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1 Introduction 
 

άbŀǘǳǊŀƭ ŎŀǇƛǘŀƭ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ŜƭŜƳŜƴǘǎ ƻŦ ƴŀǘǳǊŜ ǘƘŀǘ ǇǊƻŘǳŎŜ ǾŀƭǳŜ ƻǊ ōŜƴŜŦƛǘǎ ǘƻ ǇŜƻǇƭŜ όŘƛǊŜŎǘƭȅ ƻǊ 

indirectly), such as the stock of forests, rivers, land, minerals and oceans, as well as the natural 

processes and functions that underpin their operationέ (Natural Capital Committee, 2014). 

 

Marine ecosystems provide a number of essential functions, such as primary production and climate 

regulation, which underpin life on earth (Millennium Ecosystem Assessment, 2005). These essential 

functions, in turn, deliver flows of ecosystem services that support human wellbeing e.g. food, flood 

protection, opportunities for recreation (Arkema et al., 2013; Arkema et al., 2015; Potts et al., 2014; 

Rees et al., 2014; Rees et al., 2010; Roberts et al., 2001).  In recognition of the crucial 

interdependencies between the natural and the human system, targets to sustainably manage 

marine ecosystems are embedded in international (CBD, 1992; CBD, 2010; OSPAR Convention, 2002; 

United Nations, 2014) and national policy targets (UK Government, 2009). 

In 2011, the United Kingdom (UK) National Ecosystem Assessment (NEA) identified that UK 

ecosystems provide a wealth of benefits to society. However, due to pressures exerted though 

population growth, technical developments, globalisations and food production, many ecosystems 

remain in a state of long-term decline. The report highlighted a need to fully incorporate the role of 

ecosystems in supporting the delivery of ecosystem services and human well-being into decision 

making (UK National Ecosystem Assessment, 2011). The subsequent UK Government Natural 

Environment White Paper ǎŜǘ ƻǳǘ ǘƻ ƳŀƛƴǎǘǊŜŀƳ άǘƘŜ ǾŀƭǳŜ ƻŦ ƴŀǘǳǊŜ ŀŎǊƻǎǎ ƻǳǊ ǎƻŎƛŜǘȅΣ ŎǊŜŀǘŜ ŀ 

green economy, strengthen the connections between people and nature and for Government to 

ǎƘƻǿ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ƭŜŀŘŜǊǎƘƛǇ ǘƻ ǇǊƻǘŜŎǘ ŀƴŘ ŜƴƘŀƴŎŜ ƴŀǘǳǊŀƭ ŀǎǎŜǘǎ Ǝƭƻōŀƭƭȅέ (HM Government, 

2011). Commitments were ƳŀŘŜ ǘƻ ŀ άƴŜǘ Ǝŀƛƴέ ǇƻƭƛŎȅ ŦƻǊ ōƛƻŘƛǾŜǊǎƛǘȅ ǘƘƻǳƎƘ ǎǳǇǇƻǊǘƛƴƎ ƘŜŀƭǘƘȅΣ 

well-functioning ecosystems and ecologically coherent protected area networks; to establish clear 

institutional frameworks for delivery; to put natural capital at the heart of economic thinking; to 

reconnect people with nature; to show environmental leadership internationally and within the EU 

and; to track progress on the ambition of the white paper through the development of a key set of 

indicators (HM Government, 2011). 

In 2015, the Natural Capital Committee (NCC), acting as an independent advisory body to UK 

Government released their third report to Government setting out a clear recommendation on how 

to achieve the governments vision to Ψǘƻ ōŜ ǘƘŜ ŦƛǊǎǘ ƎŜƴŜǊŀǘƛƻƴ ǘƻ ƭŜŀǾŜ ǘƘŜ ƴŀǘǳǊŀƭ ŜƴǾƛǊƻƴƳŜƴǘ ƛƴ 

a ōŜǘǘŜǊ ǎǘŀǘŜ ǘƘŀƴ ƛǘ ƛƴƘŜǊƛǘŜŘΩ (Natural Capital Committee, 2015). The NCC proposed the 
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development of strategy and a corresponding 25 year plan to protect and improve natural capital in 

three parts: building blocks; investment; and financing (Figure 1). 

 

Figure 1 Strategy to improve natural capital (Natural Capital Committee 2015) 

 

The UK Government committed to the recommendation of the NCC in the 2017 manifesto, άǘƻ 

pledge to be the first generation to leave the environment in a better state than we inherited it. That 

is why we shall produce a comprehensive 25 Year Environment Plan that will chart how we will 

improve our environment as we leave the European Union and take control of our environmental 

ƭŜƎƛǎƭŀǘƛƻƴ ŀƎŀƛƴέ (The Conservative and Unionist Party Manifesto, 2017). In 2018, the Natural 

Capital approaches recommended by the NCC are anchored at the centǊŜ ƻŦ ǘƘŜ ¦Y DƻǾŜǊƴƳŜƴǘΩǎ 

25 Year Plan to Improve the Environment (HM Government, 2018).  

To operationalise the Natural Capital approach Defra has created four pioneer projects to inform the 

development and implementation of the 25 Year Environment Plan. The Marine Pioneers are located 
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in North Devon and Suffolk. The North Devon Marine Pioneer (NDMP) is intended to test, at a local 

scale, how marine natural capital can be effectively managed to deliver benefits to the environment, 

economy and people, and identify how best to share and scale up this learning.  

 

2      Aims and Objectives 
 

The aim of the study is to develop the framework for the application of the Natural Capital approach 

in the marine environment that will specifically support the WWF led UK SEAS programme 

sustainable finance work stream and the delivery of the Pioneer programme in North Devon 

Project objectives: 

 

1 To demonstrate the pathways between ecology, ecosystem services and benefits that 

influence human wellbeing. 

2 Identify how stakeholders are linked (directly or indirectly) to natural capital. 

3 Identify relevant indicators, data sources and potential means for valuing ecosystem service 

benefits (monetary and non-monetary). 
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3      Overview of the North Devon Marine Pioneer Area 
 

3.1     North Devon Marine Pioneer 
 

The North Devon Marine Pioneer boundary encloses over 5500km² of the outer Bristol Channel and 

eastern Celtic Sea, extending offshore of the north east Cornwall, north Devon and west Somerset 

coasts. Offshore, Lundy island lies within NDMP. A major estuary, the Taw Torridge estuary also lies 

within the NDMP boundary (Figure 2). The region within the NDMP supports marine fisheries and 

recreation industries (Bell, Le Helloco & Stainthorp, 2015). The beaches and coastal landscape are of 

importance as a UNESCO Biosphere Reserve and attract national and international tourists 

supporting a large tourism and hospitality industry (Bell, Le Helloco & Stainthorp, 2015). 

 
Figure 2 The North Devon Marine Pioneer boundary (dark blue) 
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3.2     Protection and management of natural environment  
 

Within the NDMP there are two forms of marine protected area (MPA) sites, European Marine Sites 

(EMS) (e.g. Special Areas of Conservation (SAC)) and Marine Conservation Zones (MCZ) (Figure 3) 

(Annex I). Special Areas of Conservation protect habitats and species of European importance 

designated under the Habitats Directive (EEC, 1992). Marine Conservation Zones are designated 

under the United Kingdom Marine and Coastal Access Act 2009 (MCAA) to protect nationally 

important habitats and species. As a network of sites, these zones contribute to fulfilling the United 

YƛƴƎŘƻƳΩǎ ƻōƭƛƎŀǘƛƻƴǎ ǳƴŘŜǊ ǘƘŜ /ƻƴǾŜƴǘƛƻƴ ƻŦ .ƛƻƭƻƎƛŎŀƭ 5ƛǾŜǊǎƛǘȅ (CBD) as well as non-binding 

instruments such as the recommended coherent network of marine protected areas under the 

OSPAR (Oslo and Paris Conventions) Recommendation 2003/3 (Christie et al., 2014).   

 

 

Figure 3 Designated and proposed marine and intertidal conservation sites within NDMP 

All MPA sites require the designated habitat or species features they contain to be άrecoveredέ or 

άmaintainedέ to άfavourable conditionέΦ CŀǾƻǳǊŀōƭŜ ŎƻƴŘƛǘƛƻƴ ƛǎ άΧ ǘƘŜ ŎƻƴŘƛǘƛƻƴ ǘƘŀǘ ǿƻǳƭŘ ōŜ 

expected in the absence of significant anthropogenic pressures whicƘ ƘŀǾŜ ŀƴ ŀŘǾŜǊǎŜ ŜŦŦŜŎǘέ (Carr 

et al., 2016; JNCC, 2010)Φ CƻǊ ŀ Ƙŀōƛǘŀǘ ƛƴ ŀƴ a/½ ǘƻ ōŜ ƛƴ ŦŀǾƻǳǊŀōƭŜ ŎƻƴŘƛǘƛƻƴΣ άΧ ǘƘŜ ŜȄǘŜƴǘ ƛǎ 

required to be stable or increasing and its structures and functions, its quality and the composition 
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of its characteristic biological communities are such as to ensure that it remains in a condition which 

ƛǎ ƘŜŀƭǘƘȅ ŀƴŘ ƴƻǘ ŘŜǘŜǊƛƻǊŀǘƛƴƎέ (Carr et al., 2016; JNCC, 2010). Favourable condition in a SAC is 

ŀǎǎŜǎǎŜŘ ŀǎ ǿƘŜǘƘŜǊ άΧ ǘƘŜ ƴŀǘǳǊŀƭ ǊŀƴƎŜ ŀƴŘ ŀǊŜŀ ƻŦ ŀ Ƙŀōƛǘŀǘ ŦŜŀǘǳǊŜ ƛǎ ǎǘŀōƭŜ ƻǊ ƛƴŎǊŜŀǎƛƴƎ ŀƴŘ 

which are necessary for its long-term maintenance are present and are likely to continue to exist for 

the foreseeable ŦǳǘǳǊŜέ (JNCC, 2017). 

 
Under the Marine and Coastal Access Act 2009, the Marine Management Organisation (MMO) are 

responsible for the management of MCZs and EMSs. Between 0-6 miles, Inshore Fisheries and 

Conservation Authorities (IFCAs) are the lead regulators for fisheries within their Districts. They have 

duties under the MCAA όǎΦмрпύ ǘƻ ΨŦǳǊǘƘŜǊ ǘƘŜ ŎƻƴǎŜǊǾŀǘƛƻƴ ƻōƧŜŎǘƛǾŜǎ ƻŦ a/½ǎΩ ŀƴŘ ¢ƘŜ 

Conservation of Habitats and Species (Amendment) Regulations 2012 which requires the competent 

authority (e.g. IFCAs) to exercise their functions which are relevant to nature conservation, including 

marine conservation, so as to secure compliance with the requirements of the Directives. The MMO 

and IFCAs coordinate enforcement roles.  

Condition assessments have been undertaken by Natural England to identify if features within SACs 

ŀƴŘ a/½ǎ ŀǊŜ ƛƴ ŦŀǾƻǳǊŀōƭŜ ŎƻƴŘƛǘƛƻƴ ŀƴŘ ŀ ŎƻƴǎŜǊǾŀǘƛƻƴ ƻōƧŜŎǘƛǾŜ ƻŦ ΨƳŀƛƴǘŀƛƴΩ Ŏŀƴ ōŜ ŀǇǇƭƛŜŘΦ LŦ 

ǘƘŜ ŦŜŀǘǳǊŜ ƛǎ ƛƴ ǳƴŦŀǾƻǳǊŀōƭŜ ŎƻƴŘƛǘƛƻƴ ŀ ŎƻƴǎŜǊǾŀǘƛƻƴ ƻōƧŜŎǘƛǾŜ ƻŦ ΨǊŜŎƻǾŜǊΩ όǘƻ ŦŀǾƻǳǊŀōƭŜ 

condition) is applied (Annex I). 

Within EMS, and MCZs, the management of fisheries within MPAs is based on the level of risk that a 

fishing activity presents to protected features, either habitat or species, to conserve important 

habitats and species in line with the EU Habitats and Birds Directives (Marine Management 

Organisation, 2014). Assessments of impact of each fishing activity on features of MCZs in NDMP 

have been undertaken by Devon & Severn Inshore Fisheries and Conservation Authority, in 

coordination with advice from Natural England, to identify where management measures are 

required. 

MCZs are being designated in 3 tranches, between 2013-2018, once designated, assessment of 

impacts of fishing activities on designated features have been undertaken and (fisheries) 

management measures applied as necessary by regional IFCAs (Figure 4). Management measures 

were assigned for Tranch 1 MCZs (designated 2013) in January 2017. Management measures will be 

applied for Tranch 2 MCZs (designated 2016), following completion of impact assessments. Tranch 3 

(designation expected in 2018).  

Prior to the MCZ process, a No Take Zone (NTZ) has been in place off the east coast of Lundy island 

since 2003 (Figure 4). Within a NTZ it is illegal to remove sea life. IFCA byelaws restricting netting and 
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mobile gear were extended across the Lundy MCZ (2014), mobile gear is also prohibited within Taw 

Torridge estuary. Netting permit area byelaws prohibit the removal of spiny lobster in Bideford to 

Foreland Point MCZ, and restrict net types to drift or seine nets in the coastal locations indicated. 

Seine nets under 20m for sand eel only are permitted under license conditions in Taw Torridge 

estuary (Figure 4). The Trevose Box has been closed under EU regulations, to fishing activities 

between January and March since 2005, with the intention of reducing the fishing mortality of 

Atlantic cod. The Ray Box is a voluntary effort, initiated in 2005 by North Devon fishermen, Welsh 

and Belgium fishers in which an area is closed to mobile fishing for 6 months of the year to protect 

nursery grounds for Ray species and allow spawning to take place (Figure 4). The Whelk Box is a 

ƎŜƴǘƭŜƳŀƴΩǎ ŀƎǊŜŜƳŜƴǘ ōŜǘǿŜŜƴ ƭƻŎŀƭ ŀƴŘ ǾƛǎƛǘƛƴƎ ŦƛǎƘŜǊƳŜƴ ǿƘƻ ǳǎŜ ǎǘŀǘƛŎ ŀƴŘ ƳƻōƛƭŜ ƎŜŀǊ όFigure 

4). 

 

Figure 4 Fishing activity management in NDMP, including IFCA byelaws 

Sites of Special Scientific Interest (SSSI) notified under the Wildlife and Countryside Act 1981 

(amended 1985) are also present on the terrestrial and coastal border of the NDMP. The UK 

Government has a duty to notify as a SSSI, any land, which in its opinion is of special interest by 

reason of any of its flora, fauna, geological or physiographical features. Natural England provide 

condition assessment of SSSIs and can advise on appropriate management measures. 

Marine/intertidal SSSI features in NDMP include Grey seal Hallichoerus grypus, saltmarsh and littoral 

sediment (Annex I).  
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4    Pathways between Natural Capital assets, ecology, ecosystem 

services and related benefits. 
 

Stocks of natural capital assets, such as the extent and condition of habitats, species and the water 

bodies that support them provide the base for the flow of ecosystem services and monetary and 

non-monetary benefits supplied within NDMP. In this section, the extent of marine and intertidal 

habitat assets are calculated and mapped. The level of provision from the habitats present in NDMP 

of each intermediate service and ES goods/benefits classified in line with the UK National Ecosystem 

Assessment Follow On (UK NEA FO) framework (Figure 5) are assessed, using a matrix approach with 

supporting literature reviews. Habitats were assessed at EUNIS level 3 for the whole NDMP, and 

Eunis level 4+ for features of designated sites.  The matrix assessment builds on previous matricies of 

the level of provision of ES from UK marine habitats (Fletcher et al., 2012; Potts et al., 2014; 

Saunders et al., 2015). 

 

Figure 5 NEA FO framework (applied to coastal and marine ecosystem services from Turner et al. 2014) 
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Defining the pathways between ecology and ecosystem services has been undertaken through a 

staged approach: 

¶ Mapping natural capital assets. 

¶ Review and assessment of provision of ecosystem services from natural capital in NDMP (Matrix 

Assessment). 

 

4.1     Mapping Natural Capital Assets 
 

4.1.1   Method 
 

The environmental features, and habitats present within the NDMP, up to mean high water, were 

derived from best available habitat map data available for the region. A composite habitat map was 

generated that combined spatial data sets. Data were accessed through two sources 1) A Natural 

England internal habitats dataset, compiled from best available survey maps 2) Modelled data from 

EMODnet/EUSeaMap. 

When using two data sets, over the same area, spatial data will overlap. To retain the spatial data 

from surveys (that provides the greatest detail and so confidence when assessing habitat extent and 

ǎǇŜŎƛŜǎ ŎƻƳƳǳƴƛǘƛŜǎύΣ ŀƴŘ ǇǊƻŘǳŎŜ ŀ ǎƛƴƎƭŜ ƳŀǇ ƭŀȅŜǊ ƻŦ ōŜǎǘ ŀǾŀƛƭŀōƭŜ ŘŀǘŀΣ ŀ ΨŎƻƳǇƛƭŀǘƛƻƴΩ ƳŜǘƘƻŘ 

was undertaken in ARC GIS 10.3. Best available data, were retained on the basis of Mapping 

European Seabed Habitats project (MESH) confidence scores1. The map aims to provide habitat data, 

where possible at EUNIS level 3. The corresponding EUNIS habitat was consistently identified for 

areas where habitat attributes were labelled under different designation types (e.g. EMS Annex I, 

Annex II features and sub features and corresponding MCZ Habitats of Conservation Interest (HOCI) 

and Species of Conservation Interest (SOCI) were all identified to a common EUNIS habitat). Finally, 

for areas where spatial overlap of habitat features from surveys occurred (from overlapping data or 

ambiguous classification by map creators/interpreters), the ES provision from each habitat was 

reviewed using matrix data provided in Potts et al. (2014) and Saunders et al. (2015) on supply of ES 

from habitats. The habitat with the highest provision across ES was retained. The method detail, 

including tools used for each step in ARC GIS is provided in Annex II. 

A confidence map layer was also produced, confidence was based on MESH confidence scores. The 

MESH Confidence Assessment Scheme is a systematic approach using a multi-criteria questionnaire 

to score habitat maps derived from survey data according to three key aspects: remote sensing 

                                                           
1 http://www.emodnet-seabedhabitats.eu/default.aspx?page=1635  

http://www.emodnet-seabedhabitats.eu/default.aspx?page=1635
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methods, ground-truth data collection and data interpretation (JNCC, 2008). The scoring framework 

assigns each habitat map with a score between 0 and 100 (Figure 6). The broad-scale modelled habitat 

data from EUSeaMap, used in areas where habitat maps from surveys were not available, has 

associated confidence measures, but these were developed more to illustrate some of the 

uncertainties around the modelling process (Cameron, Askew & 2011; EUSeaMap, 2017). These result 

in a qualitative score (Low, Moderate or High) derived from confidence in the underlying continuous 

physical variables (e.g. depth, light at the seabed) and the confidence in the classification of habitat 

descriptors (i.e. the thresholds applied to the physical variables).  

 

 
 

Figure 6  The MESH confidence assessment framework (MESH, 2008) 
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4.1.2     Results 
 

The composite map constructed ŦǊƻƳ bŀǘǳǊŀƭ 9ƴƎƭŀƴŘΩǎ Ƴƻǎǘ ǳǇ ǘƻ ŘŀǘŜ Ƙŀōƛǘŀǘ Řŀǘŀ όŀǎ ƻŦ 

December 2017) and from EMODnet/EUSeaMap data depicts 142 distinct EUNIS habitat types (26 at 

EUNIS L2/3) (Figure 7). The confidence associated with the spatial data shows high confidence in 

survey data within MPA sites and lower confidence in survey data outside MPA sites. Modelled data 

were the only available data resource for large extents of the offshore area of NDMP, particularly 

the western section, where confidence in the data were lowest (Figure 8). Data sources used to 

construct the habitat map are summarised in Table 1.  
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Figure 7 Mapped extent of habitat (Eunis L2/3 or greater) within NDMP 


































































































