a “+” or “−”. A positive result occurred when the white
wabs turned purple after being rubbed on the bleach exposed
xoskeleton of a lobster. Lobsters were placed back into their
eparate holding baskets for further swab tests to be carried out
t 2, 4, 6, 8, 10, 12 and 14 h after initial testing. At the end of each
rial, the raceways were drained, flushed with fresh seawater
nd left to dry until the next morning. Prior to the next trial,
he raceway was flushed again and filled with seawater. The
xperiment and protocol was repeated ten times using a total
f 25 male and 25 female lobsters ranging in size from 50.5 to
14.0 mm CL.

To compare the length of time (2 h intervals) that bleach was

etectable on lobster carapaces after exposure between male
nd female, legal sized (≥83 mm CL) and undersized (<83 mm
L) spiny lobsters, a two-way ANOVA, with sex and size as
xed factors was used. A logistic curve (non-linear regression)

t
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as then used to determine the predictability of lobster testing
ositive to bleach at intervals post-exposure using the two hourly
est data combined for sex and size.

.4. Independent validation

To further validate the swab technique using an independent
alidation, three fishery officers from the Department of Envi-
onment and Coastal Resources (DECR) were given a blind test
sing the swab technique described above. For the validation,
0 lobsters were put through the same exposure (n = 6) and non-
xposure (n = 4) regime as described previously and the results
ecorded. Four hours after the treatment regime was completed,
he fishery officers each swab tested the 10 experimental lobsters
or the presence or absence of bleach and the result compared
o the treatments.

.5. The efficacy of the starch-iodide swab technique in the
eld

Lobsters for the field trials were collected using industry stan-
ard traps. The field site consisted of an open sandy area in
pproximately 3 m of water, in close proximity to natural lob-
ter dens containing spiny lobsters. Field trials were carried out
sing artificial lobster dens rather than actual lobster dens in
he reef structure to standardize the methodology and to prevent
amage to the natural benthic habitat. The artificial dens con-
isted of a cage measuring 0.85 × 0.65 × 0.41 m with a mesh size
f 5 × 3 cm. Three sides and the top were covered with plastic
o simulate a semi-enclosed lobster den that still allowed some
ater movement. Only lobsters with a carapace length (CL)
reater than the minimum legal size of 83 mm (84–123 mm CL)
ere used in the field trials to more closely represent the local
shery.

Five lobsters were removed from the aquarium facility’s main
olding tank and transported to the field site. Prior to placement
n each of five test cages, lobsters were swab tested for the pres-
nce of bleach. As no bleach was detected on any of the lobsters
hey were measured to the nearest mm (CL), sexed and a single
obster placed in each cage. The five experimental cages were
hen placed approximately 10 m apart at the field site (four treat-

ent cages and one control). Household bleach (CloroxTM) was
hen squirted into the open entrance of the artificial den towards
he lobster using two 20 ml syringes (40 ml), in each of the four
reatment traps. The lobsters in the cages were left for approx-
mately 60 s before they were hauled from the water back into
he research vessel. The lobsters were removed from the cages
nd placed in separate holding baskets. All lobsters, including
he control, were then swab tested using the starch-iodide solu-
ions and the result recorded. Lobsters were then placed back
nto separate holding baskets for further swab tests at 2, 4, 6, 8,
0, 12 and 14 h after initial testing. The trials were repeated
ve times on a combination of male and female lobsters as
he laboratory trials found no difference in bleach detectabil-
ty between sexes. A logistic curve (non-linear regression) was
sed to determine the predictability of lobster testing positive
o bleach at intervals post-exposure. The analysis was carried
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Fig. 3. Laboratory trials. Predictive logistic curve applied to the total percentage
data (dots) of the maximum length of time that spiny lobsters tested positive to
chlorine bleach.
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ut on the two hourly swab test data expressed as a percentage
f lobster testing positive to bleach at two hourly intervals after
xposure.

. Results

.1. The efficacy of the starch-iodide swab technique in a
ontrolled laboratory environment

Trials produced clear results with all lobster that were
xposed to bleach testing positive using the swab technique
mmediately after exposure with no false positives. The per-
entage of male and female lobsters that remained positive (two
ourly swabs) slowly declined with time (Table 1). The compar-
son of test efficacy between male and female lobsters showed
o significant difference between sexes (F = 0.385, d.f. 1, 36,
= 0.538). There was a significant difference between legal and

ndersized lobsters (F = 10.549, d.f. 1, 36, P = 0.003) (Fig. 2)
ith bleach being detectable for longer periods on larger lob-

ter carapaces. There was no significant interaction between
ex and size. Results for male and female lobsters were then
ombined as a total percentage testing positive post-exposure to
leach (Table 1). The logistic curve analysis of the combined
ata shows that approximately 90% of lobster returned positive
esults 4 h after exposure to bleach. Detectability of bleach on

obster declined after this initial 4 h period, however bleach was
etectable on one lobster 12 h after initial exposure to bleach
Fig. 3).

able 1
aboratory swab test results expressed as a percentage of treated lobsters that

ested positive to bleach following initial exposure (0–14 h)

n Time (h)

0 2 4 6 8 10 12 14

ale % 20 100 100 95 70 40 15 5 0
emale % 20 100 95 80 65 45 15 0 0
83 mm CL 28 100 96 89 57 32 7 4 0
83 mm CL 12 100 100 100 100 83 33 0 0
otal % 40 100 98 88 68 43 15 2 0

ig. 2. Laboratory trials. Comparison of bleach detectability between lobsters
nder and over the legal minimum size of 83 mm carapace length (CL). Error
ars = 95% CI.
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ig. 4. Field trials. Predictive logistic curve applied to the total percentage
ata (dots) of the maximum length of time that spiny lobsters tested positive
o chlorine bleach.

.2. Independent validation

Blind swab tests carried out on 10 individual lobsters by
ECR Fishery Officers correctly matched the initial treatment

egime. The six lobsters exposed to bleach tested positive. The
our lobsters that were not exposed to bleach tested negative 4 h
fter the initial treatment.

.3. The efficacy of the starch-iodide swab technique in the
eld

Field trials produced clear results with all lobster that were
xposed to bleach testing positive using the swab technique
mmediately after exposure (Fig. 4) with no false positives. The
ercentage of lobsters that remained positive stayed at 100%
ntil at least 8 h after exposure, after which bleach detectabil-
ty decreased rapidly until 14 h after exposure when no bleach
ould be detected. The logistic curve analysis shows that the
etectability of bleach on spiny lobster is greater than 60% up
ntil 10 h after exposure (Fig. 4).
. Discussion

The most important aspect of the swab test, is that it is consis-
ent, easily interpreted (white swabs turn purple when rubbed on
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leach exposed exoskeleton), and is 100% accurate with no false
ositive results. In addition, the test is fast and does not cause any
hysical damage to the lobster. The chemicals that form the test
re also non-toxic (potassium iodide and starch indicator) and
ave been approved for food and drug use by the U.S. Food and
rug Administration (Food and Drug Administration, 2005). As

uch, the swab test poses no threat to the integrity of the fishery
roduct for human consumption (Heckman et al., 2000).

A typical day’s fishing for spiny lobster in the TCI is less
han eight hours. This involves departing the docks around
7:00 h followed by a 30–60 min boat ride to the desired
shing ground, with fisherman returning to the landing docks
etween 15:00 and 17:00 h. Thus, from the time fisherman
rrive at the fishing ground and begin fishing (around 08:00 h)
ntil they land their catch back in port, is approximately
ight hours or less. As shown in our field trials, 100% of
leach exposed lobster tested positive eight hours after expo-
ure. After this time, bleach detectability declined rapidly
ntil 14 h after exposure when no treated lobsters tested
ositive. The likelihood of detecting the use of bleach, by
wabbing lobster at the landing docks is therefore extremely
igh.

The swab test developed in the present study will be most
ffective when used in the field by fishery officers, as the
etectability of chlorine bleach was shown to decrease over time.
deally, enforcement and conservation officers would board fish-
ng vessels (as allowed by the law) and swab test the most active
obsters in the vessel, as well as several which appear to have
een caught early in the day (dead or in poor condition). Field
wabbing of lobsters will circumvent problems associated with
shers only using bleach early in the day to catch spiny lobsters.
mploying the swab test in the field has the added advantage that
ther fishery and boating regulations could be enforced simul-
aneously, such as the taking of undersized lobster, egg-bearing,
r molested lobster (pleopods removed to disguise egg bearing
emales).

One of the unusual findings of our study was that bleach
as detected for longer periods in the field than the laboratory

rials. All lobsters exposed to bleach in the field tested posi-
ive up to eight hours after exposure, while in the laboratory,
nly 43% of the exposed lobsters tested positive after the same
ime period. Reduced detectability in the laboratory is likely
o have been a function of the size of lobsters used in the tri-
ls and hence, the carapace surface area available for repeated,
wo hourly swab tests. On average lobsters in the laboratory
rials were smaller (77.7 mm ± 2.53 s.e. CL) than those used in
he field trials (103.9 mm ± 2.21 s.e. CL). This was supported by
ur analysis of bleach detectability for laboratory tested lobsters
arger and smaller than the legal minimum size of 83 mm CL.
he analysis indicated that larger lobsters (≥83 mm CL) retained
leach on their carapace for a longer time than undersized indi-
iduals (<83 mm CL) in the laboratory trials. Of the treated
obsters greater than the minimum legal size, all tested positive

o bleach at six hours after exposure, 83% at eight hours, with
rapid decline in bleach detectability soon thereafter (Table 1).
hese percentages are more aligned with the field trials where
00% tested positive at eight hours after exposure, followed by a
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apid decline soon thereafter (all lobsters in the field trials were
arger than 83 mm CL). Given that lobsters under the minimum
egal size will be seized and retained by fishery officers with a
ossible prosecution being brought against the fisher, the differ-
nce between our laboratory and field trials, in terms of bleach
etectability over time is not considered problematic.

Chlorine bleach detection kits, containing re-sealable con-
ainers of potassium iodide and starch-indicator solutions, with
ndividually packaged swabs are ready for immediate use in
piny lobster fisheries. The swab technique will be an effective
sheries management tool if used correctly and frequently. The
wab test will provide fishery officers with a powerful tool to
educe or eliminate the illegal use of chlorine bleach for harvest-
ng lobsters throughout the Bahamas and wider Caribbean. In
ddition, the test has the potential to be highly effective in detect-
ng bleach usage for a wide range of marine taxa and as such,
he success of this technique may have much wider ramifications
or illegal bleach fishing around the world.
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A B S T R A C T

The creation of Marine Protected Areas (MPAs) and MPA networks is increasing globally. This trend is reflected
in England's waters, where 34.7% of waters are protected. MPA network creation can displace activities (pri-
marily fisheries) that are thought to be incompatible with the habitats and species of conservation importance
that the network has been established to protect. There is also an obligation on the UK Government to ensure
that all of its waters achieve Good Environmental Status (GES) by 2020 under the Marine Strategy Framework
Directive. The designation of MPAs and the subsequent introduction of management measures that displace
activities may result in unintended impacts/consequences on protected benthic habitats or species within (a) the
MPA where management measures have been introduced, (b) other MPAs or (c) wider UK or international
waters. An incomplete understanding of the extent and type of fishing that is occurring within the MPA network
(and throughout English waters in general), coupled with a paucity of information regarding how fishing effort is
displaced as a result of MPA designation, may hinder the achievement of both GES by 2020 and MPA man-
agement goals. Better understanding of fishing effort displacement can inform the siting of future MPAs, aid
marine spatial planning and improve existing MPA management. To aid the better description and under-
standing of the various facets of fisheries effort displacement, this paper proposes for the first time a structure to
differentiate the types of fisheries displacement. Measures to mitigate the consequences of displaced fishing
effort are also identified.

1. Introduction

1.1. The MPA network in England – moving from designation to
management

The concept of Marine Protected Areas (MPAs) has gained promi-
nence in the dialogue on marine conservation and fishery management
since the early 1990s. Agenda 21, which urged coastal states to main-
tain biological diversity and productivity of marine species and habitats
under national jurisdiction, was adopted at the 1992 UN Conference on
Environment and Development (UNCED). This international instrument
and others, including the Convention on Biological Diversity (CBD) [1]
and the World Summit on Sustainable Development (WSSD) [2] in
Johannesburg, 2002, encouraged the designation of protected areas. As
a signatory to the CBD and the Oslo and Paris Convention (OSPAR) [3],
which requires contracting parties to establish an ecologically coherent
and well-managed network of MPAs across the North-east Atlantic by
2016, the UK is obligated to achieving this.

The establishment of a comprehensive, effective and coherent MPA

network within England inshore and offshore waters1 [4,5] is well
underway with 132 sites (Table 1) [6] being designated representing
34.7% and 79,682.6 km2 of these waters. In England, the MPA network
comprises Natura 2000 sites (consisting of Special Areas of Protection
(SPAs) and Special Areas of Conservation (SACs)) as well as Marine
Conservation Zones (MCZs) and Sites of Special Scientific Interest
(SSSIs) – although this designation type makes a limited contribution to
protecting intertidal habitats. Additional MCZs (called Tranche 3 sites)
are currently being considered as are boundary extensions to existing
SAC and SPAs.

One of the activities with the greatest potential to damage features
designated for protection is fishing. As such, management of fishing
activities may be required. The development of management measures
for MPAs is now underway.

1.2. Fisheries management in England and the provision of conservation
advice

The regulation of marine fisheries in England is ultimately the

http://dx.doi.org/10.1016/j.marpol.2017.07.007
Received 23 November 2016; Received in revised form 11 July 2017; Accepted 11 July 2017

1 Inshore waters are 0–12 nm from baselines as set out in The Territorial Sea (Baselines) Order 2014. Offshore waters are 12–200 nm and extend out to the limits set out in The
Exclusive Economic Zone Order 2013.
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responsibility of the Government's Department for Environment,
Food & Rural Affairs (Defra), which superseded the Ministry of
Agriculture Fisheries & Food (MAFF) in 2002. Defra delegates reg-
ulatory responsibilities to the Marine Management Organisation
(MMO), which licences commercial fishing boats, and ten Inshore
Fishery and Conservation Authorities (IFCAs) who regulate the waters
within their districts (0–6 nm) through local byelaws and other man-
agement measures [7]. The Marine and Coastal Access Act (MACAA)
not only established the IFCAs and the MMO but provided the me-
chanism with which to designate MCZs and to develop marine plans
throughout English waters [8].

Conservation advice is provided to the fishery regulators in England
by two Statutory Nature Conservation Bodies (SNCBs). The first,
Natural England, acts as the Government's advisor for inshore waters
(and in English waters out to 200 nm for offshore renewable energy).
The second, the Joint Nature Conservation Committee (the umbrella
body through which the four national SNCBs deliver their statutory
responsibilities for the UK as a whole), provides advice from 12 to
200 nm.

1.3. Fisheries structure and distribution of fishing effort in England

In England in 2015 the fishing industry had 3139 registered fishing
vessels, of which 2598 were less than 10 m in length. Although not all
active, the number of smaller vessels in the English fishing fleet is in-
dicative of the scale and relative importance as a component of com-
mercial fishing in England. The landings of all species of fish and
shellfish into England by UK registered fishing vessels in 2015 were
101,000 t with a value of £161.3 million [9].

Information on the location of inshore fishing activity in England is
limited (as there is no statutory satellite monitoring of smaller vessels
(limited to vessels> 15 m length before 2012,> 12 m there-
after) although significant efforts have been made to fill this gap in
knowledge [10–12]. The activities of fishing vessels> 12 m that have
Vessel Monitoring Systems (VMS) have to be inferred from positional
and course and speed data. There is no requirement to have fishing gear
deployment sensors integrated to the VMS.

1.4. The blue belt v blue growth

There is a commitment at both a European and a national level to
drive economic growth in the marine environment; this is termed “blue
growth”[13]. The UK government is also committed to developing a
“blue belt”[14] in England, which in essence equates to development of
an ecologically coherent MPA network. Therefore the challenge is to
balance economic growth against a backdrop of increasing environ-
mental protection. While the two aims are not mutually exclusive,
achieving sustainable development of England's coastal waters will be
challenging due to the many competing demands for marine space.

The current impact assessments conducted during MCZ designation
(required under the MACAA) do consider some socio-economic aspects

of displacement but they do not provide for a fuller ecological assess-
ment of the impact that introducing an MCZ will have if fishing effort is
merely displaced, and issues arising from that displacement remain
unaddressed. Clearly there is a need to take a more holistic approach to
assessing and mitigating fishing effort displacement.

1.5. Why fishers fish in the way they do

Most economic models of fisher behaviour – both theoretical and
empirical – are based on the general premise that the key objective of
the individual fisher is to maximise their individual profits from fishing.
Profit-maximising behaviour does not necessarily mean that fishers
obtain the highest level of profits possible. Instead, they respond in a
way that would potentially increase their individual profitability. For
example, fishers will switch gear if the benefits from the use of an al-
ternative gear exceed the benefits of the current gear and the costs of
switching gear (by way of example, such switches in gear could grant
them access to areas from which they are currently excluded or they
could be allocated additional quota). Similarly, fishers will not go to sea
if the expected revenue from the catch does not cover the fuel and other
running costs associated with the trip (as doing so would reduce their
profit [15]). Fishers may, however, engage in marginal or unprofitable
activities for the purpose of developing or maintaining a track record of
fishing a particular species or area.

A number of alternative hypotheses have been proposed to explain
fisher behaviour. In particular, personal habit has been thought to be
characteristic of fisher behaviour [16,17]. That is, fishers are assumed
to prefer to fish in the same areas with the same gear year after year.
Similarly, Shepherd and Garrod [18] and Placenti et al. [19] assumed
“inertia” existed in the fishery, with major improvements being ne-
cessary to encourage fishers to change their behaviour. In some studies,
this “habit” or “inertia” has been linked to risk aversion [20]. That is,
fishers are assumed to prefer to go where they know the likely outcome
rather than try somewhere new, where the outcome is generally un-
known. However, while habit, inertia and risk aversion may influence
fisher behaviour in the absence of any changes in their regulatory,
economic or natural environment, any disruption to this environment is
likely to result in a response based on the economic incentives that

Table 1
The extent of Marine Protected Area coverage in England inshore and offshore waters as of May 2017 (JNCC 2017).2

Total area
(km2)

Total Marine Protected Areas* Special Areas of Conservation with
marine components

Special Protected Areas with
marine components

Marine Conservation Zones
Tranche 1 & 2 **

No. Area km2 % No. Area km2 % No. Area km2 % No. Area km2 %

English inshore +
offshore waters

229,779.2 132 79,682.6 34.7 39 57,853.2 25.2 43 8233.1 3.6 50 20,424.2 8.9

English inshore
waters

51,716.0 117 20,727.2 40.1 34 14,863.1 28.7 43 7864.4 15.2 40 3982.9 7.7

English offshore
waters

178,063.2 24 58,955.4 33.1 9 42,990.1 24.1 1 368.7 0.2 14 16,441.3 9.2

2 The total MPA values* do not include the contribution of Sites of Special Scientific
Interest. These statistics should not be used as a direct indication of seabed protection as
they include mobile species MPAs (such as harbour porpoise SACs) which direct pro-
tection at species in the water column and not at the seabed. Note however that the
Conservation Objectives for the harbour porpoise SACs include reference to the protection
of habitats on which the animals are dependent. All of these statistics are based on the site
boundaries of MPAs and therefore assume that all of the area within an MPA is protected.
In practice, protection may only be given to individual features or management zones
within the site and not the entire extent of the site. These statistics therefore overestimate
the true areal extent of MPA protection. MPAs can overlap each other, especially between
designation types but also within designation types in exceptional cases. The 'Total MPAs'
columns account for all of these overlaps. ** The eleven Isles of Sicily MCZs are treated as
one site.
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exist.
Fishers may be assumed to be making choices that mean they are

already fishing in the most efficient manner and location for their in-
dividual circumstance. Fishers may be pushed into improving gear se-
lectivity or directed towards alternative fishing grounds (to avoid choke
species3) to ensure that they are able to comply with the Landings
Obligation (LO) (more commonly referred to as a discards ban) in-
troduced on 1 January 2015 and 2016 (for pelagic and demersal species
respectively) under the reformed Common Fisheries Policy (CFP)[21].
Altering the fishing opportunities available to the fishers will inevitably
cause conflict and introduce economic inefficiencies. Whilst this may be
considered a bleak view, this is predicated on the fact that (a) fishing
opportunities are a limited commodity, and (b) there is already sig-
nificant latent capacity across many sectors in the fleet [22]. Devel-
opment of alternative options for fishers to progress, such as aqua-
culture operations as advocated through blue growth [13], may lead to
further displacement by excluding fishers from areas identified for
aquaculture infrastructure/operations, leading to the subsequent con-
centration of existing fishing operations and impacts.

This paper aims to provide the reader with an understanding of the
various facets of fishing effort displacement in the context of a rapidly
expanding MPA network in England. It sets out the regulatory bodies
that are responsible for assessing fisheries displacement in England and
the legislative requirements for displacement to be assessed. This paper
uses an existing definition of fishing displacement and expands on this
to provide a framework that can be used to better describe fishing effort
displacement. The paper then sets out the potential environmental
implications of this displacement before suggesting management solu-
tions.

2. Fisheries displacement

2.1. What is fishing displacement?

McLeod [23] defined displacement as: “the changes in fishing beha-
viour and patterns that could occur in response to new management

measures”. Changes in fishing behaviour could be “the adoption of a new
fishing method, or target species, or stopping fishing ”, whereas changes in
fishing pattern could be “moving to other fishing grounds near or far”.

2.2. Fisheries management in England and the consideration of fisheries
effort displacement

In England, all competent authorities must undertake a formal as-
sessment (Habitat Regulations Assessment - HRA) of the implications of
any new plans or projects which are capable of affecting the designated
interest features of Natura 2000 sites before deciding whether to un-
dertake, permit or authorise such a plan or project. The requirement for
HRAs to be conducted is set out in The Conservation of Habitats and
Species Regulations 2010 [24], which transposes into English Law the
EU Habitats and Birds Directives [25,26]. Historically, the position in
England has been that many commercial fisheries occurring within
SACs/SPAs have not been routinely subject to HRA. Recently, Defra
announced a change in its approach to the management of fisheries
activities within Natura 2000 sites [27], and fisheries are now generally
interpreted as a plan or project. Under this approach, action was taken
(and is ongoing) to manage fishing activities within Natura 2000 sites
where there was evidence (that may be inferred from other studies from
which there may be good evidence of a likely effect) that these activities
were incompatible with achieving the Conservation Objectives for the
protected area (for a detailed description of the process, see: Clark
2017 [7]). The outcome of this project will be a step change in the
management of fisheries and their impacts on protected species and
habitats. For many sites, fisheries management measures have already
been, or are expected to be, introduced that will restrict the temporal
and spatial exploitation of fisheries.

2.3. Fisheries displacement and the European dimension

At present, Defra, on behalf of the UK Government, in its submission
of Joint Recommendations,4 recognises that effort may be displaced and
there may be associated impacts. This submission is based on guidance
developed by the European Commission [28]. Displacement is one of
eleven topics Joint Recommendations are expected to address, although
limited evidence has enabled only very rudimentary consideration of
displacement effects.

The definition developed by McLeod [23] provides a good starting
point for displacement discussions and a model to build upon; however,
the interpretation of fisheries displacement deserves further con-
sideration to start to fill the existing guidance void for managers.

2.4. Elements of fishing effort displacement

Fig. 1 illustrates various potential pathways for fishing effort dis-
placement from a spatial perspective; the coexistence of fishing and
protected species in the same area at the same time should also be
considered. Fishing effort can be altered in several ways in response to
MPA management.

1) Fishing pressure is removed from the system entirely either per-
manently (e.g. removal of licence/permit/authorisation completely
from the vessel) or temporarily (with the vessel being laid up and
the associated licence becoming dormant, i.e. becoming latent ef-
fort).

2) There is the substitution of effort by the existing fishing fleet. In
other words, a change in fishing practice within the site, e.g. fishers
change their gear type – i.e. from mobile to static gear – but still

Fig. 1. Potential effort displacement pathways resulting from management measures that
dictate that fishing type A is incompatible with the species and habitats protected within
Marine Protected Area 1.

3 Fish species for which quotas are so limited relative to local or general abundance
that the imposition of a landing obligation in a mixed fishery is liable to result in fishing
vessels having to cease operations well before they have caught their main quota allo-
cations.

4 A Joint Recommendation is a scientific and technical information package that is
required by the European Commission when Member States request fisheries manage-
ment measures to be introduced under the CFP (Regulation No 1380/2013 - Article 11).
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fishing broadly the same grounds.
3) Expansion of other fishing effort already occurring within a site that

fills the area vacated by the fishing activity that was incompatible
with the protected features. There is transference and potential
intensification of fishing effort where the original fishing pressure
exerted within a site is relocated outside of the site (due to an un-
willingness or inability of fishers to change gear types or species
targeted to enable fisheries to continue within the site).

4) There may also be the introduction of new fishing activities that do
not already occur within the MPA (cf: expansion) that may backfill
the opportunities vacated by the original fishing pressure e.g. static
gears replacing mobile gears.

2.5. The potential implications of fishing effort displacement

Where there is substitution of fishing effort (a change in the gear
type used or the species targeted) within an MPA, the new fishing ac-
tivities and the pressures they exert may: (1) interact with the same
habitats and species of conservation importance in a different manner;
(2) exert pressure at a different stage of the species’ life history; (3)
interact with other species or habitats that the protected species relies
upon or interacts with (predator–prey relationships or ecosystem ser-
vices such as shelter); or (4) interact with other protected species or
habitats within that site.

Transference and potential intensification of fishing effort into other
MPAs may potentially expose protected species and habitats to pres-
sure. Similarly, the fishing effort may now be directed in such a way
whereby species or habitats sensitive to the pressure but outside of the
MPA network become exposed; these areas could currently be lightly or
unfished. Certain areas, thus far less fished, may attract effort [23]in
response to the constraints on other areas with the potential risk of
increasing fishing impacts on more pristine seabed habitats that have
similar sensitivities to the fishing pressures [29]. This may result in
unintended consequences for the marine ecosystems by increasing the
mortality of other species or other fish life stages [30]. In the worst
cases, this can lead to depletion of certain stocks and biological re-
sources [31–33].

It is worth noting that fishers largely operate in such a way to
maximise their returns. Therefore, if they are targeting species within
the MPA network and now have to target them elsewhere, this may in
turn lead to increased conflict with other marine users and fishers (for
example, demersal trawling competing with potting grounds).

Indeed, if fishers are displaced from the areas that are the most
efficient to fish, they may have to fish more intensively to maintain
catch rates or profitability against increased costs such as fuel [23] from
greater steaming time. Consider the following example. A beam trawler
with a quota for plaice (Pleuronectes platessa) exhausts its quota in five
days sweeping an area of 5 km2. If displaced, the fisher may have to
sweep the new ground more intensively to utilise their quota. The result
of this is that habitats/species outside of the MPA network that were
not previously exposed may now be exposed to greater pressure. This
intensification of fishing effort within the wider seas may potentially
undermine progression toward Good Environmental Status as required
under the Marine Strategy Framework Directive [34]. Ideally, to avoid
this, effort should be taken out of the system to retain the sustainable
balance or at the very least to promote diversification of other less
impacting gears so as to relieve the pressure on the habitats/species. A
push towards the intensification of effort exerted by fishing activities
will likely drive technological change, and future efficiencies in op-
eration may lead to future increased pressures on both stocks (princi-
pally those that are not managed by quota or to Maximum Sustainable
Yield (MSY)) and the wider marine environment. As with all manage-
ment actions, there may be unintended consequences.

A possible result of designating MPAs inshore is that effort will be
displaced offshore. This may result in the development of larger, faster,
more capable vessels that can exert increased fishing pressure on the

available resources. This could lead to existing quotas being taken up
more quickly, with fishers then focusing their effort on other stocks and
areas. In essence, a negative feedback loop could be introduced, i.e.
stocks in general are exposed to increased effort and associated habitats
are subjected to increased exposure to fishing impacts. Therefore, there
may be a requirement to alter future quotas to reflect the implications
of spatial closures to mitigate against adverse effects.

Pushing smaller and often single-handed inshore fishing vessels
further offshore can also increase the risk of accidents (increased ex-
posure to poor weather, greater transit times and therefore longer
working days). Fishers will also have to contend with an increased
emergency response time in the event of an accident.

3. Management solutions

3.1. Understand the magnitude of the potential problem

There is a requirement for marine planning authorities/UK admin-
istrations to further the understanding of displacement issues within the
marine management community as set out within the UK Marine Policy
Statement [35]. There is also an imperative to understand current and
potential fishing displacement. This understanding is required so that
fisheries managers can work collaboratively to prevent an influx of
fishing gear/methods as fleets are displaced from historically favoured
grounds. (Notwithstanding Natura 2000 sites, in most instances MCZs
were selected largely to avoid the most fished/valuable areas. In ad-
dition, management measures typically take the form of effort/zonal
management which is designed to minimise the impact on fishers.)

It is unlikely to be appropriate to use emergency byelaws to manage
displaced/replacement fishing effort (particularly within the MPA the
original effort has been displaced from), as in some circumstances these
may be regarded as foreseeable.5 Were this to be the case, the use of
emergency byelaws could be deemed ultra vires. The implication of this
is that byelaws will have to be developed through the regular process,
which can be time-consuming, during which impacts on protected
features may continue, or the use of Statutory Instruments to prevent
damage will have to be explored. It is therefore advisable to consider
the implications of effort displacement at the same time as developing
management measures. However, it is imperative to document the
consequences of management once in place, to enable regulators/ad-
visors to refine measures to meet Conservation Objectives.

To this end, it is recommended that (1) an overarching regional-
seas-scale assessment is conducted of the degree to which fishing effort
has been displaced to date as a result of the designation of an MPA
network within English waters and (2) a site-specific assessment forms
an integral component at the point when management measures are
being identified. Where effort displacement/substitution impacts are
envisaged, then appropriate mitigation strategies should be explored
within the assessment.

It is suggested that the assessments are compiled or commissioned
by Defra (governing body) with input from the IFCAs, MMO (man-
agement bodies), and the Centre for Environment, Fisheries and
Aquatic Science (scientific advisor), whereby the expected displace-
ment is identified and the impacts are ascertained in conjunction with
appropriate SNCB.

3.2. Removal of effort from the system so that it does not continue to exert
pressure

The arbitrary and/or compulsory revocation of fishing licences is
legally and politically unattractive in England. The removal of active

5 Section 157(2)(b) prevents an IFCA introducing an emergency byelaw without the
consent of the Secretary of State if the circumstances could have reasonably been fore-
seen.
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fishing licences would also be considered the antithesis of blue growth.
However, significant vessel decommissioning schemes were used
throughout the 1990s and early 2000s to reduce the capacity within the
English commercial fishing fleet to bring capacity more in line with the
available quota. This decommissioning was conducted for fisheries
management rather than environmental management purposes. Whilst
there is little desire to revisit decommissioning schemes for solely
fishery management purposes (the schemes were only partially suc-
cessful in reducing capacity – much of the money received from de-
commissioning vessels was spent on upgrading existing vessels or on
commissioning new, more capable vessels [36]) – there is no impedi-
ment, other than cost, to introducing a decommissioning scheme tar-
geted at displaced vessels on environmental grounds. The removal of
effort is further complicated because one should not consider a vessel to
be the fishing effort in itself, but the fishing licence and any quota or
access rights associated with it, as these provide the ability of a vessel to
access fishing opportunities and these can be moved from one vessel to
another in many cases.

Because the MCZ designation process requires the socio-economic
impacts of designation and not subsequent management to be taken
into account (although some basic assumptions were made in the MCZ
Impact Assessments), it may be that through analysing attributable
displacement/substitution it becomes clear that there will be significant
impacts both economically and environmentally as a result of the dis-
placement. It may therefore be advantageous to remove effort from the
fishery voluntarily through the recovery of fishing licences/permits
using financial incentive schemes, whilst at the same time introducing
legislation that prevents future incursion into particular areas by new
vessels. It is recognised that government may be wary of this in case this
implies that compensation should be paid for the removal of the right to
fish; however, the right to fish in general is not being extinguished,
merely the location that a fisher can legitimately fish.

The proposal above is potentially possible because the UK has re-
cently agreed its operational framework for the provision of funding
under the European Maritime and Fisheries Fund (EMFF)[37]. Further
exploration of the ability to use the fund as above is warranted.

3.3. Support appropriate substitution

Substitution activities may be appropriate and compatible with the
Conservation Objectives of the MPA if they are considered in a proac-
tive manner. The introduction of the LO and the requirement for fish-
eries to reduce the levels of discarding is leading to significant devel-
opments in fishing gear technology and techniques. The EMFF
operational programme for the UK has been developed to support ap-
propriate changes to fishing practices. A key tenet of this funding
stream is the support for fishers to adopt more environmentally benign
activities; therefore, there may be scope to support appropriate sub-
stitution of fishing activities – this could be explored at both an in-
dividual and a fishery level.

Substitution of fishing effort within Natura 2000 sites would be
subject to HRA and potentially appropriate management measures, e.g.
effort caps as well as spatial and temporal measures, to ensure that the
new fishing effort would be compatible with the interest features of the
site.

However, there has been a recent trend of reducing the ability of
fishers to change target fisheries, i.e. from finfish to shellfish (driven by
concerns regarding the status of these stocks and the pressure being
exerted upon them – these stocks are already exposed to significant
levels of latent effort)[22,38,39]. The drive to ensure sustainable
fishing of finfish and basing quotas on pressure stocks around MSY may
have pushed fishing effort into activities that exert greater impact on
the seabed, i.e. scallop dredging. This curtailing of fishers’ ability to
change between fisheries is due to the categorisation of commercial
fishing licences, whereby fishers may or may not have shellfish enti-
tlements attached to their white fish licences. However, securing some

degree of fishing effort substitution may be the best approach if com-
patible with the MPA objectives. This issue is further compounded as
fishers exploring substitution as an option at present are likely to en-
counter problems, especially if they lack are required to provide evi-
dence of a historical track record of fishing either within a particular
area or for a particular species, but they cannot do so.

Relative stability6 and national allocations of quota species may also
hinder the ability of fishers to diversify. By enabling and/or promoting
appropriate substitution, fishers are able to maintain their connection
with the area, thus providing continued employment and social stabi-
lity. Where displacement forces fishers to exploit new areas with which
they lack a historic connection, then fishers may be less inclined to take
a stewardship view of the resources that they are targeting, as they will
be concerned with maximising their income because of additional or
new costs to their operation as they adapt techniques, relocate their
shore-based activities or increase expenditure on fuel [40–43]. Where
fisheries are forced into more nomadic fishery practices rather than
new, but fixed, areas, the stewardship connection may become further
weakened.

To promote effective substitution of activities (changes in gear
type), lessons should be learnt from recent offshore industry develop-
ments, in which significant attempts have been made to deliver the co-
location or co-existence of activities, i.e. offshore windfarm installations
and commercial fisheries. It was initially thought that the co-location of
these activities was not feasible; however, over time and through the
use of improved technology and liaison with developers, fishers have
gained the confidence to fish between structures.

Over time, the profitability of vessels might be reduced (from higher
costs or altered catch rates, and constant fish prices) and the adaptive
capacity of the fishing sector impaired, forcing fishers to leave the
sector. Knowledge is still limited on how fishers react to the various
constraints such as area restrictions, increased fuel expenses, and
changed stock distribution and dynamics. Enhancing our knowledge of
these dynamics is an important step in predicting the economic and
ecological impacts of fishing displacement [43–48]. One way of
achieving this would be to promote monitoring efforts that enable the
displacement from existing (and soon to be implemented) management
measures to be discerned.

3.4. Proactively prevent substitution through the release of latent effort

For substitution of fishing effort to occur in a controlled manner, the
issue of latent effort must be tackled. Defra [22,38] consulted on the
subject of reducing unused licences (latent capacity) in the English
10 m and under fishing sector. The response [39] highlighted that
government were of the opinion that latent effort required addressing,
and in the short term a decision has been made to proceed with tem-
porary restrictions on licences for quota species and a temporary sus-
pension of shellfish entitlements. If the issue of latent effort is not ad-
dressed, it will be more difficult to assist active fishers to change their
fishing operations if they then have to compete with latent effort po-
tentially being released and competing for access to areas where fishing
is allowed. The response highlighted a previously made commitment to
work with industry on any suggestions or proposals for an industry-
funded decommissioning scheme. This would suggest that there is scope
to further explore the use of the EMFF to address displacement impacts.

3.5. Invest in co-management institutions

As the introduction of management measures for sites gains

6 Total Allowable Catches (the amount of a particular commercial fish or shellfish
species can be caught which have been derived from scientific analysis and/or political
agreement) are shared between EU countries in the form of national quotas. For each
stock, a different allocation percentage per EU country is applied for the sharing out of the
quotas (national allocation). This fixed percentage is known as the relative stability key.
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momentum, it is imperative that appropriate co-management oppor-
tunities/institutions are supported and provided with adequate re-
sources to allow meaningful engagement. Successful co-management
and, by extension, effective application of the outcomes approach7[44]
is very resource intensive and often iterative, with feedback loops al-
lowing learning and adaptation to take place. These institutions need to
be active listeners and effective communicators, with managers taking
an enabling role in encouraging collaboration and conflict resolution
between different stakeholder groups. The most appropriate organisa-
tions to do this within England are the IFCAs and the MMO. It is clear
that managing displacement is not only about managing the environ-
mental implications of displacement but also about conflict manage-
ment. The marine environment is a very busy place, with many dif-
ferent sectors vying for the same space. In some instances there are
opportunities for co-location, but in many cases the activities taking
place are mutually exclusive – this applies not only to fishing type A and
fishing type B, but also fishing and other sectors. In the best case sce-
nario there may be opportunities for activities that were previously
excluded from an area used for fishing to move (back) into that area.

3.6. UK Marine Policy Statement, Marine Spatial Planning and marine
licensing

Expanding the use of marine plans may help address some elements
of fishing effort displacement. The UK Marine Policy Statement [35]
specifically mentions displacement and need for authorities to consider
it:

3.8.10 Marine plan authorities should consider the potential social
and economic impacts of other developments on fishing activity, as
well as potential environmental impacts. They should, for example,
have regard to the impacts of displacement and whether it is pos-
sible for vessels to relocate to other fishing grounds. They should
also consider the potential impacts of this displacement on the
viability of fish stocks and on the marine landscape in the alter-
native fishing grounds. They will also wish to consider and measure
the impacts on local communities of any reduction in fishing ac-
tivity, redistribution of fishing effort or associated impact on related
businesses as the result of a marine development. Marine plan au-
thorities should engage with other regions to where activity is dis-
placed to ensure that a comprehensive picture of impacts is devel-
oped and unintended consequences are avoided. Wherever possible,
decision makers should seek to encourage opportunities for co-ex-
istence between fishing and other activities. Inshore Fisheries
Groups in Scotland and Inshore Fisheries and Conservation
Authorities (IFCAs) in England will be expected to participate fully
in wider marine planning. …………..

There appears to be a presumption within the Marine Spatial
Planning (MSP) regime that fisheries can occur throughout UK waters
unless direct management interventions restrict their access. Neither
MSP nor associated marine licensing (in particular of large infra-
structure projects) considers in depth the implications of displacing
fishing effort on the marine environment. Because fisheries are de-
pendent on fish habitat and fisheries resources are variable in
space [45], spatial restrictions due to MSP may lead to closure of highly
productive marine areas or preferred fishing grounds, exacerbating the
magnitude of effort displacement [46].

Given that the management structures to implement fishery man-
agement plans are already in place, they may provide a more cost-ef-
fective way of minimising the overall environmental impact of fishing
than MPAs in many circumstances. The identification and management

of core fishing grounds in a spatial planning framework is also a ‘bigger
picture’ approach, which considers the impacts of fisheries on the
overall state of the environment rather than local environmental gains
that might be achieved in MPAs despite costs elsewhere. The challenge
will be to combine fisheries management and MPA management
through the use of MSP to identify and secure access for fishers to key
fishing grounds, as well as identifying those areas to avoid, and then
manage both in a more co-ordinated manner [47–49]. Whilst this is
likely to be initially very challenging, this may provide a long-term
mechanism to reduce conflict and subsequent fisheries displacement.

4. Conclusions

In England, MPAs of all designations are recognised as multi-use
sites. There is no imperative for MPAs to be exclusive of fishing activ-
ities, merely that the fishing activities that occur within them are
compatible with the conservation goals of the habitats and species for
which the sites are designated. Where this is secured as an outcome, this
will help achieve blue growth but in a sustainable manner. However, it
is clear that as there is a shift in focus from designation to the man-
agement of MPAs (as the network of MPAs is nearing completion), the
opportunity to develop a strategic assessment framework that predicts
the degree of potential fisheries displacement from the MPA network
has been missed. The focus of managers should therefore be on asses-
sing the spatial and temporal changes to fishing practices that have
resulted from the introduction of management measures to date to
better understand the implications of introducing MPAs and their
management on both the environment and the fishing fleet. This un-
derstanding should aid in future management of MPAs as this will lead
to reduced conflict between stakeholder groups and increase buy-in to
the objectives of the MPA. This information should also help regulators
consider and manage fishing activities that impact the marine en-
vironment outside of the MPA network. This understanding, when
coupled with the development of a fishing effort displacement assess-
ment template that managers can use, will assist in securing the long-
term sustainable management of the marine environment. Increased
understanding of how fishing effort displacement can occur and the
likely outcomes from introducing MPAs and subsequent management
can be used in the location analysis for future MPAs – although this
information may have greater utility to countries that do not yet have
extensive MPA networks in place.

The need for management tools that can identify fisheries dis-
placement and the potential problems that arise from it, along with a
clear framework of how these problems can be addressed, is required
not only in England but also in any nation that is designating MPAs.
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Abstract
Rarely is the strong link that exists between Marine Spatial Planning (MSP) and Marine Protected Areas
(MPAs) explicitly recognised. MSP is the process by which the use of marine space is identified and used to
inform development decisions made by regulators. Marine areas that are important for marine conservation/
ecology form one of the most common data layers within marine plans. Some of these marine areas will be
formally adopted/designated and have legal protection as MPAs; other marine areas may be protected
culturally or through informal agreements. Where MPAs do not exist, marine plans can aid in the identifi-
cation of areas where they could be sited optimally (taking into account environmental, social, economic and
political considerations). MPAs and marine plans are generally based on current information, be it habitat/
species distribution or marine uses; however, both marine plans and MPAs may be used as tools to drive
future sustainable use of the marine environment. This requires recognising existing uses and identifying how
these uses may be affected by climate change, economic development, marine users’ social licence to operate
and also how the government of the day sees the future use of its seas.

Keywords:
Marine protected areas; MPA; Marine spatial planning; MSP; Dynamic ocean management; Real time closures;
Real time incentives; Co-location; Fishing effort displacement; Ecologically coherent network.

Introduction

Whether you consider yourself a practitioner (conservation ecologist, philanthropist,
funder, manager, government advisor or regulator) in Marine Protected Area (MPA) man-
agement or a marine spatial planner, at the heart of your work will be the identification of
particularly important or valuable marine space and the management of activities within
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it. Such management may include the proactive allocation of activities within that space so
that marine space is used in the best way to deliver all of the activities that occur within
the marine environment along with environmental protection to enable the continued and
sustainable use of that marine space.

The terms Marine Spatial Planning (MSP), maritime spatial planning and marine planning
are used interchangeably by many practitioners. Marine planning can be thought of as the
general process of understanding marine spatial use whereas marine spatial planning can
be thought of as the actual development of plans and policies that set out how marine space
is to be used. Although there are subtle differences in the definitions, for the purposes of this
chapter, the authors use the term marine spatial planning with the following definition - the
identification of marine natural resources and the current and potential use of those
resources, and the allocation of marine space through a formal framework.

AlthoughMSP underlies the identification of sites important for conservation and influences
the design of future MPAs, professionals from the MPA andMSP domain rarely work together.
This chapter is aimedatpractitioners andattempts tohighlight themyriadways that the two sub-
ject specialisms canwork hand-in-hand to deliver more for themarine environment. At themost
basic level, effective MSP can ensure that new MPAs are sited appropriately and that MPA
network outcomes are better delivered.

The drivers behind MPA designation and MSP adoption

Whereas the impetus for the designation of MPAs can generally be easily defined (in many
cases this is derived from international commitments), the drivers for MSP will vary from
country to country. MSP may be used as a mechanism to deliver blue growth or an ecosystem
based approach to management (Santos et al., 2014). MSP may be used to proactively identify
suitable areas for MPA designation (Smith et al., 2008) or for the allocation of space for ma-
rine industries such as offshore wind energy (Azzellino et al., 2013). In some cases, the drivers
for MSP may not be well defined (Collie et al., 2013; Foley et al., 2010). The United Kingdom
(UK), for example, has an explicit Marine Policy Statement (MPS) (2011) that sets out the gov-
ernment’s vision and expectations on how the marine environment should be used and pro-
tected. A comprehensive marine planning system in England is being developed to
implement the MPS; however, the MPS provides little in the way of direction, or ranking
or hierarchical guidance in how marine space should be used. This lack of clarity makes it
difficult to determine the effectiveness of marine plans once they are developed and imple-
mented. The Netherlands takes a very different marine planning approach compared with
England, in that five strategic and hierarchical elements are set out which implicitly establish
winners and losers in the race for marine space (Vaughan, 2018).

MSP is also used within the context of large, multiple-use MPAs to accomplish zoning, by
which particularly important and sensitive marine areas are strictly protected. A good
example of this is the Great Barrier Reef Marine Park in Australia, which, through its repre-
sentative areas program, accomplished a zoning plan across its 345,000 km2 expanse (an area
roughly the size of Japan) (Fernandes et al., 2005).

In the developing world, MSP is commonly used to identify areas for new MPA desig-
nation, or for protected zones within a marine plan that become somewhat analogous to
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MPAs. In Belize, for instance, scenario planning and trade-off analysis has led to the iden-
tification of coastal and marine areas of particular importance (Verutes et al., 2017). These
areas are then afforded extra protections in coastal management. In Rodrigues Island in the
Indian Ocean, MSP specifically for the aim of maximising conservation benefits has been
employed to identify various types of MPAs (Pasnin et al., 2016). In South Africa, a partic-
ipatory planning process has led to the recent establishment of an extensive network of
MPAs (Mann, 2018).

Differing approaches to marine planning can be traced back to the social, political, cul-
tural and legal constructs of a country, the strategic importance of a country’s maritime
space, the economic value of the resources within that marine space, the current and
historical use of that space, and the extent of a country’s marine space, as well as the
financial resources and technical ability that a country has to map and manage its marine
space (Cormier et al., 2018). Whether marine plans provide benefits to the marine environ-
ment depends on what the plan was intended to achieve and how the plan is implemented.

The importance of scale and management response

The requirement to manage our marine environment in a holistic manner, focusing not
only on those areas of sea that fall within MPAs but also on the wider seas, is now widely
understood and essential with widespread impacts of human pressures (Ehler and Douvere,
2009; Agardy, 2010; Ardron et al., 2008; Halpern et al., 2008, 2015). Our seas are intercon-
nected, with fish, marine mammals and seabirds moving vast distances between breeding,
nursery and feeding areas. We understand the importance of ocean gyres in entraining
and also dispersing marine larvae. We also understand that the interconnectedness of our
seas and oceans means that no one country is able to manifestly improve the health of the
seas, yet each country has the ability to damage this global resource.

Collective action can be taken by governments to minimise the dangers of unregulated use
or poor management. In many regions of the world, collaborative frameworks are adopted,
such as that taken by those Member States of the European Union (EU) through the Marine
Strategy Framework Directive (MSFD) (2008).

The EU has mandated that EU maritime member states develop marine plans through the
implementation of the EU Maritime Spatial Planning Directive (2014a). Indeed, marine plans
form one of the key measures that countries will rely upon to achieve Good Environmental
Status as required under MSFD.

At the regional seas level, countries that share a body of water have, in many cases, devel-
oped international agreements to set standards on pollution control and other marine man-
agement, share information on marine systems and their use, develop specific protocols on
marine biodiversity and habitat protection, and provide the framework for trans-boundary
cooperation. Regional Seas Conventions exist in the North Atlantic (Convention for the Pro-
tection of the Marine Environment of the North-East Atlantic or OSPAR Convention; this
came into force in 1998), the Baltic Sea (the Convention on Protection of the Marine Environ-
ment of the Baltic Sea; this came into force in 1992), the Mediterranean (the Convention for
the Protection of the Marine Environment and Coastal Region of the Mediterranean, or Bar-
celona Convention; adopted in 1995), the Caribbean (Convention for the Protection and
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Development of the Marine Environment of the Wider Caribbean Region; established in
1983), the West African region (The Convention on Cooperation in the Protection, Manage-
ment and Development of the Marine and Coastal Environment of the Atlantic Coast of
the West, Central and Southern Africa Region, ratified in 1984) and East Africa (the Nairobi
Convention for the Management, Protection, and Development of the Marine and Coastal
Environment of the Western Indian Ocean, entered into force in 1996), among others.
Regional Seas programs are administered through the UN Environment Programme
(UNEP) and help countries share information and build capacity to undertake marine plan-
ning and to manage their seas sustainably. Many of these regional seas have initiatives to un-
dertake MSP, and in the process perform gap analyses to detect what important marine areas
are missing from the suite of MPAs in that region.

At an even larger scale, collective action is needed to respond to the challenges posed by
global warming and associated sea level rise, ocean warming and acidification. Just as there is
a growing global realisation that we need to protect our seas at a macro level, there is a global
thrust for blue growth whereby counties look to develop and monetise their marine re-
sources. Countries seek to do this using the United Nations Convention of the Law of the
Sea (UNCLOS) (1982) to either establish or extend existing Exclusive Economic Zones
(EEZs). Commercial operations also look to exploit seabed minerals or fishery resources in
the high seas and the Area Beyond National Jurisdiction (ABNJ).

The ‘high seas’ comprises all parts of the sea that are not included in the EEZ, in the ter-
ritorial sea or in the internal waters of a State, or in the archipelagic waters of an archipelagic
State (UNCLOS article 86). The ‘Area’ is the seabed, ocean floor and subsoil thereof, beyond
the limits of national jurisdiction (UNCLOS Article 1).

The increasing demand for marine space within the ABNJ and the pressure that this de-
mand places on species, habitats and the ecosystem services that the marine environment
provides, require appropriate and effective institutions and the legal framework to ensure
the sustainable use of the marine environment. Although under both UNCLOS and the
Convention on Biological Diversity (CBD) (1992), nations are committed to preventing
harm to the environment and biodiversity beyond national jurisdiction, few countries have
developed assessment procedures or other oversight mechanisms to identify potentially
harmful activities under their jurisdiction or control (Ardron et al., 2008; Maes, 2008).

To put the current extent of marine protection in the ABNJ into context, 61% of the planet’s
ocean lies within this area (2018). Within this area there is limited effective protection of spe-
cies and habitats. Where there is management in place, this is often sectoral and directed at
activities such as shipping (e.g. the International Maritime Organisation) or fishing (e.g.
Regional Fisheries Management Organisations (RMFOs)) (Ardron et al., 2008; Blanchard,
2017). In the case of the RMFOs, their remit can vary widely. For some RFMOs, their stated
mandate is the management of a particular fish species such as tuna (Indian Ocean Tuna
Commission (IOTC)), while the mandate of others can extend to wider marine resources
within a particular region (e.g. Commission for the Conservation of Antarctic Marine Living
Resources (CCAMLRs)). This sectoral approach to managing activities and the pressures
from these activities within the ABNJ mirror the approach most commonly taken to manag-
ing these sectors within EEZs. And just as MPA designation and management seek to provide
protection for species and habitats inshore, this approach is also being advanced within
ABNJ. To date, 12 MPAs within ABNJ have been established e two in the Southern Ocean
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and 10 in the North-East Atlantic region e and more are proposed (Smith et al., 2017). The
Southern Ocean MPAs were adopted by members of CCAMLR whereas those in the
North-East Atlantic were established under the OSPAR Convention.

Recognising that MPAs alone within will not provide sufficient protection of the marine
environment, the UN adopted resolution 69/292 in June 2015 to develop an international le-
gally binding instrument under the UNCLOS on the conservation and sustainable use of ma-
rine biological diversity of ABNJ (2015a). The UN subsequently, in December 2017 through
resolution 72/249, decided to convene an intergovernmental conference in September 2018
to consider an international legally binding instrument under the UNCLOS on the conserva-
tion and sustainable use of marine biological diversity of areas beyond national jurisdiction,
with a view to developing the instrument with negotiations addressing measures such as
area-based management tools, which include MPAs (2017). And on 24 December 2017, na-
tions agreed to convene an intergovernmental conference, leading to a legally binding treaty
under UNCLOS for ABNJ protections that would be negotiated over two years. Time will tell
whether an adequately ambitious and integrated approach to management of the ABNJ is
agreed, subsequently developed, and adopted.

A brief history of MPA development

MPAs can trace their roots back to tenurial arrangements and taboos, through which com-
munity authorities decreed areas prohibited to fishing or other uses. Many of these marine
tenure patterns reflect an innate understanding that some areas of the sea are critical for
maintaining ocean health and productivity; for example, fish spawning sites form the base
for many taboo areas in Oceania. Fisheries managers started planning fishing closed areas
in the late 1950s with the specific aim of protecting stocks and enhancing fisheries production.
As protected areas on land began springing up all over the world, marine authorities began
to designate multiple-use MPAs, including Marine National Parks, and later, Marine World
Heritage sites. Modern MPAs were designated in large numbers beginning in the 1970s,
when Pacific nations began pioneering spatial restrictions to protect ‘the commons’ (this
was spurred by the first World Park Congress, held in Japan in 1975).

There are currently 15,334 protected areas covering 26,945,395 km2, which represents
7.44% of our seas and oceans. In terms of marine space under national jurisdiction, the cur-
rent coverage of marine protected areas is 17.23% (UNEP-WCMC and IUCN, 2018).

MPAs, whether free-standing, in multiple MPA networks or as protected zones within larger
multiple-usemarinemanagedareas, aredesignatedbasedonbothneedandopportunity.Ecolog-
ically important, vulnerable or particularly valuable areas do get highlighted through systematic
and strategic planning efforts on the part of coastal and marine management regulators and in-
ternational agencies that backstop regional seas agreements (e.g. the RegionalActivityCentre for
Specially Protected Areas, supporting theMediterranean regional seasmember states), and then
thesekey areas sometimesbecomedesignatedasMPAs.Moreoften thannot, however,MPAsare
designatedbecause a threat to aparticularplace arises andneeds tobe counteredwith spatial pro-
tection, or an opportunity to holistically manage an area arises. In general, these opportunistic
MPAs can be considered low-hanging fruit, and they have value beyond the protection of biodi-
versity or habitat they encompass, in that they can serve as demonstrations of the benefits that
MPAs can provide.
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A brief history of MSP development

While it is not within the scope of this chapter to synthesise the history of marine planning
in its entirety, it is worth noting that many countries embark on MSP at the national or sub-
national scale only after designating MPAs. This was certainly case in the UK. In 1986, the
Lundy Marine Nature Reserve was designated as the first MPA in the UK. In 2014, 28 years
later, the East Inshore and East Offshore Marine Plans were adopted in England (2014b).
These were the first large-scale marine plans to be developed in the UK. The pattern of a
country first designating MPAs and then developing marine plans at a later date is mirrored
around the world. Virtually all coastal states have implemented at least one MPA ranging on
the IUCN scale of protected areas categories from Ia (strict nature reserve) to VI (protected
area with sustainable use of natural resources). Very rarely have marine plans been estab-
lished in places without designated MPAs.

In terms of managing marine space, MSP is already catching up with MPAs as a manage-
ment discipline with a major influence over the future use of our seas and oceans. Whilst
countries have been designating MPAs for several decades, the first International Marine Pro-
tected Areas Congress (IMPAC I) was held in Geelong, Australia, in 2005. This was only a
short time before UNESCO held the first International Workshop in 2006 on MSP, which is
thought of as the birthplace of MSP internationally. The seminal text (Marine Spatial Planning:
a step-by-step approach towards ecosystem-based management) on the subject, authored by Ehler
and Douvere, was published in 2009 (Ehler and Douvere, 2009). And while there is no
MSP dataset comparable to the World Database on Protected Areas that tallies the number
of marine plans globally, in August 2018, approximately 70 countries were preparing or
had prepared approximately 140 MSP plans at the national, regional or local levels
(UNESCO, 2018). Approved MSP now cover almost 10% of the world’s EEZs (UNESCO
et al., 2017).

How the aims of MPAs can be assisted by MSP

There are at least two ways that MSP can help create MPAs that deliver benefits to humans
and nature simultaneously: first, by utilising MSP to locate MPAs and delimit their bound-
aries in such a way that they capture the most important ecological processes and productiv-
ity; and second, by utilising MSP to design zonation of MPAs to ensure maximisation of
benefits. Examples of the former abound in the academic literature, but few organisations
have implemented plans of strategically designed MPA networks. Nascent examples include
North Ari planning in the Maldives (Agardy et al., 2017) and UK MPA planning. Another
noteworthy example of a case in which MSP was used to create zonation within a large,
multi-use MPA is the Great Barrier Reef Marine Park (Day et al., in prep). Recently, an
MPA network was designed in South Africa based on systematic conservation planning
and MSP (Haupt et al., 2017). And in the Northern Adriatic region of the Mediterranean,
ecosystem services assessment and analysis of trade-offs has allowed MSP to identify priority
areas for management and MPA designation (Gissi et al., 2018).

The involvement of relevant stakeholders, who ultimately need to be on board in order to
ensure the efficacy of MPAs, can also be enhanced by MSP. The reason that this is the case
relates to how people perceive MPAs versus MSPs. The general perception is that MPAs
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serve conservation purposes; they are often cast as tools for safeguarding nature, not
nurturing people. In contrast, MSP is often perceived as a process that can lead to economic
development and a blossoming Blue Economy (commonly understood to be the sustainable
use of ocean resources, for economic growth, improved livelihoods and jobs, and ocean
ecosystem growth (World Bank, 2018b)). In fact, many governments commit to funding
MSP processes because they anticipate that the resulting plans will unlock the ‘blue growth
potential’ of their territorial seas and EEZs (Howard, 2018).

MSP can therefore encompass a significant stakeholder-driven process. This often requires
that those involved not only set out their ambitions for marine space as well as their concerns,
but also engage with other stakeholders. This creates a shared understanding, if not agree-
ment, of different stakeholder requirements on how marine space should be used. Ultimately,
a better and shared understanding of competing needs should aid marine management,
including that applicable to MPAs. Stakeholder involvement is key for societal acceptance
of management measures. Effective stakeholder engagement can smooth MPA designation
and the designation of boundaries, along with regulations and management regimes within
them. The engagement of people is a good starting point and should not be undervalued.

ManyMPAshavebeendesignatedopportunistically, and though theymayhave conservation
value, they are sometimes not in the optimal place to confer either significant conservation ben-
efits or benefits to humans.Many largeMPAs are in areas of historically lowpressures; therefore,
interventions often do not result in tangible environmental improvements. These large and rela-
tivelypristineMPAs in remote areas dohavevalue in future-proofing (Leenhardt et al., 2013), but
it must be recognised that this potential future-proofingmay be undermined by climate change.
The marine environment is under pressure, and for environmental gains to be made, interven-
tions are generally needed to bring about change.

Similarly, many MPA networks established within a country or across a trans-boundary
area are developed for very specific purposes of protection of species or habitats. These
MPA networks thus have conservation value but limited wider value e i.e. limited recovery
of seas/ocean areas that were degraded and limited enhancement of benefits to human users.

The most egregious examples of opportunistic MPAs, established with little ecological un-
derstanding, have been of limited utility and rarely demonstrate the effectiveness potential of
well-designed MPAs (Agardy et al., 2016). The drivers behind such rushed declarations
include a country’s need to keep commitments made under international treaty negotiations
(e.g. Aichi Targets of the CBD), commitments made under soft law or declarations made in
public fora (e.g. Sustainable Development Goal declarations), or even domestic politics and
legacy concerns (Leenhardt et al., 2013; Rife et al., 2013).

Enduring effectiveness ofMPAs is challenged by a number of factors. In some cases theMPAs
can actually enhance some threats while abating otherse an example is the case of displacement
of native species in the Mediterranean by invasive species, which is sometimes thought to have
been enhanced by the establishment of no-takeMPAs that act as stepping stones for alien species
(Giakoumi et al., 2016). In other casesMPAs can act as islands of protection, but without enough
impact to prevent the seas in which they sit from spiralling downhill. Some MPAs can also be
impacted from land-based activities, and interventions outside of the MPA may be needed to
enable theMPA to deliver its intended outcomes. This calls for more integratedmarinemanage-
ment and is a further argument for integrated coastal zonemanagement andMSP to go hand-in-
hand with MPA establishment (Agardy et al., 2011).
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MSP can aid in greater integration of management activities within an area, and a more
holistic approach: first, because MSP is meant to include a number of different sectors in
spatial management, and second, because MSP is meant to have at its foundation the
ecosystem-based approach to management that recognises ecological and human connec-
tions across vast landscapes/seascapes (Douvere, 2008; Ehler and Douvere, 2009). Using
MSP to identify where new MPAs should be designated requires an understanding of the
broader ecosystem ecology, and is usually based on some sort of gap analysis that looks
at not only the existing array of protections, but also their effectiveness.

How MPAs can assist in the delivery of MSP

The general goal of MSP is to steer marine use in a direction that is sustainable. This may
be accomplished by limiting uses that are degrading, enhancing or expanding uses that are
not, and treating interconnected ecosystems in such a way that linkages are maintained
and ecological processes continue to provide benefit flows to communities and countries.
MSP and the ecosystem-based management approach it encompasses are the foundation
for emerging Blue Economies around the world.

By protecting key pockets of biological diversity and key ecosystem processes, MPAs can
serve as a foundation for continued delivery of the things that people value in coastal and
marine areas: resources such as fisheries and minerals, recreational values, sites for tourism
activities, cultural and spiritual values, etc. (Jones et al., 2017; Lillebø et al., 2017). In essence,
MPAs can act as the blueprint for continued ecosystem functioning and delivery of ecosystem
services e but only when MPAs are designed carefully, systematically and with the big pic-
ture in mind (Agardy et al., 2011). MPAs can act as refugia (Green et al., 2014), insurance pol-
icies, and the bank of natural capital through which people can live off the interest. MPAs can
also, importantly, enhance production through spillover, thus increasing value over a wider
area (2009; Harrison et al., 2012; Roberts, 2012).

The EU Blue Growth strategy supports the goals of the Europe 2020 strategy for smart,
sustainable and inclusive growth. Blue Growth seeks to support sustainable growth in the
marine and maritime sectors as a whole. Maritime economic activities are supported by ma-
rine ecosystem services in combination, or not, with abiotic outputs from the marine natural
capital (Lillebø et al., 2017). In order to balance concurrent sectoral interests and achieve
sustainable use of marine resources, there is the need to consider the ecosystem’s capacity
to provide the required marine ecosystem services. Blue Growth options require navigating
trade-offs between economic, social and environmental aspects. Fundamentally, MPAs may
ensure the continued maintenance of ecosystem services that then enables marine develop-
ment to be conducted in a measured manner (Agardy, 2019).

In line with global targets agreed under the CBD (1992), the number of MPAs is increasing
rapidly, yet socio-economic benefits generated by MPAs remain difficult to predict and under
debate (Mizrahi et al., 2018). MPAs often fail to reach their full potential as a consequence of fac-
tors such as illegal harvesting, regulations that legally allow detrimental harvesting, or emigra-
tion of animals outside boundaries because of continuous habitat or inadequate size of the
reserve (Agardy et al., 2011). Edgar and colleagueshave summarised the elements that contribute
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to MPAs that successfully meet conservation goals, based on analysis of 87 MPAs investigated
worldwide: MPAs designed as no take, or restricting all extractive activity, MPAs that are well
enforced, MPAs that have been established for >10 years, MPAs that are large (>100 km2),
and MPAs isolated by deep water or sand (Edgar et al., 2014). These results, and the findings
of other assessments of MPA effectiveness in delivering broad positive outcomes, suggest that
MPAs should be carefully planned, sufficient in their coverage, regulations and enforcement,
and taken as a part of broader planning and management that can be achieved with MSP.

From data to information, to insights, to decision-making

Critical to ensuring sustainable use of marine resources is a basic understanding of five pa-
rameters: (1) where resources occur throughout marine space, (2) how, if at all, the location
and quantity of those resources changes over time and (3) how the resources are exploited, (4)
the impacts on the wider environment that arise from that exploitation and (5) who is doing
the exploitation. An additional important element to consider is why a resource is being
exploited in any particular way. This information provides the context for the resource use
and provides resource managers with important insights that enable them to engage with
the resource users, understand the concerns of stakeholders, empathise with them and ulti-
mately develop management measures, if needed, that are appropriate and will be accepted,
or at least understood, by the resource users.

Our collective understanding of the state of the marine environment and the pressures to
which it is exposed is furthered by the work conducted to underpin MSP development and
MPA designation as well as the subsequent assessment of: (a) the effectiveness of marine
plans in delivering their objectives and (b) the condition of protected species and habitats
within MPAs.

Accountability and transparency throughout the designation process for MPAs and ma-
rine plan adoption can be secured through legislation. Legislation can require those respon-
sible for designating MPAs or making plans to: consult in a meaningful way with
stakeholders; set out options for achieving the objectives for the MPA or the marine plan
and; and set out potential management measures. Legislation can require management
bodies to report on the condition of MPAs as well as the efficacy of marine plans and the pol-
icies within them. The very fact that there is a requirement to report on the effectiveness of
MPAs or marine plans should drive improvements in management and, therefore, protection
levels. For reporting on MPA designation or marine plan effectiveness to be meaningful and
enlightening, condition monitoring of the marine environment will often be required, which
further increases the knowledge base upon which to make management decisions (Pomeroy
et al., 2005; Day et al., 2002; Bennett and Dearden, 2014).

A meaningful stakeholder engagement process can increase awareness of the MPA or ma-
rine plans and how they may impact the stakeholder. Increased understanding of the process
by which end products are delivered can help ensure that difficult discussions between man-
agers and stakeholders are then focused on management measures rather than the processes
(i.e. disagreement on the evidence e such as data layers e that is used to base management
decisions on) that have led to management measures being developed and introduced. In
essence, individuals or stakeholder groups may not agree with or like the outcomes, but
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can understand how they have been arrived at. If those outcomes are borne out of a trans-
parent, accountable and evidence-based process, then there is an increased likelihood of
acceptance for the outcomes and therefore voluntary compliance with management measures
and, ultimately, success of the MPA or marine plan.

The MSP process whereby the spatial and temporal distribution of marines resources and
marine activities are captured and presented in a way that can be understood by the various
stakeholder groups (e.g. from fishers to policy makers) is critical. The ability to effectively
present the evidence base and the confidence in that information upon which decision-
making will rely are extremely important.

As in many other situations, there are in essence three ways to proactively bring about
change in the marine environment. These are to start, modify or stop an activity. This can
be achieved through various mechanisms ranging from voluntary agreements to incentives,
compensation schemes, formal regulation, enforcement and sanctions. Bringing about change
invariably incurs costs, to those impacted by the change and also those bringing about
change. Therefore, this provides a further imperative to understanding not only how the ma-
rine environment is being used, but also how it is changing.

More than the sum of its parts

Whilst the origins of MPA designation within any one country will have been the estab-
lishment of a single or small number of MPAs to protect a specific species or habitat, there
has been a gradual shift to the development of MPA networks within a single country and
at a regional seas scale. One example of this is the Regional Seas Convention for the
North-East Atlantic (OSPAR), which facilitates the development of an ecologically coherent
MPA network in the North Atlantic. Creating representative networks of MPAs as part of
an ecosystem-based management approach is generally advocated to protect the full spec-
trum of marine ecosystems and vulnerable species (Johnson et al., 2014). This shift towards
the development of MPA networks is directly linked to the CBD Decision X/2 of COP10
(2010), which requires that by 2020, 10% of coastal and marine areas, especially areas of
particular importance for biodiversity and ecosystem services, are conserved through effec-
tively and equitably managed, ecologically representative and well-connected systems of pro-
tected areas and other effective area-based conservation measures, and integrated into the
wider landscape and seascape. As Johnson et al. (2014) point out, ecological coherence in it-
self is not the end-point or ‘Holy Grail’; rather, the ambition is ultimately effective manage-
ment of such networks to secure conservation objectives.

Just like a single MPA that protects a single species or habitat directly, but fails to provide
protection for important supporting habitats or species within that MPA, a network of MPAs
also has the potential to overstate the level of protection that it can provide. Whereas a
network of MPAs may provide protection for habitats, sessile species or for mobile species
at particular stages in their life cycle where their movements are spatially constrained,
networks provide limited protection for more mobile species (see Evans (2018) for a detailed
analysis of the strengths and weaknesses of area-based management versus issue-based con-
servation measures). The conservation benefits of an ecological network of MPA are also
unlikely to be achieved unless the ecological connections between MPAs are maintained.
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Recognising this, the use of MSP and the regulatory/licencing mechanisms that are either
embedded or ancillary to it can provide the joined-up management that provides the levels
of environmental protection for vulnerable mobile species and the water-borne life-history
stages of species that form the habitats of MPAs. Even in the situation in which an ecologi-
cally coherent and extensive MPA network is in place and is effectively managed, there is
a growing realisation that this network provides a starting point for protection and the
raising of environmental protection. It is now recognised that the remainder of the marine
environment is an important source of natural capital. It is worth noting that the spatial
coverage of MPAs is not a true reflection of the actual spatial footprint of protection; in
many cases, an MPA only confers protection to a proportion of the benthic habitat within
that MPA. Within the unprotected area of a country’s marine space there will be areas of
high ecological value that could and should be protected. MSP provides a process and a
mechanism to achieve this. MSP can aid in the identification of activities that interact spatially
and temporally with important ecological processes and migratory routes. MSP and its
associated management mechanisms can ensure that the ecological connectivity of MPAs is
protected by minimising harmful interactions. As such, MSP is an essential tool for delivering
an ecosystem approach and should add value to existing management measures for the ma-
rine environment (Crowder and Norse, 2008; Gilliland and Laffoley, 2008).

Moving the goal posts or upping the game?

The marine environment and its use are highly dynamic; therefore, static management mea-
suresmay need to be augmented in order to optimise bothmarine use and environmental protec-
tion. Recognising this, there is increased focus on securing the health of the wider seas by
governments, their advisors and regulators. This pivot (fromdesignatingMPAs and introducing
management measures within them, to wider seas management measures) may be viewed by
somesectors asmoving thegoalposts in termsof environmental protection. It is likely that further
constraints on their activities will be deemed unpalatable yet inevitable. Attention needs to be
paid to these sectors and their concerns to ensure that wider seas management measures are
workable and effective. Many of the types of measures that can be introduced rely upon marine
users working collaboratively in order for the measures to be successful.

Dynamic ocean management

The ability to protect Migratory Marine Species (MMS), which constitute a large portion of
marine taxa, is becoming more sophisticated. Management measures have historically looked
to (a) protect specific habitats that species rely upon during specific periods of their life cycle
through conventional MPA designation, and (b) licence activities that can have an adverse
effect on the species, requiring marine activities to design their operations to avoid, minimise,
mitigate or compensate for their impacts.

Dynamic Ocean Management (DOM) is now gaining attention as a useful management
tool (Lascelles et al., 2014) to augment existing management responses. DOM is defined as
management that rapidly changes in space and time in response to changes in the ocean
and its users through the integration of near-real-time biological, oceanographic, social

Moving the goal posts or upping the game? 23



and/or economic data (Maxwell et al., 2015). These changes in environmental parameters
(such as sea surface temperature) could be instigated as a result of predicted or measurable
changes in those parameters. DOM can refine the temporal and spatial scale of managed
areas, thereby better balancing ecological and economic objectives. DOM was developed
out of the need to identify a more responsive management tool to protect MMS. Marine users
can now modify their activities to minimise the impacts of their activities on the marine envi-
ronment when they are presented with the information on which to act. Maxwell et al. (2015)
sets out how passive acoustic buoys and aerial surveys are used to detect the real-time pres-
ence of North Atlantic right whales (Eubalaena glacialis) along the US East Coast to reduce le-
thal ship strikes of this critically endangered species. DOM area locations are distributed to
ship captains via mobile applications to alert them to the whales’ presence and to recommend
avoiding areas or reducing speeds when whales are present (Wiley et al., 2013; Conn and
Silber, 2013; Silber et al., 2012). Dynamic management areas are also paired with traditional
seasonal closures of the whales’ breeding grounds (Van Parijs et al., 2009).

DOM also has a significant and growing role to play in fisheries management. Bycatch of
threatened species in capture fisheries remains a major impediment to fisheries sustainability.
Management measures designed to reduce bycatch can result in significant economic losses
and even fisheries closures. Static spatial management approaches can also be rendered inef-
fective by environmental variability and climate change, as productive habitats shift and
following the introduction of new interactions between human activities and protected spe-
cies (Hazen et al., 2018; Little et al., 2015). Increased accessibility to environmental data,
computing power and the need to reduce the impact of fishing activities and to minimise
the catch of choke species (a term used to describe a species with a low volume quota, which,
if reached, would lead to vessels having to stop fishing even if they still had quota for other
species) has also led to the development of both Real Time Closures (RTCs) and Real Time
Incentive (RTI) fisheries management.

Real time closures

Real-time spatial management in fisheries, a type of DOM, uses near real-time data collection
and dissemination of information to reduce susceptibility of certain species (or age classes of that
species) to being caught in mixed fisheries (Woods et al., 2017). RTCs for managing fisheries
bycatch and discards can be implemented under either a co-management or a self-governance
approach (Little et al., 2015). Real-time catch and discard information is shared among fishers
to incentivise and encourage vessels to leave areas of high bycatch which may include protected
species. RTCs can therefore augment the protection that static MPAs provide MMS.

Real time incentives

Under an RTI fisheries management approach, fishers are allocated fishing-impact credits
to spend according to spatiotemporally varying tariffs. Fishers choose how to spend their
credits, e.g. by limited fishing in sensitive areas and fishing longer in less sensitive areas
(Kraak et al., 2012, 2014, 2015). One can argue that DOM, RTC and RTI are examples of recent
MSP advances as they all seek to manage the use of marine space. The use of these dynamic
management tools can deliver significant environmental benefits to the wider environment;

2. Marine protected areas and marine spatial planning e allocation of resource use and environmental protection24



however, their use has the potential to increase conflict between different marine stakeholder
groups as activities are moved or displaced as a result of the dynamic management.

Future-proofing marine protection

Scenario analysis

MSP could be used as a tool in several ways to aid the delivery of environmental protec-
tion and sustainable use of the marine environment. MSP provides a snapshot of what activ-
ities are occurring where and when in the marine environment. It also reflects how marine
space is allocated at that particular time. This information provides a baseline for discussions
on how the marine environment should, or could, be both developed and protected in the
future. An important task of natural resource management is deciding between alternative
policy options, including how interventions will affect the dynamics of resource exploitation.
Yet predicting the behaviour of natural resource users in complex, changeable systems pre-
sents a significant challenge for managers (Davies et al., 2015). To develop a better under-
standing of how the existing situation may change, which in turn may impact the
effectiveness of policy options, varying scenarios can be developed (although to date, most
spatial planning processes have not selected specific outcomes, such as preferred use sce-
narios (Collie et al., 2013)). Scenarios can be simplistic in that they may only consider how
a particular marine sector is likely to change over a period of time (i.e. offshore wind), or
they can be far more complex. In the Celtic Sea, three scenarios (ABPmer and International,
2016) were considered as part of a project to bring together key stakeholders to support the
implementation of environmental and maritime policy. The scenarios were:

1) Business as usual: The marine economy develops as expected. There are no major
changes in attitudes, priorities, technology or economics. Economic growth remains the
priority, with society and industry reluctant to adopt environmental policies that radi-
cally change the status quo.

2) Nature at work: The environment takes centre stage. Population growth, new technology
and making the most of a healthy environment are the driving forces. Environmental
protection is strong, with an extensive network of strongly managed protected areas.

3) Local stewardship: Society seeks greater local self-sufficiency. More decisions are taken
locally and there is increased pride in local produce. Environmental policy varies across
the region as decisions reflect local issues and concerns. Tourism and recreation grow
strongly as people choose to holiday at home.

Each scenario considered variables such as population, economic equality, technical inno-
vation, globalisation and environmental policy. Furthermore, each scenario highlights that, as
is the case now, there will be trade-offs, winners and losers in terms of economy, society and
the environment.

Scenario analysis is helpful as it highlights difficult decisions thatwill need to be addressed by
policymakers in the future, and in some situations can provide a time frame for those decisions to
be made within. Scenario analysis can therefore guide stakeholder discussions and prioritise
research to inform decision-making. In the context of marine protection it can help managers
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anticipate the futureuse of existingMPAs. This is especially usefulwhen the current effectiveness
of the MPA in delivering its objectives is known because this will enable managers to consider
how management may need to change to continue delivering effective management. Antici-
pating not only the future needs of existing marine space users but also those needs of potential
new users enables policymakers to proactively allocate and prioritise in a hierarchy howmarine
space shouldbeused in the future. Scenario analysismayalso aid the resolutionofpotential prob-
lems relating to cumulative environmental impacts proactively, i.e. recognising that multiple
users of marine space will have a future impact on protected species and therefore measures
can be put in place to mitigate or offset those impacts before they are realised.

Improving feature-based protection

Many, if not most, MPAs have been established to protect specific species or habitats (fea-
tures) rather than all species or habitats within that particular site (Solandt, 2018). However,
there is increasingly a realisation that this approach can have significant limitations, espe-
cially where the MPA is of limited size. In many cases, the boundaries of MPAs are drawn
close to the protected features of the sites, recognising that management measures to protect
the features will impact marine users; therefore, to ensure that the designation of the site is
secured, efforts are taken to provide the required level of protection using the smallest spatial
footprint possible. For this reason, MPAs may not deliver significant ‘additional’ protection
other than that directed at the formally designated features. Ironically, as some MPA net-
works are deemed to be nearing completion e in that they provide an ecologically coherent
network of MPAs e there is concern that climate change is altering the distribution and abun-
dance of the very features that the network of MPAs has been designated to protect. This may
not be a concern if the network has adequate network connectivity and functioning as it was
intended to.

In some instances, protected features may migrate out of the MPA, requiring: (1) the MPA
boundaries to be altered, (2) the MPA to be de-designated and (3) a replacement MPA to be
identified and designated, or (4) those features that were to be protected to be added as pro-
tected features within other MPAs where those features are not already protected. In the
latter case, suitable management measures to protect those previously unprotected features
would need to be introduced. Where this happens, stakeholders may consider that the goals
of the original MPA have altered significantly and thus they may be less inclined to support
the MPA and the management regulations applicable to it.

This feature-based approach makes it hard for the MPA and the protection it provides to
adapt to changing environmental conditions (e.g. temperature, salinity, acidification, sea
level, wave exposure, ocean currents). Conservation management approaches are often pri-
marily focused towards the designated features, with no specific conservation measures
applying to other (non-feature) areas within the site boundary. Areas of ‘non-designated
habitat’may still harbour significant biodiversity interest and support the designated features
by providing additional resilience to human impacts. Recognising this, the UK Government
has set out its intention to move to a whole-site approach to protect sites of the greatest biodi-
versity interest (UK, 2018a).

Through the incorporation of data layers that indicate how climate change and human ac-
tivities are likely to alter, MSP can show how pressures on protected features may change
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over time. These data layers may also highlight where protected features are likely to migrate
or be displaced to over time. Once this information has been discerned, then a determination
can be made as to how effective the existing protection will be in the future and how the MPA
network will need to evolve in order to continue providing adequate, or indeed improved,
levels of protection.

There is a growing recognition that there is a need to increase the protection of features
outside of MPAs. One method of achieving this was recently employed by the Scottish Gov-
ernment. It adopted a list of 81 Priority Marine Features (Wilding et al., 2016.). To produce the
list, species and habitats on existing conservation schedules were assessed against criteria that
considered: the abundance/extent of the feature, its conservation status (threatened, in
decline, etc.) and the functional role that the feature plays. The list will be used to: focus
future conservation action and marine planning, direct research and education, and promote
a consistent approach to marine nature conservation advice. The Scottish National Marine
Plan states that ‘Development and use of the marine environment must not result in signif-
icant impact on the national status of Priority Marine Features’, thus conferring these features
with additional protection (Scottish Government 2015b).

A focus on a feature-based approach is not without its problems, especially when this is
extended across an MPA network. The requirement to provide timely and accurate conserva-
tion advice on features, their location and condition is resource intensive (Rush and Solandt,
2017). In England, for example, conservation advice packages for MPAs set out the protected
features, the objectives for the site, the conditions of the features and the sensitivity of features
to pressures exerted by different activities.

The need for integration

Co-location and space partitioning: considering displacement of activities

It is clear that competition formarine space is increasing.With this, the interactions and poten-
tial conflict betweendifferent activities and themarine environment is also increasing and is set to
continue to do so. The drive to designate MPAs (especially those with higher protection classifi-
cations) results in the removal of marine space available for certain activities. If the area to be
designated was identified separately from awiderMSP process, it is possible that the use of ma-
rine space may be suboptimal. It may have been the case that the desired protection could have
been achieved through the designation of other areas that would have had a reduced impact on
other activities. The suboptimaluseofmarine spacemayalsowork theotherway, in that theplan-
ningof theMPAmaynotmaximise conservationgoalswhen concessions are beingmade tousers
tomaintain their access to space and resources. Under this scenario, a decision to introduce either
an MPA or an MPA network may require that the protection is introduced in such a way that
existing activities are not, or are minimally, impacted. This approach may be taken for a variety
of reasons e stakeholder support (or lack of it) for the process, strength of different stakeholder
groups or political will. A lack of support for the MPAs may subsequently result in a lack of
compliance with management measures.

It must be noted that the use of marine space need not be mutually exclusive (all MPAs
within England, for example, are considered multiple-use sites) (Solandt, 2018). There are
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many instances in which activities can either be co-located (both activities occur in the same
location and at the same time) or managed to ensure that a different users of the same piece of
marine space can be accommodated at different times of the year (Stelzenmüller et al., 2016;
Yates et al., 2015; Hooper and Austen, 2014). The ability to co-locate activities and manage
this process is potentially more difficult where there is a lack of a clear policy steer on which
activity is to take precedence. In this situation, there is the danger that the engagement be-
tween differing stakeholders becomes adversarial rather than cooperative. Where activities
cannot co-locate, two issues arise: (1) increased environmental impacts may result from a dis-
placed activity (Vaughan, 2017) and (2) potential financial compensation for displacement of
an activity may be raised.

The impacts resulting from fishing effort displacement have been considered within fish-
eries management, but the displacement of fishing and other activities is rarely considered in
MPA planning in depth. McLeod (2014) defined displacement as: ‘the changes in fishing
behaviour and patterns that could occur in response to new management measures’. Changes
in fishing behaviour could be ‘the adoption of a new fishing method, or target species, or
stopping fishing’, whereas changes in fishing pattern could be ‘moving to other fishing
grounds near or far’. It is likely that activities (that exert pressures on the marine environ-
ment) other than fishing that are displaced from an area through competition for marine
space, or in response to explicit MSP measures, potentially expose protected species and hab-
itats to new, or additional, pressures within MPAs and also the wider seas. This mirrors the
fishing effort displacement threat (Vaughan, 2017; ABPmer, 2017). Recognising that MSP may
lead to the displacement of activities enables a strategic view to be taken on how best to
avoid, minimise, mitigate or compensate for the impacts of displaced activities on protected
species, habitats and the wider environment. However, assessing and managing the cumula-
tive impacts of human activities on the environment remains a major challenge to sustainable
development (Willsteed et al., 2017).

To ensure that co-location is effective, significant efforts must be expended ensuring that
different marine space users are engaged in meaningful and timely dialogue so that their
needs are understood and are accommodated as far as possible (Hooper and Austen, 2014;
Vaughan, 2017; Gray et al., 2005). In the case of offshore renewable energy, this may involve
the use of fisheries liaison officers employed by developers.

Where multiple activities seek to operate in the same marine space, this may result in the
displacement of fishing activities either voluntarily or involuntarily. In the Netherlands, for
example, fishers are excluded from fishing within offshore windfarms, yet in the UK, restric-
tions on fishers may be limited to construction phases of the development. While not pro-
hibited from fishing within windfarms once they are operational, some fishers may not
wish to continue fishing within windfarms due to safety concerns or a requirement to incor-
porate differing fishing patterns or gear types, and therefore they look to operate elsewhere
(Christie et al., 2014; Hooper et al., 2015; Mackinson et al., 2006).

The development of comprehensive data layers to inform MSP can aid discussions on co-
location and also compensation payments (e.g. between fishers and offshore wind devel-
opers), as these can provide a robust and third party evidence base, i.e. information on
how and when fishing vessels use marine space, derived through satellite vessel monitoring
systems (Campbell et al., 2014), as well as verified catch and landing data that can be linked
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back to sea areas, e.g. International Council for the Exploration of the Seas statistical
rectangles.

Marine plans that have high levels of spatial specificity within them bring to the fore the
issues of equity, justice and power. Consideration of compensation for those individuals
whose activities may be altered as a result of policy decisions may also be required. These
issues have been considered extensively in the context of MPAs (Jones, 2009), yet they are
likely to increasingly occur outside of MPAs as demand for marine space increases.

MSP is developing as a management tool, and there is increasing interest in exploring how
proactive co-location of offshore developments and protected areas can develop (Yates et al.,
2015; Christie et al., 2014; Ashley et al., 2014). However, developers have significant concerns,
as to date they have sought to actively avoid, where possible, interactions with the MPA
network. This interaction can increase development costs, time scales (project inception to
operation) and the general regulatory burden, whereby marine users need to demonstrate
that they are not having an adverse impact on the protected species or habitats of the
MPA. In many cases, this requirement is ongoing. There is also the concern that declines
in the conservation status of protected species or habitats within MPAs that are co-located
with developments may therefore require action to be taken on behalf of the developer to
curtail their activity, therefore placing investment returns at risk (Christie et al., 2014).

Political imperative

Santos states that ‘large investments in MSP around the world have resulted in many plan-
ning processes that have not been implemented, or will likely not be implemented, because of
resource constraints or sociopolitical and “realpolitik” factors’ (Santos et al., 2019).

Managing the need for marine space and the conflict that is sometimes generated by
competing or incompatible interests requires decisions to be made on how that marine space
should be used. It is usually the case that different marine sectors are managed by differing
regulators with departments or ministries for shipping, defence, environment, fisheries,
coastal resources, protected areas and energy (Lloyd et al., 2011). In these situations, there
is the danger of considering the activities under the remit of these regulators in isolation. Reg-
ulators are assessed on their performance in managing activities under their responsibilities
by government and also stakeholders. As such, these regulators have little to gain by step-
ping back and taking a view on the wider use of marine space as this may result in difficult
decisions to be taken and implemented. It may also result in regulators ceding their power to
other departments or ministries. MSP provides both a mechanism and outputs that can
encourage and compel a more holistic approach to the use and management of marine space
than could or would otherwise be taken by individual regulators acting alone. Where plans
are not sufficiently spatially prescriptive and rely on overarching policy statements that do
not explicitly set out winners and losers, regulators can make decisions in accordance with
the plan, but this may not represent the best use (depending on your perspective) of that ma-
rine space.

Unless there is a significant push for an integrated approach to MSP from the outset,
without potential changes to a nation’s marine governance arrangements to facilitate this
(such as the development of an overarching maritime regulator), it is likely that marine plans
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will be initially developed with non-spatial, sectoral polices prevalent. Where policies are not
spatially explicit enough and apply to significant proportions of the area covered by the ma-
rine plan, the policies may lack value in that they do not aid decision-makers. Furthermore,
unless there is integration of these policies and their coverage, these policies may either
compete with each other or be so broad in scope and interpretation that prioritisation of ma-
rine space for certain activities does not occur. Ultimately, it is likely that MSP will require a
political process that leads to the allocation of sea space to meet social, ecological and eco-
nomic objectives (Qiu and Jones, 2013) to resolve conflicts through prioritisation and prescrip-
tive policies (Sander, 2018).

Conclusions

Although the two disciplines of marine management embodied by MPA planning and
MSP are distinct, each is focused on how we allocate and use our marine space. Practitioners
in these disciplines will naturally have different marine management goals, and will seek to
achieve these goals using their experience, skills and knowledge. Yet, these professionals will
invariably liaise with the same stakeholder groups. This can be confusing for stakeholders
and therefore lead to suboptimal outcomes because of stakeholder fatigue and lack of engage-
ment, especially where there is a lack of clarity on the problems practitioners are trying to be
solve, over what time frames and what the outputs will be from either process.

For MSP, marine protection is but one of the key drivers, and may not be the main driver,
whereas with MPA management and designation, marine protection is the key driver.
Because of this, understanding the aims and objectives of those working on MPAs and
MSP is important when considering how best environmental benefits can be secured through
collaborative working. This is important because working in an interdisciplinary manner is
required if publicly acceptable and effective marine management is to be introduced that
will provide the long-term protection and enhancement of the marine environment. We do
not have a blank piece of paper when drawing up MPAs and/or undertaking MSP within
marine space. Developers such as those engaged in aggregate dredging may view MPAs
as a restriction on their existing or future activities, whereas conservationists may view cur-
rent aggregate dredging sites or leases as a constraint when seeking to locate an MPA.

The act of designating MPAs has the effect of displacing and condensing marine develop-
ments and activities in the remaining marine space, which has the potential to increase stake-
holder conflict. Designating MPAs may have the unintended effect of weakening
management in areas outside of MPAs, by lending credence to the view that the remainder
of marine space can now be developed with limited oversight. Yet it is vitally important to
ensure that the wider marine space is managed so that it is not degraded and thus fails to
provide important ecological services and MPA connectivity. MPA designation continues
across the globe; continued designation of these sites is important as they play a key role
in protecting core areas of conservation benefit. However, there is the danger that human im-
pacts in general and in particular marine use and the impacts from this use, continue to in-
crease, and therefore lead to the degradation of these MPAs. The risk therefore is that once
designated, we expend a disproportional amount of management resources trying to manage
change within MPAs and MPA networks at a local scale when we need to be taking a broader
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view and ensuring that impacts in the wider environment are understood and addressed e in
essence, where should we deploy our limited management resources for best effect? Recog-
nising that MPAs might be best treated as one part of a unified conservation strategy means
that MSP needs to be harnessed to create better, more durable MPAs. Conversely, incorpo-
rating MPA planning into MSP can reduce conflict for marine space through optimisation
of that space.

There is real potential for MSP to provide the mechanism for driving change in the protection
and use of the marine environment as our global understanding of the marine environment, its
importance and its interconnectedness develops. This is because marine plans generally have:
(a) spatial elements that identify how marine space is currently used and could be used in the
future; and (b) a requirement to update the plans in terms of not only howmarine space is being
used and is anticipated to be used, but also how themarine environment has changed or is likely
to change. These requirements enableplans tobeupdated to reflect the economic, environmental,
social andpolitical requirements at anyparticular time.WhenMPAs that are locatedwithin ama-
rine plan undergo assessment as to their effectiveness, a decision can be takenwhenupdating the
plan to reflect recommendations from this assessment where appropriate. Similarly, MSP may
highlight thatmarine use is evolving in amanner such that additionalmeasuresmay be required
within MPAs, or indeed that marine use is changing such that existing measures are no longer
appropriate. Marine plans are likely to evolve slowly because the process to develop, agree,
adopt, implement and review them is generally lengthy, resource intensive and iterative. Thus,
plans provide the users of marine space with some degree of certainty regarding their use of
that space.

The demand for marine space and the impacts on the marine environment continue to in-
crease. This requires the increased proactive consideration of these demands. MSP provides a
mechanism to take forward stakeholder/societal discussions on what appropriate use and
protection of the marine environment should be, at both a micro and a macro level. Regard-
less of the level considered, managing marine space is complicated, and often the responsi-
bility for doing this is shared across different governmental regulators and advisers at a
local or regional level, and across different governments and global institutions at a macro
level. MSP, by its very nature, requires, encourages and/or compels these different bodies
to share information and their vision on how marine space should be used, which should
enable a view to be developed (locally, regionally, nationally and internationally) that also
sets out how the marine environment should be protected and enhanced over the short, me-
dium and long term. It is clear that MPAs and MSP are both key elements required to achieve
this vision.

Disclaimer
The views and opinions expressed in this report and its content are those of the authors not of Natural England which
has no responsibility or liability for any part of the chapter.
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A B S T R A C T   

Exiting the EU allows the UK to unilaterally change the frameworks that govern its environment and natural 
resources. This opportunity is timely given the urgent need to address the biodiversity and climate emergencies, 
and deliver the necessary policy changes to meet associated international agreements. The UK’s divergence from 
EU environmental policy has already begun. The new Agriculture Act uses the concept of “public money for 
public goods” (PMPG) to seemingly revolutionise direct agricultural subsidies, replacing the much-maligned 
funding mechanisms under the Common Agricultural Policy and making the provision of their replacement 
dependent upon actions delivering societal gain. However, the potential benefits of transposing this concept to 
marine fisheries and aquaculture are yet to be recognised despite similar criticisms of funding mechanisms under 
the Common Fisheries Policy. This paper therefore considers the key distinctions between our use of marine and 
terrestrial environments and how PMPG could be applied to fisheries and aquaculture. The findings suggest that 
some forms of aquaculture are well-placed to benefit from a ‘marinising’ of the PMPG concept. Currently, capture 
fisheries, because they do not have ownership over marine space and interact with the marine environment in an 
extractive manner, have a greater challenge to adapt their business models to receive public money under this 
framework.   

1. Introduction 

On 1st January 2021, the United Kingdom (UK) became an inde
pendent coastal state following the end of the transition period of exiting 
the European Union (EU). In doing so, it regained the ability to make 
unilateral decisions regarding many of the policies that regulate how its 
environment and natural resources are managed. While EU-exit will 
impact the governance and management of many sectors of the UK 
economy, the agricultural and fisheries sectors will perhaps be most 
profoundly affected. Political saliency has been heightened as fisheries 
were at the forefront of the negotiations in the run up to the UK leaving 
the EU (Popescu and Scholaert, 2021). Importantly, EU-exit includes the 
withdrawal from the Common Agricultural Policy (CAP) and the Com
mon Fisheries Policy (CFP), and the associated funding mechanisms that 

determine how the corresponding sectors are financially supported. EU 
State aid rules no longer apply in the UK1 and the UK Government has 
made clear that it intends to establish a new UK subsidy regime (Dept of 
BEIS, 2020; Dept of BEIS, 2021). The UK-EU Trade and Cooperation 
Agreement (TCA) ensures that the EU and UK will each have in place its 
own independent system of subsidy control (with neither being bound to 
follow the rules of the other) (EU and UK, 2020). It also offers the UK the 
opportunity to determine the principles that support how its natural 
resources are managed and how direct public payments, or subsidies, are 
provided to farmers, fishers and aquaculturalists alike - and to align with 
a more environmentally focused vision for the UK’s future. 

Opportunity for policy reform and simultaneous commitments by the 
UK government to seek a sustainable and environmentally focused 
future are timely. The climate and biodiversity emergencies are well 
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documented, prompting an urgent response by the government. Its ob
ligations on the international stage under the Paris Climate Change 
Agreement and the Sustainable Development Goals of the United Na
tions (SDGs) further mandate this urgent need for reform (UN, 2015; 
UNFCCC, 2015). Adapting to and mitigating the impacts facing the UK 
requires an unprecedented response in pace and scale, in both terrestrial 
and marine environments. In addressing these obligations, consider
ation is required of how the UK’s assets can support adaptation and 
mitigation; how this response is best implemented; how the balancing of 
the three pillars of sustainability (economic, social and environmental) 
will be achieved; and how to reform policy equitably and justly. 

Such considerations of how terrestrial natural assets are best used to 
sustainably benefit wider society have already begun. The Department 
for Environment, Food and Rural Affairs (Defra), Command Paper on the 
future of food, farming and the environment included an entire chapter 
on PMPG, with environmental enhancement a priority (DEFRA, 2018c). 
The requirement for a domestic replacement for the CAP led to the 
Secretary of State for the Environment securing the incorporation of the 
PMPG concept into the proposed Environmental Land Management 
(ELM) scheme (DEFRA, 2020a), through which farmers will be paid for 
producing public goods (Lewis, 2021; DEFRA, 2020a). The Sustainable 
Farming Incentive is the first in a package of ELM schemes, which will 
provide a mechanism for farmers to be paid for producing public goods 
(identified as including cleaner water, cleaner air and carbon reduction) 
(Lewis, 2021). This is in stark contrast to the CAP ‘basic farm payment’ 
where landowners were paid by area, with few other conditions other 
than simply owning land. Payments therefore benefitted the largest 
landowners most, rather than supporting principles of equitable distri
bution (Bateman and Balmford, 2018; DEFRA and Government Statis
tical Service, 2018). To date, over £3.34 billion of public money has been 
spent securing environmental improvements in land management in 
2019 (DEFRA et al., 2019). Following the reforms, direct agricultural 
subsidies will no longer incentivise land cultivation but will instead be 
repurposed to deliver public goods or public benefits; payments to 
landowners and farmers are transitioning over time to prioritise envi
ronmental considerations. 

For decades, these direct public income support payments to the 
private agriculture sector were the topic of much debate. On the one 
hand, the European Commission argued their existence in the CAP 
provided vital financial safety nets that allowed the agricultural sector to 
continue to produce food and products, particularly for certain forms of 
farming (Rizov et al., 2013). On the other, the lack of meaningful 
environmental conditionality meant they were seen to be contributing to 
the ongoing environmental degradation of land and waterways (Kirsch 
et al., 2017; Pe’er et al., 2020). With a dichotomy of views, the debate 
for the removal, redirection or reform of support had been lengthy. 
Furthermore, these payments masked other financial problems and 
resulted in high subsidy dependence in industrial agriculture across 
Europe. Against this background PMPG has been introduced into UK 
agricultural policy. However, its introduction as a concept appears at 
least to have enabled the continued overall level of financial support to 
the sector (Conservative and Unionist Party, 2019), while seemingly 
supporting the government’s commitment to leave the environment in a 
better state than which it inherited (DEFRA, 2018b). 

As in agriculture, such subsidies have been at the centre of a long- 
standing sustainability debate in fisheries (Sakai et al., 2019; Sumaila 
et al., 2019; Tipping, 2016). Indeed, even Adam Smith raised concerns 
regarding the sustainability of public money being transferred to the 
private fisheries sector (Smith, 1999). Given the transboundary nature 
of fish stocks and the global nature of fishing fleets, these concerns are 
not only domestic; the international struggle to address harmful fisheries 
subsidies has been ongoing for more than two decades. During this time 
there have been several attempts to form multilateral agreements on 
their reform, most notably via the ongoing World Trade Organization 
(WTO) negotiations, the Aichi Biodiversity Targets, and the SDGs, which 
commenced in 2001, 2010 and 2015, respectively. Yet, reformed rules 

for the provision of fisheries subsidies remain elusive, even though many 
of them have been shown to exacerbate environmental degradation and 
undermine biological sustainability within the EU (Skerritt et al., 2020). 

In this light, this study suggests that the PMPG concept, as recently 
applied to direct public income support for UK farmers, should be 
explored and considered as a framework for reforming direct fisheries 
and aquaculture subsidies in the UK. Each of the fisheries administra
tions within the UK is responsible for developing their own domestic 
replacement to the European Maritime and Fisheries Fund (EMFF)2 the 
current CFP funding mechanism for providing direct subsidies to the 
fisheries and aquaculture sectors. These new schemes and their future 
iterations provide opportunities to consider and incorporate PMPG. The 
ambition shown in the UK’s course change from the CAP towards the 
ELM scheme could be mirrored in the UK’s inevitable divergence away 
from the EMFF scheme of the CFP. 

This article places the debate within the policy context of challenges 
and opportunities for fisheries, aquaculture and the marine environment 
in the UK. It then sets out what constitutes a public good in the context of 
the new UK Agriculture Act, before exploring what might constitute a 
public good in the marine environment. It then outlines the current 
forms of public money transfers under the outgoing EMFF and whether 
they could be considered to provide public goods, before outlining what 
the principles of fisheries and aquaculture subsidisation might look like 
under the concept of PMPG. Lastly, the paper discusses future policy, 
how the PMPG concept may be expanded, and how it can be imple
mented through a just transition. We discuss how this concept may be 
applied more broadly to address long standing concerns of how public 
money and natural assets are currently managed and whether they are 
done so for the benefit of all of society. Specifically, we suggest that the 
requirements for continued financial support under the replacements to 
the EMFF are reshaped and linked to the requirement to provide positive 
environmental outcomes and other public goods. Having commenced 
the exploration of PMPG in the marine environment we conclude by 
suggesting further areas of research. 

2. Political context 

EU-exit provides a unique opportunity to revisit environmental 
legislation and policy. In terms of the UK Government’s current stance 
towards the environment, there is recognition that transformational 
change is required. The desire for the UK to be a world leader in the 
global response to the environmental crisis led to the Government 
introducing the legal requirement to achieve Carbon Net Zero (CNZ) by 
2050, and subsequently a commitment to reduce carbon emissions by 
78% by 2035 (compared to 1990 levels) (UK Gov, 2021a), the publi
cation of the 25 Year Environment Plan (DEFRA, 2018b), and the suc
cessful bid to host the 26th UN Climate Change Conference (UK Gov and 
UN, 2021)). Tackling climate change and preserving the planet’s 
biodiversity forms one of the four priorities for the UK’s G7 Presidency 
in 2021 (UK Gov, 2021b). From an international marine perspective, 
through its leadership of the Global Ocean Alliance, and as ocean 
co-chair of the High Ambition Coalition for Nature and People, the 
Government is championing the 30 by 30 target, which advocates for the 
protection of at least 30% of the global ocean within Marine Protected 
Areas (MPAs) by 2030 (which aligns with global protection of at least 
30% of land by the same year) (UK Parliament, 2021). 

This desire to lead is exemplified in the concerted effort the UK has 
taken to address its carbon emissions and take advantage of an extensive 
Exclusive Economic Zone (EEZ), with favourable bathymetry and 
meteorological conditions to become the global leader in the develop
ment of offshore windfarms (OWFs) (Prime Minister’s Office, 2020). The 

2 The overall EU EMFF budget for 2016–2020 was € 6.2 billion, with the UK 
allocated €243 million (of which €92.1 million was allocated to England for that 
period) (MMO, 2016). 
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rapid expansion of OWFs and their demand on marine space is currently 
the most obvious facet of the UK’s Blue Growth agenda and are an 
example of the changing appreciation and recognition of the high value 
of the UK’s marine assets. With increasing pressures from greater use 
leading to growing competition for space, comes increased scrutiny of 
environmental impacts occurring in an already degraded ecosystem but 
also increased recognition around the important ecosystem services that 
can be derived from its inherent assets (Ruckelshaus et al., 2013). 
Recently there has been a shift in focus from the terrestrial to the marine 
environment regarding the extent that carbon sequestration occurs 
(Green et al., 2021). It is already being advocated that restrictions on 
bottom trawling are required to maximise the extent that this ecosystem 
service can be provided (Sala et al., 2021). As this will require re
strictions on fishing activities, this further raises the question as to how 
the UK’s assets (natural and financial) should, or could, be used to 
benefit wider society. The expansion of OWFs, has coincided with at
tempts to increase protection of the marine environment with the 
designation and management of MPAs being the most obvious mani
festation of this (the UK MPA network now consists of 371 sites covering 
38% of the UK EEZ (Pow, 2021)) the other being the development of the 
UK Marine Strategy. 

The ambition and the legal requirement to improve the state of the 
UK’s wider seas and to deliver Good Environmental Status (GES) of its 
waters (by 2020) is established within the 25 Year Environment Plan, 
the Marine and Coastal Access Act (2009) and associated UK Marine 
Strategy Regulations 2010 in addition to the Fisheries Act (2020) (Ma
rine and Coastal Access Act, c.23, 2009; DEFRA, 2018b; DEFRA, 2019; 
Fisheries Act, 2020). The most recent status update regarding GES de
livery was conducted in 2019 with eleven of the fifteen elements re
ported on were either Red (GES not being achieved) or Amber (GES only 
partially achieved) (DEFRA, 2019). This update stated that the pre
dominant human pressures preventing GES being achieved include 
commercial fishing. The marine environment has been degraded 
through the act of fishing and climate change is exacerbating the pres
sures on both fish stocks and the wider environment. This status update 
is clearly at odds with the ambition set out within the Fisheries White 
Paper - Sustainable fisheries for future generations (the precursor to the 
Fisheries Act 2020) (DEFRA, 2018a), to develop ‘world class’ sustain
able fisheries. 

As a result, access to these stocks and fishing grounds was a key area 
of tension during the TCA negotiation. It is noteworthy that the TCA has 
‘carve outs’ for subsidies applicable to both agriculture and farming and 
that the UK is consulting on a domestic subsidy control regime. The WTO 
agreement on subsidies and countervailing measures (ASCM) applies to 
fisheries subsidies, as there is currently no sector specific WTO agree
ment in place akin to the WTO Agreement on Agriculture. Negotiations 
for a fisheries agreement under the WTO are ongoing (WTO, n.d). The 
UK therefore has an opportunity to consider how to address long
standing concerns regarding subsidy application in both sectors. This 
opportunity also comes at a time when scrutiny around the use of public 
finances will increase as the as the UK plans its economic recovery 
post-COVID-19 (‘build back better’ (HM Treasury, 2021) and establishes 
new policies and regulations following EU-exit. 

Alongside traditional fisheries, the UK has natural conditions to 
support aquaculture (including the farming of oysters, mussels, scallops, 
and clams, using various techniques) while at the same time providing 
ecosystem services such as water filtration that can aid the delivery of 
GES. While the provision of ecosystem service benefits, from water pu
rification to habitat creation and carbon sequestration have been widely 
documented (Brumbaugh 2008, Northern Economics Inc, 2009; Na
tional Research Council 2010), there are also instances where ecosystem 
services may be lost by an expansion of bivalve shellfish aquaculture, e. 
g. through loss of soft sediment habitats and food resources for wading 
birds (Herbert 2016). Some of the ecosystem services provided are 
dependent on-site specifics, bivalve species selected and life stages, 
making trade-offs (Sequeria, 2008) a key consideration. The shellfish 

aquaculture sector already contributes around £35.6 million annually to 
the UK economy (Hambrey et al., 2016). However, this sector is facing 
considerable spatial constraints including from the MPA network, issues 
with water quality in some sites, threats from disease and/or invasive 
non-native marine species (INNS) in some locations (e.g. Wales (Jenkins 
2021) and the Solway Firth (Solway Firth Partnership 2017)), and op
position from commercial fishers where the public right to fish is 
perceived to be impinged by the consenting of aquaculture sites (Ham
brey et al., 2016; Black and Hughes, 2017; MMO, 2020). 

Increasing demand for marine space and the opportunity to establish 
a new fisheries/aquaculture legislative framework and management 
regime coupled with a desire to improve not only the state of the UK’s 
marine environment but to provide global leadership provides an op
portunity for new concepts and principles to be debated and developed. 
In looking for solutions to support fisheries and provide the economic 
and social goods, one may look to how complex ecosystems and envi
ronmental impacts have been addressed on land. Acknowledging the 
apparent success in farming (in that the concept seems broadly accepted 
and supported by a diverse range of stakeholders (NFU, 2021; Sustain, 
2021; Woodland Trust, 2018)), it is here proposed that PMPG should be 
debated as a central tenet of marine governance, and specifically in the 
reform of fisheries and aquaculture. 

3. Public goods 

3.1. What are the public goods in UK agricultural policy? 

Despite its widespread usage in agricultural policy discussions, there 
is considerable ambiguity regarding the definition of public goods with 
at least three distinct concepts evoked in different instances: how goods 
can be accessed and depleted, whether goods have beneficial outcomes 
that are widely enjoyed, and the ownership of goods. 

The definition of a public good used in economics, first proposed by 
Paul Samuelson (1954), is a good (i.e. something that provides utility) 
that cannot be easily depleted (i.e. it is non-rivalrous) and is difficult to 
prevent others from accessing (i.e. it is non-excludable). This is the 
definition used in key government technical documents, for example in 
HM Treasury’s Green Book for Central Government Guidance on 
Appraisal and Evaluation (HM Treasury, 2020). Private goods have the 
opposite characteristics (i.e. they are rivalrous and excludable) while 
common goods (non-excludable but rivalrous) and club goods (non-
rivalrous but excludable) share one but not both features. 

Outside of economics the term public goods is often used in a less 
technical and more generalised sense to refer to goods that are enjoyed 
by a broad population (sometimes referred to as the public good or the 
common good) or in other instances to goods with non-market benefits 
(i.e. a public benefit or externality). These two generalised uses may 
overlap in some cases but not all.3 A third use of the term public goods 
relates to ownership, particularly in the case of marine resources where 
some goods are referred to as public assets. However, a public good 
(under either the technical or the general definition) need not imply 
public ownership, nor does a private good imply private ownership.4 

3 For example, a gift of flowers to a friend is a positive externality with only a 
single beneficiary (Holtermann, S. E. (1972) ‘Externalities and Public Goods’, 
Economica, 39(153), pp. 78–87.) and a beautiful sunset has many beneficiaries 
but is not an externality as no economic agent was involved in its production 
(Reddy, S. (2015) ‘Externalities and Public Goods: Theory OR Society’, Avail
able: Institute for New Economic Thinking. Available at: https://www.ineteco 
nomics.org/perspectives/blog/externalities-and-public-goods-theory-or-society 
(Accessed 26th March 2021).  

4 These three definitions do not constitute an exhaustive list, merely the most 
common uses. For example, Timmermann (2018) describes three additional 
variations of the term: a normative public good, a visible public good, and joint 
action public good. 

D. Vaughan et al.                                                                                                                                                                                                                               

https://www.ineteconomics.org/perspectives/blog/externalities-and-public-goods-theory-or-society
https://www.ineteconomics.org/perspectives/blog/externalities-and-public-goods-theory-or-society


Ocean and Coastal Management 213 (2021) 105881

4

While the multiple uses of the term public good refer to distinct 
concepts, it is common for articles on agricultural public goods to define 
public goods according to the technical economic definition but then 
apply the generalised definition that covers a much wider range of po
tential public benefits, only some of which are technically public goods. 
In some cases, this shift in definition is subtle (Global Justice Now, 2017; 
Hird, 2021; Sustain, 2021), while in other cases it is more explicit, for 
example, by arguing that all goods are situated on a spectrum of “pub
licness” (Cooper et al., 2009), or acknowledging the technical definition 
but questioning its relevance (Kipling, 2019). 

One potential reason for retaining the link to the technical definition 
of public goods is that in welfare economics, public goods are viewed as 
a valid reason for government intervention and could thus justify public 
money being spent. However, this link between public goods and gov
ernment intervention is disputed, with critics noting that there can be 
non-governmental solutions to public good problems (Cowen, 1992), or 
alternatively, that public spending need not require the identification of 
a public good (Devlin and Wheatley, 2017, p.19). Many economic the
orists have questioned the use of public goods theory in welfare eco
nomics altogether as the public goods concept combines multiple 
dimensions (Woolley, 2006), neither of which are ‘natural’ properties 
but rather determined by a mix of evolving factors such as institutions, 
ideology, technology and costs (Cowen, 1985; Goldin, 1977; Vivero-Pol, 
2017; Sheng, 2020). Despite these critiques, public goods theory con
tinues to be promoted and its flexible use in practice has placed it at the 
heart of UK agricultural policy reforms with the support of diverse 
stakeholders. 

In the 2020 Agriculture Act, the twelve identified areas for financial 
assistance appear to use the generalised definition of public goods as 
public benefits (Agriculture Act 2020 c.21). No explanatory note is pro
vided to justify the areas of financial assistance and despite the term 
‘public goods’ appearing frequently in consultations in the various 
stages of the Bill and in the 25 Year Environment Plan (DEFRA, 2018b), 
the term does not appear in the Agriculture Act itself. 

The twelve areas for financial assistance range from environmental 
issues, to animal welfare, to health and well-being. Although not 
included in the Act, several other areas of potential financial support 
have been identified as public goods such as beautiful landscapes 
(Bateman and Balmford, 2018; Cooper et al., 2009; DEFRA, 2018c; 
OECD, 2015; Vojtech, 2010), to rural vitality (Cooper et al., 2009; 
DEFRA, 2018c; Global Justice Now, 2017), to employment (DEFRA, 
2014; Gerrard et al., 2011; Global Justice Now, 2017), to public health 
(Hird, 2021; Sustain, 2021), and to democratic accountability (Global 
Justice Now, 2017). Some of these areas were mentioned in Defra 
consultations (DEFRA, 2018c) and in the initial development of the ELM 
(DEFRA, 2020a) but do not appear in the Act. While the production of 
food (sometimes with qualifiers like ‘healthy’ or ‘secure’) was frequently 
proposed as a public good (DEFRA, 2014; Gerrard et al., 2011; Global 
Justice Now, 2017; Hird, 2021; NFU, 2018a; NFU, 2018b; Timmermann, 
2018; Vivero Pol, 2013; Lochhead, 2009 cited in Almas, Campbell and 
Marsden, 2012) other authors have specifically noted that food pro
duction is not a public good as it closely fits the definition of a private 
good (Bateman and Balmford, 2018) and has a weak link to consumption 
outcomes due to many subsequent stages of the supply chain and in
ternational trade (Bateman and Balmford, 2018; Helm, 2016). 
Furthermore, while food is certainly an important good, if producing 
something desirable is a public good deserving of public money than 
other sectors from residential construction to energy generation would 
be equally deserving (Carpenter, 2018), as would all other actors in food 
supply chains from farm equipment manufacturing to supermarkets 
(Helm, 2016).Another contrast between the Act and earlier consulta
tions is that the areas for financial assistance identified in the Act refer to 
processes rather than outcomes, for example improving the quality of 
soil, rather than the outcome of a specified soil quality metric. 

3.2. What are the public goods in the marine environment? 

The areas of financial assistance in the Agriculture Act can serve as a 
model for what constitutes public goods. Many of these identified public 
goods in agriculture are directly applicable to fisheries and aquaculture, 
stemming from the fact that both these sectors impact on, and are 
impacted by, the natural environment and have significant government 
financial inputs and oversight (Agriculture Act 2020 c.21). The areas of 
financial assistance of an environmental nature can be reinterpreted in 
the marine context while the areas of animal welfare, health and 
well-being are directly applicable (Table 1). In some cases, there is 
alignment between the areas of financial assistance in the Agriculture 
Act and areas of financial assistance in the Fisheries Act, although the 
latter were developed based on a different, unstated concept. 

Climate change mitigation and animal welfare are included as areas 
of financial assistance in the Agriculture Act but neither appears in the 
areas of financial assistance in the Fisheries Act despite its direct rele
vance. These public benefits are less developed in fisheries and aqua
culture than in terrestrial agriculture, although the Fisheries Act does 
contain a climate change Fisheries Objective. Conversely, three areas of 
financial assistance in the Fisheries Act that are not included in the 
Agriculture Act are: personal expenses of workers, the health and safety 
of workers, and the training of workers. This difference may indicate 
that consideration of workers is further developed in fisheries and 
aquaculture than in terrestrial agriculture. 

While this comparison indicates a substantial overlap in the areas of 
potential financial assistance between agriculture, aquaculture and 
fisheries, how that financial assistance is justified and implemented di
verges significantly. These differences also explain some of the different 
sector experiences with public funding to date with direct public income 
support forming a significant portion of farm income but with direct 
support rarely used and in smaller amounts in the fisheries sector. 

Unlike the relationship between farmers and agricultural land, 
fishers do not actively manage the marine environment.5 Much of this 
difference is explained by feasibility. While farmers can take actions to 
improve agricultural land, fishers cannot actively restore the marine 
environment and certainly not in the magnitude to prevent natural di
sasters. This is not to say that fishers cannot have a large impact on the 
environment – they do – only that the impact is to the detriment to the 
marine environment compared to taking no action (i.e. not fishing). By 
its very nature, fishing is an extractive activity that kills fish, can result 
in bycatch, damage habitats and affect food webs. While minimising 
impact (e.g. switching to lower-impact fishing gear) can still improve 
the state of the marine environment compared to current fishing prac
tices, there is not the same support for the principle of “public money to 
erode public goods to a lesser extent”. Under some interpretations of 
public goods, the financial flows should be in the opposite direction with 
fishers paying penalties for the creation of negative externalities (Ryan 
et al., 2014). There are some limited exceptions where the act of fishing 
is beneficial to the environment (removal of invasive species, litter, as in 
Table 1). This challenge to apply PMPG to capture fisheries is not nearly 
as acute in bivalve or algae aquaculture where careful management can 
lead to additional public benefits in the form of water quality im
provements, habitat creation and climate change mitigation. 

Another key difference between payments for public goods in 
terrestrial and marine contexts is the ownership structure of the 
resource. While the degree to which fishers fully own fishing opportu
nities (e.g. licences, quota) is an area of active debate (Appleby et al., 
2018), they do not generally own the marine resources themselves (e.g. 

5 Aquaculturists who lease areas of the seabed from the Crown Estate under 
Regulating and/or Several Orders share features with both farmers and fishers 
(e.g. Historically, native oyster fishers have sometimes actively managed the 
environment in question by harrowing the beds and/or laying cultch. This 
harrowing is conducted to keep the cultch clean for spat settlement). 
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Table 1 
Areas for financial assistance specified in the Agriculture Act and their possible marine equivalent (Fisheries Act clause identified where relevant).  

Agriculture Act Clause Examples given in the 
Explanatory Notes 

Marine equivalentc Capture fisheries examples Aquaculture 
(AQ) Fisheries 
(F) 

Aquaculture 

1. a) protects or improves 
the environment 

tree planting conservation, enhancement or 
restoration of the marine and 
aquatic environment (Fisheries 
Act 33. 1. a) a 

shift to lower-impact fishing gear 
Williams (2019), removal of 
marine litter and fishing gear 

Applies to 
both AQ + F 

benevolent habitat 
forming shellfish 
aquaculture ( 
Madricardo et al., 
2020; Fodrie et al., 
2017) 

1. b) supporting public 
access 

facilities for educational 
visits … share information 
about agroecology 

promotion or development of 
recreational fishing (Fisheries Act 
33. 1. i) 

recreational fishing policy, 
facilities for educational visits, 
data collection 

Applies to 
both AQ + F  

1. c) restores or enhances 
cultural heritage or 
natural heritage 

maintenance of historic farm 
buildings, dry stone walls and 
conservation of limestone 
pavement … contributing to 
research, education, 
recreation and tourism 

cultural heritage in coastal 
communities 

maintenance of historic fishing 
vessels and portside 
infrastructure (van der Schatte 
Olivier et al., 2020), natural 
heritage, traditional fish related 
festivals, education around local 
fish and how to cook them ( 
Everett and Aitchison, 2008;  
Michael Hall and Sharples, 2008) 

Applies to 
both AQ + F  

1. d) mitigate or adapt to 
climate change 

peatland restoration blue carbon sequestrationa habitat forming shellfish 
aquaculture (Fodrie et al., 2017), 
fishing less to restore natural 
carbon sinks (Sala et al., 2021) 
and to let biomass sink (Mariani 
et al., 2020) 

Applies to 
both AQ + F  

1. e) reduce or protect from 
environmental hazards 

improving soil porosity restoration of natural features for 
storm protection 

shift to lower-impact fishing gear 
(Williams, 2019) and areas away 
from inshore features that 
provide flood protection, 
nutrient cycling, erosion 
protection, sediment stabilisation 
in aquaculture (van der Schatte 
Olivier et al., 2020) 

Applies to 
both AQ + F  

1. f) protecting or improving 
the health or welfare of 
livestock 

participation on health or 
disease control schemes 
animals have access to 
materials that allow them to 
express their natural 
behaviours 

health and welfare of fish 
through reduced bycatch and 
increasing survivability of 
bycatch which is discardeda 

shift in species (e.g. bivalves), 
shift to lower-welfare impact 
fishing gear (Waley et al., 2021), 
lower stocking densities in 
aquaculture 

Applies to F  

1. g) conserving native 
livestock, native equines 
or genetic resources 
relating to any such 
animal 

rearing rare and native 
breeds or species 

Conserving native species, 
removal of Non-Native Invasive 
Species (NNIS) 

encourage the targeted removal 
and commercial and/or 
recreational utilization of dead 
NNIS, removal of NNIS ( 
Giakoumi et al., 2019; MacLeod 
et al., 2016), restocking schemes: 
oysters (Native Oyster Network, 
2021), sturgeon (Blue Marine 
Foundation 2021). 

Applies to 
both AQ + F  

1. h) protecting or 
improving the health of 
plants 

reduce the risk of 
introduction and spread of 
harmful plant pests and 
disease 

conservation, enhancement or 
restoration of the marine and 
aquatic environment (Fisheries 
Act 33. 1. a)a 

shift to lower-impact fishing gear 
Williams (2019). 

Applies to 
both AQ + F  

1. i) conserving plants grown 
or used in carrying on 
agricultural, horticultural 
or forestry activity, their 
wild relatives or genetic 
resources 

conserve and utilise crop 
wild relatives 

no equivalent, plant nurseries are 
a different sectorb 

not applicable Could 
potentially 
apply to AQ  

1. j) protecting or improving 
the quality of soil 

Assistance for soil monitoring 
and research … practices 
which protect and enhance 
soil health 

conservation, enhancement or 
restoration of the marine and 
aquatic environment (Fisheries 
Act 33. 1. a)a 

shift to lower-impact fishing gear 
(Williams, 2019), water quality 
improvements in shellfish 
aquaculture (van der Schatte 
Olivier et al., 2020) 

Applies to 
both AQ + F  

2. a) starting, or improving 
the productivity of, an 
agricultural, horticultural 
or forestry activity 

precision application 
equipment for slurry 

the promotion or development of 
commercial fish or aquaculture 
activities (Fisheries Act 33. 1. b) 
the reorganisation of businesses 
involved in commercial fish or 
aquaculture activities (Fisheries 
Act 33. 1. c) improving the 
arrangements for the use of catch 
quotas or effort quotas (Fisheries 
Act 33. 1. h) 

participation in scientific 
research (e.g. gear trials to 
reduce bycatch) 

Applies to 
both AQ + F  

(continued on next page) 
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fish stocks, marine habitat). Aquaculture is situated in between the two 
where ownership can be in the form of a lease of areas of seabed which 
can provide a financial return to the state to support management and 
data collection. 

Following from this difference in ownership, the justification for 
direct public income support in the agricultural sector to influence how 
owners use their private property is absent in the fisheries sector. As the 
marine environment is owned and managed on behalf of the public, the 
government can more easily legislate a change to how marine space is 
used compared to an area of terrestrial land under private ownership. 
Thus, a change in policy regarding resource use can be achieved in the 
marine environment both at scale and at a faster pace than would be the 
case in the terrestrial environment. Still, public payment is a powerful 
tool and this key difference in ownership may lead to different forms of 
public payment rather than a forgoing of public payments entirely. 

4. Do public payments to fisheries and aquaculture deliver 
public goods? 

There are three broad arguments for transferring public money to the 
private fisheries and aquaculture sector that may deliver public goods in 
their broadest sense. The first is to incentivise sectoral development in a 
manner that may not otherwise occur. Such support was integral to the 
post-war expansion of fisheries (Schrank, 2003; Tickler et al., 2018) and 
more recently for developing nations’ fisheries (Cisneros-Montemayor 
et al., 2013; Espinoza-Tenorio et al., 2011). The second is to address 
distributional and social equity issues, such as to improve the conditions 
of marginalised groups (Harper and Sumaila, 2019; Schuhbauer et al., 
2020). The third is to address conservation concerns such as limiting 
carbon emissions or undoing harm previously caused (Balmford and 
Whitten, 2003; Cullis-Suzuki and Pauly, 2010). 

Over the past two decades, much of the subsidisation of EU fisheries 
and aquaculture was provided with the intention to incentivise devel
opment (Skerritt et al., 2020). While such development was once an 
important policy for increasing food production, fears of food shortages 
in the EU have largely receded and many exploited fish stocks have 
reached or exceeded their ecological limits (a recent audit of 104 UK fish 
and shellfish stocks found that only 36% were healthy in terms of stock 
size (Guillen, 2021)). As such, subsidy provision to increase capacity is 
no longer necessary, particularly as fishing capacity is estimated to in
crease by 2–4% annually through technological advancements alone 
(Palomares and Pauly, 2019; Munro and Sumaila, 2002; Eigaard et al., 
2014). 

However, many fisheries subsidies continue to enhance fishing ca
pacity (Skerritt et al., 2020; Sumaila et al., 2019). Such subsidies have 
been shown to cause harm by distorting markets, contributing to unfair 
trade practices and unequal competition within countries (Schuhbauer 
et al., 2020), and, importantly, they undermine the natural resources 
that the sector relies upon by encouraging overcapacity, overproduction 
and subsequently overfishing (Sakai et al., 2019; Schuhbauer and 
Sumaila, 2018). This has led to the pervasive view that the continuation 
of subsidies to the fisheries sector are now intended to lower fishing 
costs to offset declining catches (Sumaila et al., 2019), rather than to 

deliver public goods per se. 
However, not all fisheries subsidies are damaging. Sufficient evi

dence exists to classify certain forms of subsidies based on their likely 
impact on fish stock and environmental sustainability, noting that the 
status of the resource (Arthur et al., 2019), characteristics of recipient 
fisheries (Quinn and Ruseski, 2001), and cultural and institutional dif
ferences (Sakai et al., 2019), have all been shown to alter the observed 
impact a particular subsidy may have. Certain subsidies can have posi
tive, or at least neutral, impacts upon environmental sustainability and 
may even provide direct public goods. Indeed, the EU has made steady 
progress towards redirecting many damaging forms of subsidies towards 
less damaging, potentially beneficial, forms of support (Skerritt et al., 
2020). These beneficial subsidies are thought to act as an investment in 
natural resources while also conferring sectoral benefits. For example, 
the UK is currently investing in the establishment and maintenance of 
MPAs that intend to directly conserve portions of the marine environ
ment (UK Parliament, 2021), which may result in benefits to the sector 
through spill-over effects (Halpern et al., 2010; Lenihan et al., 2021). 

While the nature of fisheries subsidies is the subject of much 
research, few studies have quantified aquaculture subsidies (but see 
Guillen et al., 2019; Love et al., 2017) - despite significant public money 
being transferred to the sector annually, especially in the EU where EUR 
1.17 billion was transferred between 2000 and 2014 with the key aim of 
developing the aquaculture sector (Guillen et al., 2019). However, un
like wild capture fisheries, increasing aquaculture production does not 
necessarily have direct negative environmental impacts, and may even 
provide public benefits in the case of bivalve or algae culture. 

While reducing the impact of fishing on the marine environment has 
been a clear policy goal in the UK, the opportunity for habitat restora
tion and creation through bivalve shellfish aquaculture, for example, has 
not been the focus of specific policies or subsidies. The PMPG approach 
to subsidies however opens this realm of possibility. Specifically, sub
sidising excess production or ‘set aside’ areas on leased shellfish beds 
(through Several or Regulating Orders – where public authorities can 
lease areas of seabed for cultivation of bivalve shellfish) can generate 
public goods (e.g. climate change mitigation, water purification, 
enhanced biodiversity, food for wading birds and other wildlife (Na
tional Research Council, 2010; Grabowski et al., 2012; Herbert et al., 
2016; Herbert et al., 2012; Northern Economics Inc, 2009; Rodri
guez-Perez et al., 2019; Watson et al., 2020; Williams and Davies, 2018)) 
without the corresponding risk of distorting markets or supporting 
specific companies or sectors unfairly. Care must be taken to ensure that 
overall environmental degradation does not happen by trading one set of 
ecosystem benefits for another. The approach could consider an 
ELMs-like approach to delivering multiple co-benefits in the public in
terest through supporting bivalve shellfish aquaculture if well situated 
and regulated to consider possible trade-offs (Rodriguez-Perez et al., 
2019). 

Clearly, the environmental outcomes of fisheries and aquaculture 
subsidies are complex, and policy interventions in the marine environ
ment can lead to unexpected, or unintentional (and potentially per
verse), outcomes, not least because increasing fishery production 
directly puts pressure on fish stock sustainability and leads to increased 

Table 1 (continued ) 

Agriculture Act Clause Examples given in the 
Explanatory Notes 

Marine equivalentc Capture fisheries examples Aquaculture 
(AQ) Fisheries 
(F) 

Aquaculture 

2. b) supporting ancillary 
activities carried on, or to 
be carried on, by or for a 
producer 

activities carried on by a 
producer … or someone 
acting for them 

the economic development or 
social improvement of areas in 
which commercial fish or 
aquaculture activities are carried 
out (Fisheries Act 33. 1. g) 

improvement of launching 
facilities for recreational vessels 

Applies to 
both AQ + F   

a Fishers can only minimise or reduce their own harm rather than taking a beneficial action. 
b Fishers cannot have a significant impact. 
c Includes the catching sector, the aquaculture sector, and recreational fishing. 
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environmental degradation, simply through the action of increased 
fishing activity. With this nuance in mind, we outline the types of direct 
public payments that the UK fisheries and aquaculture sectors were 
known to receive via the EMFF and, to the extent possible, describe 
whether they are likely to provide or undermine public goods. Each 
relevant form of public payment via the EMFF was categorised as either 
having positive (+ve), negative (-ve) or neutral (0) impacts on public 
goods. The definitions in the regulations of what the public payments set 
out to achieve, or to the extent possible the types of projects that were 
funded under each payment type, were used to inform this catego
risation. Our definition of a public good is taken from the proceeding 
section of this paper, and as such does not consider the production of 
food or jobs in its definition. The likely outcome in terms of providing 
public goods and supporting arguments are provided (Table 2). 

The UK’s specific objectives for transfers of public money via EMFF 
were defined by four main policy goals: 1. To transition the fleet to 
sustainably managed and discard-free fisheries; 2. To foster growth 
potential across the fisheries, aquaculture and processing supply chains; 
3. To support the efficient use of natural resources; and 4. To fulfil the 
UK’s enforcement and data collection obligations. Although some public 
goods are reflected in these broad goals, they tend to focus on growth, 
efficiency and management of the current sector, rather than on 
providing direct public benefits. 

These overarching goals are reflected in the likely environmental 
outcomes of the specific EMFF public payments. We determined that five 
EMFF payments provided clear public goods, including two directed 
specifically towards fisheries; one focuses on the removal of litter and 
ghost fishing gear, the other provides life jackets to fishers and crew. 
However, the majority were considered to have neutral effects. This is 
probably because fishers, unlike farmers and landowners, cannot easily 
restore the marine environment, but can only erode the natural envi
ronment to a lesser degree. As such, any subsidy that enhances fishing 
capacity, by its nature will be increasing environmental degradation and 
pressure on fish stocks, and therefore some of the EMFF payments 
clearly deliver negative impacts. 

Some of the subsidies identified that do intend to provide benefits 
only go as far as aiming to reduce the impact that fishing or aquaculture 
have on the environment, rather than remove it or undo its impact 
altogether (restoration). This includes public payments that aim to 
reduce incidental mortality of commercial and non-commercial fish, 
broaden participation in environmental decision-making, and improve 
energy efficiency. The reality of these subsidies is that they reduce the 
impact of fishing on the marine environment, rather than remove the 
impact or begin to undo the harm previously caused. This contrasts with 
the Agriculture Act Clause 1.a, which aims to protect or improve the 
environment by actively planting trees, rather than to reduce the process 
of cutting down trees. 

Furthermore, public money for new equipment including vehicles, 
ice machines, power generators and more efficient engines on fishing 
vessels, have been shown to potentially lead to increases in fishing ca
pacity and therefore can lead to further fishing and further environ
mental degradation (Sumaila and Pauly, 2006). This is particularly true 
for the replacement of vessel engines, or any modernisation that in
creases a vessels ability to find, catch or store fish, which has been shown 
to increase fishing effort (Palomares and Pauly, 2019), even in 
non-open-access systems (Munro and Sumaila, 2002). The intention is to 
increase efficiency but not capacity, however, the contradiction of 
providing funding for vessel modernisation while simultaneously 
requiring these investments not to increase the vessel’s ability to catch 
fish was highlighted by the European Court of Auditors (European Court 
of Auditors, 2011) and the European Commission now recognises that 
vessel modernisation without increasing fishing capacity is not always 
achievable (European Commission, 2019). 

Findings that public money spent via the EMFF largely have a neutral 
or negative impact on delivering public goods is reflected, to some de
gree, by a recent evaluation of the environmental benefits flowing from 

Table 2 
Types of support provided to UK fisheries and aquaculture allocated from the 
European Maritime and Fisheries Fund (EMFF), and whether they likely provide 
public goods (+ve), undermine them (-ve), or are neutral (0) in their outcome.  

Stated subsidy 
intention 

Specific public 
payments 

Example(s) from 
allocated EMFF 
funds in the UK 

Likely outcome 
on providing 
public goods 

Fisheries 
Reduces impact of 

fisheries on the 
environment, 
including 
avoidance and 
reduction of 
unwanted catch. 

Design and 
implementation of 
conservation 
measures. 

Develop 
knowledge of 
live wrasse 
fishery to inform 
management and 
development. 

-ve Fishery 
development 
adds additional 
pressure to 
environment. 

Limit impact of 
fishing on 
environment and 
adapt fishing to 
protect species. 

Replacement 
fishing gear to 
reduce by-catch 
or gear loss. 
Replacement 
nets with larger 
mesh sizes to 
improve 
selectivity. 

0 May reduce 
impact on fish 
stock, but not 
wider 
environmental 
impacts. 
Replacing gear 
can potentially 
increase fishing 
capacity. 

Innovation linked 
to conservation of 
marine resources. 

Determine effects 
of offshore 
aquaculture 
installations on 
fisheries. 

0 May limit 
impact but does 
not offer benefit. 

Protection and 
restoration of 
marine 
biodiversity – 
collection of lost 
gear and litter. 

Fishing 4 Litter 
aimed to remove 
25 tonnes of litter 
from Cornwall 
and reduce 
wildlife fatalities. 

+ve Removal of 
litter. 

Protection and 
restoration of 
aquatic 
biodiversity and 
ecosystems. 

Protect and restore 
marine 
biodiversity. 

Establish 
sustainable 
seaweed 
farming. 
Collecting seabed 
data so impacts 
of fishing can be 
monitored. 

0/-ve Fishery 
development 
adds additional 
pressure to 
environment. 

Enhancing 
competitiveness 
and viability of 
fisheries and 
improving safety 
or working 
conditions. 

Advisory services. Scallop stock 
assessments in 
English Waters. 

0 May lead to 
reduced impacts 
but does not offer 
benefit. 

Health and safety. New machinery, 
safety 
equipment, crew 
comfort. 

0 Could deliver 
benefit or 
increase fishing 
capacity. 

Added value, 
product quality 
and use of 
unwanted catch. 

Updating 
refrigeration 
systems. 

0 If food is not 
considered a 
public good, 
there is no clear 
benefit. 

Improving fishing 
ports, landing 
sites, auction halls 
and shelters. 

Upgrading fuel 
systems and LED 
light retrofit to 
reduce electricity 
consumption. 

0 Could deliver 
benefit or 
increase fishing 
capacity. 

Support to 
strengthen 
technological 
development 
and innovation. 

On board 
investments. 

Replacement of 
anti-fouling paint 
with copper coat. 

0 Could deliver 
benefit or 
increase fishing 
capacity. 

Replacement or 
modernisation of 
engines. 

New engines to 
reduce fuel 
consumption. 

-ve (net) 
Potentially less 
CO2 but likely to 
increase fishing 
capacity. 

Professional 
training, new 
professional 
skills and 
lifelong 
learning. 

Training, 
networking, and 
support to spouses. 

Supply of 
lifejackets and 
training. 

+ve Provision of 
lifejackets 0/+ve 
Training (for 
alternative 
professions as 
this removes 
fishing effort). 

(continued on next page) 
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the EMFF to fishing and aquaculture in England (Arthur et al., 2019). 
This report demonstrated that of the 1172 projects funded at the time of 
its publication, 396 projects, or a third, were classified as having overt 
intentions of providing environmental benefit. While the report identi
fied some direct positive outcomes from the EMFF, including reductions 
in CO2 emissions and unwanted catches from fisheries, projects that 
aimed to address environmental concerns in less direct ways, e.g. 
through research or participatory planning processes, were more diffi
cult to identify. 

Regarding aquaculture subsidies, the evaluation found that bivalve 
shellfish aquaculture systems likely provided some environmental ben
efits (acting as artificial reefs, or to protect/create habitats). The eval
uation also sought to capture additional, and sometimes unintended 
impacts which could be termed public goods as they go beyond food 
production, income and employment (which are private benefits). The 
environmental benefits of EMFF funded habitat forming aquaculture 
projects in England were focussed on shellfish, with 13 ‘habitat forming’ 
projects on mussel, native oyster, or seaweed aquaculture reported 
(Arthur et al., 2019). While the habitat forming aquaculture projects 
were successful in increasing Natural Capital and generating employ
ment and income, the potential to scale up is often limited by the extent 
and availability of suitable habitats and existing poor water quality. As 
bivalve stocks increase, initial benefits e.g. improved water quality, 

could later result in dis-benefits resulting from density-dependent 
factors. 

Overall, public money currently used to support the UK fisheries 
sector at best have a neutral impact on delivering public goods, and at 
worst appear to work to undermine public goods. Those that support the 
aquaculture sector are less clear cut, and, particularly for bivalve 
shellfish aquaculture production may indeed provide clear public ben
efits, such as cleaner water and carbon sequestration (however, the 
research into the impacts of these subsidies lags that of the agricultural 
and fisheries sector considerably). 

This exploratory analysis does not mean that the concept of PMPG 
cannot work in the marine environment, but the question persists of how 
we build upon those subsidies that provide public goods, or are at least 
are neutral in their outcome, and how do we redirect those that are 
likely undermining this concept. The concept of PMPG questions what 
payments are made to whom and for what outcome, and provides a 
framework for that debate. It provides a philosophy that underpins the 
design of those subsidies and potentially helps answer that question. 

5. Discussion 

5.1. The concept 

We have highlighted that payments via the EMFF often had neutral 
and at worst negative impacts on providing public goods. As a result, it 
was arguably negative in the mid to long term for the future of the 
marine environment, socially and economically. We have shown that 
the PMPG concept applied to land, will apply differently in the marine 
environment, mostly because of the public assets being utilised (i.e. 
space, fish) and the ownership of those assets, but there are parallels 
with the possibilities for ecosystem improvement as well as addressing 
how space is most advantageously used. 

PMPG does not provide a prescriptive answer of what public pay
ments should look like, but it does provide a philosophy for how those 
payment policies could be designed. In this section we explore this 
further by considering the impact of the concept on future policy, how 
the concept can be expanded, the key gains that can be achieved and 
how it can support a just transition. 

5.2. Future policy 

With the UK revisiting its subsidy control scheme and the develop
ment of domestic replacements to the EMFF (noting that the PMPGs 
concept was not included in the first iteration of the Fisheries and Sea
food Scheme for England when launched in April 2021 (MMO, 2021)), it 
is incumbent on the government to re-evaluate what the public pays for 
and what private industry should deliver in return for the funding 
received. The concept of PMPG could be incorporated into the policy 
statement on the application of five environmental principles emanating 
from the Environment Bill.6 Further still, it has been argued it could be 
incorporated in itself as an additional subsidy control principle (Natural 
England, 2021). Application of the environmental principles is open for 
debate, as these principles will post date the enactment of the Fisheries 
Act. Express consideration of how these principles may be applied to a 
future fisheries management framework remains live. For example, 

Table 2 (continued ) 

Stated subsidy 
intention 

Specific public 
payments 

Example(s) from 
allocated EMFF 
funds in the UK 

Likely outcome 
on providing 
public goods 

Development and 
implementation 
of the Integrated 
Maritime Policy. 

Protection of 
environment and 
sustainable use of 
resources. 

Development of 
North Devon 
Marine Natural 
Capital Plan. 

0 May limit 
impact but does 
not offer benefit. 

Improved 
knowledge and 
data collection. 

Data collection. Data collection 
framework 
national 
correspondent. 

0 No clear 
benefit. 

Promoting 
economic 
growth, social 
inclusion and job 
creation. 

Local development 
strategies. 

New equipment 
including 
vehicles, ice 
machines, quays, 
power generators 
and chillers. 

-ve Likely to 
increase fishing 
capacity. 

Aquaculture 
Support to 

strengthen 
technological 
development, 
innovation and 
knowledge. 

Innovation. Feasibility of UK 
scallop hatchery 
and Black Soldier 
Fly meal as a 
replacement to 
fish meal. 

+ve 

Management and 
advice for 
aquaculture. 

Benthic survey 
equipment. 

0 May limit 
impact but does 
not offer benefit. 

Enhancing 
competitiveness 
and viability of 
aquaculture. 

Investments in 
aquaculture. 

Increasing 
mussel farm 
capacity. 

+ve May reduce 
pressure on fish 
stocks and the 
wider 
environment 
from fishing. 

Promotion of 
aquaculture 
having high 
level of 
environmental 
protection, and 
animal health 
and welfare. 

Promoting human 
capital and 
networking. 

Fish health 
training course, 
upgrading 
management 
skills and 
knowledge, 
employee 
training and 
upskilling. 

+ve 

Fisheries and Aquaculture 
Investment in 

processing and 
marketing 

Processing of 
fisheries and 
aquaculture 
products. 

New fuel- 
efficient vans, ice 
machines and 
solar panels. 

-ve Likely to 
increase fishing 
capacity. +ve 
Reduction in CO2 

emissions  

6 The five principles of the Bill being - integration, the adoption of the ‘pre
vention principle’, which means policy should prevent, reduce or mitigate 
harm, the ‘polluter pays principle’, the rectification at source principle and the 
‘precautionary principle’, which states that a lack of scientific certainty on the 
potential environmental damage of an activity should not postpone measures to 
prevent it DEFRA (2021) ‘Consultation Launched on Environmental Principles’, 
[press release], Available: UK Gov. Available at: https://www.gov.uk/govern 
ment/news/consultation-launched-on-environmental-principles (Accessed 
22nd March 2021). 
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commercial fishing is an anomalous marine industrial sector as the 
application of the polluter pays principle is not currently applied to this 
in any meaningful way – fisheries that damage the marine environment 
are not required to restore or provide compensation. Fishing is a specific 
case in that we already subsidise the damage of a public good or at least 
fail to manage fisheries strictly enough to prevent damage (e.g. through 
the funding of the supporting regulatory/management framework and 
reduced red fuel duty). Consideration of how to move to a point whereby 
the industry pay for damage caused to the marine environment and the 
management costs incurred by wider society to enable it, is warranted. It 
is notable that section 38 of the Fisheries Act does enable secondary 
legislation to be introduced that allows the imposition of charges for 
fisheries management upon fishers (Fisheries Act, 2020 c.22 s.38). 
PMPG could be used in designing a charging regime. 

The application of the PMPG approach is not just relevant to the UK 
but has wider resonance. Were the UK Government to introduce the 
concept fully, it would be well placed to further this concept interna
tionally because of its increased engagement in international fora and 
the wider geographical footprint of the UK provided through the Over
seas Territories. Whilst the UK is uniquely placed to explore and oper
ationalise this concept because of the requirement to revisit its 
legislative frameworks in full, this may be significantly more chal
lenging for other countries to achieve, or for Areas Beyond National 
Jurisdiction where international collaboration and qualified majority 
decision making adds complexity. 

5.3. Expanding the concept 

The application of the PMPG in English agriculture has some par
ticularities that have shaped the present analysis. First, the public goods 
concept was applied to agriculture in a very general sense (Table 1), 
referring to what may loosely be termed ‘public benefits’, although four 
of the twelve areas have a much stronger private element than public 
benefit (animal welfare, productivity, ancillary services and perhaps soil 
quality too). This form of application has thus shaped the equivalent 
application of the PMPG concept to the marine environment (Section 3). 

Second, because the PMPG concept is currently only being applied to 
direct financial support for agriculture, the scope of the analysis for 
fisheries and aquaculture was likewise limited to direct support (Section 
4). A wider application of PMPG could be considered, however, and 
there is even the potential for the discussion of PMPG in the marine 
environment to leapfrog its application in the terrestrial environment by 
considering indirect support too. 

One prominent example of indirect support is the red diesel tax 
rebate which is received by both the agricultural and fishing/aquacul
ture sectors. In sharp contrast to the UK Government’s climate ambi
tions, this subsidy reduces the incentive to reduce CO2 emissions and 
distorts relative prices in favour of the most carbon-intensive fishing 
methods such as scallop dredging. This indirect subsidy comes at a 
significant public expense. Based on data provided by Seafish for 2019 
(Motova, 2021), there was nearly 107 million litres of fuel consumed by 
the English fleet over the year. Whilst this figure does not distinguish 
between types of fuel consumed, the potential benefit to the sector is 
considerable. The current full tax rate for diesel being nearly 58p per 
litre as opposed to the effective rate after rebate on red diesel of around 
11p per litre (HMRC, 2021). 

A second example, unique to the fisheries sector, is the allocation of 
access rights such as fishing quotas. While not traditionally viewed as a 
subsidy, the free allocation of access rights to a publicly owned resource 
functions as a benefit in kind and contrasts with systems of auctions or 
royalty payments that are used for other resources in the UK (e.g. 
forestry, aggregate extraction, water abstraction) as well as the alloca
tion of access rights in some international fisheries (e.g. Iceland, the 
Faroe Islands, Australia, New Zealand and regions of the US). This 
consideration is particularly relevant as the TCA resulted in EU quota 
shares (considered to represent 25% of the value of the EU landings from 

UK waters) to be gradually transferred to the UK over a 5.5-year period 
(ABPmer, 2021; Popescu and Scholaert, 2021). A PMPG approach could 
consider tying the allocation of fishing quotas to the delivery of public 
goods i.e. lowering the impact of fishing could be the basis for prefer
ential allocation of fishing opportunities and public money in support of 
this. Indeed, a Government consultation on quota allocation during the 
development of the Fisheries Act found widespread support for “criter
ia-based allocation” (DEFRA, 2020b). 

Just as the application of PMPG could be expanded to include indi
rect support, there is also the potential to expand its use beyond food- 
based applications in the terrestrial and marine environments to a 
more universal application to any sector receiving public money. Such 
an expansion of the concept would align with the Government’s ambi
tion to establish the five principles of environmental governance. An 
expansion would also align with the recognition during COVID-19 
support programmes that public money should be conditional to 
leverage resources to tackle the biggest challenges of our time and ‘build 
back better’ (HM Treasury, 2021b). 

5.4. Key gains 

Under the EMFF, Table 2 suggests public good can be achieved 
through payments supporting activities such as litter removal, aqua
culture research and development and training. Cross referring with 
Table 1, there is further potential for PMPG to support lower impact 
fishing gear (Williams, 2019) (whilst addressing issues of the potential 
to increase capacity), encouraging a shift in species selection, education 
in marine systems (education and public engagement being a key 
requirement under the Dasgupta report (2021)), engagement with sci
entific research, exploration of blue carbon sink potential and mainte
nance of portside infrastructure, amongst others. With a PMPG lens, 
funding towards algae or bivalve shellfish aquaculture also has signifi
cant public good potential in terms of nutrient cycling, water quality, 
habitat creation, biodiversity and sediment stabilisation. This alongside 
switching gear came up repeatedly in Table 1 suggesting a potential 
focus for subsidy policy. 

Environmental and social gains are not only made by decisions on 
where money is paid, but also where it is not. Using a PMPG lens several 
existing payments or concessions are difficult to justify particularly 
around fuel and funding more efficient fishing equipment (linked to 
increased capacity and subsequently overfishing). Unless these pay
ments can be supported through other government agendas, they are 
difficult to defend. 

5.5. Just transition 

Just as with the terrestrial environment it is hoped that reformed 
financial support will bring about the transformational changes needed. 
However, transformational change that impacts the fishing sector must 
not threaten already disadvantaged coastal communities; areas where 
the government is already seeking to ‘level up the economy’ (HM 
Treasury, Ministry of Housing Communities and Local Government and 
Dept of Transport, 2021).7 

The need for a ‘just transition’ is enshrined in the Paris Agreement 
(UNFCCC, 2015) and reflects that in addressing the needs of the envi
ronment, the transition towards a more sustainable world needs to be 
equitable and just. In other words, in bringing about the change needed 
to deal with the marine environmental crisis, the social and economic 
impacts on fishers and communities affected by the change need to be 
considered, with the aim to ‘leave no-one behind’ (UNFCCC, 2015). 
PMPG provides an opportunity to not only expand the concept to include 

7 Coastal communities are expressly referred to in the UK Government’s 
levelling up campaign as regions requiring support in the strive to address 
economic differences and inequalities across the country. 
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indirect support and quota allocation reform but also to address distri
butional inequalities. It is important that the ‘PMPG’ concept can be 
used to support these wider goals and help drive a just and equitable 
transition (rather than working against it). 

To support that drive, what is considered a public good worthy of 
payment and how benefits and burdens should be distributed, should be 
rooted in participatory processes through procedural justice principles. 
As such, it is not for the authors to dictate what PMPG should look like 
for a specific region in detail; what PMPG should do is kick-start that 
debate and ensure all interested parties are at the table. Respect and 
recognition of all interested parties should underpin environmental 
policymaking (Schlosberg, 2007a, 2012) and the application of PMPG is 
no different. In addressing distributional inequalities, that fishers should 
be engaged and respected in that process is a given. One of two key 
concerns raised by fishers and other interested groups in a recent study 
in Newfoundland was the issue of engagement and participation in the 
changes being suggested (Kahmann et al., 2015), the lack of buy-in 
being the consequence of a failure to address those concerns (along
side wider issues over the efficacy of policies that do not take into ac
count those viewpoints (Hart, 2021)). 

But if fisheries are a public asset, then those participatory processes 
should also actively engage with the public and wider society (including 
future generations) who may be the silent majority of beneficiaries, and 
perhaps removed from and unaware of the nuances within marine 
governance. Taking this one step further, it is arguable that as a public 
asset, the wider societal needs should take precedence (Bean, 2020) 
including decisions over how that marine space is used. This is un
doubtedly difficult but not impossible and the balancing of competing 
interests is not a tension solely experienced by this concept as attested to 
by the general principles and applicability of Aarhus (UNECE, 2018). 
There are provisions both in the EU-exit agreement and the Fisheries Act 
for wider participation, although of course it remains to be seen how 
that is implemented and whether this is successful. 

Who is represented at the table and how is a contentious and complex 
issue. How future generations should be represented is a matter of 
current debate. In England, in the House of Lords, the Well-Being of 
Future Generations Bill stalled (House of Lords, 2020) and at the time of 
writing the Parliamentary website notes no date is set for a second 
reading of Bill No2 in the House of Commons (House of Commons, 
2020). The Bills follow the introduction of the Well-Being of Future 
Generations (Wales) Act (2015) which, amongst other matters, requires 
public bodies to consider the long-term impact of their decisions 
(Well-being of Future Generation (Wales) Act, 2015 anaw 2) – in effect 
considering the effects on future generations and providing them with a 
proxy seat at the table. The effectiveness of the Welsh Act in practice 
remains a matter of debate (Dickins, 2018), although is commendable 
for its attempts to grapple with this complex issue. Again, this is not 
simply an issue for PMPG. However, if PMPG is at the foreground of 
thinking, it is possible some of these concerns can be addressed, for 
example, through the application of the sustainability and climate 
change objectives in Fisheries Act, thus integrating PMPG with those 
objectives. 

How non-human life can ‘participate’ or be represented at the table is 
also complex and contentious. There is increasing acceptance that 
human and non-human life are interconnected and human life, 
including economic prosperity, is dependent on ecosystem health 
(Dasgupta, 2021) (although, the rights of non-human life that conflicts 
or are not overtly connected to human prosperity is more difficult 
(Holland, 2014)). Either way, how non-human life and interests are 
given a seat at the table (albeit and inevitably by ‘proxy’) remains an 
unresolved issue (Schlosberg, 2007b). At a bare minimum, the authors 
suggest that PMPG policies are drafted that include and build on the 
collection of scientific data on the state of the environment and eco
systems and that learn, reflect and adapt to that data. In other words, a 
policy that is not static but allows for learning or is reviewed when 
certain metrics are achieved (or not). This is an example of good, 

adaptive governance in any event (and could and should be extended to 
social as well as environmental goals) (Akamani, 2016) as well as 
arguably a form of ‘communication’ or at least feedback, from 
non-human life. 

A ‘just’ transition requires consideration of how assets and burdens 
are distributed between societal groups, regions, non-humans and 
intergenerationally. It requires that consideration be undertaken with 
principles of participatory justice, respect and recognition in mind. As 
with governance of any complex system it requires feedback mecha
nisms through data gathering for responsive adaptive governance. It also 
requires those concepts to be applied with a view to enhancing the well- 
being of living things. PMPG is a tool that can help focus attention and 
address those issues. It forces open dialogue on distribution (of public 
money) with a view to enhancing the ecosystem’s ability (which by 
definition includes human and non-human) to flourish as a public good. 

5.6. Conclusion and areas for further research and debate 

Applying PMPG to the marine environment is a departure in current 
thinking that could aid transformational change in the appreciation and 
use of the marine environment. It is a framework that can guide that 
change. It is accepted that the marine environment is a complex system 
and as such impacts are not always predictable or linear and can be 
contested. The authors hope to start a healthy debate and garner per
spectives on the use of our marine environment and payments made to 
support it. 

In considering the three broad reasons for public money to be paid 1) 
development, 2) distributional and social equity issues, 3) conservation 
issues, the following research and debate areas are suggested:  

• How can we incentivise sustainable sectoral development using 
PMPG as a concept, supporting diversification and innovation that 
would not otherwise take place, and how do we do so without 
increasing (or even by reducing) capacity?  

• How can PMPG support the future, sustainable prosperity of our 
coastal communities, and to what extent would such objectives be an 
appropriate and efficient use of either fisheries or agricultural policy 
budgets, as opposed to targeted, means-tested social security 
support?  

• How can fishers enhance ecosystem services and are there other 
public goods they provide that are currently unrecognised? Research 
and data collection linking enhancement or reduction of ecosystem 
services to specific marine habitats and the impacts of fishing on 
these are a key area for the future.  

• How can changes in the marine environment be attributed to the 
actions of individual fishing operations seeking subsidies given the 
shared nature of the marine space?  

• If the current marine regulatory regime (licencing and marine 
planning) precludes fishers from leasing marine space (unlike those 
engaged in aquaculture), could this be considered to foster stew
ardship through the application of the PMPGs concept?  

• How are the benefits of aquaculture subsidies captured (including 
habitat restoration and creation), how are unintended outcomes 
monitored, and how can PMPG support positive overall outcomes? 

And more generally:  

• How can we build upon the public subsidies linked to the provision of 
public goods (and how can we replace those that do not)?  

• How can we integrate science and data at the start of PMPG policy 
making, what indicators for success should there be, what measur
able outcomes and outputs should flow from the application of this 
concept?  

• How can the concept of PMPG be used to continue supporting the 
fishing industry (and the UK’s coastal communities that rely upon 
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this sector) without exacerbating negative environmental impacts 
resulting from fishing?  

• How can we engage, and where necessary educate, the wider public 
to form a vision for the future use of direct and indirect public sub
sidies impacting our oceans, and how can PMPG be used to support 
that vision?  

• How can PMPG be utilised and expanded into other spheres, beyond 
food production?  

• Could PMPG be applied on the international stage to support the 
recovery of marine ecosystems as global public goods? 
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A Review of Cumulative Effects
Assessment Practice for
Marine Mammals
Emily L. Hague1*, Carol E. Sparling2, Ceri Morris3, Duncan Vaughan4, Rebecca Walker4,
Ross M. Culloch5, Alastair R. Lyndon1, Teresa F. Fernandes1 and Lauren H. McWhinnie1,6
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Marine mammals are vulnerable to a variety of acute and chronic anthropogenic stressors,
potentially experiencing these in isolation, successively and/or simultaneously. Formal
assessment of the likely impact(s) of the cumulative effects of multiple stressors on a
defined population is carried out through a Cumulative Effects Assessment (CEA), which is
a mandatory component of the Environmental Impact Assessment (EIA) process in many
countries. However, for marine mammals, the information required to feed into CEA, such
as thresholds for disturbance, frequency of multiple (and simultaneous) exposures,
interactions between stressors, and individual variation in response, is extremely limited,
though our understanding is slowly improving. The gaps in knowledge make it challenging
to effectively quantify and subsequently assess the risk of individual and population
consequences of multiple disturbances in the form of a CEA. To assess the current state
of practice for assessing cumulative effects on marine mammals within UK waters, 93
CEAs were reviewed across eleven maritime industries. An objective framework of thirteen
evaluative criteria was used to score each assessment on a scale of 13-52 (weak - strong).
Scores varied significantly by industry. On average, the aquaculture industry produced the
lowest scoring CEAs, whilst the large offshore windfarm industry (≥ 20 turbines) scored
highest, according to the scoring criteria used. There was a significant increase in scores
over the sample period (2009-2019), though this was mostly attributed to five industries
(cable, large and small offshore wind farms, tidal and wave energy). There was
inconsistency in the language used to define and describe cumulative effects and a lack
of routinely applied methodology. We use the findings presented here, along with a wider
review of the literature, to provide recommendations and discussion points aimed at
supporting the standardisation and improvement of CEA practice. Although this research
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GRAPHICAL ABSTRACT | How are we

Hague et al. UK Marine Mammal Cumulative Assessments
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focused on how marine mammals were considered within UK CEAs, recommendations
made are broadly applicable to assessments conducted for other receptors, countries
and/or environments. Adoption of these proposals would help to ensure a more
consistent approach, and would aid decision-makers and practitioners in mitigating any
potential impacts, to ensure conservation objectives of marine mammal populations are
not compromised.
Keywords: cumulative effects assessment (CEA), cumulative impact assessment (CIA), anthropogenic activities,
management policy and practice, marine mammals, maritime industry
currently assessing cumulative effects for marine mammals in UK waters? A graphical abstract for Hague et al. (2022).
1 INTRODUCTION

In a global survey of more than 2000 scientists, understanding
the individual and interactive effects of cumulative stressors was
the top ranked research priority out of a possible sixty-seven
distinctive research questions, whilst developing approaches
for monitoring cumulative effects was ranked the fourth
highest priority (Rudd, 2014). The ongoing question of how to
address the complexity of multiple stressors has even been
described as one of the ‘holy grails’ of modern conservation
(Simmonds, 2018).

Cumulative Effects Assessment (CEA) and Cumulative
Impact Assessment (CIA) (hereafter collectively referred to
as CEA) are examples of methodical procedures that attempt
to address identify, predict and evaluate the significance
of multiple effects, or impacts, from one or multiple activities
on a specified receptor (Judd et al., 2015). The receptor
considered could be a species (e.g. harbour porpoise), group
of species (e.g. marine mammals) or habitat (e.g. benthic
in.org 2
environment). These assessments are usually completed as
part of an Environmental Impact Assessment (EIA), which is
one of the main tools utilised by regulatory agencies to ensure
that the environment, and the receptors it supports, are
adequately protected (Hawkins et al., 2020). The assessments
should identify the potential for stressors to individually
and cumulatively have significant effects on a receptor, and
if so, should make suggestions for appropriate mitigation in
order to ultimately reduce or prevent impacts (Judd et al., 2015).
In doing so, these assessments should ultimately make
human activities more sustainable (Duinker et al., 2013). In
this way, a CEA is regarded as having the potential to deliver the
most meaningful component of the EIA, in terms of providing a
more complete understanding of the overall consequences of the
development or activity (Cooper and Sheate, 2002).

In the UK, completing an EIA and an associated CEA is
mandatory for a number of specific project types and
activities. Whilst the regulations pertaining to EIA vary by
the industry that the project falls under (Figure 1), and in
March 2022 | Volume 9 | Article 822467
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some instances by devolved administration (Scotland, Wales and
Northern Island), the policy wording that outlines
the information required to be included in an EIA, including
for the consideration of cumulative effects, is identical
across the regulations (for example, 123456). This states
the requirement for; ‘a description of the likely significant effects
of the project and the regulated activity on the environment
resulting from … the cumulation of effects with other existing or
approved projects, taking into account any existing environmental
problems relating to areas of particular environmental importance
likely to be affected;… and the descriptions of the likely significant
effects on the factors … must cover the direct effects and any …
cumulative… effects of the project and the regulated activity. This
description must take into account the environmental protection
objectives established at EU or at national level which are relevant
to the project and the regulated activity’.
1The Marine Works (Environmental Impact Assessment) Regulations 2007, The
Marine Works (Environmental Impact Assessment) (Amendment) Regulations
2017 and The Marine Works (Environmental Impact Assessment) (Scotland)
Regulations 2017.
2 The Offshore Petroleum Production and Pipelines (Assessment of
Environmental Effects) Regulations 1999 (as amended) – replaced by the 2020
EIA Regulations: The Offshore Oil and Gas Exploration, Production, Unloading
and Storage (Environmental Impact Assessment) Regulations 2020.
3The Offshore Petroleum Production and Pipelines (EIA and other Miscellaneous
Provisions) 2017.
4Town and Country Planning (EIA) Regulations 2017, and The Town and
Country Planning (Environmental Impact Assessment) (Wales) Regulations
2017 and The Town and Country Planning (Environmental Impact
Assessment) (Scotland) Regulations 2017.
5The Electricity Works (EIA) (England and Wales) Regulations 2017 and The
Electricity Works (EIA) (Scotland) Regulations 2017.
6The Environmental Impact Assessment (Miscellaneous Amendments Relating to
Harbours, Highways and Transport) Regulations 2017.
7https://www.gov.uk/guidance/do-i-need-a-marine-licence
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These requirements cover a number of different types of activity
and projects. Some categories, known as Schedule A1 (or ‘1’)
projects, always require completion of an EIA and associated
CEA. Examples include projects that plan to extract over 500
tonnes per day of petroleum, or to construct an oil or gas pipeline
that is over 40 km long and over 800 mm in diameter. A second
category of project, Schedule A2 (or ‘2’), may first submit optional
screening documents to the appropriate authority, giving brief
details of plans and potential impacts. The authority will consider
whether it seems likely that the size, nature or location of the project
will mean it is likely to have significant environmental effects. If so,
then an EIA and associated CEA will be required. Example of
Schedule A2 projects include installation of a wind farm consisting
of more than two turbines, or an intensive fish farm that intends to
produce more than 10 tonnes of fish per year.

Whilst the policy requirements may be similar or identical across
industries and their respective sectors, each sector is managed by a
sector-specific regulator, which may also differ by administration,
and in turn may also have a different body from which they seek
advice, for example, a specific Statutory Nature Conservation Body
(SNCB). Regulators can provide support, publish associated
guidance to aid completion of EIAs and CEAs, and ultimately may
steer the requirements and standards of such assessments. However,
despite the regulations and regulatory support, CEAs are a long-
recognised area of weakness within the EIA process (Burris and
Canter, 1997; Cooper and Sheate, 2002; Gunn and Noble, 2011;
Duinker et al., 2013; Judd et al., 2015;Willsteed et al., 2018; Durning
and Broderick, 2019), with CEA practice recently described as
‘woefully deficient or simply absent’ (Sinclair et al., 2017). Whilst
standards and practice of CEA may vary by practitioner experience,
specific expertise, geography and role (Kågström, 2016; Foley et al.,
2017), assessing potential impacts of multiple stressors is, in itself, an
inherently difficult task. This is exacerbated, in most cases, by a
limited understanding of how receptors respond to various stressors,
FIGURE 1 | Legislative regimes pertaining to the requirement for an EIA, and associated CEA, for various maritime industries within UK waters. Note, there are
nuances in regulatory regimes and EIA requirements across devolved UK nations which are not captured within this figure. Thresholds for requirement of an EIA are
also nuanced, and may vary subject to screening, for example if the proposed project is in a ‘sensitive’ area. This figure is presented for high level illustrative
purposes only. Adapted from MMO Marine Licencing (2020)7.
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and the associated thresholds for response. Whether or not some, or
all, of this information is available dictates where on the spectrum of
quantitative to qualitative a CEA can be, and how much expert
judgement has been relied upon in the absence of empirical evidence.
This ultimately may have implications on the associated confidence,
uncertainty and reproducibility of the assessment. Furthermore, it is
also largely unknown whether stressors interact in an additive
manner, to be greater than the sum of their parts (synergistic) or in
a diminishing manner to be less than the sum of their parts
(antagonistic) (Cocklin et al., 1992; Crain et al., 2008). The
approach has therefore often been to assess the impact of each
stressor separately assuming either no interaction and/or that
pressure-effect relationships are linear, which likely over- or under-
estimates impacts (Juddet al., 2015), rather than consideringmultiple
stressors together.However, in the context of thedefinitionofCEA, it
is evident that evaluating stressors separately does not constitute a
true assessment of cumulative effects.

1.1 Marine Mammals and Multiple
Stressors
Marine mammals are widespread in UK waters (Reid et al., 2003;
Hammond et al., 2013; Hammond et al., 2017), with all species
being vulnerable to acute and chronic anthropogenic disturbances
(Avila et al., 2018). Stressors are often not experienced in isolation
(either spatially or temporally), and instead an individual or group
may be simultaneously exposed to a number of stressors, from one
multi-stressor activity and/or from multiple activities occurring
simultaneously or consecutively. Responses to disturbance can be
reflected as temporary (Kyhn et al., 2015) or permanent avoidance
(Morton and Symonds, 2002), changes in behaviour [e.g. reduction
in foraging vocalisations (Pirotta et al., 2015a)], and in the longer
term may result in a change in population size, fecundity or health
(Pirotta et al., 2018). In more serious cases, the consequences of
anthropogenic disturbance may be fatal (Fernández et al., 2005).
The effects of experiencing multiple stressors at the same time,
either acute or chronic, are largely unknown for marine mammals,
mainly due to a paucity of data as marine mammals are inherently
difficult to study (Simmonds, 2018).

Currently, few quantitative tools exist to assist practitioners in
the assessment of potential impacts to marine mammals. Sparling
et al. (2017) detail and evaluate the sensitivities and utility of
common approaches to population level assessment. This review
identified two principal approaches: rule-based methods and
predictive population modelling. An example of a rule-based
methods, is Potential Biological Removal (PBR), which calculates
the number of deaths a population could sustain while ensuring the
population size remains at or above the ‘optimal sustainable
population size’ (e.g. Williams et al., 2016). Predictive models,
attempt to quantify the magnitude of impacts on a population
trajectory. Examples of predictive models specifically designed for
marine mammals include the interim Population Consequences of
Disturbance model (iPCoD) (King et al., 2015) and the harbour
porpoise (Phocoena phocoena) specific Disturbance Effects on the
Harbour Porpoise Population in the North Sea8 (DEPONS) model.
8https://depons.eu/
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iPCOD is based on a Leslie-matrix population model with the
impacts explicitly modelled in terms of their effect on the
population’s vital rates (fecundity and stage-specific survival).
DEPONS is an individual- or agent-based model where the
population consequences emerge from the results of simulations
of the effects of the impact on the behaviour and energy balance of
many individuals. Predictive models require a considerable amount
of information, including population demographics, energetics
parameters and estimates of disturbance response (e.g. the iPCOD
model requires an estimate of the relationship between days of
disturbance and individual survival and reproduction rates). This
requirement has limited satisfactory parameterisation of such
models for many marine mammal species (Harwood et al., 2016).
However, predictive models have been parametrised with
combinations of empirical information and knowledge acquired
through expert elicitation processes and implemented for some of
the species recorded within UK waters, including harbour porpoise
(Nabe-Nielsen et al., 2018; Cervin et al., 2020), grey seal
(Halichoerus grypus) (Silva et al., 2020), harbour seal (Phoca
vitulina) (Thompson et al., 2013), bottlenose dolphin (Tursiops
truncatus) (Pirotta et al., 2015b; Schwacke et al., 2017), minke whale
(Balaenoptera acutorostrata) (Christiansen and Lusseau, 2015),
long-finned pilot whale (Globicephala melas) (Hin et al., 2019),
sperm whale (Physeter macrocephalus) (Farmer et al., 2018) and
humpback whale (Megaptera novaeangliae) (Costa et al., 2016). For
many other species data limitations preclude such assessments.

Marine mammals are highly protected under a range of
international and national legislation, enabling protection at the
individual, population, species and site level. Furthermore, the status
of cetaceans and seals are key indicators used to assess progress
towards achieving Good Environmental Status, as part of the UK
Marine Strategy9. This strategy also outlines both the need to
evaluate potential cumulative impacts of anthropogenic pressures
on marine mammals, and to improve the overall evaluation process
of cumulative impacts (HMGovernment, 2012; Government, 2019).

The aim of this study was to review the current state of
practice for assessing cumulative effects on marine mammals
within UK waters, comparing practice between 2009 – 2019
across eleven maritime industries.

Following a review of CEA practice, we highlight examples of
best practice, as well as ongoing challenges and limitations of
conducting a CEA. From this, we provide recommendations to
improve future assessment practice broadly relevant to receptors
beyond marine mammals, and to other geographic regions. We use
marine mammals as the receptor of interest due to their high
conservation value and degree of legal protection, their vulnerability
to a variety of anthropogenic disturbances which occur in UK
waters (Avila et al., 2018), the identified knowledge gap of the
consequences of cumulative effects to marine mammals (Nelms
et al., 2021) and the strong correlation between their distribution
and areas of human impact (Pompa et al., 2011). The UK borders
one of the busiest maritime areas worldwide, the North Sea, an area
that is recognised as having many countries carrying out marine
activities in the region, and therefore an area where cumulative
effects are already a significant concern (Gușatu et al., 2021). It is
9https://moat.cefas.co.uk/introduction-to-uk-marine-strategy/

March 2022 | Volume 9 | Article 822467

https://depons.eu/
https://moat.cefas.co.uk/introduction-to-uk-marine-strategy/
https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


Hague et al. UK Marine Mammal Cumulative Assessments
therefore imperative to ensure such effects are being considered,
managed and mitigated in a broader, holistic manner. CEA is
mandatory for many, but not all, industries within UK waters
(Figure 1), and therefore this work utilises current CEA practice to
act as a knowledge provider for other marine industries and
countries that are yet to adopt CEA as part of their sustainable
management strategies.
2 METHODS

2.1 Scope of the Review
We collated Environmental Impact Assessments (EIAs),
Environmental Statements (ESs), Environmental Appraisals
(EAs) (hereafter, collectively referred to as EIAs) and any
associated documentation covering marine developments in
UK waters, published between 2009 and 2019. We did not
exclude any industries from the collation or review process,
and instead attempted to find EIAs and associated CEAs for as
many maritime industries as possible.

The devolved administrations hold and make available
records of such documents in different ways. For England and
Wales, the majority of these documents were available on the
National Infrastructure Planning (NIP) website10, an online
repository that holds applications for Nationally Significant
Infrastructure Projects (NSIPs). However, five years after a
project receives a decision from the Secretary of State, the
associated documents are removed from the NIP website, and
so the process to obtain these documents is more challenging.
For EIAs within Scottish and Welsh waters, we used the Marine
Scotland Information11 search engine and the Natural Resources
Wales public register12, respectively. There appears to be no
publicly available equivalent database for Northern Ireland,
consequently obtaining the appropriate documents was more
challenging, which is reflected in the number of CEAs reviewed
from Northern Ireland. EIAs were also collated from developer
websites, Tethys13, the Marine Management Organisation
Marine Case Management System14, The Crown Estate’s
Marine Data Exchange15 and the 4C Offshore Winds Database16.

Within the Department for Business, Energy & Industrial
Strategy (BEIS)17, the Offshore Petroleum Regulator for
Environment & Decommissioning (OPRED)18 make available
recently submitted EIAs related to oil and gas field development
on a dedicated webpage19, though after a short period of time the
documents are removed and replaced by a 1-4 page document
that summarises the reviewed EIA20. The latter summary
documents were not sufficient for the purpose of this review,
and so an online search was required to attempt to find the full
EIA. Where an online search was not successful, the relevant
10https://infrastructure.planninginspectorate.gov.uk/
11marine.gov.scot
12publicregister.naturalresources.wales
13https://tethys.pnnl.gov/
14https://marinelicensing.marinemanagement.org.uk/
15https://www.marinedataexchange.co.uk/
16http://www.4coffshore.com/offshorewind/
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authority (BEIS) was contacted to request missing
documentation, who directed the author to contact individual
oil and gas operators in the first instance, though individual
requests were not feasible within the timeframe of the review.

Oil and gas field decommissioning EIAs were downloaded
from OPRED21, which makes such EIAs accessible whilst the
associated ‘Decommissioning Programme ’ is under
consideration. Once a decommissioning programme has been
approved by OPRED, the EIA document is removed from the
website, again making the process to obtain these documents
more challenging.

Gaps in the repository were filled, where possible, by the
authors’ own resources, by further online searches (using terms
such as ‘Project Title + EIA’), or through direct requests to
colleagues. Whilst every effort was made to build a
comprehensive repository, we acknowledge that there are some
EIAs that may be missing from this analysis. The search resulted
in a total of 93 project EIAs and their associated CEAs, from
eleven marine industries.

2.2 Critical Evaluation Criteria
To ensure each CEA could be compared quantitatively, we
scored each CEA based on evaluation criteria developed and
outlined in Table 2 of Willsteed et al. (2018). The criteria within
the framework were developed following a review of legislative
documents where the assessment of cumulative effects is
explicitly or implicitly required, and a review of key cumulative
effects and marine ecosystem management literature and theory
[for further detail, refer to Willsteed et al. (2018)]. This
framework separates four categories (Procedure, Space and
Time, Pathways and Receptors and Cumulative Effects) into
twenty-one attributes used for evaluation. We discounted the
attributes that were not relevant for the purposes of our specific
aim (reviewing the current state of practice for assessing
cumulative effects on marine mammals), as these attributes
related to the scoping process rather than the CEA itself
(Attributes 6, 8, 12-15), or to effects in isolation (Attributes 6,
8), to the future condition of receptors (Attribute 16), or to the
assessment of cumulative effects on ecological connectivity
overall (Attribute 19). This resulted in final grading of the 13
remaining attributes (Supplementary Materials; Table 1).
Attributes were scored on a linear scoring system, where the
minimum score awarded was 1 (very weak), and thus the lowest a
CEA could score was 13. The highest an attribute could be
graded was 4 (very strong), and thus the highest a CEA could
score was 52. The primary reviewer (lead author) assessed all
CEAs (n = 93). To ensure scoring bias was negligible, 36 CEAs
were reviewed by at least one additional reviewer (a co-author).
17 https://www.gov.uk/government/organisations/department-for-business-
energy-and-industrial-strategy
18https://www.gov.uk/government/organisations/offshore-petroleum-regulator-
for-environment-and-decommissioning
19https://www.gov.uk/government/collections/eia-submissions-and-decisions-
2021
20https://www.gov.uk/guidance/oil-and-gas-environmental-statements-reviewed
21 https://www.gov.uk/guidance/oil-and-gas-decommissioning-of-offshore-
installations-and-pipelines#approved-decommissioning-programmes
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All reviewers are experienced in writing and/or reviewing EIAs
and associated documents, and are professionals associated with
policy and/or marine mammal science. No reviewers scored
CEAs where there was any potential conflict of interest (e.g.
reviewer had been involved in writing or providing advice to the
regulator). To ensure a baseline understanding of the Willsteed
et al. (2018) framework, all reviewers discussed how each
attribute should be interpreted and this helped ensure
continuity when implementing scoring criteria. The average
difference between the primary and secondary reviewers total
score was 3.8 (SD = 3.7, IQR = 4.4), with no bias towards higher
or lower scoring by the primary reviewer identified (the
secondary reviewers total score was higher for 53.3% of
reviewed CEAs, whereas the primary reviewer scored higher or
the same as the secondary reviewers on 44.4% and 2.2% of
occasions, respectively). Therefore, we are satisfied that the CEAs
that were not double reviewed will also be representative and any
scoring bias will be negligible. Where a CEA had been scored by
more than one reviewer, the average of the scores was taken
forward for the final analysis.

Alongside scoring each CEA according to the Willsteed et al.
(2018) framework, reviewers also collected information from
each CEA which would further the understanding of the state of
assessment practice, including the age of the CEA, data sources
used, guidelines followed and assessment methodology.

2.3 Statistical Analysis
A Kruskal-Wallis Test was used to check for differences in quality
scores between industries. This non-parametric test was selected as
the total scores were not normally distributed (Shapiro-Wilk test;
W = 0.92, p <0.005), with variance not equal across industry groups
(Levene’s test; F (10, 82) = 2.73, p = 0.005).

To check for changes in score over the ten-year study period,
we used a multiple linear regression model, where the ‘total CEA
score’ was the response variable and ‘Year’ and ‘Industry’ were
the predictor variables. The total scores were log-transformed, as
the scores were non-parametric with a moderately right skew
(skewness score: 0.53). The transformation improved the
skewness of the total score data (skewness score: 0.08), and the
linear model then fitted the assumption of homoscedasticity, and
the residuals were normally distributed. As n=1 for two of the
industries (dredging and oil or gas pipeline), their respective data
were excluded from the multiple linear regression analysis, as it
would not be possible to document trends based on only one data
point. For all other industries, n ≥5.

Analysis was undertaken in R (R Core Team, 2020), using
packages ‘moments’ (Komsta and Novomestky, 2015), ‘rstatix’
(Kassambara, 2021), and figures were created using packages
‘ggplot2’ (Wickham, 2016) and ‘tidyverse’ (Wickham et al., 2019).
3 RESULTS

We reviewed 93 marine mammal CEAs, completed between 2009
and 2019, covering 11 maritime industries [aquaculture (n = 7),
cable (n = 9), oil and gas decommissioning (n = 10), dredging (n =
1), harbour development (n = 8), oil or gas field development (n =
Frontiers in Marine Science | www.frontiersin.org 6
10), oil or gas pipeline (n = 1), offshore wind farm (OWF) large
(≥ 20 turbines, n = 22), OWF - small (≤ 19 turbines, n = 9), tidal
(n = 11), wave (n = 5)]. For clarity, the total score each CEA received
from the grading of the thirteen Willsteed et al. (2018) attributes is
simply referred to as the ‘score’. CEAs scoring between 13 and 22.5
were categorised as ‘very weak’, 23-32.5 ‘weak’, 33-42.5, ‘strong’ and
43-52 ‘very strong’ (Supplementary Materials; Table 1).

The results of the review are separated into four parts:
Overall Score, Assessment Procedure, Spatial and Temporal
Scale, and Cumulative Effects. The latter three correspond with
the three attribute categories of the Willsteed et al. (2018)
evaluative framework.

3.1 Overall Score
The average CEA score across the 93 CEAs was ‘weak’ (average =
24.9; range = 13 - 48) (Table 1). Overall, 75% (n = 70) of the
individual CEAs were ‘weak’ or ‘very weak’, whilst only 4% (n =
4) were ‘very strong’, all of which were large OWF CEAs.

3.1.1 Variation by Maritime Industry
Score varied significantly by industry (Kruskal-Wallis test: c2
(10) = 54.4, p = <0.005, n = 93) (Figure 2; Table 1). The effect
size was very large (as indexed by eta2[H] = 0.54), indicating
54% of the variance in score was explained by which industry
the CEA was attributed to. On average, the aquaculture
industry produced the lowest scoring CEAs (mean = 14.6;
range = 13 - 18.75; n = 7), whilst large OWF produced on
average the highest scoring CEAs (mean = 35.2; range = 17 -
48; n = 22) (Figure 2 and Table 1).

The higher the ranking of the CEA, the higher the average
number of pages the assessment (Table 1) (F-value (1,92) =
89.66, r2 = 0.48, p=<0.005). Furthermore, the average number of
pages of each CEA varied by industry (Table 1); large OWFs had
on average the lengthiest CEAs (mean = 24.2 pages; range = 0.5 -
53), whilst aquaculture CEAs were on average the shortest
(mean = 0.17 pages; range = 0 - 0.5).

3.1.2 CEA Scores Over Time
Overall, CEA scores improved significantly over time (F (9, 81) =
26.12, residual s.e. = 0.09, adjusted r2 = 0.71, df = 81, p = <0.005).
The best model to explain this change included industry as an
explanatory variable, which found that for five industries, scores
significantly improved over the study period. For cable, large and
small OWF, tidal and wave industries, CEA total scores increased
per year by 2.46, 1.80, 1.57, 2.09 and 1.56 points, respectively,
over the study period (all p = <0.005) (Table 1 and Figure 3).
The scores of CEAs from four industries did not significantly
change over time (aquaculture, decommissioning, harbour
development, oil or gas field development: all p = >0.05). Two
industries (dredging and oil or gas pipeline) could not be
assessed for change in score over time, as n=1.

3.2 Assessment Procedure
3.2.1 Definition, Methodology and Guidelines
Definition 26% (n = 24) of the CEAs provided no definition for
cumulative impacts or effects, a further 9% (n = 8) only provided
vague definitions. The most frequently used or para-phrased
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TABLE 1 | Average score for the thirteen attributes used to grade each Cumulative Effects Assessment (CEA), by industry (from Willsteed et al., 2018).
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Willsteed
et al.
(2018)
Attribute

Attribute description Average score

Aquaculture Cable Decom-
missioning

Dredging Harbour
Development

Oil or G
Developm

Total CEAs reviewed (n = 93) 7 9 10 1 8 10

1 The CEA explicitly defines cumulative in context of the CEA,
reflecting the three components of cumulative environmental
change

1.14 2.86 1.25 2.75 2.19 2.03

2 The purpose and scope of the CEA specifically are clearly set out
in the supporting documentation

1.11 2.58 1.13 3.50 1.84 1.78

3 The CEA documents and applies a clear, systematic CEA
methodology, from scoping through to mitigation

1.04 2.75 1.20 3.50 1.81 1.48

4 The assessment makes use of appropriate data, tools and
analytical methods, makes use of quantitative and qualitative
methods where data allows. Assumptions and uncertainties are
clearly stated and incorporated into the assessment

1.14 2.19 1.28 2.00 1.38 1.60

5 The conclusions of the CEA are accessible and are compiled in a
document that clearly states predicted impacts before and after
proposed mitigation measures, assumptions and uncertainties

1.32 2.31 1.20 2.75 1.41 1.78

7 The temporal extent of pressures associated with other activities
included in the CEA are identified by a scoping process and
documented

1.07 2.53 1.08 3.50 1.28 1.20

9 The spatial extent of pressures associated with other activities
included in the CEA are identified by a scoping process and
documented

1.25 2.47 1.08 2.00 1.50 1.43

10 The CEA applies appropriate temporal boundaries relative to the
receptors selected for assessment in the CEA

1.11 1.75 1.00 2.75 1.25 1.10

11 The CEA applies appropriate spatial boundaries relative to the
receptors selected for assessment in the CEA

1.14 2.08 1.03 2.00 1.50 1.18

17 The effects of multiple stressors from the proposed activity on
receptors are assessed

1.14 1.78 1.23 1.00 1.16 1.48

18 The effects of multiple stressors from the proposed activity and
other activities on receptors are assessed

1.11 1.94 1.15 2.50 1.44 1.43

20 A clear rationale for determining impact significance is presented
and conclusions clearly relate to predicted change against an
appropriate measure of population change

1.04 1.72 1.20 2.00 1.47 1.40

21 Uncertainty is explicitly considered and clearly identified 1.04 1.67 1.10 1.75 1.22 1.20
Average total score (Willsteed et al., 2018) (min, max score = 13, 52) 14.6 28.6 14.9 32 19.4 19
Predicted increase in total score, per year, during the study (only
reported if, p = <0.05)

2.46

Average number of CEA pages 0.17 5.54 0.69 1 0.94 0.53
Average number of sources used to define baseline per CEA 1.71 5.78 5.9 11 7.12 4.8
% of CEAs that provided a definition of cumulative effects/impacts 0 89 30 100 75 50
% of CEAs with significance based on professional judgement 100 67 100 100 100 90
% of CEAs that used maps to illustrate spatial scale of cumulative
effects

0 11 0 0 0 0

Boxes are shaded by score grade; white = very weak (average attribute score of 1 to <2), light grey/italic font = weak (average attribute score of 2 to <3), dark grey/bold font = s
six additional measures that contribute to CEA standard.
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definition was provided via the European Commission guidelines
(Hyder, 1999); “Cumulative impacts are impacts that result from
incremental changes caused by other past, present or reasonably
foreseeable actions together with the project”, which was presented in
41% (n = 38) of CEAs that did provide a definition.

Methodology Setting out the purpose and scope of the CEA
was on average the highest scoring attribute out of all the thirteen
Willsteed et al. (2018) attributes that were assessed, with three
industries (dredging, oil or gas pipeline and large OWF) all
scoring ‘strongly’ (indicated by the scoring of Att. 2).
Frontiers in Marine Science | www.frontiersin.org 8
Guidelines 70% (n = 65) of the CEAs referenced some type of
guidelines or documentation to guide the CEA process, with the
Chartered Institute of Ecology and Environmental Management
(CIEEM, previously IEEM) and the Institute of Environmental
Management and Assessment (IEMA) guidelines referenced 47 and
29 times, respectively.

3.2.2 Sources for Baseline Characterisation
Marine mammal baseline data The average number of sources
provided to characterise the baseline environment (i.e. marine
FIGURE 2 | Mean and median scores of marine mammal Cumulative Effects Assessments (CEAs) across maritime industries. Industries are grouped based on the
regulations associated with the required EIA and CEA (for more detail, see Figure 1). The industries that fall under the Marine Works (EIA) Regulations 2017
commonly also fall under the remit of other EIA Regulations, though the policy wording via other regulations is identical, hence only presenting the Marine Works (EIA)
Regulations here for clarity. The boxplot shows the median (line through box), mean (dot), and lower and upper hinges (first and third quartile). Widths of boxes are
proportional to the square-roots of the number of observations (CEAs reviewed) in the groups.
FIGURE 3 | Total score of each Cumulative Effects Assessment (CEA) over the 10-year study period, by maritime industry. Asterisks*** next to industry name are
displayed where change over time was significant, indicated by a multiple linear regression model, where p = <0.05.
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mammal presence, abundance and distribution) for the CEA was
7.64, with dredging, large OWF and tidal CEAs on average citing
the highest number of sources (11.0, 10.8, 9.73 sources,
respectively). In contrast, CEAs from the aquaculture industry
provided on average only 1.71 sources. ‘Very strong’ and ‘strong’
CEAs provided on average ≥11.7 sources of baseline information,
whilst ‘very weak’ CEAs provided on average 5 sources, and so
the overall CEA score did appear to be reflective of the number of
sources used to characterise the baseline environment. 3% (n= 3)
of CEAs cited zero sources and did not provide any information
on what their assessment considered as a baseline.

3.2.3 Effects Considered
Construction activity noise was the most frequently included
type of stressor within the assessed CEAs (45%; n = 42),
followed by vessel noise (29%; n=27). Often, there was an
initial qualitative discussion with regards to the likelihood of
occurrence of a number of potential sources of disturbance, and
subsequent justification as to which impacts were taken forward
into a more formal cumulative assessment. In this way, of the 426
times that potential sources of disturbance were considered in
the 93 CEAs, they were scoped out of further assessment on 213
occasions (50%), whilst 213 were formally assessed in some
way. Further assessment then consisted of either qualitative
discussion, a quantitative analysis, or a mixture of both
approaches (see 3.4.6 Quantitative vs. Qualitative). Potential
sources of disturbance may have been scoped out of inclusion
in the CEA due to, for example, potential effects being deemed
insignificant when experienced in isolation, or, lack of data or
knowledge precluding assessment.

3.3 Spatial and Temporal Scale
Spatial scale The two Willsteed et al. (2018) attributes that directly
considered the spatial scale of the CEA both scored ‘very weak’
(Att. 9: mean = 1.99; Att. 11: mean = 1.88) (Table 1). 43% (n = 40)
of CEAs did not explicitly state the spatial scale of the assessment.
14% (n = 13) of CEAs based their spatial boundary of pressures on
a threshold relevant to the marine mammal(s) included in the
assessment, using a defined boundary such as the reference
population or management unit (MU) extent (e.g. 13 CEAs used
the IAMMWG (2015) MU boundaries). Alternatively, 13% (n =
12) of CEAs defined the spatial scale of the assessment based on a
set distance from the project itself, ranging from 0.5 km to 100 km.

15% (n=14) of CEAs presented a map to demonstrate the spatial
scale of the project and to put into context the location of the
proposed activity in relation to other projects or developments, and/
or marine mammal distribution.

Temporal scale The two Willsteed et al. (2018) attributes that
directly considered the temporal scale of the CEA on average
both scored ‘very weak’ (Att. 7: mean = 1.91; Att. 10: mean =
1.48) (Table 1). 63% (n = 59) of CEAs did not explicitly state
the temporal scale of the CEA. 20% (n = 19) used the duration
of the project as the temporal scale for the CEA, some also with
the addition of a number of years post-project. Three CEAs
used a defined scale of 5, 6 or 7 years in advance, whilst 5% (n =
5) of CEAs used the ‘reasonably foreseeable future’ as a
temporal scale.
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3.4 Assessment of Cumulative Effects
The conclusions of 25% (n = 23) of CEAs were accessible and
compiled clearly, with supporting assumptions partially or fully
addressed (indicated by scoring ≥3 for Att. 5). In contrast, 75%
(n = 70) of CEAs had conclusions which were scattered, difficult
to access, with the conclusions unclear (indicated by a score
of ≤2.9 for Att. 5).

Uncertainty Att. 21 considered whether ‘uncertainty is explicitly
considered and clearly identified’, and on average scored ‘very weak’
(mean = 1.5). For 68% (n = 63) of CEAs, uncertainty was not
explicitly considered (indicated by a score of ≤1.9 for Att. 21), and
for a further 27% (n = 25) uncertainty was referenced in the
methodology without being defined or formally considered within
the assessment itself (indicated by a score of >2 but ≤2.9 for Att. 21).
Only five CEAs clearly considered uncertainty within the
assessment (scored ≥3 for Att. 21), all were from large OWFs.

3.4.1 Considered Effects of Multiple Stressors
85% (n = 79) of CEAs considered only like-for-like stressors
together (i.e. construction noise together with vessel noise, rather
than construction noise together with vessel collision risk). 49% (n =
46) of CEAs did not consider the effects of their activity combined
with other activities (indicated by score of <2 for Att. 18) (Table 1).
No CEAs for aquaculture, oil or gas pipeline and decommissioning
industries considered multiple stressors of their activity combined
with other activities. Of the 51% (n = 47) of CEAs that did consider
the effects of multiple stressors from the project in question and
other activities, 14 of those provided a clear rationale for selection of
stressors with reference to marine mammals.

Interactions 16% (n = 15) of CEAs discussed the potential for
multiple impacts to interact (i.e. additive, synergistic,
multiplicative, compensatory or antagonistic), however this
was not formally assessed within any CEA.

3.4.2 Quantitative vs. Qualitative
The method to determine impact significance was qualitative, based
solely on professional judgement, for 71% of CEAs (n = 66). Only
6% (n = 6) of CEAs determined impact significance based on wholly
quantitative methods, all these were from large OWFs. 23% (n = 21)
used a combination, using quantitative analysis where feasible,
supported by professional judgement where quantification was
not possible. 100% of CEAs from aquaculture, decommissioning,
dredging, harbour development, small OWF and wave were solely
qualitative (Table 1). All CEAs that were categorised as ‘very weak’
were qualitative assessments. Only four of the 93 CEAs (4%) scored
a ‘very strong’ overall score, and of these, one used solely quantitative
methods, whilst three used a combination of qualitative and
quantitative methods.

77% (n = 72) of CEAs used no quantitative model to predict the
magnitude of effects. 21% (n = 20) of CEAs modelled cumulative
exposure to underwater noise, most frequently using either the
INSPIRE ‘fleeing animal’22, SPEAR or SAFESIMM (Donovan et al.,
2012) models, the latter of which is designed specifically for marine
mammals. 10% (n = 10) of CEAs modelled population
consequences of disturbance, using either iPCoD (n = 5),
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Population Viability Analysis (n = 4) or another stage-based
modelling approach (n = 1). Only large OWF used iPCoD within
their CEAs. A further eight CEAs described an awareness of and/or
an enthusiasm to utilise the iPCoD or DEPONS model to aid the
CEA process, however such models were described as not being
used due the complexity of the model, data required to parameterise
the model not being available (e.g. piling schedule), or, the model
not being available at the time of writing.
4 DISCUSSION

In the UK, CEA has been a required part of EIA practice for a
number of decades, with current understanding and ability to assess
cumulative impacts evolving substantially since assessment practice
began to gain traction in the 1970s (Hodgson and Halpern, 2018).
However, this review found differences in approach and varying
standards of CEAs between industries and over time (2009-2019),
according to the adopted scoring metrics. Before providing a
thorough discussion of these findings, it is important to highlight
the inherently difficult nature of completing a CEA. In some cases,
the challenges are industry specific (e.g. more/less data for impacts
relevant only to certain industries), whilst other challenges are
reflected across industries, receptors and CEA practice (e.g. lack
of knowledge on how stressors interact). It is therefore important to
bear such challenges in mind when considering the findings of
this review.

A caveat that we were not able to properly account for, but
should be considered when interpreting the results, is that the level
of detail required by the regulator for a CEA is usually proportionate
to the size of the project (Lonsdale et al., 2017). For example, smaller
scale projects may require less thorough CEAs. In some cases this
could be due to smaller predicted impact footprints, or more
localised activities (e.g. harbour maintenance and development),
meaning, proportionate to the predicted risk, the regulator may only
require a qualitative CEA, for example. This proportionality may be
reflected in a lower score, according to our scoring criteria, though
the CEA may in fact have fulfilled the regulatory requirements. We
were only able to account for this, in part, for the OWF industry
through categorisation of ‘small’ versus ‘large’ offshore wind farms.
Comparatively, CEAs from smaller OWFs did score less than larger
OWFs, on average, and were also shorter in terms of number of
pages (Table 1). The review also found higher ranking CEAs had on
average a higher number of pages. Previous work has struggled to
confirm a clear relationship between project spatial scale and EIA
length (Fernández et al., 2018), though Bond et al. (2014) found
good practice had been eroded through recent streamlining of
impact assessments themselves.

Further limitations to the review process itself are discussed in
Section 4.2.

4.1 Variation in Cumulative Effects
Assessment
4.1.1 Between Industries
To our knowledge, this review provides the first comparison of
CEAs across industries, and has highlighted a lack of
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standardisation within UK practice when assessing potential
cumulative effects to marine mammals. The legislative wording
with regards to the requirements for an EIA and associated CEA
is identical or extremely similar for all but two (cable and
decommissioning) of the eleven industries considered in this
review (refer to Section 1 and Figure 1 for an overview of the
associated legislative regimes), yet there is a considerable
variation in average CEA score between industries. The
renewables industry (OWF, tidal and wave energy) scored the
highest, whilst CEAs from the aquaculture, decommissioning, oil
or gas field development, and harbour development industries
scored lowest. The disparity in scoring across industries may to
some degree be explained by differing interpretations of this
legislation by regulators and practitioners, with similar
disparities in interpretation and understanding reported within
Swedish cumulative effects practice (Wärnbäck and Hilding-
Rydevik, 2009). In the UK, the regulatory bodies who are
responsible for the implementation of the associated legal
requirements differ across industries and administrations. As
such, the application of the legislation, including the production
of associated guidance and support to improve practice, may also
vary between regulators. To ensure the interpretation and
application of the legislation is uniform across industries, we
recommend that regulators should publish guidance, in
conjunction with SNCBs, to support the production of CEAs
in the marine environment, which should be applicable and
adaptable to support the assessment process across relevant
industries. The guidance should be designed to achieve the
legislative requirements, whilst being adaptable enough to
allow practice to evolve with new knowledge and best available
science, and should aim to achieve effective cross-industry
cumulative assessment.

The siloed approach between industries to the regulation and
completion of these assessments has no doubt meant that
industries have missed opportunities to share best practice and
lessons learned. It is important to note that additional to the lack
of synergy between industries, there are long standing disparities
in the interpretation and approach to cumulative effects between
scientists and practitioners (Hodgson et al., 2019). For example,
scientific evaluations more commonly focus on the effects of
environmental pressures on species or ecosystems and track this
back to human activities, whilst policy-based CEA interpretation
considers the effects of activities, projects or plans (Judd et al.,
2015; Hodgson and Halpern, 2018). This disparity in
interpretation may have led to incompatibility in emerging
methodologies (Judd et al., 2015), with latest scientific evidence
or tools not necessarily suitable to support practical CEA
requirements or aid improvement of practice. The formation
of a collective cumulative effects community across science,
policy and practice could work to address the disjuncture
identified across these fields, fostering an improved and more
holistic understanding for all. Hodgson et al. (2019) suggest
cumulative effects research be formalised as a subdiscipline, with
the development of a community of practice, active
conversations and support opportunities such as workshops
and conferences. Such synergies could provide an ideal
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platform for innovative and applied research questions to be
addressed, with research led by practitioner requirements.
Examples of the success of this approach are evidenced by the
development of tools such as iPCoD (King et al., 2015).

To accompany and support a more standardised approach
across industries, the development of a systematic database used
as a source and archive for CEA associated guidance, data,
evidence and good practice would be highly beneficial (Clarke
Murray et al., 2014; Foley et al., 2017; Dibo et al., 2018; Durning
and Broderick, 2019; Hodgson et al., 2019; Caine, 2020). This
would provide a standard platform of activities and their
associated effects to be recorded, and when required,
incorporated within baseline characterisations and CEAs,
encouraging a more collaborative overall ‘CEA mindset’
(Sinclair et al., 2017; Gușatu et al., 2021). This would likely be
more cost effective than the current disjointed approach, where
data are not readily shared due to being commercially sensitive
and expensive to collect (Connelly, 2011). Further, sharing of
data with subsequent dissemination of long-term pre-, during-
and post-construction monitoring data would allow industries to
learn from past developments and improve the collective
knowledge of the true cumulative effects and consequent
impacts of consented projects (Masden et al., 2010; Hawkins
et al., 2017; Dibo et al., 2018; Caine, 2020).

Parallel to industry-level support through a cumulative effects
community, it is important that cumulative effects are also
addressed over the broader scale. The adoption of a more
‘integrated ocean management’ approach could provide a wider
holistic solution to the currently fragmented approaches between
industries and administrations (for a further discussion, see
Winther et al., 2020). If effective measures and an integrated
approach spanning all marine industries is in place at a wider
strategic scale then adverse cumulative environmental change at an
individual project level may be avoided (Gunn and Noble, 2011).
Such approaches would capture the incremental effects from smaller
projects and activities that are not subject to EIA (Cooper and
Sheate, 2004), which are unlikely to be captured by project-level
CEAs. Further, a strategic ocean management approach may
somewhat alleviate the, in some cases, disproportionate
expectations for individual projects to complete comprehensive
CEAs. This is especially important, as all industries considered in
this review exploit similar or directly adjacent areas of the marine
environment (Van den Burg et al., 2019), yet we document a great
disparity in their assessment of the potential impacts of multiple
stressors to marine mammals. A lack of standardisation is a notable
limitation of current management and conservation efforts.
Activities which may impact the same receptors and marine
space, either individually or cumulatively, should be subject to the
same rigour and standards when it comes to proportionately
assessing their potential impacts; long-term sustainability can only
be achieved if best practice is applied across all industries (Winther
et al., 2020).

4.1.2 Over Time
Notably, there was an increase in CEA scores over the sample
period, though this improvement was attributable to only five
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industries [cable and renewables (large and small OWFs, tidal
and wave energy)], with four industries exhibiting no significant
improvement (aquaculture, decommissioning, harbour and oil
or gas field development). This may be a reflection on differing
levels of pressure imposed on each industry to improve and
evolve practice. For example, ‘newer’ industries (such as marine
renewables) have worked together to develop specific renewable-
focused guidelines to support the assessment of environmental
effects (e.g. RenewableUK, 2013), with parallel academic research
feeding into the evolving understanding of industry impacts (e.g.
Sparling et al., 2018; Whyte et al., 2020). In contrast, this pressure
and collective effort to improve practice may not be imposed on
‘older’ industries, hence not showing an improvement over time,
according to our scoring metrics.

4.1.3 Terminology
Previous research has found how (and if) practitioners initially
define ‘cumulative effects’ and ‘impacts’ to be one of the main
pre-cursors to subsequent inconsistency in practice (Cooper and
Sheate, 2002; Duinker et al., 2013; Foley et al., 2017). 26% and 9%
of the CEAs reviewed here provided either no definition or a
vague definition, respectively. This may be due to an uncertainty
by practitioners as to what cumulative effects are, and/or due to a
lack of universally utilised precise working definition (Baxter
et al., 2001; Cooper and Sheate, 2004; Duinker and Greig, 2006;
Gunn and Noble, 2011; Judd et al., 2015). Furthermore, historic
earlier definitions are now being recognised as insufficient
(Duinker et al., 2013), and so we support the persistent calls
for the establishment and widespread adoption of a consistent,
comprehensive, definition of impact and of cumulative effects,
based on best available science (Cooper and Sheate, 2002; Canter
and Ross, 2010; Judd et al., 2015; Foley et al., 2017), which is
complex enough to guide practice and scientific work (Duinker
et al., 2013), for example adoption of the definitions and concepts
outlined by Judd et al. (2015). It should be clear which effects
could contribute to cumulative impacts, and should be standard
practice to state which effects, impacts, pressures, sources and
receptors are investigated, in order to reduce the present
ambiguity (Cooper and Sheate, 2002; Foley et al., 2017;
Hodgson et al., 2019; Elliott et al., 2020).

4.1.4 Baseline Characterisation
Characterising the baseline using appropriate data and background
information is an essential part of the CEA process, as it not only
describes the level at which potential negative effects are being
assessed against, it also has implications for how significance is
evaluated (Clarke Murray et al., 2014). Ideally, the baseline should
describe species presence, including information on abundance,
distribution and seasonality, and should acknowledge existing and
potential stressors in the surrounding area.

Choosing a point in time at which to define the baseline is
challenging. Whilst using a historic non-affected environment
would be ideal (Masden et al., 2010; Clarke Murray et al., 2014;
Foley et al., 2017; Dibo et al., 2018), in practice this is extremely
challenging, with a survey of CEA practitioners across the Pacific
Rim finding that past conditions only tended to be included in the
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baseline definition by more experienced CEA consultants (Foley
et al., 2017). Instead, it is common practice to use current conditions
as the baseline (Bérubé, 2007; ClarkeMurray et al., 2014; Foley et al.,
2017), despite this approach not taking into account ‘shifting
baseline syndrome’. This is the phenomenon where each new
generation of scientists or practitioners uses the current
environment during their career as a baseline against which to
evaluate changes, which results in a gradual shift in baseline over
time, as each successive generation may use a more disturbed
benchmark than the last (Pauly, 1995). In terms of UK practice,
the regulations relevant to CEA and EIA in the UK (outlined in
Figure 1) suggest using the present environment as the baseline,
stating the explicit requirement for a description of the current
environmental state, along with an outline of how this may evolve in
future without the project. The regulations also state that this should
be based on relevant information and scientific knowledge, though
anecdotally the present review found the most up-to-date and/or
appropriate data and sources were not always utilised (taking into
account when the CEA was undertaken), with 3 of the reviewed
CEAs not providing any information on what their assessment
considered as baseline. For marine mammals around the UK, there
are a number of data sources that can aid in characterising the
baseline environment, these range from wider scale survey data [e.g.
SCANS surveys (Hammond et al., 2013; Hammond et al., 2017)], to
finer scale local data. Future practice should aim to ensure the most
appropriate sources are utilised.

4.1.5 Effects Considered
Impacts included in CEAs tended to be limited, focusing on similar
projects (e.g. an OWF only including other co-occurring OWF in
their CEA), or including only projects or stressors where there was
high confidence in the data available. Furthermore, many of the
CEAs reviewed only carried forward impacts that were deemed
significant in isolation into the CEA itself, similar to the findings of
Baxter et al. (2001) and Olagunju and Gunn (2013). Only including
impacts that the assessment deemed significant in isolation does not
take into account that two or more potential impacts concluded as
non-significant in isolation could result in significant cumulative
impacts (Clarke Murray et al., 2014). There is a growing body of
literature documenting how cumulative exposure to individual
stressors that were deemed non-significant, when considered
cumulatively result in biologically significant consequences for
marine mammals [e.g. bioaccumulation of organochlorines in
prey impacting reproductive health of NE Atlantic bottlenose
dolphins and killer whales (Orcinus orca) (Jepson et al., 2016)].
Furthermore, this review found potential sources of disturbance
may be scoped out from inclusion within the a CEA due to lack of
data or knowledge, limiting further assessment of potential
cumulative effects. However, only including stressors with
sufficient information, or indeed only similar projects, does not
truly reflect the real-world scenarios that marine mammals are
experiencing (e.g. chemical pollution), and so has implications for
the robustness of the assessment. Despite this being common
practice, 90% of surveyed practitioners agreed that all
disturbances should be considered when evaluating baseline
conditions (Dibo et al., 2018).
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4.1.6 Spatial and Temporal Scale
It is essential to define the extent of the focal area to determine
the scope of the assessment, and which activities and pressures to
include within the assessment (Judd et al., 2015). However
choosing the appropriate scale, spatially, temporally and in
terms of level of detail, is one of the key challenges to effective
assessment of cumulative effects (Therivel and Ross, 2007; Clarke
Murray et al., 2014), particularly for highly mobile species such
as marine mammals (Gușatu et al., 2021). Scale can be difficult to
define, for example, stressors at a global scale (e.g. climate
change) will impact on receptors at a local scale (Clarke
Murray et al., 2014). Similarly, the frequency and duration of
pressure(s) will influence the nature and scale of response by the
receptor (Judd et al., 2015). Within this review 63% and 43% of
CEAs did not explicitly state the temporal or spatial scale of their
assessment, respectively, meaning it was unclear how other
projects, stressors or activities were selected for inclusion
within the CEA in terms of their spatial and temporal proximity.

The appropriate spatial scale of a CEA is context specific and
so should be tailored to each project and to each source of
disturbance, as some impacts may be better suited to being
considered at a defined radius whereas some impacts may
require consideration at an ecological scale. For the latter, this
could correspond with the receptor’s range (Clarke Murray et al.,
2014), or be defined by receptor-specific ecological boundaries
(Dibo et al., 2018), though only 14% of CEAs reviewed defined
spatial boundaries with relevance to marine mammals [e.g.
marine mammal management units (IAMMWG, 2015) or seal
management units]. In contrast, 13% of CEAs assessed defined a
spatial parameter based on a set figure, e.g. a 5 km radius from
the project. This approach is more appropriate for certain
activities where a radius of disturbance can be defined (e.g.
piling noise), though may still not necessarily be appropriate
for mobile species. It is most common for spatial scale to be
defined using the footprint of expected impact or activity across
all CEA receptors (Foley et al., 2017), although in some cases this
may be more suitable for sedentary receptors or benthic habitats
rather than highly mobile or migratory species like marine
mammals or seabirds, therefore consideration to the ecology
and behaviour of the receptor is required.

In practical terms, the temporal scale of a CEA should
ideally accommodate the complete life cycle of all elements
of the project: exploration, construction, operation and
decommissioning (Lonsdale et al., 2017). In fact, surveyed CEA
professionals suggested a CEA should consider impacts beyond
the life cycle of a project itself (Dibo et al., 2018), as project
duration may not adequately consider that behaviour may
change over time in response to the action, and that this
change may be lagged (Masden et al., 2010). The consideration
of only high impact, short-term pressures (e.g. impact pile
driving) with the preclusion of the effects from persistent long-
term pressures does not represent the reality of the cumulative
pressures imposed on receptors. Nevertheless, the majority of
professional practice tends to scale their analysis based on the
duration of the proposed activity or impact only (Foley et al.,
2017). In the present review, it was found that when a temporal
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scale was defined, project duration was the most used temporal
limit (20%). This approach may be appropriate at a single project
level when there is evidence that the effect of the stressor
associated with the activity is alleviated when the activity
ceases [e.g. harbour seals re-distributed as per non-piling
within two hours of cessation of pile-driving activity (Russell
et al., 2016)]. However, where effects of stressors persist long
after an activity (e.g. permanent decline in gray whale habitat use
following an increase in human-induced disturbances from
fishing and other shipping activity; Findley and Vidal, 2002)
then this approach is not suitable. It is recommended, where
possible, that the best approach in defining a temporal scale for a
CEA should incorporate the length of time required for the
ecological components to recover (Masden et al., 2010; Foley
et al., 2015; Foley et al., 2017). The challenge here is that
receptors whose response is lagged to certain stressors may
mean the temporal boundary of the assessment extends
beyond the operational timeline of a project.

4.1.7 True Assessment of Multiple Stressors?
CEAs tend to consider cumulative effects in one of two ways;
either as multiple stressors from a single activity, or as single
stressors from multiple activities (like for like) (Clarke Murray
et al., 2014). Consideration of multiple stressors from multiple
activities is rare (Clarke Murray et al., 2014); indeed of the CEAs
reviewed 49% never considered multiple stressors from multiple
activities. Notably, this was completely absent in CEAs from the
aquaculture, decommissioning, and oil or gas pipeline industries.
85% of all CEAs reviewed considered only like for like stressors
together (e.g. construction noise together with vessel noise,
rather than construction noise together with vessel collision
risk). However, for marine mammals and other receptors, it is
unlikely that stressors are only experienced in this way, and so
this approach may not be representative of the impacts on
ecological components (Clarke Murray et al., 2014).

Only 16% of the CEAs discussed the potential for impacts to
interact, with the surrounding uncertainty associated with these
interactions never expressly considered. In practice it is often
necessary to assume effects interact only additively (or do not
interact at all), however it is important to acknowledge this
assumption, and the consequent potential for under- or over-
estimation of impacts which further affects the effectiveness of
any management or mitigation measures (Judd et al., 2015; Singh
et al., 2020). To address this knowledge gap, further empirical
research is required to identify and distinguish effects of single vs
multiple disturbances, and to build an understanding of how
stressors interact (whether additive, synergistic, multiplicative,
compensatory or antagonistic) in order for this aspect of the CEA
process to improve (Clarke Murray et al., 2014).

4.1.8 Methodology: Qualitative Versus Quantitative
There are some quantitative methods and tools being developed,
or already available, to assist the practitioner when assessing
cumulative effects on marine mammals, for example, the iPCoD
model (King et al., 2015; Booth et al., 2020), and other stepwise
quantitative approaches [e.g. Piet et al., 2021) (refer to Section 1.1
for further examples]. However, few CEAs reviewed used wholly
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quantitative methods to determine significance (6%, all from
large OWFs), and instead 71% relied on professional judgement
or did not describe how significance was determined. All CEAs
from aquaculture, decommissioning, dredging, harbour
development, small OWF and wave energy industries were
solely based on professional judgement. This is a higher
proportion than other reviews of CEA, one of which
documented 26% of CEAs described cumulative effects
qualitatively, whilst another documented 66% of CEAs relied
solely on expert judgement (Cooper and Sheate, 2002; Korpinen
and Andersen, 2016). Professional judgement has historically
been relied upon by necessity, due to the absence of established
thresholds of response or tools to aid the assessment process
(Cooper and Sheate, 2002; Connelly, 2011; Clarke Murray et al.,
2014; Lonsdale et al., 2017; Singh et al., 2020). For CEAs to be
robust, reliable and transparent, the onus is on practitioners to
support their judgements with the best available science.

Predictive models are a potential additional or alternative
method to professional judgement, and can be used as a tool to
simulate and predict the potential for significant impacts
(Duinker et al., 2013). Geographic Information Systems (GIS)
are another tool that can be extremely useful in facilitating the
CEA process (e.g. Lonsdale et al., 2020; Gușatu et al., 2021), but
again, only 15% of the reviewed CEAs presented a map as part of
the marine mammal CEA. Maps can be used to superimpose the
spatial extent of projects, activities and stressors with receptor
presence, to aid interpretation of potential impacts, in addition to
the quantitative analysis or qualitative assessment (e.g. Halpern
et al., 2008; Batista et al., 2014), and have been used to map
potential cumulative impacts on four marine mammal species in
the California Current (Maxwell et al., 2013) and cumulative
impacts on Hong Kong’s pink dolphins (Marcotte et al., 2015).

Uncertainty It is important that CEAs acknowledge the
limitations of their chosen approach, and are transparent in
how this contributes to the uncertainty and consequent
interpretation of the CEA outputs (Judd et al., 2015). In the
UK, including ‘details of difficulties (for example, technical
deficiencies or lack of knowledge) encountered compiling the
required information and the main uncertainties involved’ is
specifically outlined in the Marine Works (EIA) Regulations
20071 as a requirement to be included within the EIA and
associated CEA. Yet, only 5% of the CEAs reviewed explicitly
considered uncertainty (all from large OWFs). Considering the
high level of uncertainty surrounding marine mammal
individual and population responses to disturbance, and often
the uncertainty surrounding the stressor itself (e.g. definite
construction period), identifying and making decision-makers
aware of the degree of uncertainty associated with these
assessments is essential.

4.2 Limitations
While every effort was made to ensure this review was conducted in a
robust manner, there are some important caveats that should be
understood when considering the findings of this study. First and
foremost, we were not able to ascertain whether the scores given as
part of this review correlated with effectiveness of the assessment
themselves, though it is plausible that this is the case. CEAs were
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scored using a framework developed by Willsteed et al. (2018), to
allow comparison of scores across industries and through time. The
attributes of the framework were designed based around UK legal
obligations for CEA, principles of marine ecosystem approaches to
management and key principles of assessing cumulative effects, and
were trialled by Willsteed et al. (2018) to score benthic and fish and
shellfish ecology CEA chapters from the marine renewable energy
industry. As those same legislative requirements span nine of the
eleven industries reviewed, there may be a degree of bias in the
scoring criteria towards those, with bias against the decommissioning
and cable industries. However, it was felt that the attributes were
broad enough to represent a number of features that all CEAs should
include to be satisfactory (e.g. definition, quantitative methods, clear
methodology, uncertainty acknowledged) and as such we do not
expect this has significant implications on our findings.

This review assessed documents from all marine industries that
legally require CEA completion, and so we therefore expect these
findings to accurately reflect the state of CEA practice within UK
seas. However, there were differing levels of accessibility associated
with the documents reviewed across sectors, as has been noted by
other studies (Ball et al., 2013; Lees et al., 2016). Only one CEA was
found for the dredging and the oil or gas pipeline industries, despite
a thorough search. This may be a reflection of the rarity within that
industry to complete a CEA, or it may be a problem of access, but
without review of further CEAs from those industries it is not
possible to confirm whether the scores here are representative of
their respective industries practice. EIAs and their associated CEAs
are, in principle, public documents, and are inherently useful when
looking at how to improve future practice and address knowledge
gaps, and so we recommend accessibility to such documentation is
improved (Lees et al., 2016). Furthermore, where practical,
supporting documentation and data should be made available, as
Frontiers in Marine Science | www.frontiersin.org 14
simply reviewing completed CEAs is not always enough to
determine the methods and tools practitioners have undertaken
(Foley et al., 2017). This may have led to an underscoring in the
present review, as the final document is often a summarised version
of a long, nuanced and complex process.

Finally, the scores of the reviewed CEAs do not account for
the scoping advice received from the regulator or statutory
advisors, or for the influence of practitioner expertise or
experience, which has previously been identified as a factor
that may influence CEA standards and practice within other
countries (Wärnbäck and Hilding-Rydevik, 2009; Kågström and
Richardson, 2015; Kågström, 2016; Foley et al., 2017). In some
cases, practitioners may be employed by project proponents,
which may lead to potential bias and/or conflicts of interest
(Duinker and Greig, 2006). Whilst we again could not consider
this in the present review, standardising practice through sharing
of guidance and minimum standards of approaches would
potentially somewhat alleviate this influence on CEA practice.
5 CONCLUSION

Cumulative Effects Assessment serves as a tool to estimate the
overall expected impact on a receptor of interest (Judd et al.,
2015). The aim of a CEA should be to provide decision-makers
with sufficient information to support consenting decisions
which ensure the sustainable development of marine spaces in
parallel with conservation of the receptors considered.
Inadequate or inclusive assessment of potential impacts can
lead to the consenting of developments and projects that put
significantly underestimated levels of stress on local marine
environments (e.g. King and Pushchak, 2008). The robustness
TABLE 2 | Recommendations to improve and standardise Cumulative Effects Assessment practice.

Approach
1. CEAs to consider multiple stressors from multiple activities or sources
2. All impacts initially considered through a risk screening and prioritisation process uniform across industries, documented by a clear audit trail
3. Temporal scale of each impact considered within the CEA based on the length of time required for the receptor to recover from that specific impact, with lags in

response time incorporated where required, as per the best available science/current knowledge
4. Spatial scale of the CEA tailored to the appropriate context per impact, taking into consideration the spatial range of the receptors and the scale of impacts, as per

the best available science/current knowledge
5. Where possible, use predictive models to assess cumulative effects, acknowledging caveats and surrounding uncertainties to the chosen approach. If this is not

possible and/or proportionate, ensure professional judgement is based upon best available science
6. Use of Geographical Information Systems as a tool to aid the CEA process, to demonstrate spatial and temporal overlap of multiple stressors
Transparency
7. Standard practice to state which impacts, effects, pressures, sources and receptors are considered and which are scoped out, with reasoning
8. Thorough and transparent description of CEA methodology
9. Transparency in describing the knowledge gaps, and the implications this has on uncertainty in the CEA process
Management
10. Consistency and standardisation regarding the assessment of cumulative effects across industries
11. Adaptive CEA management informed by regular reviews of CEA practice
Further work required
12. Development of a standard comprehensive definition of impact and effects
13. Systematic database used as a source and archive for CEA associated data, evidence, guidance and good practice
14. Synergies developed across science, policy and practice through the formation of a cumulative effects community. Support opportunities such as workshops and

conferences to provide platforms for active conversation which may aid development of innovative approaches and provide more holistic understanding
15. Development of thresholds for disturbance
16. Field research to identify and distinguish effects of single vs multiple disturbances, building further understanding of how stressors interact, coupled with the

development of tools and frameworks that allow findings to be integrated into assessments
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and validity of these assessments therefore plays a pivotal role in
the protection of marine mammals, and any other receptors,
from anthropogenic impacts.

We document a disparity in how cumulative effects are being
considered across the same marine space, with considerable
discrepancies in the efficacy of CEAs across maritime industries,
with some (aquaculture, harbour development, decommissioning
and oil or gas field development) not showing any signs of
improvement over the study period. Considering the findings of
this review and a wider consideration of the scholarly literature, we
offer recommendations (summarised in Table 2) which may go
some way to ensuring cumulative effects are considered in a
consistent manner, and appropriately mitigated for, across the
marine environment. In providing these recommendations, we
acknowledge the very significant challenges to doing CEA
well, and that a ‘one size fits all’ approach is not always
appropriate. Despite this, it is expected that these findings, and
recommendations, are broadly applicable to global CEA practice,
including industries and receptors within both the terrestrial and
marine environment. This is timely considering reviews of CEA
practice elsewhere have also found CEA implementation to be less
than satisfactory, with similar challenges to those identified in the
present review also reported elsewhere [e.g. in Canada (Baxter et al.,
2001; Duinker and Greig, 2006; Sinclair et al., 2017), the United
States (Ma et al., 2012; Schultz, 2012), Sweden (Wärnbäck and
Hilding-Rydevik, 2009), in the Brazilian Amazon (Athayde et al.,
2019) and in the Arctic (Kirkfeldt et al., 2017)].

This work highlights a siloed, sector by sector, non-uniform
approach to assessing cumulative impacts on marine mammals.
Future work could explore whether the variation in practice
highlighted here has in fact resulted in sustainable development
being non-uniform across UK industries and waters. Long-
term sustainability of the marine environment can only be
achieved if all industries work to the same standards in terms of
protecting the environment from significant harm (Winther
et al., 2020), and so we suggest the development of a
cumulative effects community approach in order to facilitate
standardisation in approaches and sharing of best practice.
Adoption of a more holistic, rather than fragmented, approach
would help to ensure the continued development of the marine
environment does not compromise the conservation of marine
mammals, and indeed other species and habitats.
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A B S T R A C T   

Fuel forms a significant portion of the total expenditure for many commercial fishing vessels and in some cases, 
profitability can be dictated by fuel costs. In many nations, including the UK, these fuel costs are reduced by cost- 
reducing subsidies. There is evidence of growing support from various channels that public opinion is moving 
towards a reassessment of fuel subsidies. Analysis of the economics of the UK fishing fleet, using publicly 
available industry-supplied data, implies that the nominal annual value of fuel tax concessions for diesel is 
between £ 150–180 million per year (2009–2019). That support is largely provided to the most fuel-intensive 
fishing methods, such as mobile demersal trawls and dredges. Results show that, without the current fuel tax 
concession, several fleet segments would be deemed unprofitable. This paper outlines the current value of fuel 
tax concessions for fishing vessels and potential policy considerations for reform.   

1. Introduction 

One of the most substantial and variable costs of fishing is fuel 
expenditure [1]. However, the proportion of total costs that it consti
tutes varies between different fleet segments. For example, large vessels 
likely have higher fuel costs in proportion to revenue, than smaller 
vessels that might stay closer to port. Indeed, in 2018, small-scale fishing 
fleets in the European Union (EU) collectively used about 147,000 litres 
of fuel for every €1 million of revenue generated, while their large-scale 
counterparts used more than twice the amount for the same revenue [2]. 
Furthermore, the species being targeted and the type of gear being used 
will influence fuel consumption [3,4]. Targeting small pelagic species in 
large volumes is often more efficient than targeting more evasive species 
i.e. demersal beam-trawls have much higher fuel costs than pelagic 
trawls or drifting gillnets [5]. 

Fuel also represents one of the most heavily subsidised costs of 
fishing. Globally, fuel subsidies are estimated to have totalled $8 billion 
in 2018 and represent more than a third of all harmful fisheries subsidies 
[6]. According to the World Trade Organization [7], fuel subsidies can 
be government payments that directly subsidise fuel costs such as grants 
and loans, or indirect contributions in the form of foregone government 

revenue, such as exemptions from normal rates of fuel tax. 
The UK provides commercial fishers support through fuel tax con

cessions; the ‘Red diesel rebate’ (RDR) [8] and the ‘Marine voyages – relief 
from fuel duty’ [9]. RDR is a fuel tax concession available to several 
sectors of the UK economy. While the fishing sector uses this same red 
diesel,1 the ‘marine voyages – relief from fuel duty’ is specific to com
mercial marine vessels and entitles them to a further discount compared 
to what other users pay for the same fuel type. Certain commercial 
vessels, including UK fishing vessels and foreign-owned fishing vessels 
refuelling in the UK [9], are able to avail themselves of this relief and 
thus pay zero fuel duty. However, because different fishing methods and 
vessel types use different amounts of fuel for the same volume of output, 
the benefits enjoyed from this relief (i.e. as a proportion of their variable 
costs) is likely to favour more fuel-intensive methods [10,11]. 

From April 2022, access to the RDR was removed for some non- 
marine sectors [8,12], but no change is currently planned for commer
cial fishing. The policy objective driving this announcement was to “help 
meet its [the UK Government’s] climate change and air quality targets” and 
“ensure that the tax system incentivises users of polluting fuels like diesel to 
improve the energy efficiency. invest in cleaner alternatives, or just use less 
fuel” [13]. These justifications for changes to the RDR could be applied 

* Corresponding author. 
E-mail address: duncan.vaughan@naturalengland.org.uk (D. Vaughan).   

1 Some fishing vessels use petrol, which does not qualify for the RDR, but it does qualify for marine voyages – relief from fuel duty. 
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to the ‘marine voyages – relief from fuel duty’. In fact, ‘marine voyages – 
relief from fuel duty’ entitles the fishing sector to pay no excise taxes, so 
would need to be reformed alongside RDR. We herein refer to the 
combined tax relief provided by RDR and the ‘marine voyages – relief from 
fuel duty’, as Fuel Tax Concessions (FTCs), with the understanding that 
the role of FTCs (specifically RDR) is already being revisited in other 
sectors. 

For any future transition, changes to FTCs must be fully informed, 
just and deployed in a phased manner. To enable this, we must have a 
fundamental understanding of the overall value of FTCs and an aware
ness of the differential importance across the UK fishing fleet, to fully 
understand the current reliance on the system and implications of po
tential policy changes. This study, therefore, aims to explore for the first 
time the effects of FTCs on the costs and profits of fishing for the UK 
commercial fishing fleet. With this in mind, we will estimate the overall 
value to the FTC and look at the sector-level impacts of FTC removal on 
profitability. Finally, we will disaggregate these estimates to understand 
the economic importance of FTCs for each segment of the UK commer
cial fishing fleet. 

2. Material and methods 

This analysis draws upon several publicly available data sources to 
provide an exploratory re-analysis of the economic performance of the 
UK’s commercial fishing fleet, by fleet segment, and the effect of FTCs on 
profitability. The methodological approach consisted of collecting offi
cial available information via the following broad steps:  

- Annual financial fleet performance data from 2009 to 2019 (both 
overall and across fleet segments) were taken from the Seafish2 

website [14];  
- Information regarding the rate of FTC for UK fishers, in terms of 

pence per liter (ppl) savings, were taken from government disclosed 
values on fuel subsidy use in the UK [8,9];  

- Information on engine manufacturer for each commercial fishing 
vessel on the UK Shipping Registry (Part 2) enabled estimation of the 
proportion of diesel use for each fleet segment;  

- Annual cost of subsidized diesel purchased at the pump by the fishing 
industry were provided by Seafish;  

- The above data were used to calculate total annual cost savings 
through the purchase of fully tax-free red diesel for each fleet 
segment from 2017 to 2019;  

- Economic performance indicators and cost saving estimates for each 
fleet segment were then standardized by total landed tonnage of 
catch per fleet segment; and  

- Net profit margins for each fleet segment with and without FTCs 
were generated by subtracting total annual costs from total annual 
revenue and dividing this by total annual income. 

2.1. Sources of data 

Annual financial performance indicators regarding the UK com
mercial fishing fleet were taken from the Seafish website [14]. Seafish 
conduct annual surveys of UK fishing vessels to gather data on: their 
activity, catch, income streams, expenditures and vessel specifications 
(e.g. length, power, Gross Tonnage (GT) and age). Data were down
loaded separately for each of the 30 fleet segments that are tracked by 
Seafish (See; Table S.1 and Section 2.2) and the overall fleet data. Two 
fleet segments are excluded by Seafish from the fleet segment specific 
data; these are the UK pelagic fleet and miscellaneous segments. The 

specific metrics used in this study are: total income, fuel expenditure, 
total expenditure (including all costs), number of active vessels and total 
landings (tonnes). Data from 2009 to 2019, inclusive, were downloaded, 
providing us with an eleven-year period of the most recent and complete 
data at the time of the study. Financial data are the nominal values and 
do not account for inflation, to give a comparable account of foregone 
revenue for a given year. 

The average annual cost of diesel (ppl) for UK fishers from 2009 to 
2019, inclusive, was obtained from Seafish [15]. This data records the 
monthly price paid at the pump for diesel. We derived an annual average 
price of marine diesel for our calculations. The fishing industry pays no 
excise tax on diesel due to the ‘marine voyages – relief from fuel duty’ [9], 
therefore the excise tax on the diesel price provided by Seafish is 0.00ppl. 
The full rate of excise tax for diesel, with no FTCs, is 57.95ppl [12]. Our 
analysis assumes all diesel-powered vessels uptake these available FTCs. 

Information on 4231 of the 5422 registered UK fishing vessels was 
provided by the UK Shipping Registry from ‘Part 2 – Fishing’ of the 
registry (11/11/2021 extraction). Our preliminary analysis of these data 
showed them to be representative of all size categories and thus repre
sentative of the UK commercial fishing fleet. This data contained in
formation on vessel length, engine make, model and power (kW). A 
proportion of vessels of lengths greater than and less than 10 m using 
diesel was determined by checking engine make and model specification 
(Table 1). 

2.2. Defining fleet segments 

As described by Ulrich et al. (2012), a fleet (or fleet segment) is a 
group of vessels with the same length class and predominant fishing gear 
during the year, and a métier is a group of fishing operations targeting a 
similar (assemblage of) species, using similar gear, during the same 
period of the year and/or within the same area and which are charac
terized by a similar exploitation pattern [16]. Here, we refer to each fleet 
segment, to reflect the terminology used by Seafish [15]. This is vital 
information for the analysis of the implications of FTCs as the rate of fuel 
use and the proportion of costs that fuel constitutes is known to vary by 
vessel type, gear used and species targeted. 

The present study analyses 30 unique fleet segments, separated by 
vessel size and power, fishing location and fishing method (Supple
mentary Table S.1). Analyzing the segments in isolation allows us to 
look at how each would be affected by the removal of FTCs. Financial 
data for fleet segment 8, representing vessels greater than 10 m with an 
annual fishing income less than £ 10,000, were highly variable and not 
representative of the fleet, therefore, results for this fleet segment are 
presented in Tables S.1 & S.2, but are excluded from the main body of 
results. 

2.3. Data analysis 

Some of the metrics (relating to finances) were available as averages 
per vessel within a fleet segment, while others (total landings) were 
totals. All metrics which were available as averages were multiplied by 
the number of vessels within the fleet or fleet segment such that all 
metrics used in analyses represented fleet segment totals. Seafish data 
make several assumptions, including assuming uniform engine types 
within a fleet segment, which will introduce some degree of deviation 

Table 1 
The proportion of fuel use assumed to be diesel in a UK 
commercial fishing métier31 where the vessels are 
either, over 10 m in length or predominantly under 10 
m in length.  

Vessel length Diesel use (%) 

> 10 m  99.7 
< 10 m  77.5  

2 Seafish is a UK non-departmental public body funded through a levy on the 
first sale of seafood products in the UK. Its remit is to support the seafood 
sector. 
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from true values [17]. 
Calculation of the increased cost of fuel was based on increasing the 

annual price of duty-free diesel by the sum of the FTCs, 57.95ppl (the 
RDR provides a rebate of 46.81ppl and the marine voyages provides a 
rebate for the final 11.14ppl) across the study period. The annual cost of 
fuel consumption was multiplied by the proportional increase of diesel 
with the rebates from FTCs added, to give the annual cost of fuel use 
without FTCs (Eq. 1). 

FE without FTC = FE ∗
AD + 57.95

AD
(1)  

Where, FE is the fuel expenditure, either for an individual fleet segment 
or the entire fleet, and AD is the annual average price of marine diesel. 
The overall value of FTC was calculated by subtracting the original fuel 
expenditure from the cost of fuel with FTC removed. 

To account for some fuel use being petrol rather than diesel within a 
fleet segment, we reduced the cost of the fuel rebate by a fixed per
centage, based on the size of the vessels within each fleet segment. Each 
segment was classified as either having most vessels greater or less than 
10 m in length (Table S.1) and assigned a percentage for diesel use based 
on the fuel use from the UK Shipping Registry (Table 1). As the data for 
the whole fleet contained some records outside of the 30 fleet segments, 
we estimated the overall expenditure on diesel attributed to fleet seg
ments greater than 10 m in length. This calculation was based on 88.9% 
of the total fuel expenditure being accounted for by fleet segments 
predominantly over 10 m and of these vessels 99.7% used diesel. Like
wise, for vessels under 10 m, the proportion of the whole fleet’s fuel 
expenditure was 11.1% and diesel use across vessels was 77.5%. 
Therefore, the overall predicted percentage of fuel expenditure on diesel 
was 97.2% across the whole fleet. To account for this in our valuation of 
the FTC, we reduced the value of the FTC by the fixed percent (97.2%) 
when looking across the fleet as a whole, but applied the fleet segment 
specific percent (Table 1) when conducting fleet segment specific 
analysis. 

This method means that our valuation of FTCs excludes the contri
bution of petrol. However, because the underlying data calculates all 
fuel expenditure based on the price of diesel, calculation of FTCs for 
petrol vessels is not possible. Our method also assumes that all diesel and 
petrol vessels within a segment have the same financial indicators. We 
also make a significant simplifying assumption that FTCs will not lead to 
changes in fuel use, and that all vessels will uptake available FTCs. We 
also make the simplifying assumption of no changes to variable costs, 
such as crew share, after the introduction of FTCs. It is also assumed that 
fishers cannot transmit cost increases to price increases. In other words, 
the price of fish remains constant. 

Analysis for fleet segment specific costs and profit margins uses only 
the most recent data from 2017 to 2019, to ensure the most recent es
timate for the effects of FTC removal while retaining enough data to 
show annual variation. Fleet segment specific fuel expenditure with the 
added cost of FTCs was calculated (Eq. 1), using the same process as for 
the whole fleet. New fleet segment specific total expenditures were also 
generated by adding the additional cost of FTCs to the total fleet segment 
expenditure. Profit margins were calculated using Eq. 2, in scenarios 
with and without FTCs added onto the total expenditure. When calcu
lating the total expenses of the fleet, we included all annual outgoings 
presented by Seafish including: total costs (insurance, repairs, gear, hire 
and maintenance, other vessel expenses, commission, harbour dues, fuel 
costs, subscriptions and levies, shore labour, boxes, ice, bait, crew travel, 
food stores, quota leasing, days purchased, other fishing expenses, crew 
share), depreciation, interest on loan repayments and other financial 
costs. 

Profit margin =

(
Total income − Total E

Total income

)

∗ 100 (2)  

Where, E is the expenditure, either for an individual fleet segment or for 
the fleet as a whole. The annual value of FTCs was calculated by sub
tracting the estimated fuel expenditure from the fuel expenditure 
without FTCs. Analyses on fleet segments are summarized across 
2017–2019, inclusive, and show mean and standard deviation. All 
analysis was done in R version 4.0.3 [18]. 

3. Results 

The incurred cost of fuel for the UK commercial fishing fleet has 
fluctuated over the past decade, ranging from £ 159 million in 2012 to 
£ 95 million in 2016 (Table 2). The total amount of FTCs that the UK 
fleet has benefitted from, however, has varied only slightly over the 
same time period, from £ 176 million in 2009 to £ 151 million in 2019 
(Fig. 1. A). As such, the proportion of the total realised fuel costs (fuel 
cost incurred by fisher plus FTCs) that the FTC represents changed 
through time, from a maximum of 64% to a minimum of 50% (Table 2). 
In 2015 and 2016, the estimate of FTC represented 63% and 62% of the 
total realised cost of fuel for the fishing fleet, respectively, effectively 
representing a ca. 62% discount in the real cost of fuel for those years 
where the cost of fuel was low. 

In terms of economic performance, the UK fishing fleet has remained 
profitable over the last decade in terms of the realised costs and reve
nues, as the total annual costs have remained less than total annual 
revenue (Fig. 1. B). However, if we consider the reduction in costs due to 
FTCs, we see that the profitability of the fleet is less clear cut. Between 
2009 and 2015, the true total costs of fishing, i.e., annual fuel costs with 
FTC removed, was higher than annual revenue (Fig. 1. B). However, in 
the latter half of the period, between 2016 and 2019, revenue was 
generally above the estimated total cost of fishing without FTCs. This 
indicates that the fishing fleet in aggregate would not always have been 
profitable in the absence of FTCs. The impact on individual fleet seg
ments will vary. 

The removal of FTCs proportionately affects those fleet segments 
with the largest fuel expenditure per tonne of landed catch (Fig. 2; 
Table S.2 provides a complete breakdown of estimates). Many of those 
fleet segments with the highest fuel use were estimated to be unprofit
able without FTCs (Fig. 3). Specifically, the segments most affected, 
going from marginally profitable (where the standard deviation overlaps 
with zero) to unprofitable, were ‘North Sea Nephrops’ and ‘beam 
trawlers’). Additionally, the ‘South West beam trawlers’ also switched 
from being profitable to either marginally profitable or unprofitable 

Table 2 
Maximum and minimum fuel cost and realised fuel cost (fuel cost plus fuel tax 
concession, FTC) incurred by the UK commercial fishing fleet across the study 
period (2009–2019).   

Maximum 
amount (£ m.) 

Minimum 
amount (£ 
m.) 

Maximum 
proportion 
FTC 
constitutes 
(%) 

Minimum 
proportion 
FTC 
constitutes 
(%) 

Fuel cost 
(Fuel cost 
incurred by 
the fishing 
sector)  

159.0(2012)  94.6(2016) - - 

Realised fuel 
cost (Fuel 
cost 
incurred by 
the fishing 
sector +
FTC)  

317.0 (2012)  235.2(2016) 63.7 
(2009) 

49.9 
(2012)  

3 A metier is a group of fishing operations targeting a similar assemblage of 
species, using similar gear, during the same period of the year, and/or within 
the same area and which are characterized by a similar exploitation pattern. 
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after considering the additional costs of removing FTCs (Fig. 2 & 3). 
Overall, most segments that were unprofitable after the removal of FTCs 
were vessels associated with: beam trawling, Nephrops and scallop 
dredging. Most of the fleet segments remaining profitable without FTCs 
are those associated with pots, traps and hooks (Fig. 3). All of which 
generally have a lower fuel use per landed tonne (Fig. 2). The other 

important aspect for a fleet segment to remain profitable seemed to be 
the size of the current profit margin, with segments which had a high 
fuel use per unit of catch remaining profitable due to large initial profit 
margins, e.g., ‘Area VII BCDEFGHK trawlers 10–24 m′ (segment 5). 

Fig. 1. The financial performance of the UK commercial fishing fleet between 2009 and 2019. A; The total annual fuel costs (black line) and the annual estimated 
FTCs (dashed black line). B; Total annual costs (red line) and revenue (purple line) of the UK fishing fleet, and the estimated total annual costs with FTCs removed 
(dashed red line). 

Fig. 2. The fuel costs (red bar), total expenditure (blue bar) and income (black point) of the fleet. A; with the current taxation rate of 0ppl. B; with the full tax rate of 
57.95ppl added onto fuel and total expenditure. Amounts are shown as thousands of GBP (£), standardised by annual total tonnes of catch per fleet segment. Where 
income exceeds expenditure, fleet segment is operating profitably. All amounts represent the mean, while error bars show the standard deviation over 2017, 2018 & 
2019. Letters following the fleet segment ID refer to primary fishing gear. For fleet segment ID and primary fishing activity information, refer to S. Table 1. 
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4. Discussion 

Our primary aim was to understand the role of FTCs in the economic 
performance of the UK fishing fleet. We found that the total amount of 
FTCs, i.e., the amount of foregone revenue due to RDR and the ‘marine 
voyages – relief from fuel duty’, ranged from £ 176.1 m in 2009 to 
£ 150.6 m in 2019. Our results suggest that if FTCs were immediately 
removed without adaptation to reduce fuel consumption on average, the 
UK fleet would likely have remained profitable only in recent years. 
Prior to 2016, with the exception of 2014, the fleet’s annual income was 
less than or equal to the estimated range of real expenditure. This is in 
contrast to the findings of Isaksen et al. [19] who demonstrate that FTCs 
were not a prerequisite for a profitable Norwegian fishing fleet, sug
gesting that economically sustainable fisheries are possible without fuel 
subsidies. They went on to show that the impact on small coastal vessels 
was minor compared to larger vessels [19], as did Carvalho & Guillen 
[2] due to them being more fuel efficient (i.e. they use less fuel for the 
same output). 

At the level of individual fleet segments, we found that all are esti
mated to be profitable or marginally profitable between 2017 and 2019, 
whilst receiving FTCs. However, when the cost-reducing effect of FTCs 
was removed, 14 of the 30 segments analysed became unprofitable, 
some significantly so, and nine moved from being profitable to marginal 
(Fig. 3 & S. Fig. 2). Those segments which have the highest fuel ex
penditures naturally benefit most from FTCs and therefore are most 
negatively impacted by its removal. Conversely, segments with lower 
fuel costs, generally the smaller vessels, were less affected and remained 
profitable or marginally profitable in the absence of FTCs. The fleet 
segments most impacted are generally larger vessels using active or 
mobile gears, such as dredges or demersal beam-trawls (Tables S.1 and 
S.2). Providing support to these segments via FTCs enables them to 
remain economically viable, despite significant fuel requirements. These 
results, which corroborate previous findings [2,19], provide an initial 

projection of how the potential removal of FTCs might impact the UK 
fishing fleet and where support to meet climate change commitments 
could be targeted. 

Arguments could be made that keeping these otherwise unprofitable 
segments viable supports food and livelihood security, and generates 
income for potentially vulnerable communities. However, given that 
much of the catch is currently exported and is not consumed by the 
domestic market [20], the food security argument is weaker than first 
seems. Furthermore, the intention of this study is not to argue for the 
removal of economic support for these segments, but that the strategies 
and rationales for their subsidisation are justifiable in the context of 
ongoing commitments to ensure sustainable and equitable use of our 
marine resources and in reaching carbon net zero [21]. In the absence of 
clear and explicit policy objectives for the continuation of FTCs for 
fishing, it is challenging to construct arguments in support of, or against, 
their utility. Furthermore, certain fishing methods have environmental 
consequences beyond the direct removal of fish and production of Green 
House Gases (GHG) - the release of ‘Blue carbon’, for example, especially 
via fishing methods that significantly disturb the seabed [22]. 

4.1. Consequences of FTC removal 

Many industries are preparing for significant shifts in how they 
operate to reduce GHG and wider ecological footprints. While the fish
ing industry continues to benefit from FTCs, it would be prudent to 
consider how its modification could be achieved in an equitable and just 
manner. 

Removing FTCs would result in higher fuel costs, which, theoreti
cally, would result in behavioural changes towards using less fuel [19, 
23]—fishing closer to port or reducing time spent at sea[24]. This sug
gests that conversely, fuel costs that are lowered via FTCs, may enable 
fishers to stay out longer and burn more fuel. The continued provision of 
FTCs may act as a disincentive towards adopting less fuel-intensive 

Fig. 3. The mean and standard deviation (error bars) of the net profit margins of each of the fleet segments between 2017 and 2019. A green triangle indicates the 
average and standard deviation are wholly above 0. A black circle indicates the standard deviation crosses 0. A red square indicates the mean and standard deviation 
lie wholly below 0. Panels show (A) profit margins with FTCs and (B) after the removal of FTCs. For fleet segment ID descriptions, refer to S. Table 1. 
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fishing methods and/or more fuel-efficient engines. Additionally, given 
the pervasive nature of FTCs and the level of competition between UK 
and EU fishing fleets, not least for the same fish stocks but also within 
the same markets, it seems that any reduction in FTCs may need to be 
reciprocated across other fishing nations, particularly the EU. As Martini 
& Innes [25] summarised, “concerns regarding competitiveness have 
motivated support for reducing fuel costs, under the theory that 
reducing fuel costs through support are necessary to mitigate any 
competitive disadvantages of domestic fisheries”. This realisation 
prompted Carvalho & Guillen [2] to go on to argue that the ongoing 
World Trade Organization negotiations, were therefore “potentially 
fundamental to avoid the risk of an unlevelled playing field, e.g., in 
relation to countries with a different fuel tax exemption treatment and 
their fleets sharing the same fishing grounds or their products competing 
in the same markets”. Ultimately, international harmonization of fuel 
taxation rates is potentially the best solution to reduce GHG emission 
derived from fishing [19]. 

The ability for some of the UK’s fishing fleet to be able to remain 
profitable following an immediate FTC removal appears to be limited, at 
least in the short term. Consideration should therefore be given on how 
to provide an appropriate incentive to support the transition away from 
a reliance on FTCs. In the short term for example this could be through 
reforming or redirecting the support provided to the industry, provided 
through the UK Seafood Fund [26]—indeed, the EU is already sup
porting the energy transition by, for example, supporting changes to 
more efficient engines through the EMFAF, as it did through the EMFF. 
[27]. Such government expenditure could be used to update the 
equipment of the fleet and reduce reliance on fossil fuels. However, a 
detailed consideration of alternatives and future support mechanisms 
are outside the scope of this paper, but removing or tapering FTCs, could 
generate additional public revenue which could be directed back into 
the fishing sector. Additional revenue could be redeployed to provide 
the infrastructure to support the electrification of the UK fishing fleet, 
both at shore and at sea, for example—smaller, less fuel-intensive ves
sels, could make ideal candidates for transitioning towards alternative 
forms of power, including electric [28,29]. Or it could be used to support 
the refitting of fishing vessels with those gears demanding that demand 
less fuel. 

Substantial and persistent fuel price increase through the removal of 
FTCs would induce greater adjustment possibilities. As such, it is likely 
that vessels operating in fleet segments currently most reliant on FTC 
may be displaced into more efficient segments (or novel segments), or 
there could be a consolidation or shift of quota rights from less to more 
energy efficient gear [19]. In this scenario, displacement into different 
fleet segments targeting different species may adversely impact the 
sustainability of the newly targeted species, particularly if the target 
species is not managed by quota and could alter the wider environ
mental impacts of the UK fishing fleet such as increased bycatch. 
Although a broad move from mobile demersal gear to static or pelagic 
gear could be a positive outcome in terms of reducing carbon emissions, 
it is unclear whether those ‘viable’ fleet segments would remain prof
itable with a considerable influx of additional vessels and effort. 
Displacement could also occur spatially, towards areas with greater fish 
abundance, or where economically viable fleets were able to persist, 
potentially resulting in increased resource competition and conflict 
[30]. Alternatively, some fishers may be displaced out of the fishing 
sector entirely, especially if the transition from low to high fuel costs is 
abrupt or is done without support. Given this potential outcome, support 
to the industry during transition should be considered. 

Potential displacement or fleet restructuring ramifications following 
the removal of FTCs and any introduction of alternative sector support 
mechanisms will require careful consideration. FTC alterations could 
cause changes in fishing patterns, fleet composition, species targeted, 
areas fished, and types of gear used. As competition for marine re
sources, namely space, increases, accurate information on how various 
sectors, including fisheries, use marine space is paramount to inform an 

effective and considered marine management decision making regime. 
It is worth considering whether subsidising businesses via FTCs is in the 
best interest of the UK taxpayer, as the current benefits, beyond 
employment opportunities, may not justify the public expenditure, 
particularly when considering that much of UK quota fished by the UK 
fleet is held by beneficiaries based overseas [31]. 

5. Concluding remarks 

It is recognised that profitability of the fleet is dependent on fuel 
prices, which in recent years have increased significantly. This work 
therefore provides a baseline for future analysis. 

This paper highlights that revisiting FTCs for the UK commercial 
fishing sector has the potential to generate both economic and envi
ronmental benefits. The removal would likely incentivise a transition 
towards less fuel-intensive fishing methods, thereby reducing GHG 
emissions. Less fuel-intensive fishing methods will also lead to a 
reduction in the ecological impact of fishing on the marine environment, 
thereby increasing its resilience to the impacts of climate change - in 
turn benefiting fishers [32]. 

In light of the objectives of RDR removal for other sectors i.e., 
delivering carbon net zero by 2050, the persistence of FTCs for fishing is 
difficult to reconcile. As Martini & Innes [25] explained, “when making 
the case for reform, it may be more useful to consider the policy ob
jectives motivating support than the impacts of such support”. However, 
the objectives of current UK FTC policy, as applied to fishing, is unclear. 
As support for FTCs becomes untenable (against a backdrop whereby 
carbon emission taxes are being considered), there is the opportunity to 
reimagine how support for the fishing sector could be provided to 
deliver the transformational change required. Recognising that UK 
fishers are in competition with other nations’ fishers, the challenge will 
therefore be to ensure they are able to compete economically and are 
supported to reduce their emissions and ecological footprint. If the 
objective is improving competitiveness, in the long run the continuation 
of FTCs can be counterproductive as it delays adjustment and masks 
structural problems [25]. The consideration of carbon border taxes [33] 
may also provide economic opportunities in the longer term if the UK is 
successful in decarbonising its fishing fleet. 

If the FTC for the fishing sector is modified, it is unclear what the 
future UK fishing fleet will consist of, thus it is important to begin dis
cussions and preparations in advance. It is therefore anticipated that this 
paper will generate debate about how support could be provided to the 
fishing sector to ensure that it is truly sustainable when viewed from 
economic, social and environmental perspectives. 

Having an accurate value of both the whole fleet FTC and the fleet 
segments that are most dependant on FTCs is essential if future challenge 
to the policy arises. This may be especially poignant in light of growing 
pressure to revisit fossil fuel reliefs from Non-Governmental Organisa
tions [34], other nations [2], scientists [35] and even the fishing in
dustry [36]. Additionally, such challenges are likely to be raised through 
debates on meeting the target of carbon net zero by 2050 (a 78% 
reduction by 2030 compared to 1990 levels4) [37–39] and reducing the 
release of blue carbon from seabed disturbance [22] by reducing 
demersal gear impacts to help deliver the UK Marine Strategy [40]. If 
appropriately modified, FTCs could help achieve Good Environmental 
Status [41], the sustainability and climate change objectives in the 
Fisheries Act 2020 [42], and would globally be in support of the United 
Nations Sustainable Development Goal 14 [43]. 
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