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Abstract 
As use of the marine environment has expanded new management challenges have arisen between 
both users and between users and the environment. The use of marine spatial planning as a tool to 
manage these challenges has become increasingly common. The Shetland Isles were one of the first 
areas in the UK to develop a statutory marine planning process. By focussing on the development of 
the Shetland marine plan this thesis presents a series of methods and tools to assist in the 
development of marine plans. This research documents the challenges in ensuring mapping and 
decision making adequately and accurately represents existing uses and is cognisant of the varying 
views and values held by stakeholders and communities. It tests approaches to incorporate a range 
of human uses into a single management framework, regardless of whether they are spatially 
managed within marine spatial planning legislation. These processes and findings are transferable to 
other regions progressing their own marine plans. Overall, findings demonstrate the role for MSP to 
support decision making by reducing uncertainty and increasing representation of stakeholders over 
a range of management scales, from strategic to project level. These findings highlight the benefits 
the continued expansion of marine spatial planning can bring to sustainable management of the 
marine environment.  
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Preface 
As the number of uses and users of the marine environment has increased, the need for a holistic 
multi-sector approach to marine management has become apparent. Marine spatial planning (MSP) 
emerged as a new management tool in the mid-2000s, with the aim of balancing competing uses of 
the marine environment in a framework which incorporates a range of stakeholder and public views 
and values. In addition, as the impacts of climate change have become better understood and as 
society enters a road map towards net zero carbon, the need to balance multiple objectives and 
accommodate change has become increasingly urgent.  
 
In the UK, Shetland was one of the first areas to develop and test approaches to MSP, led by the 
MSP Section at UHI Shetland (formally named NAFC Marine Centre UHI), and was initially funded by 
the Scottish Government led programme ‘Scottish Sustainable Marine Environment Initiative’ 
(SSMEI). The aim of the SSMEI programme, which ran from 2006-2010, was to improve the 
management of the pilot areas, as well as inform the development of marine planning in future 
Scottish marine regions (sub-national plans) and Scotland’s National Marine Plan. During the 
evolution of Shetland’s marine plan, research to inform MSP at UHI Shetland has grown, from a 
single project officer post in 2006, to a stand-alone research and consultancy section. The MSP 
section, which I lead, is responsible for the delivery of the Shetland marine plan, as well as the 
supporting research to support marine management in Shetland and elsewhere. This has allowed 
research I have led and developed to directly influence the conceptualisation of marine planning in 
Shetland, and to develop approaches to resolve the challenges facing marine planners more widely. 
 
In developing marine planning practice in Shetland, knowledge gaps were identified, and 
methodologies developed to address these challenges, with stakeholder participation central to this 
process. Data collation and collection formed an important first stage of the Shetland Plan’s 
development. Whilst data sets existed for uses or users which could be considered of national 
significance, community or locally important use data were frequently absent. This required the 
development of new methodologies and procedures through the advancement of data management 
techniques and the use of GIS decision support tools. These tools were used to collect, collate and 
incorporate new data types into the marine plan. A key challenge for MSP has been the bringing 
together of data collected under differing ontological and epistemological principles and to develop 
approaches that can use these data sets to guide development in a way which may be considered 
equitable by all users. Adaptive management approaches were explored that take into consideration 
the changing knowledge, use, values and understanding of the marine environment through GIS 
tools.   
 
This thesis examines the role of stakeholder engagement to achieve the aim of to establishing a 
series of principles, methods and tools to assist the development of evidence based marine plans. 
The objective of this thesis is to support sustainable use of the marine environment, considering 
both spatially managed and wider sea usage that is cognisant of a range of views and values. It also  
explores the process, evidence and tools developed in collaboration with stakeholders and 
communities to inform the Shetland regional marine planning process. The role MSP and associated 
tools can play in identifying knowledge gaps, reducing uncertainty and providing an evidence base 
for decision making is also examined. The challenges associated with incorporating uses and users of 
the marine environment which fall outside of the scope of marine planning (e.g. fisheries, 
recreational users) are examined, as are the role of legislative frameworks in decision making. While 
many of these processes were developed primarily to inform the Shetland marine plan, findings are 
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transferable to marine management elsewhere, evident by significant international interest in the 
Shetland marine plan and the underpinning research.  
 
The strategies developed within this PhD thesis seek to reduce the risks of excluding specific user 
groups, which could lead to an ineffective MSP process that fails to effectively consider and manage 
all activities and uses. This thesis combines five published peer reviewed articles, presented over 
four chapters, that I have authored or co-authored over a seven-year period, these articles are 
included in their full text format, alongside my contribution within each article and the number of 
citations (see Appendices A to E). A list of reports, peer reviewed publications and select conference 
participation relevant to this body of work is included within the ‘Dissemination’ section.  
 
Publications presented as part of this thesis (in order they appear in this thesis and appendices): 
Chapter 2- Shucksmith R.J., Gray L., Kelly C., Tweddle J.F. (2014) Regional Marine Spatial Planning- 
the data collection and mapping process. Marine Policy 50: 1-9.   
 
Shucksmith R.J., Kelly C. (2014) Data collection and mapping- principles, processes and application in 
marine spatial planning. Marine Policy 50: 27-33.  
 
Chapter 3 -Shucksmith R.J., Shelmerdine R.L. (2015) A risk based approach to non-native species 
management and biosecurity planning. Marine Policy 59: 32-43.  
 
Chapter 4- Tweddle J.F., Marengo I., Gray L., Kelly C., Shucksmith, R.J. (2014) Developing Regional 
Locational Guidance for wave and tidal energy in the Shetland Islands.  Marine Policy 50: 53-66.  
 

Chapter 5 - Collin S., Shucksmith R.J. (2022) Developing biosecurity plans for non-native species in 
marine dependent areas: the influence of legislation, risk management and perception.  
Management of Biological Invasions. 13(1): 1-23  

 
The research identifies the barriers and opportunities posed by the development of marine planning 
and serves to:  

● Review the process of marine planning development in Shetland and Scotland, and the 
linkages between these processes and the research presented in this thesis (Chapter 1). 

● Assess data available to deliver marine planning in Shetland, and the development of 
principles for its reuse in marine planning (Chapter 2).  

● Develop decision support tool methodologies to guide decision making including the 
assessment of biosecurity risk and constraint mapping to guide marine renewables siting 
(Chapter 3). 

● Identify opportunities for MSP to facilitate marine management beyond regulatory planning, 
using the example of biosecurity planning (Chapter 4).  

● Synthesise research findings and lessons learnt for the development of marine planning 
(Chapter 5). 

 
Initial funding for this research was provided by Marine Scotland, LEADER and Shetland Islands 
Council (SIC) via SSMEI. The SSMEI pilot programme ran from 2006-2010. After the pilot ended in 
2010 Marine Scotland and Shetland Islands Council continued to fund the development of marine 
planning in Shetland. Additional funding has also been obtained to deliver specific projects relevant 
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to this PhD thesis, including funding from the Heritage Lottery Fund (HLF), Scottish Parliament 
Information Centre (SPICE) and Fisheries Innovation Scotland (FIS).    
  



10 
 

Chapter 1- Developing marine planning in practice 
Since the mid-20th Century there has been a rapid expansion of marine activity, including oil and gas 
exploration, electricity and telecommunication cables, sand and gravel extraction, aquaculture, 
seaweed farming and marine renewables, as well as the creation of marine protected areas (MPAs). 
This expansion has, in part, been facilitated by the extension of state jurisdiction over sea, in a 
movement sometimes referred to as ‘creeping jurisdiction’, where states have increasingly claimed 
jurisdiction over areas of the continental shelf adjacent to their coasts. This is in stark contrast to the 
relatively limited use during the preceding millennium, where marine activities were largely confined 
to fisheries and seafaring. Concern has been expressed by some existing marine users and 
communities that traditional users are being pushed aside by new development activities (Queffelec 
et al., 2021), transitioning from Mare Liberum (Russ and Zeller, 2003) to spaces subject to rigours 
state control (Ritchie and McElduff, 2020).  

Rapid growth has led to conflict between new and existing users through competition for space and 
resources, as well as a range of environmental impacts (Worm et al., 2006; Airoldi and Beck, 2007; 
Crowder and Norse, 2008; Douvere, 2008; Ehler and Douvere, 2009).  These impacts have generally 
been seen more acutely in coastal areas  (Halpern et al., 2008; Menegon et al., 2018; DEFRA, 2019), 
with our marine environments becoming urbanized and industrialised (Flannery, Clarke and 
McAteer, 2019). This industrialisation is increasingly occurring offshore, through emerging sectors 
such as floating offshore wind and deep-sea drilling for oil and gas (Kafas, 2018; Schupp et al., 2021).   

To help mediate conflicts, balance multiple objectives and move towards more sustainable decision-
making, marine spatial planning (MSP) emerged as a key management tool (Douvere, 2008), but may 
also be regarded as a form of ‘creeping jurisdiction’. Within Europe, the first nations to develop 
marine plans in the mid-2000s were Belgium (Douvere et al., 2007), Germany (Aschenbrenner and 
Winder, 2019) and Netherlands (de Vrees, 2019). In the UK pilot projects were also developed in 
Scotland (Kelly, Gray, R. Shucksmith, et al., 2014) and England (Fletcher et al., 2013).  

In Europe while MSP has been seen as a management tool which could both help to deliver ‘good 
environmental status’ (GES), it was also seen as a process which could align desperate governance 
structures and provide a ‘public’ forum, as well as deliver blue economic growth. However, 
translating theoretical MSP ideals into practice poses several challenges, including overcoming 
existing power imbalances, differences in values and priorities between stakeholders, knowledge 
gaps, data quality, disparate data types, and balancing competing needs (Pomeroy and Douvere, 
2008; Ritchie and Ellis, 2010; Mazor et al., 2014; Shucksmith and Kelly, 2014; Billing et al., 2017; 
Martino, Tett and Kenter, 2019; Kidd et al., 2020). 
 
Stakeholder and public participation in MSP are intended to respond to a range of objectives 
including: improving understanding of the marine environment; resolving conflicts over use; 
incorporating social dimensions into marine planning; strengthening the acceptability of decisions in 
the eyes of users and communities (Tissière and Trouillet, 2022). This can be achieved through 
participatory methods including ‘consultation’, where stakeholders and knowledge holders become 
sources of data to researchers, through to co-production of knowledge where “iterative and 
collaborative processes involving diverse types of expertise, knowledge and actors to produce 
context-specific knowledge and pathways towards a sustainable future” (Norström et al., 2020). It 
has been argued that participation should not be considered as a scale (where greater participation 
is ‘better’), rather as a “wheel of participation”, that emphasises the legitimacy of different degrees 
of engagement (Davidson, 1998). 
 
The inclusion of stakeholder knowledge through participative methods emerged to challenge 
positivistic approaches which can exclude a range of knowledge types, particularly local and 
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indigenous knowledge (Brown and Tandon, 1983; Greenwood, 1998). However, real world efforts to 
increase participation have encountered a range of challenges, including (but not limited to) 
enforcing rather than overcoming existing power imbalances, creating talking shops which delay 
decisive action, creating consultation fatigue and may be compounded by the non-negotiable 
positions or actors with veto power (Reed, 2008). These challenges are considered within the 
context of the development of the Shetland marine spatial plan.  
 
Background to MSP in Scotland 

In Scotland, trials of MSP began with the Sustainable Marine Environment Initiative (SSMEI) which 
ran from 2006-2010 (Kelly, Gray, R. Shucksmith, et al., 2014), followed by a pilot in the Pentland 
Firth which ran from 2012-2016 (PFOW Working Group, 2016). The Shetland SSMEI pilot, led by the 
NAFC Marine Centre UHI (herein NAFC), was tasked with both developing a non-statutory marine 
plan and developing and testing tools to support the plan development. Stakeholder and local 
considerations were integral to the process of plan development, with a consensus approach taken 
to critically decisions.  

It was intended that the SSMEI pilots would both inform the development of the national marine 
plan, and uniquely to Scotland in the UK context, future regional (sub-national) marine plans. The 
project was supported by a local and national steering group comprising key stakeholders, including 
industry representatives (e.g. fisheries, aquaculture) and government agencies (Kelly, Gray, R. 
Shucksmith, et al., 2014) to guide how the plans developed. These regional marine planning 
partnerships, while central government funded, are autonomous from direct national government 
political control, with no central government political representation on the advisory group. In this 
way it was envisaged that stakeholder participation would range from consultation, to inform 
baseline data, to co-production of knowledge to determine appropriate policies and actions.  

The process of MSP development in Shetland is shown in Figure 1, from the SSMEI pilot through to 
submission of a draft Marine Plan under the Marine (Scotland) Act 2010. Figure 1 highlights key 
research which underpinned the Shetland marine plans development, including trialling methods for 
assessing cumulative impacts (Kelly, Gray, R. J. Shucksmith, et al., 2014), suitability mapping for 
marine renewables (Tweddle et al., 2014), biosecurity planning and a non-native species monitoring 
programme (Collin, MacIver and Shucksmith, 2015; Collin, Tweddle and Shucksmith, 2015; 
Shucksmith and Shelmerdine, 2015), coastal character assessment (Slater and Shucksmith, 2015, 
2021b), mapping and characterising community values (Slater and Shucksmith, 2021a) and the 
effectiveness of the plan was formally reviewed (Kelly, Gray, R. Shucksmith, et al., 2014; Collin and 
Shucksmith, 2022).  

In 2014 the ‘Shetland Islands’ Marine Spatial Plan – 4th edition’ (NAFC Marine Centre UHI, 2014) was 
published for consultation, and was formally adopted by the Shetland Islands Council in 2015 as 
supplementary guidance to its Local Development Plan (under terrestrial planning legislation) and 
became a material consideration in licence applications. This was the first formally adopted ‘local’ 
marine plan in Scotland. The 4th edition differed substantially from editions 1-3, by combining the 
policy document with the marine atlas, making alterations in layout to better reflect ecosystem-
based management, and through further policy refinement to ensure they were enforceable within 
licensing decisions. Additionally, the outputs of a constraint mapping exercise for marine renewables 
(Tweddle et al., 2014) were linked to policy, this is expanded upon in Chapter 3.  

During the development of the Shetland process, in 2009, towards the end of the SSMEI pilot, the UK 
established an integrated planning system for the UK’s marine environment via the Marine and 
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Coastal Access Act 2009. The four administrations in the UK (England, Scotland, Wales and Northern 
Ireland) developed separate marine planning processes and legislation, with the 2009 Act remaining 
the overarching legislation. Despite the same base legislation England and Scotland have taken 
different approaches to marine planning, with Scotland choosing to legislate, via the Marine 
(Scotland) Act 2010, for a national marine plan with subordinate regional marine plans. In contrast 
England does not have a National Marine Plan but is divided into six inshore and five offshore marine 
plan areas which were defined in the Marine and Coastal Access Act. In Scotland the National Marine 
Plan has been developed by Marine Scotland, but regional marine plans are developed by local 
‘delegates’, also referred to as marine planning partnerships (MPP). In England all marine plans are 
delivered by the Marine Management Organisation (MMO), with local representation. It is envisaged 
that MPP comprising regional organisations will facilitate greater representation from local 
communities.   

Scotland adopted its first national marine plan in 2015 (Scottish Government, 2015a) and, like 
Shetland, opted for a policy framework without the use of hard zoning. Marine regions were 
formally defined in 2015 via the Scottish Marine Regions Order (Scottish Government, 2015b), Figure 
2. MPPs are responsible for the development of a regional marine plan in line with the requirements 
of the Marine (Scotland) Act, which requires the MPP to comprise at least two organisations or 
‘persons’ (with person in this context meaning individual or legal entity), one of which must be a 
public body. 

In 2016 the Scottish Government gave direction to the NAFC Marine Centre UHI and the Shetland 
Islands Council to form a MPP for the Shetland marine region. In Shetland the MPP is supported by 
an advisory group which includes representation from industry, recreation and the environment, in 
line with requirements of the Act. The advisory group was formed from the membership of the 
steering group which had been in place since the SSMEI pilot, but with increased representation 
from tourism, community and industry. Governance arrangements were also formalised via a Terms 
of Reference (Shetland Marine Planning Partnership, 2016).  

The development of a statutory plan required further statutory assessments and research, including 
the ‘Shetland Islands State of the Environment Assessment’ was completed in 2017 (Shucksmith, 
2017), and an action plan to address data gaps was published in 2018 (Shucksmith and Cowing, 
2018), with the former providing up-to-date spatial data to inform policy and the latter providing a 
framework for addressing knowledge gaps and pressures on the marine environment.   

After a process of policy refinement, and with agreement of the advisory group and ministerial 
approval the ‘Draft Shetland Islands Regional Marine Plan’ was published for consultation in 
September 2019 (Shetland Marine Planning Partnership, 2019). The Plan became the first Regional 
Marine Plan to be submitted to Scottish Ministers for adoption in 2021 (Shetland Marine Planning 
Partnership, 2021).     
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Figure 1 Timeline of the development of marine planning in Shetland and associated research and publications  
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Figure 2 Scotland’s marine regions © Marine Scotland 
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Chapter 2 – Data principles and processes  
Relevant publications: 
Shucksmith R.J., Gray L., Kelly C., Tweddle J.F. (2014) Regional Marine Spatial Planning- the data 
collection and mapping process. Marine Policy 50: 1-9. (Appendix A) 
Shucksmith R.J., Kelly C. (2014) Data collection and mapping- principles, processes and application in 
marine spatial planning. Marine Policy 50: 27-33. (Appendix B) 

Central to many marine planning efforts has been the understanding of the spatial and temporal 
distribution of human activities, as well marine habitats and species which support human activities. 
In comparison to the terrestrial environment the marine environment is more difficult to survey and 
remains largely unexplored, despite systematic expeditions starting nearly 150 years ago with the 
Challenger Expedition (Challenger Society for Marine Science, 2021).  

Data relating to the marine environment is now collected by government agencies, research 
institutes, commercial surveys (e.g. oil and gas exploration), conservation organisations and citizen 
science. While commercial surveys and citizen science continue to contribute to exploration-based 
knowledge, as pressures on the marine environment have grown, government funded surveys have 
shifted emphasis towards answering specific questions relating to understanding and managing 
human use of the marine environment and its impacts. In the UK the responsibility for government-
led surveys and data series is split between a range of government departments and bodies within 
their specific areas of responsibility.  

These data collection approaches have traditionally reflected the needs the organisation, with 
programmes between branches of government not fully coordinated. The increased competition for 
marine space, which has driven the need for marine planning, has also resulted in the need for new 
data types, with knowledge of spatial use and connections between ecosystem processes and 
services becoming of increasing importance. During the SSMEI pilot, the Shetland area was the only 
one of the four pilots to examine and collate the data available to marine planning at a regional 
(local) level. This process of data collection and collation, and key findings are presented as part of 
this PhD thesis in Shucksmith et al., 2014 (Appendix A). 

Baseline data collation was initiated at the plan’s inception in 2006 and has been one of the most 
time-consuming elements of the plan creation. It was found that there was no central registry of 
relevant data, and data relating to the same activity or feature type could be held by multiple data 
owners (primarily government agencies), which had to be requested separately. This process 
highlighted knowledge gaps, particularly spatial use and occurrence, and challenges around spatial 
accuracy of recordings (Shucksmith et al., 2014). The scrutiny of data sets with stakeholders not only 
highlighted where limitations occurred, and new data collection was required, but it also increased 
buy-in to the marine planning process.  

It was found that statistics were collected about shipping (i.e. number, tonnage, vessel type), but 
information on spatial use was not available. Time series data existed for the occurrence of known 
protected habitats, but the spatial extent of these features was not mapped, and often not recorded 
with a high degree of spatial accuracy. Data relating to community or local industry use were found 
to be particularly sparse. For fisheries time-series data was available for fish stocks, and statistics 
were available on fleet composition (by boat, length, age, tonnage, engine size etc.) but data was not 
available on fishing locations at a finer granulation than an ICES square (30 nautical miles by 30 
nautical miles). While more detailed data for larger vessels (>12m in length) fitted with vessel 
monitoring system (VMS) units became available in 2012, spatial data is still not centrally (nationally) 
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collected for the inshore fleet (as of 2022). Data for smaller vessels has been collected as part of the 
Shetland marine planning process, using locally fitted VMS units and participatory mapping. 

Data on community use (e.g. recreation), such as areas utilised or valued for formal or informal 
recreation, was largely absent. Regional data collation and collection allowed efforts to focus on 
components of the marine environment which make the region distinct, eliciting local values and 
assisting in documenting the social landscape (St. Martin and Hall-Arber, 2008; Shucksmith et al., 
2014).  

The collection and collation of these data can help to guide decision making, either in the creation of 
policies or during the licencing process. In Shetland it was found that developing policy and data 
collection in parallel allowed a clear understanding of where data limitation (absence, granulation, 
accuracy etc.) required policies to be less specific, and where additional data collection could allow 
the development of more detailed policies, adding value to the marine planning process (Shucksmith 
and Kelly, 2014; Shucksmith et al., 2014). As technological advancements have been made, such as 
remote tracking of vessels (Shelmerdine, 2015) and acoustic detection of marine habitats 
(Shelmerdine et al., 2014) more detailed data has become available.  

This mapping process provided the opportunity for both stakeholders to be consulted as data/ 
knowledge holders but also to co-create the scope of data collection, determining relevant type 
types for the area and how data should be presented. Prior to the development of marine plans 
there was a clear lack of knowledge or evidence representing local communities and uses, evidenced 
within the Shetland marine plan, but also marine planning efforts across Europe. The Shetland 
marine planning process highlights how marine planning and mapping while not resolving all 
injustices within marine management, such as existing power imbalances, it can directly contribute 
to social and environmental justice. Whilst conceptualising justice is complex and multifaceted, MSP 
provides an opportunity for community and local uses to be better represented. The provision of 
relevant environmental, economic and community data for inclusion within the decision-making 
process can assist in the representation of stakeholders within the plan making process, facilitating 
increased recognitional and procedural justice (Fraser, 1998, 2005) and informing distributive 
justice.  

While the Shetland process highlights how stakeholders can have some agency over how their 
knowledge and data are represented, the methods developed also have to align with norms of legal 
and regulatory systems embed within marine licencing, of which stakeholders had minimal agency. 
In this way, MSP might be classified as “planner centred”, with participation that is focused on 
outcomes in contrast to ‘‘people-centred’’ participation, which builds capacity and empowers 
stakeholders to define and meet their own need (Michener, 1998). If collection and representation 
of knowledge and data do not comply with existing norms including data collection or 
representation methods,  there is the risk data gathered may not be including within decision 
making processes, as has been observed in France (Tissière and Trouillet, 2022).  

So, whilst MSP has a clear potential to bring a greater range of uses and values to the fore there is a 
risk of amplifying real or perceived injustices, where closely held values are difficult or impossible to 
represent in static maps,  processes fail to adequately engage all parties during mapping and policy 
development; or processes fails to consider existing power imbalances (Fraser, 1998). This could be 
particularly problematic if these data and policies are used to develop decision support tools (see 
Chapter 3). An example of this could be where a developer is legally obliged, due to underpinning 
legislation, to avoid impacts on a clearly mapped and spatially defined Natura site (which are legally 
designated protected areas for habitats or species), but policy requirements to avoid impacts on 
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fishing grounds are less clearly worded or mapped with less certainty. In this way some constraint 
types can be given greater policy and legal consideration than social impacts. Subsequently the 
emphasis on mapping in MSP efforts has been criticised (Kidd and Ellis, 2012; Kidd et al., 2020; 
Ntona and Schröder, 2020). The potential to address these wider challenges is beyond the scope of 
the MSP process itself, leading to calls for radical rethinking of our marine management processes 
(Flannery, Healy and Luna, 2018a; Flannery, Clarke and McAteer, 2019).  

While many criticisms of mapping have validity, it should also be recognised that the regulatory and 
licencing processes existed prior to, and regardless of MSP and the data generated because of MSP 
processes.  Marine licensing, like terrestrial planning holds a presumption in favour of sustainable 
development and there is significant political aspiration for blue growth. However, it is important 
when assessing MSP, that the challenges of plan-making and licensing (regulation) are not conflated. 
Regulatory measures (such as licensing) are epistemologically rooted in natural science or 
environmental management research approaches of naïve realism, however planning approaches 
within both terrestrial and marine planning have greater capacity to take constructivist epistemology 
approach (Kidd and Ellis, 2012). In Scotland licensing of coastal developments and aquaculture fall 
within terrestrial planning legislation (via the Town and Country Planning Act), whereas Marine 
Licensing (offshore wind, oil and gas) falls within the Marine Act. In the implementation phase of 
marine plans, where their effectiveness is evaluated, it is important that sufficient consideration is 
given to the influence of different epistemologies held within legislation and policies, which are 
influential across different stages of marine management. This emerging area of legal geography 
(see Ntona and Schröder, 2020) is of critical importance when evaluating MSP.   

The transferability of knowledge gained in the data collection process in Shetland led to Shucksmith 
and Kelly proposing a cyclical framework, with continuous refinement and review, to reflect the 
changing nature of the marine environment and marine use (Shucksmith and Kelly, 2014). 
Shucksmith and Kelly (2014) also examine data use principles and data usage within the marine 
planning processes. This publication is presented as part of this thesis, Appendix B.  

Experiences of mapping cultural significant areas in Shetland were presented in 2012 by myself 
within an ICES workshop to define culturally significant areas (ICES, 2013), subsequently forming part 
of the evidence base within a peer reviewed publication which I co-authored (Gee et al., 2017). 
Developing criteria to include cultural values in marine planning poses a number of challenges, 
including defining cultural values, identifying places of cultural importance, and establishing relevant 
significance (Gee et al., 2017). Since 2012 the mapping and recording of cultural significant areas and 
values has continued in Shetland, with community wide surveys conducted exploring where people 
use and where they value, and what aspects of the marine environment are important to them 
(Slater and Shucksmith, 2021a).  

Overcoming challenges in embedding local values in decision making is highly relevant to 
commitments such as the ‘Paris Agreement’ (United Nations, 2015) and subsequent discourse 
surrounding a just transition to ‘net zero’ carbon emissions. Net zero is underpinned by targets to 
grow renewable energy output, with Scotland setting a target of achieving 50% of Scotland’s energy 
production from renewable sources by 2050 (Scottish Government, 2017). Guidance documents 
relating to a just transition have focused upon ensuring principles of justice are adhered to during 
the process of transition, e.g. (ILO, 2015; Scottish Government, 2021). However, the growth of 
marine renewable energy infrastructure as part of this transition is likely to have heterogeneous 
spatial impacts on existing marine users and communities and not specifically considered within 
these guidance documents.  
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Internationally within marine planning initiatives data gathering and knowledge gap identification 
form part of the initial stages of marine planning (Shucksmith et al., 2020). This process is being 
utilised to direct future government funded research efforts, either as commissioned research or by 
government research institutes. Where evidence gaps cannot be filled, a precautionary approach 
can be adopted (as seen in Wales) or a policy response may be less specific (Shucksmith et al., 2020). 
Across Europe, EU funding has been utilised to address a range of challenges (UNESCO, 2021). This 
has included development of data portals, identifying barriers to multi-use, understanding cultural 
values in the context of marine planning, and development of monitoring and evaluation processes 
(Shucksmith et al., 2020). 

While Marine Scotland has commissioned a range of projects to fill data gaps, regional marine 
planning partnerships in Scotland have limited funds to commission their own research. A recent 
peer review of the updated Scottish Marine Atlas suggests that the Atlas, in several instances, 
provides insufficient granulation to support the development of regional marine planning (Malcolm 
and Foben, 2020). It is therefore perhaps unsurprising that the marine regions that have started the 
process of marine planning (Shetland, Clyde and Orkney) have utilised external funding mechanisms 
such as EMFF and Heritage Lottery Funding (HLF) to try and fill these data gaps (Shucksmith et al., 
2020). 

Mapping of fisheries, recreational and community use can facilitate stakeholder trust and 
understanding of marine planning, and the inclusion of a wider range of stakeholders within decision 
making. A review of the Shetland marine plan found that the policy framework and data mapping 
highlighted constraints that developers were not aware of (Kelly, Gray, R. Shucksmith, et al., 2014).  

As MSP is rolled out across Europe the need for baseline data collection relevant to marine planning 
needs and objectives has become apparent. The creation of online data portals has become 
increasingly common, and marine planning needs are often pivotal in driving national data collection 
programmes (Shucksmith et al., 2020). While data collection and use should be considered to be a 
continuous cyclical process (Shucksmith and Kelly, 2014), a review of monitoring and evaluation 
practices within marine spatial plans across Europe highlight the need for these data collection 
programmes to more explicitly consider monitoring and evaluation, including of the planning making 
process itself (Stelzenmüller et al., 2021).  This is also of relevance to assessing whether marine 
planning is overcoming or compounding existing governance challenges relating to the marine 
environment (Fraser, 1998; Flannery, Healy and Luna, 2018b; Kelly, Ellis and Flannery, 2018). 
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Chapter 3 - Decision support tools 
Relevant publications: 
Shucksmith R.J., Shelmerdine R.L. (2015) A risk-based approach to non-native species management 
and biosecurity planning. Marine Policy 59: 32-43. (Appendix C) 

Tweddle J.F., Marengo I., Gray L., Kelly C., Shucksmith, R.J. (2014) Developing Regional Locational 
Guidance for wave and tidal energy in the Shetland Islands.  Marine Policy 50: 53-66. (Appendix D) 

Data mapping provides an opportunity for a range of activities, users and uses to be considered early 
in the decision-making processes, including their consideration in more detailed strategic spatial 
guidance. Decision making focused on identifying locations for new development or assessment of 
risk, may include multiple factors, and can benefit from ‘decision support tools’ (DST), also known as 
‘decision support systems’ (DSS). DSS can be fully computerised or utilise human powered 
approaches such as graphic presentation methods, the use of paperwork, or a combination of both 
(Curtice et al., 2012; Rose et al., 2016; Bolman, Jak and van Hoof, 2018). DSS are regarded as 
important intermediaries to assist in management plan development in an objective, efficient, and 
fast manner (Rose et al., 2016). Output data becomes information when it is relevant and utilised by 
decision makers (Alter, 1988) and should assist problem solving and decision making (Power and 
Sharda, 2009). While a marine plan itself might be considered a DSS, the use of computerised 
models has the potential to assist the planning and management process where decision making is 
complex. For this reason, while there is no commonly agreed definition of DSS, here Sprague and 
Carlson’s definition is used: “A DSS is an interactive system, usually based on a computer system, 
that processes unstructured input data into structured output data” (Sprague and Carlson, 1982 pg. 
9).  

In Shetland computerised DSS were developed by the MSP team at the NAFC to address a range of 
challenges, including identifying areas of highest risk in relation to non-native species introduction 
(Shucksmith and Shelmerdine, 2015) – presented as part of this thesis in Appendix C; identifying 
areas suitable for development by the emergent marine renewables sector (Tweddle et al., 2014) – 
presented in this thesis in Appendix D; and cumulative pressure mapping (Kelly, Gray, R. J. 
Shucksmith, et al., 2014).  

Decision support tools developed to identify areas of highest risk of non-native species introduction 
formed part of the wider risk management process in relation to biosecurity (Shucksmith and 
Shelmerdine, 2015). Biosecurity is a challenge in terrestrial and marine environments, with human 
activities moving taxa between areas of the globe which would have previously been separated by 
natural barriers to their dispersal (Elton, 1958). These species, termed non-native species (NNS), 
once transported to new areas, pose a threat to biodiversity and economic activity through 
biofouling and smothering (Mack et al., 2000; Pimentel et al., 2000; Hooper et al., 2005). The 
likelihood of introduction of a NNS is dependent on several factors including the invasibility of the 
species, the receiving environment, and the frequency of transport. By mapping these factors, 
management measures can be implemented to reduce establishment, introduce targeted 
monitoring for the presence of NNS and consider measures to reduce secondary spread.  

When considering the risk posed by activity type, consideration was given to local industry practice 
to ensure risk scores are accurate and tailored to local circumstances (Shucksmith and Shelmerdine, 
2015). Engagement with local stakeholders helped to gather this information and increased buy-in to 
the model outputs. The results from this modelling and mapping process have been used to inform 
the development Shetland’s Biosecurity Plan (Collin, MacIver and Shucksmith, 2015), to guide a cost-
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effective Shetland wide NNS programme, and have been used in considering licence applications 
(Collin and Shucksmith, 2022).  

In this example participatory methods were utilised to incorporate local knowledge (consultative 
participation), as well as co-create acceptable risk levels, which fed into the monitoring strategy. 
While this approach ensured local buy-in, if similar efforts are rolled out nationally it will mean 
relative risk levels will be difficult to contrast between regions, or any comparison would need to be 
cognisant of this difference.   

DSS were also used to identify areas suitable for the emerging marine renewables sector. A 
constraint mapping exercise was undertaken, driven by the sector’s desire for more detailed 
strategic guidance, termed ‘regional locational guidance’ (RLG) (Tweddle et al., 2014). To develop 
the DSS the marine plan policy framework was used to determine the relative weight that disparate 
data types should be given. Once weighted, layers were overlain, and further consideration was 
given to how these maps could be enforced. A policy was developed within the marine plan to 
ensure the guidance was used in the siting of new marine renewable types but was sufficiently 
flexible that, where adequate mitigation was proposed, a development could still proceed.  

This process, as well as the wider plan framework, avoided the need for hard zones, in contrast with 
approaches which have been utilised in other intensively used marine areas e.g. Belgium (Douvere et 
al., 2007), Germany (Aschenbrenner and Winder, 2019). In Shetland where there is an extensive sea 
area, the creation of these zones was not felt necessary by stakeholders who felt the level of 
knowledge of the marine environment and commercial activities (specifically fisheries) was 
insufficient. Additionally, hard zones can incorrectly assume that some activities are spatially 
incompatible and subsequently do not facilitate the development of mitigation or co-location 
strategies. The development of this decision support tool alongside the marine plan allowed for the 
integration of the two processes and was the first example of their integration in Scotland.  

The design of the regional locational guidance for marine renewables in partnership with 
stakeholders and decision makers meant that outputs could be assessed for accuracy, and as the 
model was refined, some stakeholders felt increasingly comfortable sharing spatial data at a higher 
resolution in order that their interests were better represented in the model. This approach to 
modelling has been termed a ‘model spiral’ approach (Parrott, 2017), with multiple iterations 
developed before reaching a broad consensus.  

The model could be improved and refined in the future if all data layers were made available to 
developers, or if they could be grouped. Within the model some of the data used (such as fisheries 
data) could not be shared with developers (i.e. renewable companies) due to copyright. These 
means that if mitigation could be utilised to overcome or reduce a constraint, currently it is not 
possible for the developer to rerun the model to reassess relative constraint levels. This reduced 
model utility where further refinement could help developers choose between areas of similar 
constraint. However, as the mapped outputs have not been linked to zones, developers are not tied 
to predetermined areas and in this way the approach in Shetland allows for adaptation.  

The process developed for marine renewables in Shetland has also been applied to harbour master 
planning in Shetland within Sullom Voe harbour area, to identify space for new development types 
including aquaculture, seaweed farming and tidal turbines (Shucksmith, Shelmerdine and Allan, 
2021), and has also informed the discussion of whether hard zoning is needed elsewhere (Greenhill, 
2018).  
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Marine Scotland have subsequently undertaken a similar Scotland wide mapping process to inform 
their regional locational guidelines (Davies, Watret and Gubbins, 2014). However as this was 
published before the adoption of the National Marine Plan, it was not as closely integrated with 
policy.  Additionally, the process used Boolean rules and suitability classes, rather than accounting 
for uncertainty using fuzzy logic.  

In Shetland, despite a broad consensus being reached, some concerns remained with stakeholders, 
in particular fishers. They felt that their data could be represented in several ways. For instance, 
constraint layers could be mapped per fleet segment, or per boat, with the belief that if the sector 
was subdivided further then it would increase the overall constraint associated with fisheries. 
Additionally, some fishers felt that any current or historical fishing ground should automatically be 
excluded from search, although this approach would be contrary both to national and regional 
marine plan policy. It does however highlight the challenge of allocating fixed mapped space for 
temporally and spatially variable uses particularly where existing constraints to use may exist (St. 
Martin and Hall-Arber, 2008; Smith and Brennan, 2012; Shucksmith and Kelly, 2014). An inherent 
power in balance is also perceived by fishers as their use is not exclusively spatially licenced, 
therefore, unlike other commercial users, areas of seabed they value can be leased to other 
industries.   

While these type of mapping exercises have the potential to reduce direct spatial conflicts, and have 
been highlighted as a potential benefit of marine planning (Moore et al., 2017; Coccoli et al., 2018), 
it is not always possible to remove direct or indirect spatially conflicts, indeed some challenges 
facing the marine environment and its management are neither spatial or conflicts per se. Therefore 
while for some users’ inclusion in the modelling process may help to improve social justice, in 
particular distributive justice, weightings given to each layer reflect existing legal structures and 
rules, and do not challenge these existing power dynamics (Flannery, Clarke and McAteer, 2019; 
Ntona and Schröder, 2020). In addition, uses, users or values which could not or were not mapped 
will receive less relative consideration within decision making or consideration at a later, and 
potentially less influential stage e.g. licensing. Balancing local values and uses with values and uses 
which are supported politically and nationally (e.g. renewable energy and net zero, or the 
development of MPAs) provides a substantial challenging when imaging for whom a decision is 
socially and environmentally justice.   

Reaching consensus on a plan which is considered effective management or appropriate future use, 
and which balances competing needs can hinder the progress of marine plans, as observed in the 
Clyde (ECCLR, 2020) and also the Baltic (Morf et al., 2019).  These challenges have been classed as 
‘wicked problems’, a term originally coined by Rittel and Webber (Rittel and Webber, 1973). Wicked 
problems and their solutions affect a wide range of stakeholders, and are influenced by human 
ethics, values and social equity. As these challenges are complex, and often span more than one 
aspect of a plan process, no single solution is likely to overcome this challenge. However, Parrott 
argues that a ‘model spiral’ approach (Parrott, 2017), with multiple iterations developed before 
reaching a broad consensus, as used within the Shetland marine plan can assist in overcoming this.  

Although DSS have been used successfully in Shetland to reduce risk in the licencing process for new 
marine uses and biosecurity, other challenges exist which also require the development of DSS. For 
example, predicting and managing cumulative pressures and effects are also important challenges. 
However, the development of models to predict these effects require large amounts of data, which 
is rarely available at a granulation to allow for model development at a fine enough scale to inform 
marine planning without the use of proxy or predictive data (Kelly, Gray, R. J. Shucksmith, et al., 
2014; Shucksmith and Shelmerdine, 2015; Coll et al., 2016). For this reason, despite cumulative 
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pressure maps being developed with stakeholder input in Shetland they have not currently been 
adopted for management purposes.  

Implementing suitable management approaches requires an assessment of both the risks requiring 
managing and determining a suitable intervention during the policy cycle (Cormier R. et al., 2013). 
Globally the development of MSP has led to a proliferation of DSS, with assessments of available 
tools indicating over 100 available for the North Sea alone (Krueger and Schouten-De Groot, 2011). 
However, DSS are frequently unsuccessful in terms of uptake in decision making (Uran and Janssen, 
2003). As well as the challenges outlined due to ‘wicked problems’, the development of DSS and 
their application in management to inform complex issues can be hindered by a range of factors, 
even where challenges may be considered quantitative in nature. This includes the suitability to DSS 
to resolve the specific management issue, data requirements (including data sparsity), time and 
costs for development and maintenance, complexity of the system and uncertainty of the output or 
the limited involvement of the end users in the development phase of the model (Ascough et al., 
1998; Shucksmith and Kelly, 2014; Tweddle et al., 2014; Bolman, Jak and van Hoof, 2018).  

While DDS in Shetland has been developed in conjunction with decision makers and stakeholders, 
decision support tools have frequently been criticised for failing to consider policy in their 
development (Bolman, Jak and van Hoof, 2018). Learning between marine areas therefore 
frequently generates knowledge, which is transferable, but not necessarily directly reproducible in 
other regions due to the ‘wicked’ nature of the challenges faced. This contributes to the challenge of 
utilising a DSS developed in one region or area to another.   
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Chapter 4 – Beyond regulatory planning 
Relevant Publications: 
Collin S., Shucksmith R.J. (2022) Developing biosecurity plans for non-native species in marine 
dependent areas: the influence of legislation, risk management and perception. Management of 
Biological Invasions. Vol 13 (1) 1-23. (Appendix E) 
 
Whilst marine planning has been tasked with managing user-user and user-environment conflicts, 
the underpinning marine legislation does not necessarily facilitate the management of activities such 
as fisheries, shipping and recreation. This can occur because marine planning has been implemented 
by amending existing environmental legislation (as is the case in New Zealand). However, in the UK 
new legislation was introduced in the form of the Marine and Coastal Access Act 2009, and 
subsequent individual country level legislation within Scotland and Northern Ireland, with the 
Marine (Scotland) Act 2010 and Marine Act (Northern Ireland) 2013 (Shucksmith et al., 2020; Slater 
and Claydon, 2020).  

Despite the creation of new legislation in the UK the policies within the marine plans are primarily 
used to guide decision making in the marine licencing process by granting a marine licence, if the 
proposal is in line with legislative and policy requirements. A marine licence is required for activities 
which occur in clear spatially defined areas such as aquaculture, marine renewables, cables, 
pipelines and sand extraction. Legislation to manage fisheries was not amended or specifically 
aligned with marine planning legislation, with the Fisheries Limits Act 1976 the primary legislation to 
manage fisheries in the UK and the Scotland Act 1998 devolving responsibility for fisheries in Scottish 
waters to the Scottish Government. However, it is a requirement for all legislative or policy 
development across central and local government to be cognisant of the National Marine Plan, 
including fisheries management plans and regulations.  

The exclusion of certain activity types from direct MSP management creates a challenge in 
implementing ecosystem-based management as several key uses (such as fisheries, recreation and 
shipping) and pressures (seabed impacts, underwater noise, non-native species) partially or fully fall 
outside the scope of marine licencing. This, in part, can cause MSP to focus on user-user conflicts 
(Coccoli et al., 2018; Bonnevie, Hansen and Schrøder, 2019), or facilitating blue growth, opposed to 
sustainable environmental management. Some tensions between users and stakeholders can be 
deep-seated and difficult to resolve (Aschenbrenner and Winder, 2019). This has led to criticism of 
MSP that it does not move beyond the status quo and is neo-liberal in nature (Flannery, Healy and 
Luna, 2018b). 

Marine spatial plans in some nations, such as Canada, have adopted a more strategic approach to 
MSP, creating a series of working groups to address specific issues, including fisheries (Shucksmith et 
al., 2020). During the SSMEI pilot programme Berwickshire, Clyde and Shetland utilised the 
formation of advisory groups/ steering groups as a forum to discuss wider management issues. In 
the Clyde this included biosecurity planning and marine litter, while in Shetland this has included 
minimising the impacts of inshore fisheries on marine habitats (Shelmerdine et al., 2014) and 
biosecurity planning (Collin, MacIver and Shucksmith, 2015). 

In Shetland to address specific marine management issues the NAFC formed sub-groups from the 
relevant membership of the MSP advisory group with additional invited participants to address 
specific management concerns. A biosecurity sub-group was formed to consider approaches to 
manage the spread and impacts of non-native species (NNS). This process is presented as part of this 
thesis (Collin and Shucksmith, 2022 - Appendix E) and builds upon the NNS monitoring programme 
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and risk mapping described in Chapter 3. The biosecurity planning process necessitated 
consideration of risk management approaches, and how to incorporate licenced (i.e. aquaculture, 
marine renewables, oil and gas) and unlicenced (i.e. recreation, shipping) activity together. A risk 
management framework was developed to assess risks highlighted by sub-group members and 
through literature review. This framework formed the basis for the ‘Biosecurity Plan for the Shetland 
Islands’ (Collin, MacIver and Shucksmith, 2015). The Biosecurity Plan is linked via a specific policy 
within the Shetland marine plan. The Biosecurity Plan includes species and sector specific guidance, 
including those which fell fully or partially outside the scope of the marine plan.  

The capacity to implement local biosecurity management was considered in the context of national 
and international legislation and it was found that local management opportunity was limited to 
specific elements of the risk management process, with many aspects of biosecurity management 
falling outside of the control of regional management, and were transboundary in nature (Collin and 
Shucksmith, 2022). Without international agreement, biosecurity, and many other elements of 
marine management, e.g. fisheries, marine litter, underwater noise, impacts of climate change etc., 
cannot be fully addressed through local management measures, therefore international 
coordination and agreement is required. However, these international agreements need to include 
specific and implementable measures. It was found that while several high-level legislative and 
international conventions include aspirations and aims in relation to biosecurity, these are not 
underpinned with specific targets or agreed measures and are not underpinned through specific 
regulatory management measures. This poses a challenge for communities such as Shetland, who 
are dependent on the marine environment for employment and community wellbeing but have 
limited capacity to influence international or national legislation, and therefore fully manage these 
risks. This highlights the dichotomy of legislations potential role in empowering and disempowering 
local management.  

While challenges in management remain, the biosecurity plan illustrates the potential for the 
process of marine planning to facilitate the management of issues which fall outside the scope of 
marine licencing, even where it is not specifically legislated for. It also highlights the benefit of 
stakeholder engagement in the creation of sector specific guidance. Monitoring of the Biosecurity 
Plan has highlighted that it has been used in decision making by licensing authorities and by 
applicants.  The Biosecurity Plan has also helped to raise awareness of biosecurity amongst marine 
users (Collin and Shucksmith, 2022).  

In Scotland and the wider UK, fisheries have generally not been integrated into marine planning 
beyond the drive to map and protect important fishing grounds (Shucksmith et al., 2020). Despite 
this, there are a range of management interventions to reduce or mitigate fisheries impacts on the 
environment and conflicts with other users. These tools have been implemented by a range of 
organisations, including inshore fisheries groups (IFGs) in Scotland and inshore fisheries and 
conservations authorities (IFCAs) in England (Shelmerdine, Shucksmith and Mouat, 2017; 
McConnaughey et al., 2020; Shucksmith et al., 2020). Fisheries impacts have been reviewed and 
managed where necessary within marine protected areas (MPAs), and a range of other measures 
have been implemented to reduce the environmental impact of fisheries outside of MPAs 
(Shelmerdine, Shucksmith and Mouat, 2017; Shucksmith et al., 2020).  

In Shetland, fisheries impacts were considered via the biodiversity working group, which identified 
the potential impact of inshore fisheries on several protected habitats. This led to the inshore 
fisheries fleet creating ‘closed areas’ where sensitive species were known to occur and where dredge 
fishing was prohibited (Shelmerdine et al., 2014; Shucksmith et al., 2020). The integration of 
fisheries into marine planning has more clearly occurred where a strategic approach to marine 
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planning has been taken, i.e. in Canada (Shucksmith et al., 2020). There is, therefore, an opportunity 
to utilise marine planning partnerships to identify regionally specific challenges that require localised 
solutions (Shelmerdine, Shucksmith and Mouat, 2017; Shucksmith et al., 2020). Although it has been 
bottom-up solutions to fisheries management have been shown to effective, it has also been -shown 
that statutory enforcement is necessary in the long term (Shelmerdine, Shucksmith and Mouat, 
2017). 

Since the formation of marine planning partnerships in Shetland and Clyde (2016 and 2017 
respectively) formal action plans (Shucksmith and Cowing, 2018) have identified key challenges 
which face marine regions, many of which cannot be addressed via immediate policy intervention, as 
well as those which require further research. It is yet to be seen to what extent the implementation 
phase of marine planning facilitates environmental improvement and recovery, and whether 
regional marine planning can continue to influence marine management beyond marine licencing. If 
marine planning fails to expand its impact beyond the management of licenced activities, it is likely it 
will fail to fully meet the expectations of stakeholders and communities.  
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Chapter 5 - Conclusions  
The increasing demands placed on the marine environment has created a range of pressures and 
impacts, with the development of marine spatial planning (MSP) widely regarded as an opportunity 
to develop a holistic approach to marine management. However, aspirations for marine planning to 
deliver economic growth, protect environmental quality and to enhance public participation can 
frequently be in conflict. The process of marine planning has required both an increased 
understanding of spatial and temporal distribution of features and uses, and also a range of tools 
and approaches to integrate these data and knowledge into decision making. As one of the first 
marine plans in the UK, the Shetland marine plan provided an opportunity to understand the 
challenges of integrating a wide range of knowledge types into a decision-making framework which 
would then be utilised within to management actions, e.g. marine licencing.  

The objective of this PhD thesis was to assess the methods and tools to support sustainable use of 
the marine environment, considering both spatially licenced activity (regulatory planning) and wider 
sea usage, in the context of increasing marine use, expansion of marine protection and climate 
change. The thesis aims were to establish a series of principles, methods and tools to assist the 
development of evidence based marine plans. 

This thesis highlights the data challenges and needs when developing a marine plan and provides a 
complete assessment of the current knowledge of the Shetland marine environment including 
species and habitat distribution and human use. The data creation and collation process needed to 
develop this assessment led to clear data principles which are transferable to other marine planning 
areas and there is clear evidence that these approaches are being utilised nationally and 
internationally. This research also highlighted the necessity of engaging with stakeholders and 
communities to understand the data relating to a marine region, including identifying data gaps and 
limitations. This was particularly important when considering regional uses such as recreation and 
fisheries, which can be particularly important to communities.  

This thesis therefore identifies the positive role marine planning can play in ensuring representation 
of a range of users and uses, and to direct data gathering programmes to ensure more equitable 
decision making.  The collation of these data proved to be valuable for strategic decision making, 
which may require further decision support tools, but also during site specific licensing processes. 
The engagement of stakeholders throughout the plan making process, from baseline data to 
decision support tool development facilitates buy-in to the marine plan. This data led approach 
provided an opportunity for focused engagement with communities and users, who otherwise may 
not have engaged in the marine management process, for instance through formal public 
consultations. The marine plan making process therefore helps to ensure that decision-making is 
more inclusive of a range of differing uses, views, knowledge and perspectives of the marine 
environment.   

However, this thesis also highlights the role of existing policy and legal landscapes in shaping how 
stakeholder and local knowledge is utilised compared to national data sets and values. These legal 
landscapes are important considerations when evaluating the role of MSP and the processes it may 
inform e.g. licensing. In particular the limitations this places on who may be engaged within MSP, 
the restrictions this places on modes of participation and how outputs and outcomes are 
subsequently used within regulatory processes.   

Expanding MSP to include management of activities which fall outside of the marine licencing 
process (e.g. fisheries, recreation, shipping) remains a barrier to sustainable marine management. In 
this thesis opportunities for marine planning to drive strategic planning which encompasses both 
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spatially licenced and unlicenced activities are demonstrated, utilising the governance structure 
created by marine planning. As marine plans move into the implementation stage, the capacity for 
marine plans to be a tool beyond strategic planning and marine licensing will need to be examined, 
including restoration of damaged ecosystems. This is likely to need the identification of specific 
challenges and implementing potentially wide-ranging solutions and strategies. Challenges remain in 
the marine environment where drivers of unwanted change are due to transboundary issues, e.g. 
climate change, international fishing with marine regions potentially having limited capacity to 
address such issues without international cooperation.  

Lessons Learnt 

The development of the Shetland marine plan, as the most developed marine plan in Scotland has 
provided a number of learning opportunities to inform the role out of marine planning in Scotland 
and elsewhere. Key to this has been: 

• The identification of knowledge and gaps relating to local or community use, which could 
impact social justice if not addressed within MSP efforts.  

• National data sets can contain a range of errors, which may be more visible to local 
knowledge holders.  

• Trust relationships are an important consideration where there is the expectation that local 
knowledge holders will share data or information.  

• Data collection and planning making is likely to be an iterative process, as more detailed 
data becomes available. 

• The absence of relevant data or knowledge will directly affect the specificity of policies 
which can be developed.  

• Not all knowledge types can be incorporated in spatial maps or decision support systems.  
• Legislation can be a barrier to incorporating local values into decision making in a way some 

stakeholders may wish, conversely an absence of legislation may prevent the 
implementation of locally specific management measures.  

Future research 

This thesis has focussed on the process, tools and evidence required to develop a marine plan. The 
need to develop new editions of the marine plan, in part due to the introduction of the Marine Act, 
has meant that the capacity to focus on the implementation phase of marine planning in Shetland 
has not, until now, been possible. With marine planning still in its relative infancy, this focus on plan 
making is also seen in other regions. As plans increasingly moves to the implementation phase it 
provides an opportunity to: 

● Undertake further research to test approaches to incorporate ‘activities’ into marine 
planning. 

● Develop measures to address sea-wide challenges i.e. marine litter, climate change; 
● Develop clear threshold levels for impacts on uses of the marine environment (user-user 

conflict), such as defining ‘significant’ impacts on fisheries or community use, which can be 
used in marine licencing. 

● Develop methodologies to assess cumulative pressures and their impacts on marine 
activities and uses. 

● Monitor and evaluate the impacts of the marine plan and the effectiveness of the marine 
planning process. 

● Further integrate marine and terrestrial management. 
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● Develop DSS that are adaptive to mitigation measures but allow confidentiality of data layers 
to remain.  

● Ensure marine planning helps to further reduce environmental degradations and facilitate 
restoration. 
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