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Background 

Annex I habitats and NC MPA features within 25 Special Areas of Conservation (SAC), one 
Nature Conservation MPA (NC MPA) and two NC MPA proposals were predictively mapped 
using the best available data for each site. The available data included; sample point data 
containing a Marine Recorder snapshot, site specific survey data, aerial imagery and 
physical parameter data layers. Three predictive modelling techniques were utilised to 
optimally use the data, these were: statistical modelling, imagery classification and rule-
based modelling. The three techniques employed allowed a larger scale approach to be 
taken to map broadscale habitats such as Bedrock or Stony Reefs via statistical modelling, 
and finer scale mapping of Annex I subtypes including the biogenic habitats via a rule-based 
approach. Further to this the aerial imagery allowed for automatic classification of intertidal 
habitats and in some areas the shallow subtidal. 
 
The predictive mapping outputs detail a range of features across the sites at varying scales 
and to different degrees of accuracy. In many sites the mapping improved on previously 
mapped polygons by using recently collected data, however, in a few sites no previous 
mapping was available and the outputs provide the first mapped extent of habitats and 
features of interest. A confidence assessment was run on all the feature polygons created to 
describe the level of confidence in the existence of the habitat or protected feature along 
with the accuracy of the boundary extent delineated.  
 
Main findings 

 Mapping was completed to give an improved picture of the distribution of habitats using 
the most recently available data to either improve existing mapping or to delineate the 
extent of features and habitats with no previous mapping. 

 The use of three modelling techniques to map specific habitats and features depending 
on the available data allowed for data to be mapped across different tidal zones, creating 
a more seamless picture i.e. the transition between intertidal to subtidal habitats. 
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 After the initial mapping of the features, rules were applied to limit them as qualifying 
features (i.e. Annex I Reef habitats were only included when mapped in the intertidal 
zone if they were connected to the subtidal). This helped to give a better idea of the 
distribution of the qualifying features of interest. 

 The ability to accurately map the extent of Annex I habitats and NC MPA features is 
highly dependent on the quality of the collected data available thus the final mapped 
products vary dramatically in resolution and accuracy between sites. 

 Statistical modelling is effective at predicting the distribution of broad scale habitats where 
physical parameter data layers can be used to predict habitats in areas with little survey 
data available. The accuracy of the statistical mapping varies by Annex I subtype due to 
the number of sample points representing each subtype, but overall the accuracy of the 
mapping to determine the extent of Annex I habitats was between 70 and 80 %.  

 Aerial and satellite imagery were used to successfully classify intertidal and shallow 
subtidal habitats; this could be achieved to a higher degree of accuracy where the 
imagery is captured at mean low water springs. 

 High resolution (5 m or less) acoustic products were used to effectively define distinctions 
between rugose reefs and smoother sediment habitats. 

 Mapping habitats via a rule-based methodology can provide good results where 
accurately recorded survey data are collected, i.e. multiple transects which target a 
specific feature and record both presence and absence of the feature to provide an 
indication of its extent. 

 The Marine Recorder snapshot holds a wealth of sample information which was used to 
inform each of the modelling techniques and verify the mapped features, however, some 
development of a methodology to filter spatial duplicates where these represent 
conflicting habitats would allow for a greater accuracy of mapping.  

 The collection of further ground truth samples, imagery and acoustic data where these 
data are poor or not well distributed within a site, could be useful to further delineate and 
refine the habitats mapped within that site.  

For further information on this project contact: 
Sarah Cunningham, Scottish Natural Heritage, Battleby, Redgorton, Perth, PH1 3EW. 

Tel: 01738 458634 or sarah.cunningham@snh.gov.uk 
For further information on the SNH Research & Technical Support Programme contact: 

Knowledge & Information Unit, Scottish Natural Heritage, Great Glen House, Inverness, IV3 8NW. 
Tel: 01463 725000 or research@snh.gov.uk 
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1. INTRODUCTION 

This report details the findings of the study, Predictive mapping of seabed features within 
selected Special Areas of Conservation and Nature Conservation MPAs in Scottish territorial 
waters using available datasets. The study focused on specific seabed features within 25 
Special Areas of Conservation (SAC), one Nature Conservation Marine Protected Area (NC 
MPA) and two NC MPA proposals.The work was completed by The Natural Power 
Consultants Limited (Natural Power) under contract for Scottish Natural Heritage (SNH).   
 
The designation of a network of well-managed Marine Protected Areas (MPAs) is a globally 
recognised way of conserving the marine environment. The mechanisms by which NC MPAs 
and SACs are designated in Scotland are under national and international obligations, 
specifically the Marine (Scotland) Act 2010 and Conservation (Natural Habitats) Regulations 
1994 (as amended in Scotland). The site selection for SACs and NC MPAs is dependent on 
the presence of specific qualifying features, such as Annex I habitats within SACs and for 
NC MPAs, the MPA search features which meet the selection guidelines. Therefore it is 
important that the data generated in this study for these protected features (hereafter used to 
refer to both qualifying features of SACs, protected features of NC MPAs, and proposed 
features of Nature Conservation MPA proposals) are based on the best available input data 
and generated using scientifically robust methods.  
 
Protected features for 25 SACs, one NC MPA and two NC MPA proposal were reviewed and 
mapped where possible.  Table 1 details the 28 sites of interest within the study. Prior to the 
completion of any predictive mapping, a data appraisal was completed on a site by site basis 
to review the available data for each of the 28 sites. Three Annex I habitats, with 20 
corresponding subtype habitats (Table 2) were reviewed for each of the 25 SACs. Predictive 
mapping was completed for each of these Annex I habitats and subtype habitats where there 
were data to support the habitat occurrence within the SAC.  
 

Table 1. SACs, NC MPAs and NC MPA proposals reviewed within the study. 

Site Name  Designation Site Name  Designation 

Berwickshire and North 
Northumberland Coast  

SAC North Rona SAC 

Dornoch Firth and Morrich More  SAC Papa Stour SAC 

East Mingulay  SAC Sound of Arisaig SAC 

Firth of Lorn  SAC Sound of Barra SAC 

Firth of Tay and Eden Estuary SAC Sanday SAC 

Isle of May SAC Solway Firth SAC 

Luce Bay and Sands SAC St Kilda SAC 

Loch Creran SAC Sunart SAC 

Loch Laxford SAC Sullom Voe SAC 

Loch Moidart and Loch Shiel 
Woods 

SAC Treshnish Isles SAC 

Loch nam Madadh SAC Lochs Duich, Long and 
Alsh Reefs 

SAC 

Mousa SAC Lochs Duich, Long and 
Alsh 

MPA 

Moray Firth SAC Shiant East Bank  MPA proposal  

Moine Mhor  SAC Southern Trench  MPA proposal 
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Table 2. Annex I habitats and subtype habitats that are mapped within this study. 

Annex I Habitat Annex I Habitat Subtype 

Mudflats and sandflats not 
covered by seawater at low tide  

Clean sands 

Muddy sands 

Mudflats 

Sediment flat feature (Seagrass beds) 

Sediment flat feature (Blue mussel beds) 

Sediment flat feature (Sea loch egg wrack beds) 

Reefs  

Bedrock 

Stony 

Biogenic (Horse mussel beds) 

Biogenic (Blue mussel beds) 

Biogenic (Cold-water coral reefs) 

Biogenic (Serpulid aggregations) 

Biogenic (Sabellaria reefs) 

Sandbanks which are slightly 
covered by sea water all the 
time  

Gravelly and clean sands 

Muddy sands 

Mixed sediments 

Sandbank feature (Seagrass beds) 

Sandbank feature (Maerl beds) 

Sandbank feature (Kelp and seaweed) 

 

Within the one NC MPA and NC MPA proposals, four features were mapped. These features 
were mapped where a sufficient level of data supported the existence of features within the 
NC MPAs. This predictive mapping builds on the outputs of previous mapping of protected 
features within NC MPAs completed in 2014 (Envision Mapping Ltd. 2014). The four features 
mapped within this study are: 
 
 Circalittoral sand and mixed sediment communities. 
 Northern sea fan and sponge communities. 
 Flame shell beds. 
 Burrowed mud. 

 
To ensure the predictive mapping was completed using scientifically robust methods and the 
best available data for a site, four distinct tasks were completed: 
 

1. appraisal of available data within each SAC, NC MPA and NC MPA proposal for use in 
predictive mapping; 

2. desk based review of the features of interest; 
3. predictive mapping through spatial modelling of the features of interest; and 
4. confidence assessment of the predictive mapping outputs. 

 
Each of the four tasks assemble to provide a narrative; detailing the possible features 
present within a site, explaining the limiting factors to help delineate the boundaries of the 
features, the mapping techniques employed to map the features and the associated 
confidence of each of the predictively mapped polygons.  
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This report is split into the following sections: 
 
Section 1: Introduction 
Section 2: Methodology 
Section 3: Results and Discussion 
Section 4: Data limitations  
 
The findings of the data appraisal and the subsequent predictive mapping are discussed 
within Section 3 and provided in full on a site by site basis in Appendix 1. The outputs of the 
desk based review for each Annex I habitat and subtype habitat are detailed in Appendix 2. 
The full mapping outputs will be contained within the SNH Geodatabase for Marine Habitats 
and Species in Scotland (GeMS) and will be available to view through the Marine Scotland 
National Marine Plan Interactive1 (NMPi) web GIS. Two SAC sites have been provided as 
case studies within Section 3.2 to provide a review of the mapping outputs against the 
modelling methodologies used. 
 
Throughout the report the Annex I habitats “Mudflats and sandflats not covered by seawater 
at low tide” will be referred to as “Mudflats and sandflats” and “Sandbanks which are slightly 
covered by sea water all the time” will be referred to as “Sandbanks”. 
 
 

                                                 
1 Available via https://marinescotland.atkinsgeospatial.com/nmpi/ accessed 22/03/2017. 
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2. METHODOLOGY 

This section outlines the methodology employed to complete the study. Each of the four 
tasks were completed independently, with the data appraisal and desk-based review being 
completed first. The information gathered during these tasks was subsequently used to 
inform the method of predictive mapping undertaken for each feature within each site. After 
the completion of all predictive mapping, a confidence assessment was undertaken for each 
polygon feature mapped.  
 
2.1 Data Appraisal 

To inform the best techniques to use for the predictive mapping, the collation and review of 
all the available datasets was completed on a site by site basis for the 25 SACs, one NC 
MPA and two NC MPA proposals. The findings of the data appraisal are detailed in full in 
Appendix 1 and discussed further in Section 3.  
 
Datasets were collated from a number of sources; the majority of these were publicly 
available, however, a few were provided under contract. SNH provided data for the project 
and a number of additional open (i.e. freely available) datasets were sourced. These data 
sets included but were not limited to a Marine Recorder snapshot from July 2016, the 
Oceanwise one second Digital Elevation Model (DEM), SNH commissioned survey data and 
physical parameter layers sourced from EMODnet data portal. 
 
The review identified the volume and quality of data available to support the mapping of 
each Annex I subtype habitat or NC MPA feature. The available datasets were reviewed with 
no bias towards the current listed features for each site. Available point data for each feature 
has been listed along with any existing polygon data; this informed the features that could be 
mapped within a site. Physical parameter datasets available for each site are also listed, 
detailing the quality and coverage of the data. These datasets informed the modelling 
technique that could be employed for each feature and site.  
 
2.2 Desk-Based Review  

A desk-based review of the three Annex I habitats and their 20 subtype habitats is provided 
in full in Appendix 2. The review detailed the biotopes present in each habitat, the known 
environmental constraints of each subtype habitat and the currently known distribution of the 
habitat. Where complicated biotope correlations exist for the habitats, or non-standard 
constraints can limit their extent, these have been described in detail. A review of the NC 
MPA protected features was not compiled as the recently published report ‘Descriptions of 
Scottish Priority Marine Features (PMFs)’ (Tyler-Walters et al., 2016) provided this 
information. 
 
The information compiled within the review informed the modelling technique applied for 
each feature, and was used to verify the modelling outputs. 
 
2.3 Feature Modelling 

Due to the variability of available data across the sites, an approach that utilised three 
techniques of habitat modelling was employed for the predictive mapping of the protected 
features. Hybrid approaches, such as this, can provide higher classification accuracy 
(Diesing et al., 2014). A combination of aerial imagery classification, statistical modelling and 
rule-based modelling were employed to maximise the use of the best available data for each 
protected feature within each site.  
 
Where aerial imagery clearly depicted the intertidal zone within a site, image classification 
was used to help identify Annex I Mudflats and sandflats and their subtype habitats where 
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possible. Where sufficient ground truthed point data and physical parameter data layers 
existed, statistical modelling was used to determine the extent of these features. Due to a 
lower confidence in the physical parameter datasets along the coastline, statistical modelling 
was mainly used to depict Annex I Sandbanks and Reefs and their corresponding subtypes. 
Rule-based modelling was used where either aerial classification or statistical modelling was 
not possible or the outputs generated had a low correlation with the sample point data. 
Mapping of biogenic habitats was trialled via statistical modelling, however, the outputs were 
not well matched to the ground truthed data. Therefore, these habitats were mapped via 
rule-based modelling.  
 
2.3.1 Data Collation 

During the data appraisal all available data that could be reasonably collected within the 
project timeframe were collated, managed and stored for use within the feature mapping 
process. All data were stored in the coordinate reference system WGS84 and were, where 
necessary for accurate area calculations, projected into European Albers Equal Area Conic 
projection with modified standard parallels of 50.2 North and 61.2 North. The data were split 
into five main categories: 
 

1. Marine Recorder snapshot data points. 
2. GeMS habitat points and polygons. 
3. Remote sensed aerial imagery along the coast. 
4. Site based additional data in the form of survey and commissioned project data. 
5. Environmental parameter data layers. 

 
The Marine Recorder snapshot was from July 2016 and contained all sample point data for 
Scottish waters. These data were correlated to Annex I habitats and subtype habitats using 
the 2016 biotope correlation table provided by SNH2. Only the sample points which 
correlated to the protected features of interest (both Annex I Habitats and MPA features) 
were retained within the database. Additional point sample data collected from recent 
surveys and contained in GeMS but not yet added to the snapshot were correlated to the 
features of interest and added to the database. The resulting database contained over 
39,000 sample data points covering surveys from 1962 to 2016. 
 
The GeMS database was provided by SNH (August 2016) and contained habitat point and 
polygon data for some of the features of interest. The sample point data was assessed 
against the Marine Recorder snapshot and any non-duplicate sample data points were 
included within the study. A number of the habitat polygons were of suitable quality to be 
used within the study either directly as mapped polygons for the protected features or as a 
starting boundary which was then modified using datasets collected after the date the 
original polygon was created.  
 
Remote sensing imagery was collected via airborne techniques and provided by 
GetMapping in September 2016. The data covered the coastline for all sites considered 
within the project. The flights to collect the imagery were flown between 2008 and 2015, and 
the quality of data varied between sites and in some cases within sites. The imagery was 
collated and mosaicked into files covering specific sites. Due to the size of the files it was not 
possible to create a single imagery file for some of the larger SACs, in these cases the 
imagery was combined into files covering specific surveys.   
 

                                                 
2 This correlation table utilised the published JNCC Marine Habitats Correlation spread sheet (as of 
July 2016 http://jncc.defra.gov.uk/page-6767) with amendments agreed with JNCC and the addition of 
SNH Annex I subtypes developed for this contract (to be included in the next JNCC correlation table).  
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Additional habitat data were provided by SNH for each site where it existed. This additional 
data came in the form of survey information not yet in Marine Recorder, existing mapping 
products (habitat polygon extents) and high resolution acoustic data. The volume and quality 
of these additional data varied greatly between sites and required a modelling approach that 
was tailored for each site; these additional data are detailed in Appendix 1. Further additional 
high resolution acoustic data was sourced from the UHKO Inspire portal (UKHO, 2017) for a 
number of sites. The additional data was primarily used during the rule-based modelling. 
 
Environmental parameter data were collated from multiple sources including: the additional 
site data (mentioned above), the Oceanwise DEM provided under contract from SNH, OS 
intertidal zone limits, freely available physical variable data for seabed habitats (EMODnet, 
2016a) and seabed substrate data (EMODnet, 2016b). A full list of environmental parameter 
data for each site is provided within Appendix 1 and Table 3 lists the datasets which cover all 
Scottish waters. Additional physical variables were derived from these datasets including; 
seabed complexity (ruggedness, etc.), seabed slope and seabed orientation, further details 
are provided in Section 2.3.3, Figure 1. 
 

Table 3. Available continuous environmental parameter datasets representing physical 
variables. 

 Data Layer Description Data Sources Year  

Oceanwise DEM Seabed depth Oceanwise  2016  

OS Intertidal Zone Limits of the intertidal zone OS Mastermap 2016 

Broadscale Habitats  Sediments/biological 
zones/predictive broadscale 
habitats 

EMODnet Seabed 
Habitats Project 

2016 

Light Attenuation Light attenuation at the surface 
and the seabed 

EMODnet Seabed 
Habitats Project 

2016 

Kinetic energy due to 
waves 

Wave energy at the seabed EMODnet Seabed 
Habitats Project 

2012 

Kinetic energy due to 
currents 

Current energy at the seabed EMODnet Seabed 
Habitats Project 

2012 

Seabed substrate Seabed substrate type at scales 
of 1,000,000 and 250,000 

EMODnet Geology 
Project 

2016 

 

Each of the three modelling techniques utilised the appropriate available data. For example, 
the statistical modelling was run for all the SACs together; therefore only datasets that 
covered all of the SACs could be included (Table 3). Due to limitations in data extents, it was 
sometimes necessary for more than one modelling technique to be used to map a subtype 
habitat within a site. In some sites Bedrock or Stony reefs were mapped through a 
combination of aerial imagery classification and statistical modelling to ensure a more 
complete coverage of the habitat was mapped across the intertidal and subtidal zones. 
 
2.3.2 Aerial Imagery Classification 

Airborne collected remote sensing data were provided for all intertidal areas along the 
Scottish coastline by GetMapping (September 2016). The flights to collect the three band 
(RGB) aerial imagery were flown between 2008 and 2015 at various tidal states with varied 
weather conditions. The large extent of some sites meant that multiple surveys were flown at 
different times to cover the area of interest. Imagery classification was mainly used within 
this study to define the extent of intertidal Reefs, and Mudflats and sandflats habitats, 
however, in some sites where the imagery was particularly clear in the shallow subtidal it 
was also used to depict Sandbank and Reef habitats visible below the water surface. 
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Remote sensing data have been used extensively to map terrestrial vegetation (Xie et al., 
2008) although its application to intertidal mapping is more complicated. The intertidal zone 
presents extra challenges including a variation in the habitat depending on tidal cycle and 
ecologically important differences that may only be subtly different visually (Thomson et al., 
2003).  
 
A variety of supervised and unsupervised imagery classification techniques exist and can be 
applied depending on the quality of the remote sensing data and the habitats being classified 
(Xie et al., 2008). An unsupervised method of aerial classification was utilised within this 
study. This approach was chosen over a supervised method as it did not require the creation 
of training data sets. The variation in confidence within the sample point data impacted on 
the accuracy of the training data sets, restricting the accurate classification of habitats. Using 
an unsupervised method of classification allowed for pixel value clusters to be identified 
using means and covariance matrices of the pixel values. The identified clusters were then 
classified using a maximum likelihood classifier, which assigns each pixel to the 
classification group it has the highest probability of belonging to (Shapiro & Wen, 2017). This 
generated between eight and 14 classes within each site, based on the size and the range of 
habitats present. The point sample data were used post image classification to verify the 
class values of interest and to exclude the classification values corresponding to habitats 
that were not of interest to this study.  
 
Although the imagery classification was successful in most areas, manual modification of the 
classification was required in some sites. The success of the imagery classification was 
dependent on the quality of the imagery within each site. For example, if the flight to collect 
the imagery was flown at tidal states above low tide the classification of habitats was 
restricted by the tidal height, thus creating false borders of the intertidal habitat extent. 
Where a site was covered by multiple airborne surveys such as the Solway Firth SAC, the 
imagery classification resulted in stepped borders where the different surveys met, due to 
the flights to collect the imagery being flown on different days and at different tidal states. 
Manual modification was required to remove these stepped and false borders. Modification 
of the resulting outputs was also required where the same pixel RGB values represented 
distinctly different habitats, for example areas of light coloured rocks uncovered by water 
could be classed with sandy bays. Other topographic tidying of the resulting polygons was 
done to reduce the complexity of the boundaries, and to remove artefacts such as small 
polygons and holes a threshold of 100 m2 was applied. All resulting outputs from aerial 
classification were clipped to the site boundary. 
 
In a number of areas, such as on the Western and Northern islands, the aerial imagery was 
particularly clear allowing for the habitat below the water surface (subtidal habitats) to be 
delineated. Where this was possible, habitats were classified using the same unsupervised 
classification method applied to the intertidal zone. However, due to the limited extent of the 
imagery away from the coastline, this created false borders at the edge of the images. These 
borders were manually modified as required, or where possible the polygons were merged 
with the statistical modelling and rule-based modelling outputs.  
 
2.3.3 Statistical Modelling 

Statistical models can be used to predict the distribution of marine habitats in areas that 
have not been surveyed (Elith et al., 2006). This is achieved by identifying relationships 
between habitats and environmental covariates. Machine learning algorithms, such as 
random forests (Breiman, 2001) and boosted regression trees (Elith et al., 2008), are highly 
suited to predictive spatial modelling as they can perform classifications based on complex 
non-linear interactions from multiple covariates. Of various machine learning algorithms 
available, random forests are typically among the best performers, in terms of predictive 
success, when sample sizes are above 100 (Elith et al., 2006; Wisz et al., 2008). To 
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complete the statistical modelling of the Annex I subtype habitats, random forests were used 
as they have demonstrated success at mapping marine substrates (e.g. Diesing et al., 2014; 
Che Hasan et al., 2012).  

Random forests comprise an ensemble of thousands of randomly constructed decision 
trees, each of which creates classification rules by recursively partitioning the data into 
increasingly homogenous groups. Randomness is incorporated in the model building in two 
ways: firstly, each tree is constructed using a randomly bootstrapped sample of a training 
dataset. Secondly, at each split in a tree a random subset of available predictors are tested 
to find the partition with the highest predictive success against a withheld subset of data not 
in the bootstrap (i.e. out-of-bag, or OOB data). This strategy of introducing randomness both 
increases predictive performance and reduces over-fitting. Once all trees have been grown 
their predictions are aggregated either by majority votes for classification models, or by 
averaging for regression models.  

The statistical modelling was only used to predictively map the distribution of the Annex I 
habitats within the 25 SACs of interest. It was not applied to the features within the NC MPA 
and NC MPA proposals; statistical modelling was considered for these features but not 
completed due to the low number of sites considered and the resulting lower extent of the 
features. Furthermore, due to the high level of detail in the datasets available within the NC 
MPA and NC MPA proposals (detailed in Appendix 1) a rule-based modelling approach was 
chosen to map these features.  

Two main types of data were utilised within the statistical model; sample point data and 
physical variable data layers. The point sample data were based on the Marine Recorder 
snapshot appended with the relevant additional point data provided in GeMS and the 
additional site datasets. A number of physical variable data layers were used within the 
model where these covered the extent of the all 25 SACs; Table 3 lists the available variable 
layers. 

2.3.3.1 Point Sample Data Preparation 

Sample point locations (n = 39,113) containing data on the presence of Annex I habitats and 
subtypes were collated during the data appraisal (Appendix 1) primarily from Marine 
Recorder data, supplemented with additional point data sourced from GeMS and survey 
data not yet in Marine Recorder. Only point locations that lay within 12 nautical miles of the 
coast (n = 35,830) were retained to match the extent of the mapped environmental data that 
would be used for modelling. Annex I subtype habitats that could not be modelled were 
grouped as an ‘other’ category (Appendix 3). ‘Other’ included unassigned subtypes, those 
with missing data, and subtypes with insufficient observations to be considered for modelling 
(n < 250). Although statistical modelling could be used to predict the potential distribution of 
biogenic habitats these methods are not necessarily accurate at mapping their realised 
distributions. This is due to the distribution of biogenic habitats being influenced by a variety 
of other environmental variables, such as stochastic disturbance events, that are not 
mapped or were not available at the relevant spatial or temporal scale to be used in the 
modelling. Therefore only non-biogenic subtypes were statistically modelled. 

A number of the point sample locations had multiple sample points from repeated surveys. In 
these situations spatial duplicates were removed and a single point retained for each 
location. In cases where more than one subtype was recorded at a location, the subtype with 
a direct correlation to an associated Annex I habitat was retained. The resulting dataset 
contained 16,676 sample point observations of 11 subtypes (and one ‘other’ subtype 
category).  
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2.3.3.2 Physical Variable Preparation 

Environmental parameters that have previously been used to predict the distribution of 
benthic habitats were identified from the literature, including those relating to the amount of 
energy in the system (e.g. wave energy, tidal current energy) and the percentage of light 
reaching the seafloor (Rattray et al., 2015) along with those relating to seafloor surface 
topography (e.g. depth, slope, aspect, curvature, and surface complexity: Wilson et al., 
2007). 

Data on wave and tide energy and the percentage of light reaching the seafloor were 
obtained from the EMODnet seabed habitat project (EMODnet, 2016a). Physical variables 
describing seafloor surface topography (Figure 1) were derived from the Oceanwise DEM.  

 

Figure 1. Classes of geomorphological variables derived from the Oceanwise DEM and used 
to characterise the seafloor. An explanation of what derivatives represent and how they 
influence benthic habitat distribution is available in Wilson et al., (2007). 

 
All data layers were transformed to the European Albers Equal Area Conic projection with 
modified standard parallels prior to manipulation. The EMODnet seabed habitats project 
data for wave and tide energy along with light attenuation (EMODnet, 2016a) were originally 
in a geographic projection at a resolution of 0.0003 degrees therefore were resampled after 
transformation to match the resolution of the DEM variables (26.96 x 26.96 m). Previous 
investigations into the distribution of seabed habitats have found that patterns exist at a 
variety of interacting spatial scales (Wilson et al., 2007). To account for this all candidate 
physical variables were sampled at four progressively increasing spatial scales; 

 the original cell size (1 x 1 cell = 27 x 27 m), 
 averaged over data aggregated to nine cells (3 x 3 cells = 81 x 81 m),  
 averaged over data aggregated to 49 cells (7 x 7 cells = 189 x 189 m), and 
 averaged over data aggregated to 441 cells (21 x 21 cells = 567 x 567 m). 

 
These scales were selected as variation in seafloor topography tends to form an asymptotic 
decline with spatial scale such that coarse scale variables contain large areas with little 
variation (Wilson et al., 2007). A threshold between detecting large and small scale features 
in seabed habitats exists around a multiplier of 21 (Wilson et al., 2007). The smaller 
resolution cell size were selected to pick up fine detail local features whereas the larger 
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scales were selected to pick up on broader, general patterns and regional features, such as 
channels or ridges. Once coarser scale variables had been generated they were then 
disaggregated back to the original cell size of 27 m x 27 m to allow interactions between 
coarse scale and fine scale data to be made at fine scales. 

Some point locations occurred outside of the extent of mapped data layers, such as close to 
coastlines. To avoid losing data missing values were imputed using an iterative imputation 
method based on a random forest, which builds a model for each variable then uses the 
model to predict missing values in each variable with the help of observed values 
(Stekhoven & Buehlmann, 2012). 

2.3.3.3 Physical Variable Selection 

Having multiple predictors and several spatial scales per predictor resulted in a large number 
of collinear covariates to input into the model. To reduce processing time required with highly 
dimensional models a heuristic approach was used to select variables for entering into the 
modelling process. Random forests can estimate the relative importance of a variable by 
evaluating how much prediction error increases when OOB data for the variable are 
permuted while all others are left unchanged, making them very effective at variable 
selection (Elith et al., 2008; Bradter et al., 2013). Hence a variable selection method based 
on random forests was used to reduce a total of 64 candidate predictor variables, comprising 
three system-energy variables and thirteen topographic variables (Figure 1) at four spatial 
scales, to a smaller subset of 20 predictors (Table 4). 
 

Table 4. Physical Variables selected for entry into model building. 

Variable Spatial scale multiplier 

Tidal current energy 3, 7, 21 
Wave energy 1, 3, 7, 21 

Percentage of light at the seabed 1, 3, 21 

Depth 1, 3, 7, 21 

Terrain Ruggedness Index (TRI) 1, 3 

Maximum curvature 7, 21 

Tidal current energy 21 

Wave energy 21 

 

2.3.3.4 Model building, Validation and Evaluation 

Data were partitioned into a training set comprising 75 % of the data (n = 12,512), that were 
used to build the model, and a testing set comprising 25 % of the data (n = 4,164), that were 
reserved to test model predictive success. This split is commonly used in machine learning 
to give a balance between two competing concerns: with less training data model predictions 
may have greater variance, whereas with less testing data the performance statistics may 
have greater variance. Data were partitioned in a stratified random manner to retain the 
relative prevalence of each subtype habitat in both the training and testing datasets. 
Random forests were tuned to maximise the Kappa coefficient, which measures predictive 
accuracy (percentage of correctly classified locations) while taking into account successful 
classifications occurring by chance.  

The final model’s predictive success was evaluated by predicting the test dataset that had 
been withheld from model building. Classification accuracy was quantified in a confusion 
matrix comparing predicted subtypes at locations with observed subtypes (see Section 
3.1.2).   
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2.3.4 Rule-Based Modelling 

Rule-based modelling was used to depict the extent of the features of interest where both 
remote sensing imagery classification and statistical modelling could not be used. This 
modelling approach was mainly used to define the extent of biogenic habitats. This 
systematic approach to defining habitat boundaries was based on that used by Envision 
Mapping Ltd (2014). Available point data were used along with knowledge of the habitat 
preferences and topographic variations of the seabed to delineate habitat boundaries. This 
process was augmented to use a semi-automated approach by creating habitat restriction 
layers to limit the habitat extents. This approach was based on that undertaken within the 
EUSeaMap 2 project (EMODnet Thematic Lot no 3, 2016).  
 
The distribution of the point data was the primary source of information for the rule-based 
modelling with the sample description for each data point being consulted to understand the 
confidence in the sample point representing the feature of interest. The physical parameter 
restriction layers were then used to define and limit the extents of the features around points. 
Appendix 2 details the restricting physical parameters for each Annex I subtype habitat, this 
information was used to create the following restricting parameter layers for each subtype 
habitat: 
 
 Depth range – layer derived from the Oceanwise DEM. 
 Tidal stream tolerance – layer from the EMODnet Seabed Habitats project. 
 Seabed substrate type – layer from the EMODnet Geology project. 
 Biological zone – layer of the intertidal zone limits derived from OS Mastermap. 

 
The extent of the tidal stream and seabed substrate layers did not cover the intertidal and 
shallow subtidal in some sites therefore these layers were of limited use to help delineate the 
extents of habitats within these sites. The salinity preferences of each subtype habitat were 
not considered as this would only help to limit a small number of habitat biotopes which 
could already be restricted via the biological zone limits. Within the timeframe of the project a 
data layer representing wave exposure was not sourced, therefore this information was used 
qualitatively to confirm or restrict habitat polygon extents visually against the coastline.  
 
Additional physical parameter data were used to delineate habitat extents where the data 
existed within a site. The percentage of light reaching the seabed (EMODnet, 2016a) was 
utilised to help limit the extent of habitats primarily made up plants i.e. Seagrass beds. 
However, no thresholds were detailed for this parameter therefore a visual approach was 
taken to defining the threshold based on the distribution of the sample point data over the 
data layer value histogram. A similar method of visual inspection to define thresholds was 
used where high resolution acoustic data were available for a site. The seabed roughness 
was derived from the acoustic data and a threshold value defined to delineate the difference 
between rough areas protruding from the seafloor (reefs) and flat smooth areas (sand or 
mud habitats). These thresholds were validated against the point sample data, and where 
the shallow subtidal was visible, against the aerial imagery. 
 
Existing defined habitat polygons were utilised within the project where it was believed that 
the polygons were of a high enough quality, due to their age and method of delineation. For 
a number of habitats, these polygons were directly used with no modification to the extents. 
However, some of these polygons could be improved using data (sample points or acoustic 
layers) collected after the date of the polygon generation.   
 
The Firth of Lorn SAC had existing high resolution data based on the modelled classification 
of multibeam acoustic data by Butters (2013) as part of the INIS-HYDRO project3. These 

                                                 
3 Accessed via http://www.inis-hydro.eu/ online 20/01/17. 
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existing data were used to delineate the extent of the Annex I habitats within the site with 
some modification to reduce the complexity of the existing polygons, detailed in Appendix 1 
Section 6.5. 
 
A detailed description of the rule-based delineation for each habitat is given per site within 
Appendix 1. The results from the rule-based methodology will result in a high confidence that 
the habitat exists within a polygon area, as the polygons are only created around 
aggregations of sample points. However, there is varied confidence in the boundary extent 
of the habitat, as this is limited to the underlying physical parameter data resolution. 
 
2.4 Data Checks 

Data checks were carried out on all the output habitat polygons prior to integration into a 
single dataset. Each polygon output created for a feature within a site was cross checked 
against the known restricting parameters for that feature (detailed in Appendix 2). For 
example, feature polygons should be within the depth range for the biotopes that make up 
that feature.  
 
Further complex relationships exist for some Annex I habitats and the outputs were further 
restricted based upon these relationships. The details of these complex interactions are 
listed below and detailed further for each Annex I habitat in Appendix 2: 
 
 Intertidal Reef habitats are only included where they are contiguous with subtidal reef 

habitats of any Reef subtype. 
 Sandbank habitats are restricted to 20 m depth unless they are a continuation of the 

Sandbank habitat above 20 m. 
 Kelp and Seaweed is only included within Sandbanks, i.e. any Kelp and seaweed on 

rocky habitats were included within the reef subtypes outlined (i.e. there wasn’t a 
separate subtype for this). 

 Mixed sediments subtype habitat was only included where the Mixed sediments were 
within a larger area of predominantly sandy subtype of Sandbanks. 

 
Exceptions to the above rules were applied in some cases, mainly where a low confidence in 
some of the habitat extents existed, i.e. where changing the extent of the habitat polygon 
very slightly would make it meet the criteria. Where the above rules have been deviated 
from, this has been detailed within Appendix 1. 
 
The distribution and intensity of anthropogenic activities can be used as proxy data for a 
habitat to be present or absent. Within the timeframe of this project only one anthropogenic 
activity, trawl fisheries, was considered and data sourced on trawling intensity (Kafas et al., 
2012). Where trawling was known to occur within a site, it was assumed that regular trawling 
only occurred on mud habitats as this trawling is mainly for Nephrops species in Scottish 
waters. This data was not only used to help define the extent of Burrowed mud habitats but 
also to limit the distribution of other habitats that do not co-exist with mud.  
 
The feature polygon datasets for each site were then merged and any feature polygon 
overlap was assessed. Where the overlap of habitats was conflicting, one or all of the 
overlapping polygons were modified based upon the best available information for that site, 
in particular the  existing sample point data were consulted to understand the likely 
predominant feature.  
 
A final topographic check of the compiled dataset was completed to remove any errors such 
as slivers and loops. All feature polygons were restricted to the site boundaries and 
processed to ensure no multipart polygons existed.  
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2.5 Confidence Assessment 

A confidence assessment was applied to each predicted habitat polygon based on a simple 
three step methodology (Figure 2). The assessment was applied to provide a confidence 
value that represented both confidence in the existence of the habitat within the polygon and 
the confidence of the boundary extent of the polygon. The assessment was created primarily 
based on Lillis (2016) assessment framework and modified to clearly link to the available 
data for the sites. The rule justification provided within Envision Mapping Ltd. (2014) was 
used to inform the assessment decision steps. 
 
Step 1 of the assessment is based on the existence of predefined polygon extents, either 
through statistical modelling or from existing data layers.  A value of 1 was given to polygons 
created via these methods.  
 
Step 2 of the assessment is a review of the site-specific supporting aerial imagery or 
acoustic data, as the acoustic data were restricted to deeper waters there are no areas 
where these data would overlap with the aerial imagery and therefore the maximum score 
available for this step for this study was 1. A value of 2 was given to polygons generated 
from good quality aerial imagery, good quality for this assessment relates to the amount of 
intertidal visible (i.e. tidal state) and the brightness of the imagery. The acoustic data were 
used within the modelling to provide a limiting factor from the seabed topography; it does not 
give a definitive presence or absence of a habitat therefore the highest confidence value for 
this information is 1. 
 
Step 3 of the assessment relates to the number of sample data points located within the 
polygon extent. Where any sample points are within the polygon a value of 1 was given, if 3 
or more sample points taken in the last 5 years (after the removal of duplicate points from 
the same survey) were located within the polygon then a value of 2 was given. 
 
 

 
 

Figure 2. Three step confidence assessment applied to the predictive mapping outputs. 
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Using the confidence assessment above a value of 1 to 6 it would be possible for polygons 
to achieve a score from 1 to 6, by combining the scores from the three steps. However, a 
maximum score of 6 is only possible if at step 2 a polygon was supported by both acoustic 
data and aerial imagery. In this study the acoustic data were generally restricted to deeper 
waters and there were no polygons were both the aerial imagery and the acoustic data were 
used together to delineate polygins around habitats.  Therefore, the maximum score 
available for step 2 was 1, and the maximum total score was 5.bining the scores from the 
three steps. The values were converted to low, moderate or high confidence values using 
the classes below: 
 
 Value of 1 or 2 = Low confidence 
 Value of 3 = Moderate confidence 
 Value of 4 or greater = High confidence 

 
No polygons achieved a score of greater than 4 as it requires both the remote sensing data 
and the statistical modelling to cover the whole polygon extent. As these modelling 
techniques were primarily completed for different tidal zones these will never completely 
overlap an entire polygon. 
 
Additionally, polygons generated or modified from existing polygons may have been 
assigned a lower confidence than is actually the case, but it was not possible to give a 
higher score because the detail was not often available to provide the background on how 
the original polygon was created.   
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3. RESULTS AND DISCUSSION 

This section will discuss the results of the three modelling techniques with reference to 
specific examples, however, each individual habitat polygon will not be discussed in detail. 
Two case studies; Sanday SAC and the Moray Firth SAC are discussed in further detail 
accompanied by figures of the mapping products, relating the methods undertaken to the 
habitat polygons produced. The methodology applied to each habitat within each site is 
detailed in Appendix 1, along with a short discussion on any specific issues that arose during 
the mapping of the site. 
  
3.1 Modelling Techniques 

Each of the three modelling techniques produced varied outputs across the sites, i.e. a 
technique which produced high quality verified outputs in one site might produce habitat 
polygons with less confidence in another site. For example if a high number of accurate 
sample data points existed within a site this would make the statistical modelling outputs 
more reliable within that site, as it had more input into the covariant choices for the modelled 
habitats compared to other sites with fewer sample data points.  
 
3.1.1 Aerial Imagery Classification  

The success of the aerial imagery classification was, as expected, dependent on the quality 
of the imagery. Throughout the sites the resulting polygons varied in accuracy and the 
amount of manual modification required post classification. Common problems that reduced 
the quality of the imagery included: 
 
 imagery not flown at low tide; 
 dark imagery due to weather conditions (cloud cover); 
 multiple surveys taken on different days covering the extent of the site; and  
 imagery not covering the whole site. 

 
Multiple surveys covering one site and imagery not covering the whole site were particular 
issues for large muddy/sandy estuaries where the imagery often did not cover the middle of 
the estuary. The Solway Firth SAC is an example of where a number of these issues existed 
and extensive manual modification of the imagery polygons was required to smooth the 
boundary between two surveys and to extend the polygon to the full extent of the intertidal 
zone.  
 
Where the imagery was of high quality the boundary of the Mudflats and sandflats habitat 
could be easily classified. Sanday SAC provides an example where the imagery was of high 
enough quality and could easily depict the Mudflats and sandflats. Nonetheless within this 
site a different problem occurred; some intertidal rocky reefs were light in pixel value and 
were classified within the Mudflats and sandflats classification. These areas had to be 
manually removed from the outputs.  
 
Overall the aerial imagery classification was successful at depicting Mudflats and sandflats 
and intertidal Reef habitats, however, without knowing the tidal state at the time of imagery 
collection it could not be used to definitively depict the lower boundary of the habitat with 
confidence and this had to be cross checked against the OS intertidal zone limits and the 
point sample data.  
 
Within two sites; the Sound of Barra SAC and Sanday SAC, subtidal habitats for Sandbanks 
and Reefs were picked up by the aerial imagery classification and these boundaries were 
used in conjunction with the statistical and rule-based modelling outputs to create the final 
polygon extent for the habitats. 
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3.1.2 Statistical Modelling  

The predictive success of the model was assessed by predicting from a test dataset that 
contained known subtypes, and determining the classification accuracy of observed and 
predicted subtypes. Table 5 shows the relative frequency of subtypes in the testing and 
training datasets along with the frequency with which they were predicted onto test data by 
the model. Data were partitioned prior to model building to ensure that the relative 
prevalence of subtypes in the full dataset was maintained in both the training and testing 
datasets. The statistical model was only run to predict the distribution of Annex I habitats 
within the 25 SACs - no features within the NC MPA or NC MPA proposals were included in 
the model.  
 
Bedrock or Stony Reefs were the most frequently occurring subtype habitat in the data, 
accounting for 42% of data points, which meant the data were slightly unbalanced. 
Unbalanced data can lead to reduced predictive success for minority groups; however, this 
is usually only an issue if the ratio of the dominant category to the smallest category exceeds 
100:1 (e.g. Liaw & Wiener 2002). Bedrock or Stony Reefs occurred at a ratio of 24:1 to the 
least common habitat type (Mudflats and sandflats) and so was not considered to be 
significantly unbalanced. This was confirmed by the ability of the model to predict habitats in 
the same relative frequency with which they were observed, as evidenced by a high positive 
correlation in the relative proportion of predicted subtypes with observed subtypes in the test 
dataset (r=0.98, p<0.05). 
 

Table 5. Frequency of occurrence of subtypes used in model training and testing data sets, 
and the frequency with which they were predicted to occur in the test data. 

Subtype 
habitat 

Number of 
observed 
training 

data 
points  
(n = 

12,512) 

Percentage 
of observed 
training data 

points 

Number 
of 

observed 
test points 

(n = 
4,164) 

Percentage 
of observed 
test points 

Number of 
predicted 

testing 
points (n = 

4,164) 

Percentage 
of predicted 
test points 

Bedrock 713 5.7 237 5.7 97 2.3 
Bedrock 
/Stony 

5238 41.9 1745 41.9 2392 57.4 

Stony 352 2.8 117 2.8 53 1.3 

Clean sands 350 2.8 116 2.8 101 2.4 
Clean 
sands/Muddy 
sands 

255 2.0 84 2.0 53 1.3 

Mudflats 225 1.8 74 1.8 52 1.2 
Muddy sands 
on mudflats 

515 4.1 171 4.1 184 4.4 

Gravelly and 
clean sands 

1289 10.3 429 10.3 341 8.2 

Gravelly and 
clean sands/ 
Muddy sands 

129 1.0 43 1.0 10 0.2 

Muddy sands 
on sandbanks 

769 6.1 256 6.1 178 4.3 

Mixed 
sediments 

1812 14.5 604 14.5 572 13.7 

 

Model success of each individual subtype was quite varied; the highest predictive successes 
were for Sandbank subtypes (Muddy sands, Gravelly and clean sands or Muddy sands, and 
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Mixed sediments) for which the model correctly classified locations in the test data on 69 %, 
66 % and 65 % of occasions, respectively (Table 6). Mean (+ SD) predictive success across 
all subtype habitats was 51.7 + 11.9 %. However, if subtype predictions were considered 
successful when they occurred in the correct Annex I habitat grouping (e.g. Annex I Reefs = 
Bedrock, Stony, Bedrock or Stony subtypes) then rates of correct classification were much 
higher (mean + SD = 77.4 + 9.3 %). The most frequently occurring misclassification was 
Bedrock or Stony reefs, as the model tended to over-predict their occurrence, which can be 
expected given its prevalence in the input data. 
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Table 6.  Confusion matrix indicating model predictions on test data compared with the subtypes observed at those data. 

P
re

d
ic

te
d

 s
u

b
ty

p
e 

  
Test data  
(n = 4,166) 

Observed subtype 

 
Other 

Subtype 
predictive 
success 

(%) 

Annex I 
predictive 

success (%) 

Annex I: Reefs Annex I: Mudflats and Sandflats Annex I: Sandbanks 

Bedrock 
Bedrock 
/ Stony Stony 

Clean 
sands 

Clean 
sands / 
Muddy 
sands Mudflats 

Muddy 
sands 

on 
mudflats 

Gravelly 
and 

clean 
sands 

Gravelly 
and 

clean 
sands / 
Muddy 
sands 

Muddy 
sands on 

sandbanks 
Mixed 

sediments 

Bedrock 42 40 0 0 0 0 0 5 0 0 1 9 43.3 84.5 

Bedrock / 
Stony 

178 1474 78 34 30 9 34 150 17 71 164 153 61.6 72.3 

Stony 2 21 15 5 2 1 0 2 0 2 1 2 28.3 71.7 

Clean sands 0 12 2 46 13 2 19 0 0 2 0 5 45.5 79.2 

Clean sands / 
Muddy sands 

0 2 3 8 24 3 7 1 2 2 0 1 45.3 79.2 

Mudflats 0 3 0 4 2 24 16 0 0 0 1 2 46.2 88.5 

Muddy sands 
on mudflats 

1 17 5 14 8 34 87 0 0 0 2 16 47.3 77.7 

Gravelly and 
clean sands 

3 47 4 2 1 0 2 226 5 8 36 7 66.3 80.6 

Gravelly and 
clean sands / 
Muddy sands  

0 2 0 0 0 0 0 1 5 2 0 0 50.0 80.0 

Muddy sands 
on 
sandbanks 

1 16 2 1 1 0 1 6 5 123 14 8 69.1 83.1 

Mixed 
sediments 

7 85 7 0 0 1 1 34 6 38 376 17 65.7 79.4 

Other 3 26 1 2 3 0 4 4 3 8 9 68 51.9 51.9 
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3.1.3 Rule-Based Modelling  

The rule-based modelling was predominantly used to depict the extent of biogenic habitats in 
SACs and features within the NC MPA and NC MPA proposals. The mapping was 
completed individually for each protected feature within each site using the best available 
data to map that feature; a full list of these protected features is provided in Table 7. 
 
This approach resulted in extremely varied results which are subjective and open to bias 
based on existing knowledge of the site. Where a dense cluster of points (three or greater 
within a topographically analogous area) existed with supporting environmental parameters, 
such as seabed roughness, the extent could be easily delineated. Although, in some sites 
limited supporting information was available to back up the sample point data and/or a linear 
distribution of point data made it hard to define the extent of the habitat. For these sites 
protected features were delineated using a buffer of the sample point data restricted by 
topographic features. Therefore these feature polygons will have a low confidence in the 
feature extent. 
 
Feature polygons were delineated for a number of sites prior to the commencement of this 
study. In a number of cases (greyed features in Table 7) these polygons were used directly 
to map the distribution of those features. However, some of these existing polygons could be 
modified using data collected after the original creation of the polygon boundary. Existing 
feature polygons were only used where there was a high confidence that the boundary 
represented the distribution of the feature i.e. where the boundary was delineated via a 
walkover survey such as the Sabellaria reefs in Luce Bay and Sands SAC.    
 
The sample point data were considered in detail for each feature mapped and where only 
older samples existed (greater than 20 years old) the feature was not mapped. A general 
rule was followed that at least three sample points (with one or more sampled in the last 20 
years) needed to exist in a topographically analogous area to map a feature. The rule was 
relaxed if the feature was visible on aerial imagery or supported by acoustic data, in which 
case one sample point would suffice to map this feature, such as with Blue mussel beds in 
Luce Bay and Sands SAC. 
 
Particular features which have been targeted during surveys such as Burrowed mud in 
Lochs Duich, Long and Alsh MPA have a high number of points sampled within the last 10 
years making them straightforward to map and providing a higher confidence in the polygon 
extent. 
 
The aerial imagery was used where possible to verify the existence and to delineate the 
boundary of Sediment flat features in the intertidal zone. In the Firth of Tay and Eden 
Estuary SAC and the Dornoch Firth and Morrich More SAC the imagery was utilised to 
delineate Seagrass beds and Blue mussel beds on the intertidal zone where the imagery 
was corroborated by sample points. The aerial imagery was also used to delineate features 
in the shallow subtidal zone if the water was clear enough; Seagrass beds in the Sound of 
Barra SAC were delineated via this method. 
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Table 7. List of features delineated via rule-based modelling, greyed features and sites used 
existing polygons with no further modifications. 

Protected features Sites 
Burrowed mud Southern Trench  MPA proposal  

Lochs Duich, Long and Alsh MPA 

Northern sea fan and sponge 
communities 

Shiant East Bank  MPA proposal  

Circalittoral sands and mixed sediment 
communities 

Shiant East Bank  MPA proposal 

Flame shell beds Lochs Duich, Long & Alsh MPA 

Biogenic reefs (Blue mussel beds) Luce Bay and Sands SAC 

Firth of Tay and Eden Estuary SAC 

Biogenic reefs (Cold-water coral reefs) East Mingulay SAC 

Biogenic reefs (Horse mussel beds) Dornoch Firth and Morrich More SAC 

Loch Creran SAC 

Lochs Duich, Long and Alsh Reefs SAC 

Moray Firth SAC 

Sullom Voe SAC 

Biogenic reefs (Sabellaria reefs) Luce Bay and Sands SAC 

Biogenic reefs (Serpulid aggregations) Loch Creran SAC 

Sandbank feature (Kelp and seaweed) Loch Laxford SAC 

Loch nam Madadh SAC 

Luce Bay and Sands SAC 

Sanday SAC 

Sound of Arisaig SAC 

Sound of Barra SAC 

Sullom Voe SAC 

Sandbank feature (Maerl beds) Loch Laxford SAC 

Loch nam Madadh SAC 

Luce Bay and Sands SAC 

Mousa SAC 

Sound of Arisaig SAC 

Sound of Barra SAC 

Treshnish Isles SAC 

Sandbank feature (Seagrass beds) Sound of Arisaig SAC 

Sound of Barra SAC 

Sediment flat feature (Blue mussel beds) Dornoch Firth and Morrich More SAC 

Firth of Tay and Eden Estuary SAC 

Loch Laxford SAC 

Solway Firth SAC 

Sediment flat feature (Sea loch egg wrack 
beds) 

Sunart (SAC) 

Sediment flat feature (Seagrass beds) Dornoch Firth and Morrich More SAC 

Firth of Tay and Eden Estuary SAC 
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High resolution acoustic data (5 m or finer) was sourced for a number of sites: 
 
 Shiant East Bank MPA proposal 
 Firth of Tay and Eden Estuary SAC (partial coverage) 
 Lochs Duich, Long and Alsh Reefs SAC and MPA (partial coverage) 
 Sound of Arisaig SAC 
 Sound of Barra SAC 
 Papa Stour SAC (partial coverage) 

 
Where acoustic data covered the majority of the site, the data were used to define 
boundaries between general topographic groups, i.e. rugose Reef areas protruding from the 
sea floor versus flat sandy/muddy areas. The sample data points were further used to 
confirm the protected feature, i.e. Reef or Sandbank subtypes within the general topographic 
group. This method of delineation of Reef and Sandbanks was used within the Sound of 
Arisaig SAC. Where the acoustic data have partial coverage over a site they were then used 
to refine the boundaries of the feature delineated via other methods.  
 
The Firth of Lorn site had a low number of sample points with sparse coverage over the site. 
This resulted in coarse resolution outputs from the statistical modelling and limited the rule-
based modelling which could be undertaken. Butters (2013) utilised high resolution acoustic 
data from theINIS-Hydro project and assigned to biotopes. This information was re-classified 
to Annex I habitats within the site and modified with statistical modelling outputs and other 
existing intertidal data to delineate full coverage over the site. Due to the large area the site 
covers and the low number of sample points to corroborate the existence of feature, subtype 
habitats were not assigned and only Annex I level features were mapped. 
 
The rule-based modelling had varied results when applied to features across the sites but 
this is to be expected as it was reliant on the specific survey data collected within each site. 
This ranged from highly detailed delineation of features in sites such as the Sound of Barra 
where high resolution acoustic data and good quality aerial imagery were used to support 
the rule-based delineation, to less well mapped sandbank features within Loch nam Madadh 
SAC which had no supporting information beyond the sample points. 
 
3.2 Case Studies 

To discuss in further detail how the mapping outputs relate to the methodologies employed, 
two case studies are provided which display the mapping outputs along with a narrative of 
the predictive mapping for the site. Sanday SAC and the Moray Firth SAC were chosen as 
good examples to relate back to all three modelling techniques used. Full details of the data 
sets used within these two sites are provided in Appendix 1. 
 
3.2.1 Sanday 

Sanday SAC is located around the Orkney Island of the same name and the SAC boundary 
covers a large portion of the island’s coastline. All three Annex I habitats of interest are 
covered within the site along with 10 Annex I subtype habitats (Figure 3). The aerial imagery 
that covered the coastline of this site was particularly clear and allowed for very detailed 
mapping of the intertidal habitats including both Reefs, and Mudflats and sandflats features. 
The aerial imagery was utilised to classify Mudflats and sandflats features within the 
northern bay of the site (Figure 4) to a high resolution. 
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Figure 3. Mapped protected features for Sanday SAC (SNH © Crown copyright and database right 2017 Ordnance Survey 100017908).  
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Figure 4. Mapped Mudflats and Sandflats features within the Northern Bay of Sanday SAC (SNH © Crown copyright and database right 2017 
Ordnance Survey 100017908). 
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Outside of the intertidal areas, limited physical parameter data existed to support and help 
delineate the existence of features, therefore the statistical modelling was utilised to map 
these features. This resulted in a low confidence in their extent. One biogenic feature 
(Sandbank feature – Kelp and seaweed) was present within the site; this feature was 
mapped using rule-based methods. Although sample point data exist to verify the existence 
of the Kelp and seaweed within the area, the lack of topographic data resulted in the extent 
of the feature being larger than is likely and the boundary location having a low confidence.  
 
3.2.2 Moray Firth 

The Moray Firth SAC is the largest SAC considered within this study and both Reef and 
Sandbank habitats were mapped within the site (Figure 5). Statistical modelling was utilised 
to map the majority of features within the site, with Horse mussel beds being mapped via 
rule-based modelling. The statistical modelling outputs were further refined using the 
following data check rules: 
 
 The Mixed sediment sandbank habitat polygons were only included where they were 

contained within a larger area of sandbank habitats of another subtype.  
 All sandbank habitats were restricted to 30 m depth and must be connected to 

sandbank habitats in less than 20 m. 
 Trawling intensity data (Kafas et al., 2012) was used to limit the extent of Reef and 

Sandbank habitats where it is more likely that mud habitats exist, i.e. areas of high 
intensity regular trawling indicate mud habitats. 

 
The resulting statistical modelling feature polygons provide a picture of the distribution of 
Reef and Sandbank habitats across the SAC. Three polygons of Horse mussel beds (Reefs) 
have been mapped within the SAC using rule-based modelling. A boundary was generated 
around the sample point data for the Horse mussel beds which were further restricted using 
the depth range of the feature and the seabed topography. The polygon extents of these 
features could be further restricted with more sample data around these polygons that 
targeted the detection of the presence/absence of Horse mussel bed biotopes. 
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Figure 5. Mapped protected features for the Moray Firth SAC (SNH © Crown copyright and database right 2017 Ordnance Survey 100017908).
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3.3 Predictive Mapping Confidence 

Two types of confidence assessment were under taken for the polygons produced. The 
confidence in the statistical modelling output used to map the non-biogenic subtypes of 
Reefs, and Subtidal sandbanks is detailed in Table 6, and described in Section 3.1.2. This 
summarises how accurately the model mapped the presence and extent of every subtype 
habitat across the whole study area, but it does not reflect the accuracy of habitat polygons 
that were refined or produced using aerial imagery, acoustic data and rule-based methods. 
Also, this confidence assessment is not site specific, and sites that fed more survey points 
into the model would be expected to have habitat polygons with higher confidence if site 
based confusion matrices (as per Table 6) were created. Therefore, a second confidence 
assessment (as outlined in Section 2.5) was run on all the polygons. This provides an 
indication of the quality of the supporting information used to delineate the polygon 
boundary, and therefore reflects the confidence in the individual polygon extents. A   score of 
low, moderate or high was applied to each individual polygon based on the scoring system in 
Section 2.5, and this information is assigned to each polygon within the attribute table of the 
GIS geodatabase produced by this study. The range of confidence scores for each of the 
habitats mapped by site is provided in Appendix 1 as a way of summarising this information.  
This second confidence assessment does not take into account the results of the confusion 
matrix because not all habitats were mapped using the statistical modelling, and no habitat 
subtype was mapped to an accuracy of greater than 90% using the model.  The habitat 
polygons derived from the statistical model all started the confidence assessment with the 
same base score of low confidence, which only increased if there was aerial imagery or 
acoustic data supporting the extent (step 2, Figure 2), and/or if there were multiple sample 
points (particularly if collected in the last five years) that verified the extent of the polygon 
(Step 3, Figure 1). 
 
The confidence in extent of the mapped polygons varies across the features and the sites. 
Table 8 provides further detail on the drivers of the low, moderate and high confidence 
scores, how they should be interpreted, and the associated numbers and habitat types 
associated with these confidence categories.    
 

Table 8. Interpretation of confidence classes for polygon extent 

Confidence 
score 

Interpretation 

Low Polygons with with scores of 1 or 2 from the method outlined in Section 2.5 were 
assigned to the ‘low’ confidence category. This means that whilst there is confidence 
in the presence of the habitat at the polygon’s location, there is low confidence in the 
actual extent of the because of a lack of data to help delineate it.  
 
A score of 1 was given where a polygon’s extent was based on either the statistical 
model or existing mapped polygon extent and no other information.  
 
A score of 2 was given if a polygon’s extent was based on slightly more supporting 
data: 
 

 Both statistical modelling and existing polygon extents OR 
 Statistical modelling or existing polygon extents plus either acoustic data or 

aerial imagery (of poorer quality).  
 
However, polygons generated or modified from existing polygons may have been 
assigned a lower confidence than is actually the case, but it was not possible to give a 
higher score because the detail was not often available to provide the background on 
how the original polygon was created.  We would expect that in many cases, that the 
confidence in the polygon extent would be higher than indicated by the scoring. 
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A low confidence score for extent was given to the majority of polygons (16,896 out of 
17,365) due to the large number of polygons created solely via statistical modelling 
with inadequate ground truth sample data or acoustic or aerial imagery to help verify 
their extent.  
 

Moderate  Polygons could achieve a moderate confidence score for their extent if they had a 
total score of 3. These polygons have better data underpinning the delineation of their 
extent, and were mainly supported by aerial imagery (low or higher quality) or acoustic 
data,  and multiple ground truth data points, which subsequently imporves the 
condifence we have in where the boundary of the habitat has been drawn. A medium 
score was achievable by:  
 

 Polygon creation through statistical modelling/existing polygon extent plus 
acoustic or lower quality aerial imagery plus multiple ground truth point data 
supporting the extent, OR 

 Polygon creation through statistical modelling/existing polygon extent plus 
acoustic or lower quality aerial imagery plus multiple ground truth point data 
collected within the last 5 years supporting the extent 

 Polygon created through statistical modelling/existing polygon extent plus high 
quality aerial imagery 

 
A moderate confidence score for extent was given to 455 polygons (out of 17,365). 
These polygons covered the following sub type habitats Bedrock or Stony reefs, 
Sabellaria reefs, Horse mussel beds (Reef), Serpulid reefs, Gravelly and clean sands 
(Sandbanks), Muddy sands (Sandbanks), Mixed sediments (Sandbanks), Maerl beds 
(Subtidal sandbanks), Seagrass beds (Subtidal sandbanks), Muddy sands (Mudflats 
and sandflats), and Mudflats (Mudflats and sandflats). 
 

High Only 21 polygons (out of 17,365) achieved a high confidence score for their extent. 
These polygons covered the following sub type habitats; Bedrock or Stony Reefs, 
Muddy sands (Mudflats and sandflats) Mudflats or Horse mussel bed (Reefs). A 
higher confidence was given to these polygons as they had more data sources 
supporting the delineation of the polygon extents.  These data sources were sample 
point data collected in the last five years and either aerial imagery or acoustic data. 

 

3.3.1 Annex I Mudflats and Sandflats 

Muddy sand polygons in Loch Moidart and Loch Shiel Woods SAC were the only Mudflats 
and Sandflats polygons to achieve a high confidence score. To achieve a high score good 
quality aerial imagery needs to be verified with sample point data within the last 5 years.  
 
3.3.2 Annex I Reefs 

Annex I Reef habitats exist across the intertidal and subtidal zones, thus all modelling 
techniques were used to depict the extent of these habitats. The confidence in the Reef 
habitats varies across sites and it should be noted that Bedrock or Stony Reefs have been 
overestimated across all sites due to the slightly unbalanced sample data points which had a 
bias towards this subtype habitat. Due to the high number of sample points for Reef habitats 
most of the larger polygons are likely to have corresponding data point(s) within them and 
thus are more likely to have a moderate confidence, however, this only achieved where the 
samples have been collected within the last five years. Smaller polygons created are less 
likely to be verified with sample data points and thus have a lower confidence. 
 
3.3.3 Annex I Sandbanks 

Sandbank subtype habitats were mainly derived through statistical modelling and most of 
these polygons have a low confidence, unless they are supported by sample point data 
collected in the last five years and/ or high resolution acoustic data. In some cases habitats 
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within the shallow subtidal were delineated using the aerial imagery and verified by sample 
data, these polygons achieved a moderate confidence due to the quality of the aerial 
imagery.  
 
3.3.4 Protected Features and Annex I Biogenic Habitats 

Rule-based modelling was used to map the distribution the NC MPA features and the Annex 
I biogenic habitats such as Kelp and Seaweed on Sandbanks or Blue mussel bed Reefs. 
The confidence of these habitats is low unless there is imagery or acoustic data to help 
verify the extent of the feature. For example Horse mussel beds in Sullom Voe achieved a 
high confidence as they were modified from an existing polygon, had a number of sample 
points collected within the last five years and acoustic data supported the extent of the 
mapped habitat.  
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4. DATA LIMITATIONS AND RECOMMENDATIONS 

To further refine any predictive habitat mapping the primary improvement that could be 
made would be to increase the quantity and quality of available ground truth data. The 
quality of the available data within each site impacted on each of the modelling techniques 
employed. The following data improvements could be made to refine the outputs, however, 
considerable effort would be required to implement these improvements.  
 
The Marine Recorder snapshot holds a wealth of recorded sample data for benthic habitats, 
however, these data contains a large number of duplicate sample points that have different 
biotopes assigned to the same location. This caused a large problem for the statistical 
modelling as the covariant signatures for each point were being obscured by multiple 
habitats located at one point location. Duplicate samples at the same location can be the 
result of the following: heterogeneity of the sea bed; issues with biotope classification 
(epifaunal and infaunal sampling in the same location can result in different biotopes being 
applied); and older data not having the required level of locational information, e.g. older 
video transect data with different biotopes along the transect but only start, end and centroid 
locations being available to attribute them too.  
 
The airborne remote sensing data are three band imagery and do not contain the infrared 
spectrum. If the imagery did include this extra band the classification of vegetative habitats, 
for example Seagrass beds, could have been clearer. The data were not collected at low 
water springs, or even low tide, for any site and this limited utilising  the imagery to classify 
the entire extent of the intertidal habitats. If the imagery was flown at low water springs then 
a higher confidence could be assigned to the boundary defined through the classification of 
the imagery. Similarly if the whole site was surveyed on the same day, this would limit the 
creation of false boundaries where multiple surveys join. Multi-band freely available imagery 
collected via satellites such as the European Space Agency (ESA) Sentinel series and the 
United States Geological Survey (USGS) Landsat data could be valuable to habitat 
classification. There are, however, limitations to using these datasets to classify intertidal 
habitats, related to the coarser resolution of the imagery, for example the Sentinel series 
collects data at 10 m resolution. Further to this, the timing of the data capture cannot be 
prearranged therefore cloud cover and the tidal state at the time of data capture may make 
the data unsuitable for intertidal classification. Finer resolution (sub-metre) satellite imagery 
can be purchased from companies such as DigitalGlobe, however these data will come at a 
higher cost than aerial imagery. 
 
This study utilised high resolution multibeam bathymetry where this was available for a site. 
These data along with associated collected products such as backscatter allowed for high 
resolution delineation of habitats divided into large topographic groups, i.e. flat, homogenous 
sediments versus rugose rocky outcrops. These acoustic data is of great use when it comes 
to creating higher resolution habitat extents, although it does still rely on point sample data 
being collected to verify the particular habitat against the acoustic signature. If further high 
resolution acoustic data were collected it could be used to further refine the habitat extents.  
 
Large scale Scotland-wide environmental parameter data layers were utilised within the 
statistical and rule-based modelling. These data layers came at a variety of resolutions and 
although useful in most areas, their extent did not always reach the coastline. This limited 
the automated modelling results to the extent of underlying data layers. These had to be 
manually modified to extend them to the coastline limits. A number of these environmental 
data layers (wave and tide) were themselves generated through modelling techniques. 
Where these modelled environmental parameter layers could be improved, or where access 
to the original data used for modelling these layers could be gained, this would result in an 
improvement to the predictive habitat modelling results.  
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5. SUMMARY 

This study mapped the distribution and extent of protected features within 25 SACs, a NC 
MPA and two NC MPA proposals using three predictive modelling techniques and the best 
available data for each site. The combination of three modelling techniques allowed for the 
predictive mapping to reach the full extent of the sites covering the intertidal and subtidal 
areas where applicable. A confidence assessment was undertaken on all the mapped 
polygons to provide an idea of the quality of the supporting information used to delineate the 
polygon boundary. 
 
Statistical modelling was used to map broadscale Annex I habitats such as Bedrock or Stony 
Reefs and was a very useful tool for mapping habitats where no survey data existed but 
where physical parameter layers could be used to predictively map the habitats in the area. 
The classification of habitats using the aerial imagery was successful in the intertidal areas 
and the shallow subtidal where this was visible; it was also used to verify the extent of 
habitats created through rule-based modelling where these were also visible. Rule-based 
modelling was the most accurate technique to map features which were at a finer scale and 
had multiple sample points to help define the feature extent.  
 
The final delineated mapping products vary in resolution and accuracy across the sites 
depending on the level and quality of data available for that site. For example multiple 
datasets were available in the Sound of Barra which allowed for the delineation of habitats 
across the site to a high resolution and higher confidence. In contrast to this ground truth 
data were only available from one report within East Mingulay SAC which focussed on the 
Cold-water coral reefs, therefore the other Reef habitats within the site are mapped with a 
low degree of confidence. 
 
Improvement of the final products could be achieved through the collection of further ground 
truth samples, imagery and acoustic data. Where the data are poor or not well distributed 
within a site, additional data would help to augment the mapping of specific feature extents. 
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7. APPENDIX 1: SITE REVIEWS 

7.1 Introduction 

The findings of the data appraisal for the 25 SACs, one NC MPA and two NC MPA proposals 
are detailed within this Appendix, providing a summary of the existing data sets available 
including the extent and quality of each data set. A commentary is also provided for each site 
discussing the available data and any issues with the data available for the site. Further 
information is provided detailing the Annex I habitats, subtype habitats and features which 
have been mapped for each site. This outlines the method of mapping employed for each 
habitat or feature within the site, where data limitations impacted on the mapping process and 
a summary of the confidence in mapping the extent of the habitats within each site, derived 
from the range of confidence scores given to polygons as described in Section 3.3.  
 
There are a number of data layers which are available across all Scottish waters and these 
are detailed in Table 9. Where the coverage or quality of one of these data layers varies 
greatly within a site, this is detailed commentary for that site. Marine Recorder has been used 
as the main source of sample point data and for each site the number of points used to 
validate each feature and the source and age of that data is listed. 
 

Table 9. Data layers available across Scottish waters. 

Data Layer Description Data Sources Comments 

Aerial imagery Aerial imagery of the 
intertidal zone 

GetMapping Will be of limited use due to 
the variable tidal level of the 
data. 

OS Intertidal Zone Limits of the intertidal 
zone 

OS Mastermap Intertidal zone derived from 
OS high and low water 
lines. 

Article 17 Annex I Reef 
layer v7  

Potential and high 
confidence reef extents 

JNCC Modelled data. 

Oceanwise DEM Seabed depth Oceanwise  One seamless data layer 
derived and smoothed from 
multiple sets of survey data. 

EUSeaMap Habitats 
2012 

Sediments/biological 
zones/predictive 
broadscale habitats 

EMODnet Poor resolution and sparse 
in coastal areas. 

EUSeaMap Light 
Attenuation 2016 

Light attenuation at 
surface and seabed 

EMODnet Data provided as fraction of 
surface light reaching the 
seabed. Limited coverage in 
coastal areas. 

EUSeaMap Energy  Wave and current 
energy at the seabed 

EMODnet Data provides the kinetic 
energy n/m2 from both 
wave and currents at the 
seabed, these data are 
modelled. Limited coverage 
in coastal areas. 
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7.2 Berwickshire and North Northumberland Coast SAC (UK0017072) 

This SAC includes an extensive and diverse stretch of coastline in north-east England and 
south-east Scotland. The site is designated for the following marine habitats and species: 
Mudflats and Sandflats, Reefs, Submerged or partially submerged sea caves, Large shallow 
inlets and bays, and Grey seals (Halichoerus grypus). There is variation in the distribution of 
features of interest along the coast. Only the area of this site which covers Scottish territorial 
waters has been included within this project.  
 
7.2.1 Available data within the site 

Table 10. List of feature sample point data (Marine Recorder data) for Berwickshire and North 
Northumberland Coast SAC. 

Source ID Source Details (Survey name where applicable) 

S1 1992 MNCR North Berwick to Burnmouth littoral survey 

S2 1992 MNCR North Berwick to Burnmouth sublittoral survey 

S3 1994 Envision - Berwickshire 94 

S4 1994 SNH ROV survey of St Abbs and Eyemouth 

S5 1997 SNH survey of sea caves in Berwickshire and North Northumberland Coast cSAC 

S6 2002 English Nature/ASM survey of Berwickshire and North Northumberland Coast 

S7 2003 Seasearch Scotland St Abbs 

S8 2003 SNH SCM survey of Berwickshire and North Northumberland Coast littoral and 
sublittoral caves 

S9 2007 Seasearch Scotland Eyemouth and St Abbs 

S10 2008 Seasearch Scotland Eyemouth and St Abbs 

S11 2009 Envision Mapping NE Berwickshire and North Northumberland European Marine 
Site 

S12 2009 Seasearch Scotland Eyemouth and St Abbs 

S13 2010 Seasearch Scotland Eyemouth 

S14 2010 Seasearch Scotland St Abbs 

S15 2011 Seasearch Scotland Eyemouth (various) 

S16 2011 Seasearch Scotland North of St Abbs Survey (various) 

S17 2011 Seasearch Scotland survey of St Abbs (various) 

S18 2012 Seasearch Scotland Eyemouth survey 

S19 2012 Seasearch Scotland St Abbs survey 

S20 2013 Seasearch Scotland St Abbs and Souter Point survey 

S21 2014 Seasearch Scotland Eyemouth and St Abbs survey 

S22 2015 Seasearch Scotland Eyemouth and St Abbs survey 
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Table 11. List of features validated by ground truthed point data (Marine Recorder data) for 
Berwickshire and North Northumberland Coast SAC. 

Annex I 
Habitat 

Annex I Subtype Habitat Number 
of 
points 

Number of 
points < 10 
years old 

Source of Data 

Mudflats and 
Sandflats 

Clean sands 1 0 S1 

Reef Bedrock 139 57 S1, S2, S3, S4, S5, S7, 
S8, S9, S11, S12, S13, 
S14, S15, S16, S17, 
S18, S19, S20, S21, S22 

Reef Stony 6 0 S1 

Reef Biogenic (Horse mussel 
Beds) 

3 3 S17 

Reef Bedrock or Stony 277 154 S1, S2, S3, S4, S5, S6, 
S7, S8, S9, S10, S11, 
S12, S13, S14, S15, 
S16, S17, S18, S19, 
S20, S21, S22 

Sandbanks Gravelly and clean sands 44 30 S2, S3, S4,S13, S14, 
S16, S17, S18, S19, 
S20, S21, S22 

Sandbanks Mixed sediments 19 9 S2, S3, S4, S9, S12, 
S19, S21, S22 

Sandbanks Muddy sands 5 0 S2, S3, S4 

Sandbanks Sandbank feature (Seagrass 
beds) 

1 1 S22 

Sandbanks Gravelly and clean sands or 
Muddy sands 

2 1 S3, S15 

Sandbanks Not assigned 1 1 S8 
 

Table 12. Data layers available from other sources for Berwickshire and North 
Northumberland Coast SAC. 

Data Layer Description Coverage over the 
site (% estimate, 
no of points etc.) 

Data 
Sources 

Comments 

Article 17 Annex I 
Reef layer v7 

Potential and 
high confidence 
reef extents. 

30% in Scottish 
waters 

JNCC Modelled data with a 
number of ground truth 
points where high 
confidence in the 
polygon exists. 

GeMS Species 
point data 

Species 249 points SNH Data covers a range of 
species. 

 

The following features have existing polygons previously mapped within the site: 
 
 Reefs - high and potential polygons for Bedrock, Stony and Biogenic from JNCC Article 

17 layer v17. 
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7.2.2 Features mapped within the site 

Annex I Reefs and Sandbanks were mapped within the Berwickshire and North 
Northumberland Coast SAC (Table 13). Although data points exist for Horse mussel beds 
within the site, these are linear in distribution and have no corresponding environmental 
parameters to help define a habitat boundary and as a result were not mapped. One area of 
Mudflats and Sandflats was identified within the site using the aerial imagery and the point 
data were used to assign a subtype to the derived extent. The statistical modelling technique 
was mainly used within this site to define the habitat boundaries, with aerial imagery used to 
extend the Bedrock or Stony reef into the intertidal. A number of sample points were well 
distributed throughout the intertidal and shallow subtidal zone, helping to verify the outputs of 
the statistical modelling and the imagery classification.  
 

Table 13. Mapped features within Berwickshire and North Northumberland Coast SAC. 

Annex I Habitat Habitat Subtype Method Confidence in 
polygon extent  
(score range) 

Mudflats and 
Sandflats 

Clean sands or Muddy sands Imagery classification Low 

Reefs Bedrock Statistical Low - Moderate 

Reefs Bedrock or Stony Statistical & Imagery 
classification 

Low, High 

Reefs Stony Statistical Low – Moderate 

Sandbanks  Gravelly and clean sands Statistical & Imagery 
classification 

Low – Moderate 

Sandbanks  Gravelly and clean sands or 
Muddy sands 

Statistical  Low 

Sandbanks Mixed sediments Statistical Low 

Sandbanks  Muddy sands Statistical Low 

 

7.2.3 Comparison to existing predictive mapping of Annex I habitats in the site 

Previous mapping on the distribution of potential Reef areas from the Article 17 Reef layer 
broadly matches the mapping outputs for Bedrock or Stony Reefs within the SAC. There are 
some slight discrepancies between the extent of the newly mapped Sandbank habitats and 
areas of potential Reef, however, the sample point data would suggest these areas are more 
likely to be Sandbanks. 
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7.3 Dornoch Firth and Morrich More SAC (UK0019806) 

Dornoch Firth is the most northerly large, complex estuary in the UK. The estuary is fed by the 
Kyle of Sutherland and is largely unaffected by industrial development. Sample data points for 
this site are mostly greater than 10 years old with only one targeted survey (for Horse mussel 
beds) which has been completed within the last 10 years. The site is designated for the 
following marine habitats and species: Mudflats and Sandflats, Reefs, Sandbanks, Estuaries, 
Atlantic salt meadows, Salicornia and other annuals colonising mud and sand, Otters (Lutra 
lutra) and Harbour seal (Phoca vitulina). 
 
7.3.1 Available data within the site 

Table 14. List of feature sample point data (Marine Recorder data) for Dornoch Firth and 
Morrich More SAC. 

Source ID Source Details (Survey name where applicable) 

S1 1973 NCC Dornoch Firth littoral survey 

S2 1996 SNH BSM survey of Dornoch Firth seabed and shore habitats and biota 

S3 2004 SNH Moray Firth SAC sublittoral biotope mapping survey 

S4 2004 SNH SCM survey of estuarine environments in Dornoch Firth cSAC 

S5 2016 HWU Dornoch Firth Survey 

 

Table 15. List of features validated by ground truthed point data (Marine Recorder data) for 
Dornoch Firth and Morrich More SAC. 

Annex I Habitat Annex I Subtype Habitat Number of 
points 

Number of 
points < 10 
years old 

Source of Data 

Mudflats and 
Sandflats 

Clean Sands 32 0 S1, S2 

Mudflats and 
Sandflats 

Clean or Muddy Sands 92 0 S1, S2, S4 

Mudflats and 
Sandflats 

Muddy Sands 104 0 S1, S2, S4 

Mudflats and 
Sandflats 

Mudflats 22 0 S1, S2, S4 

Mudflats and 
Sandflats 

Sediment flat feature (Blue 
mussel beds) 

15 0 S1 

Mudflats and 
Sandflats 

Sediment flat feature (Seagrass 
beds) 

28 0 S1, S2, S4 

Mudflats and 
Sandflats 

Not assigned 24 0 S1, S2 

Reefs Stony 22 0 S2, S4 

Reefs Bedrock or Stony 44 0 S2, S4 

Reefs Biogenic (Blue mussel Beds) 10 0 S1, S2, S4 

Reefs Biogenic (Horse mussel Beds) 3 3 S5 

Sandbanks Gravelly and clean sands 1 0 S4 

Sandbanks Muddy sands 1 0 S4 

Sandbanks Gravelly and clean sands or 
Muddy sands 

17 0 S3, S4 
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Sandbanks Mixed sediments 12 0 S2, S3 

Sandbanks Not assigned 12 0 S2 

 

Table 16. Data layers available from other sources for Dornoch Firth and Morrich More SAC. 

Data Layer Description Coverage  
over the site 
(% estimate) 

Data 
Sources 

Comments 

2004 SCM of 
Dornoch Firth and 
Morrich More 

Point locations of 
boundaries of mussel 
bed outcrops and 
sampled Zostera 
locations 

5 mussel bed 
outcrops, 97 
Zostera points 

BMT Cordah  

2016 HWU 
Dornoch Firth 
survey 

Three locations of 
mussel beds 

3 point locations HWU  

Aerial imagery Aerial imagery of the 
intertidal zone 

Definitely not low 
tide. Most of the 
intertidal is 
covered at the 
estuary source 
more is visible at 
the estuary mouth 

GetMapping Will be of limited 
use due to the 
variable tidal level 
of the data 

Article 17 Annex I 
Reef layer v7  

Potential and high 
confidence reef 
extents 

Mostly potential 
with an area of 
high 

JNCC Modelled data 

GeMS Species 
point data 

Species 17 points SNH Data covers a 
range of species 

 

The following features have existing polygons previously mapped within the site: 
 
 Reefs - Blue mussel bed boundaries from 2004 SCM of Dornoch Firth and Morrich More 

SAC. 
 Reefs - Bedrock or Stony areas of high potential from the Article 17 Annex I Reef layer 

v7. 
 
7.3.2 Features mapped within the site 

Annex I Mudflats and Sandflats, Reefs and Sandbanks were mapped within the Dornoch Firth 
and Morrich More SAC (Table 17). The Mudflats and Sandflats were mapped using 
classification of the aerial imagery. In some locales of the estuary the imagery was not flown 
at low tide, in these areas the Mudflats and Sandflats were extended where applicable using 
the OS intertidal zone boundary. The sample point data were used to assign subtypes to the 
derived Mudflats and Sandflats polygons. It is worth noting that the boundaries between 
subtype habitats are mapped as a straight shift to another subtype, where it is more likely that 
a gradual transition occurs between habitats such as Clean sands to Clean sands or Muddy 
sands. The majority of the estuary is fairly shallow sandy and muddy habitats and due to this, 
the boundary of the intertidal is likely to be dynamic and to change over time. 
 
The biogenic habitats within the site (Seagrass beds, Blue mussel and Horse mussel beds) 
were mapped using a rule-based approach to limit the site boundary via point distribution and 
environmental parameters, and using aerial imagery where they were visible. Existing data for 
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Blue mussel bed outcrops (2004 SCM of Dornoch and Morrich More) were used in conjunction 
with the sample point data and environmental parameters to define the extents of these 
mussel beds. On the south bank of the estuary a number of sample points existed for Blue 
mussel beds which were from surveys greater than 20 years old (1974). In addition the Blue 
mussel beds were not visible on the aerial imagery, therefore Blue mussel beds were not 
mapped in these locations. Although some of associated biotope codes for the sample point 
data representing Blue mussel beds indicated these were Reef habitats, confirmation of the 
Mudflats and Sandflats habitats on which they were located meant these polygons were 
assigned to Sediment flat features – Blue mussel beds. 
 
Statistical modelling was utilised to map the distribution of Sandbank habitats within the site, 
which were limited to the subtidal zone using the OS intertidal zone limits.  
 

Table 17. Mapped features within Dornoch Firth and Morrich More SAC. 

Annex I 
Habitat 

Habitat Subtype Method Confidence in polygon 
extent (score range) 

Mudflats and 
Sandflats 

Clean sands Imagery 
classification 

Low – Moderate – High 

Mudflats and 
Sandflats 

Clean sands or Muddy sands Imagery 
classification 

Low – Moderate – High 

Mudflats and 
Sandflats 

Muddy sands Imagery 
classification 

Low – Moderate – High 

Mudflats and 
Sandflats 

Mudflats Imagery 
classification 

Low – Moderate – High 

Mudflats and 
Sandflats 

Sediment flat feature (Seagrass 
beds) 

Rule-based & 
Imagery 
classification 

Moderate 

Mudflats and 
Sandflats 

Sediment flat feature (Blue 
mussel beds) 

Rule-based & 
Imagery 
classification 

Moderate – High 

Reefs Horse mussel beds Rule-based Moderate 

Sandbanks Gravelly and clean sands Statistical Low 

Sandbanks Gravelly and clean sands or 
Muddy sands 

Statistical Low – Moderate – High  

Sandbanks Muddy sands Statistical Low – Moderate 

Sandbanks Mixed sediments Statistical Low – Moderate 

 

7.3.3 Comparison to existing predictive mapping of Annex I habitats in the site 

Previous mapping products from both the 2016 HWU and the 2004 SCM surveys of the 
Dornoch Firth were directly used within the creation of the mapping products with some 
refinement based on newly acquired data. Older mapping from the 1996 BSM of the Dornoch 
Firth produced broadscale mapping products for the SAC which are similar in some areas of 
the site, however, the extents of the biogenic habitats and the intertidal habitats have been 
refined using the aerial imagery. Due to the nature of the site (predominately sandy, muddy 
sediments within a large estuary) high resolution imagery captured at low tide would allow for 
more accurate mapping of the intertidal habitats. 
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7.4 East Mingulay SAC (UK0030364) 

The reef areas to the east of Mingulay in the Outer Hebrides are found within a wide trench in 
the sea bed at depths of about 100 to 250 m. The site is designated for Reefs, in particular 
those of the cold water coral Lophelia pertusa. Only one point sampling survey was available 
for this site from 2010. 
 
7.4.1 Available data within the site 

Table 18. List of feature sample point data (Marine Recorder data) for East Mingulay. 

Source ID Source Details (Survey name where applicable) 

S1 2010 MSS Mingulay seabed camera survey 

 

Table 19. List of features validated by ground truthed point data (Marine Recorder data) for 
East Mingulay. 

Annex I Habitat Annex I Subtype Habitat Number of 
points 

Number of points 
< 10 years old 

Source of 
Data 

Reef Bedrock or Stony 3 3 S1 

Reef Cold-water coral reefs 6 6 S1 

 

Table 20. Data layers available from other sources for East Mingulay. 

Data Layer Description Coverage 
over the site 
(% estimate) 

Data Sources Comments 

2003 The MINCH 
project - inshore 
coral habitats survey 

Sidescan Data 20% The MINCH 
project 

 

2010 Mingulay 
datalayers 
assessment 

Reef polygons, not 
biotope specific 

50% Watmough, 
(2008), based 
on multibeam 
data from 
Duineveld, 
Royal NIOZ 
(as published 
in Davies et 
al., 2009) 

Data layers derived 
from the seabed 
camera survey 

BGS PSA points Sediments 6 points BGS  

Article 17 Annex I 
Reef layer v7  

Potential and high 
confidence reef 
extents for 
biogenic and 
bedrock reefs 

Mostly 
potential with 
an areas of 
high 
confidence 

JNCC Modelled data 

GeMS Habitat layers Cold-water coral 
reefs and deep 
sponge community 
polygons. 

20% SNH (2003 
Mapping 
Inshore Coral 
Habitats the 
MINCH 
project) 

It looks like the 2003 
sidescan data from 
the MINCH project 
was used to identify 
the habitats 
boundary. 

GeMS Species point 
data 

Species 37 points SNH Data covers a range 
of species. 
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The following features have existing polygons previously mapped within the site: 
 
 Reefs – Cold-water coral reefs from GeMS Habitat layers and 2010 Mingulay data layers 

assessment 
 Reefs - Bedrock or Stony from Article 17 v7 and 2010 Mingulay data layers assessment 

 
7.4.2 Features mapped within the site 

Annex I Reefs were mapped within the East Mingulay SAC (Table 21). Existing polygons for 
Cold-water coral reefs (2010 Mingulay data layers assessment) were used within this site but 
these layers were modified slightly to remove small polygons (less than 100 m2) and to 
remove any topological errors (i.e. dangles). Statistical modelling was then used to map the 
extent of Bedrock or Stony Reefs. There are a low number of sample points within the site and 
these are clustered around the Cold-water coral reefs. Due to this, existing data on the extent 
of mud and sand habitats from the 2010 Mingulay data layers assessment were used to limit 
the extent of the Bedrock or Stony Reefs. 
 

Table 21. Mapped features within East Mingulay SAC. * Polygons generated/ modified from 
existing polygons already produced for the site from other reports/studies may have been 
assigned a lower confidence than is actually the case, because of a lack of information on how 
the original polygons were created.  Therefore we would expect that in many cases, that the 
confidence in the polygon extent would be higher than indicated by the scoring. 

Annex I Habitat Habitat Subtype Method Confidence in 
polygon extent 
(score range) 

Reefs Cold-water coral reefs Existing polygons Low* 

Reefs  Bedrock or Stony Existing polygons, 
Statistical 

Low* 

 

7.4.3 Comparison to existing predictive mapping of Annex I habitats in the site 

Previous mapping from the 2010 Mingulay data layers assessment was directly used within 
the mapping of the final products. The Article 17 reef layer mainly matches the 2010 data 
layers and the produced mapping products.  
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7.5 Firth of Lorn SAC (UK0030041) 

This well-defined discrete area encompasses a complex group of islands, sounds and inlets 
characterised by some of the strongest tidal streams in the UK. The coastline along the site 
boundary is mainly rocky which is validated by the lack of survey sample points (Table 23) for 
Mudflats and Sandflats. The site is designated for Reefs. 
 
7.5.1 Available data within the site 

Table 22. List of feature sample point data (Marine Recorder data) for Firth of Lorn SAC. 

Source ID Source Details (Survey name where applicable) 

S1 1970-80 SMBA/MBA Great Britain littoral survey 

S2 1982 OPRU Jura and Islay sublittoral survey 

S3 1988 MNCR Firth of Lorn various surveys 

S4 1989 UMBSM/MNCR Sound of Luing (Firth of Lorn) survey 

S5 1995 MNCR western Scotland lagoons survey 

S6 1996 Envision - F.of Lorne Dec96 

S7 1996 Envision - F.of Lorne Jun96 

S8 1996 SNH ROV survey in Firth of Lorn (Argyll) 

S9 1997 Envision - F.of Lorne Jul97 

S10 1997 Envision - F.of Lorne Sep97 

S11 1998 Envision - F.of Lorne Jun98 

S12 1998 Envision - F.of Lorne Sep98 

S13 2005 Seasearch Scotland MCS Northern Sea Fan Survey - Garvellachs, Firth of Lorn 

S14 2005 SNH SCM survey of rocky reefs in the Firth of Lorn SAC 

S15 2007 Seasearch Scotland Firth of Lorn 

S16 2009 Seasearch Scotland Firth of Lorn April and July 

S17 2009 Seasearch Scotland Firth of Lorn Sept 09 

S18 2010 Seasearch Scotland Firth of Lorn (various) 

S19 2012 Seasearch Scotland Firth of Lorn Survey 

S20 2013 Seasearch Scotland Firth of Lorn survey 

S21 2014 Seasearch Scotland Firth of Lorn survey 

 

Table 23. List of features validated by ground truthed point data (Marine Recorder data) for 
Firth of Lorn SAC. 

Annex I 
Habitat 

Annex I Subtype Habitat Number 
of points 

Number of 
points < 10 
years old 

Source of Data 

Reef Bedrock 111 20 S8, S9, S10, S11, S12, 
S14, S15, S16, S17, S19, 
S20, S21. 

Reef Stony 31 2 S2, S4, S14, S20 

Reef Bedrock or Stony 392 40 S1, S2, S3, S4, S5, S6, 
S7, S8, S9, S10, S11, 
S12, S13, S14, S15, S16, 
S17, S18, S19, S20, S21 

Sandbanks Gravelly and clean sands 59 4 S6, S8, S10, S11, S12, 
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S13, S14, S17, S20 

Sandbanks Mixed sediments 63 3 S6, S8, S9, S10, S11, 
S12, S14, S17, S20 

Sandbanks Muddy sands 3 0 S14 

Sandbanks Sandbank feature (Kelp 
and seaweed) 

22 0 S2, S3, S7, S9, S10, S13, 
S14 

Sandbanks Not assigned 36 1 S6, S9, S10, S11, S12, 
S16 

 

Table 24. Data layers available from other sources for Firth of Lorn SAC. 

Data Layer Description Coverage 
over the site 
(% estimate) 

Data Sources Comments 

1996-98 BSM of 
sublittoral habitats in 
the Firth of Lorn 

Sublittoral 
habitat 
polygons. 

100% Davies (1999)  

1997 BSM of intertidal 
habitats in the Firth of 
Lorn 

Intertidal 
habitat 
polygons. 

100% of 
intertidal 

1998 BSM of 
shore habitats 
and biota in the 
Firth of Lorn. 

 

2013 SAMS predictive 
habitat classification 

Predictive 
biotope 
habitats 

80% INIS Hydro 
project & 
Butters (2013). 

 

BGS PSA points Sediments 3 points BGS  

Article 17 Annex I Reef 
layer v7  

Potential 
confidence reef 
extents. 

Only potential 
at 60% 
coverage 

JNCC Modelled data 

GeMS Species point 
data 

Species 186 points SNH Data covers a range 
of species. 

 

The following features have existing polygons previously mapped within the site: 
 
 There are existing biotope polygons for both sublittoral and intertidal, however these are 

not correlated to Annex I habitats. 
 
7.5.2 Features mapped within the site 

Annex I Mudflats and Sandflats, Reefs and Sandbanks were mapped within the Firth of Lorn 
SAC. Existing high resolution data from 2013 SAMS predictive habitat classification were used 
to map the distribution of Reef and Sandbank habitats over a large extent of the SAC. The 
SAMS predicted data were correlated to Annex I level habitats but due to the low number of 
sample points to confirm the biotopes within the site, no subtypes were assigned.  
 
There were areas within the SAC not covered by this dataset; these were the intertidal and 
shallow subtidal areas and two areas to the south-west of the site. Existing data from the 1997 
BSM of intertidal habitats in the Firth of Lorn were used to assign Annex I habitats to the 
intertidal areas. This was mosaicked to the predictive mapping using the sample point data to 
assign habitats to the shallow subtidal. To provide complete coverage of the site the outputs 
from the statistical modelling were used to cover the areas to the south-west of the site, and 
these were modified to remove non-Reef areas using the 1996 BSM data as a guide. The 
sample point data were then used to help merge the data into a seamless dataset. To allow 
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consistency across the site and due to the low number of sample points across the whole site 
no subtypes were assigned to any habitat. Sandbank habitats were restricted to a depth of 20 
m, any Sandbanks deeper than that were not included in the final GIS products. 
 
Due to the large area the site covers and the fine resolution of the SAMS predictive habitat 
classification data (5 m) two final mapping datasets were provided for this site at different 
resolutions. Topographic cleaning of holes in polygons and removal of small polygons was 
carried out on this data at 100 m2 and 500 m2, resulting in two datasets with different polygon 
complexities. 
 

Table 25. Mapped features within Firth of Lorn SAC. * Polygons generated/ modified from 
existing polygons already produced for the site from other reports/studies may have been 
assigned a lower confidence than is actually the case, because of a lack of information on how 
the original polygons were created.  Therefore we would expect that in many cases, that the 
confidence in the polygon extent would be higher than indicated by the scoring. 

Annex I Habitat Habitat Subtype Method Confidence in 
polygon extent (score 
range) 

Mudflats and Sandflats Not assigned at subtype level Existing 
polygons & 
Rule-based 

Low* 

Reefs Not assigned at subtype level Existing 
polygons & 
Statistical 

Low* 

Sandbanks Not assigned at subtype level Existing data & 
Statistical 

Low* 

 

7.5.3 Comparison to existing predictive mapping of Annex I habitats in the site 

All the previous mapping completed within this SAC was considered in the study with both the 
2013 SAMS predictive habitat classification and the 1996 BSM data utilised to create the final 
data polygons. This is the first mapping product that covers the full extent of the site to give a 
seamless picture of the habitats. The spread of sample data points within this SAC are located 
around the coastal areas therefore it is not possible to verify the majority of habitat polygons 
outwith these areas. Further sampling across the site could be used to improve any future 
mapping refinement. 
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7.6 Firth of Tay & Eden Estuary SAC (UK0030311) 

The Firth of Tay and the Eden estuary are two high-quality estuarine areas. The Tay is the 
least-modified of the large east coast estuaries in Scotland, while the Eden estuary represents 
a smaller ‘pocket’ estuary. No survey data were available for the site within the last 10 years 
(Table 26). The site is designated for the following marine habitats and species: Mudflats and 
Sandflats, Sandbanks, Estuaries and the Harbour seal (Phoca vitulina). 
 
7.6.1 Available data within the site 

Table 26. List of feature sample point data (Marine Recorder data) for Firth of Tay & Eden 
Estuary SAC. 

Source ID Source Details (Survey name where applicable) 

S1 1977-81 Eleftheriou/Robertson east Scotland littoral sediment survey 

S2 1989 University of Dundee Tay estuary survey 

S3 1990 University of Dundee Tay estuary survey 

S4 1992 University of Dundee Riverside landfill EIA survey 

S5 2002 Joint BSM survey of Firth of Tay and Eden Estuary 

 

Table 27. List of features validated by ground truthed point data (Marine Recorder data) for 
Firth of Tay & Eden Estuary SAC. 

Annex I Habitat Annex I Subtype Habitat Number of 
points 

Number of 
points < 10 
years old 

Source of 
Data 

Mudflats and Sandflats Clean Sands 83 0 S1, S3, S4, 
S5 

Mudflats and Sandflats Clean or Muddy sands 49 0 S5 

Mudflats and Sandflats Muddy sands 90 0 S2, S3, S4, 
S5 

Mudflats and Sandflats Mudflats 51 0 S2, S4, S5 

Mudflats and Sandflats Sediment flat feature (Blue 
mussel beds) 

1 0 S3 

Mudflats and Sandflats Sediment flat feature 
(Seagrass beds) 

7 0 S5 

Reefs Bedrock or Stony 68 0 S5 

Reefs Biogenic (Blue mussel 
beds) 

45 0 S3, S5 

Reefs Stony 9 0 S5 

Sandbanks Gravelly and clean sands 33 0 S3, S5 
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Table 28. Data layers available from other sources for Firth of Tay & Eden Estuary SAC. 

Data Layer Description Coverage over the 
site (% estimate) 

Data 
Sources 

Comments 

2002 Firth of Tay 
And Eden Estuary 
polygons and 
bathymetry data 

Habitat 
biotope 
polygons 

Polygons 100% SNH Same survey as 
points in 2002 joint 
BSM survey of Firth of 
Tay and Eden 
Estuary. 

Aerial imagery Aerial imagery 
of the intertidal 
zone 

Not flown at 
MLWS, but does 
show part of 
intertidal (>50%). 
Looks like multiple 
surveys of data 
cover the site. 

GetMapping Multiple surveys cover 
the extent of the site. 

Article 17 Annex I 
Reef layer v7  

Potential 
confidence 
reef extents. 

Only potential 
areas 

JNCC Modelled data 

GeMS Habitat layers Seagrass 
beds 

 DEFRA 
MB0102 

Some of the polygons 
are buffers of points. 

GeMS Species point 
data 

Species 116 points SNH Data covers a range 
of species. 

 

The following features have existing polygons previously mapped within the site: 
 
 Mudflats and Sandflats - Seagrass beds from GeMS Habitat polygon layers. 
 Other biotope polygon data exists, however no specific Annex I habitat polygons. 

 
7.6.2 Features mapped within the site 

Annex I Mudflats and Sandflats, Reefs and Sandbanks were mapped within the Firth of Tay 
and Eden Estuary (Table 29). Imagery classification was used to map the Mudflats and 
Sandflats within the site, and where the imagery was poor due to multiple surveys this was 
modified using the OS intertidal zone limits. The sample point data were then used to classify 
the subtype habitats within the Mudflats and Sandflats, although these boundaries are 
mapped as a straight shift to another subtype it is more likely that a gradual transition occurs 
between habitats such as Clean sands to Clean sands or Muddy sands. One area of 
Sediment flat feature, Blue mussel beds, was delineated using the sample point data and the 
aerial imagery to define the feature extent. It is worth noting that due to the majority of the 
estuary being fairly shallow sandy and muddy habitats that the boundary of the intertidal is 
likely to be dynamic and to change over time. 
 
Statistical modelling was used to map the distribution of Reefs and Sandbanks with the 
exception of the subtidal biogenic habitat, Blue mussel beds. The Blue mussel bed extent was 
defined via seabed roughness from the 2002 bathymetry data along with occurrence of point 
data. Existing polygons for Seagrass beds (2002 broadscale mapping of habitats in the Firth 
and Eden Estuary) was used in the northern shore of the estuary, however, confidence in the 
extent is low as it is not supported by the aerial imagery. 
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Table 29. Mapped features within Firth of Tay and Eden Estuary SAC.  

Annex I Habitat Habitat Subtype Method Confidence in 
polygon extent 
(score range) 

Mudflats and Sandflats Not assigned at subtype 
level 

Imagery classification Low 

Mudflats and Sandflats Clean sands  Imagery classification Low - Moderate 

Mudflats and Sandflats Clean sands or Muddy 
sands 

Imagery classification Low 

Mudflats and Sandflats Muddy sands Imagery classification Low – Moderate 

Mudflats and Sandflats Mudflats Imagery classification Low – Moderate 

Mudflats and Sandflats Sediment flat feature 
(Seagrass beds) 

Existing data & 
Imagery classification 

Low 

Mudflats and Sandflats Sediment flat feature (Blue 
mussel beds) 

Existing data, Rule-
based & Imagery 
classification 

Low 

Reefs Biogenic (Blue mussel 
beds) 

Rule-based Low 

Reefs Bedrock or Stony Statistical Low 

Reefs Stony Statistical Low – Moderate 

Sandbanks  Gravelly and clean sands Statistical Low 

Sandbanks Gravelly and clean sands 
or Muddy sands 

Statistical Low 

Sandbanks Muddy sands Statistical Low 

Sandbanks Mixed sediments Statistical Low 

 

7.6.3 Comparison to existing predictive mapping of Annex I habitats in the site 

Previous mapping from the 2002 Firth of Tay and Eden Estuary polygons are slightly coarser 
resolution than the new mapping products. The aerial imagery was used to define the 
boundary of the intertidal within the site creating a more accurate representation. Yet, the 
imagery quality varies across the site and full coverage of the site captured at low tide would 
result in a better refinement of the intertidal/subtidal boundary.  
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7.7 Isle of May SAC (UK0030172) 

The Isle of May, lying at the entrance to the Firth of Forth on the east coast of Scotland and is 
designated for the following marine habitats and species: Reefs and a breeding colony of Grey 
seals (Halichoerus grypus).  
 
7.7.1 Available data within the site 

Table 30. List of feature sample point data (Marine Recorder data) for Isle of May SAC. 

Source ID Source Details (Survey name where applicable) 

S1 1987 MNCR Isle of May (Fife) survey 

S2 1993 SNH ROV survey of the Isle of May 

S3 2002 Envision - I.of May Oct02 

S4 2007 SNH SCM survey of rocky reefs around the Isle of May 

S5 2015 Seasearch Scotland Firth of Forth survey 

 

Table 31. List of features validated by ground truthed point data (Marine Recorder data) for 
Isle of May SAC. 

Annex I Habitat Annex I Subtype Habitat Number of 
points 

Number of points 
< 10 years old 

Source of Data 

Reef Bedrock 36 14 S1, S4 

Reef Stony 4 2 S1, S4 

Reef Bedrock or Stony 211 110 S1, S2, S3, S4 

Sandbanks Gravelly and clean sands 20 17 S1, S4, S5 

Sandbanks Mixed sediments 15 12 S1, S4 

Sandbanks Muddy sands 1 0 S1 

Sandbanks Sandbank feature (Kelp 
and Seaweed) 

5 2 S3, S4 

Sandbanks Not assigned 5 0 S3 

 

Table 32. Data layers available from other sources for Isle of May SAC. 

Data Layer Description Coverage over 
the site (% 
estimate) 

Data 
Sources 

Comments 

2002 BSM of Isle of 
May – biotope 
polygons and 
bathymetry data 

Predictive biotope 
habitat polygons and 
bathymetry 

varies SNH   

BGS PSA points Sediments 3 points BGS  

Article 17 Annex I 
Reef layer v7  

Potential and high 
confidence reef 
extents for bedrock 
and stony reefs. 

A lot of high 
confidence 
bedrock and stony 
areas. 

JNCC Modelled data 

Oceanwise DEM Seabed Depth 80% coverage  Oceanwise  One seamless data 
layer derived and 
smoothed from 
multiple sets of 
survey data.  
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GeMS Species 
point data 

Species 42 points SNH Data covers a 
range of species. 

 

The following features have existing polygons previously mapped within the site: 
 
 Reefs Bedrock or Stony from Article 17 v7 
 Other biotope polygon data exists, however, no specific Annex I habitat polygons. 

 
7.7.2 Features mapped within the site 

Annex I Reefs and Sandbanks were mapped within the Isle of May SAC (Table 33). All 
habitats were mapped using statistical modelling with the Bedrock or Stony reefs being 
extended into the intertidal zone using the aerial imagery and sample point data to help define 
the limits. Sample data points exist within the site for Mixed sediments, however these areas 
were not mapped as they were not considered to be pockets within a larger area of 
predominantly sandy subtype of Sandbanks which would have allowed them to qualify (see 
rules in Section 2.4). Areas of deeper Sandbanks habitats that were not contiguous with 
Sandbank subtypes in water shallower than 20 m were also removed. 
 

Table 33. Mapped features within Isle of May SAC. 

Annex I Habitat Habitat Subtype Method Confidence in polygon 
extent (score range) 

Reefs Bedrock Statistical & Imagery 
classification 

Low – Moderate 

Reefs Bedrock or Stony Statistical Low - Moderate 

Sandbanks  Gravelly and clean 
sands 

Statistical Low 

 

7.7.3 Comparison to existing predictive mapping of Annex I habitats in the site 

The new mapping products deviate from the previous 2002 BSM mapping of the Isle of May 
by having more areas of Reef, however, the new mapping aligns more with the Article 17 
Annex I Reef layer. The sample point data indicate the site is mainly Reef with pockets of 
Sandbanks. Collection of high resolution multibeam bathymetry within this SAC would help to 
define boundaries between the Reef areas and the sediment pockets. 
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7.8 Loch Creran SAC (UK0030190) 

Loch Creran, situated to the north-east of Oban, is a typical fjordic sea loch. The site is 
particularly notable for biogenic reefs of the calcareous tube-worm Serpula vermicularis, which 
occur in shallow water around the periphery of the loch. The site is designated for Reefs. The 
site boundary is at the mean low water mark therefore no intertidal habitats are present within 
the site. 
 
7.8.1 Available data within the site 

Table 34. List of feature sample point data (Marine Recorder data) for Loch Creran SAC. 

Source ID Source Details (Survey name where applicable) 

S1 1988-89 MNCR Loch Linnhe survey 

S2 1994 SNH Loch Creran Serpulid reef survey 

S3 1995 SNH ROV survey of Loch Creran 

S4 1998 SNH BSM survey of seabed biota in Loch Creran 

S5 1998 SNH ROV survey of Loch Creran 

S6 1999 SNH comparative Modiolus beds survey 

S7 2005 SNH SCM survey of subtidal reefs in Loch Creran 

S8 2007 Seasearch Scotland Loch Creran and Loch Linnhe 

S9 2010 Seasearch Scotland - Various 

S10 2012 Marine Scotland benthic survey of Lochs Alsh, Duich, Creran and Fyne 

S11 2012 Seasearch Scotland Loch Creran survey 

S12 2013 Seasearch Scotland Loch Creran survey 

S13 2014 Seasearch Scotland Loch Creran survey 

S14 2015 Seasearch Scotland Loch Creran survey 

 

Table 35. List of features validated by ground truthed point data (Marine Recorder data) for 
Loch Creran SAC. 

Annex I Habitat Annex I Subtype Habitat Number 
of 
points 

Number of 
points < 10 
years old 

Source of Data 

Mudflats and 
Sandflats 

Sediment flat feature 
(Seagrass beds) 

1 0 S1 

Reefs Bedrock or Stony 41 6 S1, S2, S3, S4, S5, 
S7, S12, S13, S14 

Reefs Biogenic (Blue mussel beds) 1 1 S2 

Reefs Biogenic (Horse mussel Beds) 28 14 S1, S2, S3, S3, S5, 
S6, S7, S10, S11, 
S12, S13, S14 

Reefs Biogenic (Blue mussel beds or 
Horse mussel Beds) 

1 1 S9 

Reefs Biogenic (Serpulid 
aggregations) 

53 4 S1, S2, S3, S4, S5, 
S7, S8, S13, S14 

Sandbanks Gravelly and clean sands 3 0 S1 

Sandbanks Gravelly and cleans or Muddy 
sands 

1 0 S1 

Sandbanks Muddy sands 1 0 S2 
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Sandbanks Mixed sediments 87 80 S1, S2, S3, S10, 
S14 

Sandbanks Sandbank feature (Kelp and 
seaweed) 

8 3 S1, S2, S5, S13, 
S14 

 

Table 36. Data layers available from other sources for Loch Creran SAC. 

Data Layer Description Coverage  

over the site 
(% estimate) 

Data Sources Comments 

1998 BSM of seabed 
biota in Loch Creran 

Polygons of 
broadscale 
habitats 

100% Black, K.D., 
Hughes, D.J., 
Provost, P.G. 
and Pereira, 
P.M.F. (2000) 

 

2005 SCM of Loch 
Creran 

Bathymetry data, 
Serpulid  and 
horse mussel 
bed polygons 

varies SNH  

2012 MPA search 
feature validation 
survey 

Flame shell bed 
polygons 

 Marine 
Scotland 

 

2016 Serpulid data 
review 

Serpulid polygon 
data 

 SNH Recent survey. 

Article 17 Annex I 
Reef layer v7  

Potential 
confidence reef 
extents. 

Only potential 
areas 

JNCC Modelled data. 

GeMS Habitat data Point and 
polygon data 

 SNH Same data as 2012 
MPS search feature 
validation survey. 

GeMS Species point 
data 

Species 31 points SNH Data covers a range 
of species. 

 

The following features have existing polygons previously mapped within the site: 
 
 Reefs - Mussel Beds from 2005 SCM of Loch Creran  
 Reefs - Serpulid reefs from 2005 SCM of Loch Creran and aggregations from 2016 

Serpulid data review. 
 Other broadscale habitat polygons exist but not specified as Annex I habitats. 

 
7.8.2 Features mapped within the site 

Annex I Reefs were mapped within the Loch Creran SAC (Table 37). Although data points are 
present for Sandbanks within the site, these are mainly for Mixed sediments and would 
suggest the sediment is mainly mixed with patches of sand, therefore not qualifying as a 
Sandbank habitat. Existing polygons were used for the extent of the Serpulid aggregations 
from the 2005 SCM of Loch Creran. 
 
A rule-based approach was used to map Horse mussel beds and further refinement advice 
was provided by Heriot-Watt University and Dr Rob Cook (pers comm., 2016) on the extent of 
the Horse mussel beds in the upper basin. A further Horse mussel bed polygon was created 
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as a mosaic with the flame shell beds present near Creagan Narrows in the loch. Statistical 
modelling was used to define the extent of Bedrock or Stony reefs and these were refined 
using the sample point data.  
 

Table 37. Mapped features within Loch Creran SAC. * Polygons generated/ modified from 
existing polygons already produced for the site from other reports/studies may have been 
assigned a lower confidence than is actually the case, because of a lack of information on how 
the original polygons were created.  Therefore we would expect that in many cases, that the 
confidence in the polygon extent would be higher than indicated by the scoring. 

Annex I Habitat Habitat Subtype Method Confidence in 
polygon extent 
(score range) 

Reefs Bedrock or Stony Statistical Low – Moderate 

Reefs Biogenic (Horse mussel beds) Existing polygons, 
Rule-based 

Low – Moderate* 

Reefs  Biogenic (Serpulid aggregations) Existing polygons Moderate* 

 

7.8.3 Comparison to existing predictive mapping of Annex I habitats in the site 

Previous polygons from the 2005 SCM of Loch Creran were used directly in the mapping 
products with no modification. Other mapping of Horse mussel beds from the 2005 SCM of 
Loch Creran cover the same areas as the final mapping products, however, these have been 
refined using the bathymetry data and expert knowledge of the site and now cover smaller 
areas in the new data products. The majority of the centre of the site is mud habitats as shown 
in the 1998 BSM of seabed biota. This subsequently meant no Annex I habitats were mapped 
in the centre of the loch in the final products. 
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7.9 Loch Laxford SAC (UK0030192) 

Loch Laxford, on the west coast of Scotland, is a complex fjord with numerous small islands 
and side branches that include two subsidiary lochs. The site is designated for the following 
marine habitats: Reefs and Large shallow inlets and bays. 
 
7.9.1 Available data within the site 

Table 38. List of feature sample point data (Marine Recorder data) for Loch Laxford SAC. 

Source ID Source Details (Survey name where applicable) 

S1 1970-80 SMBA/MBA Great Britain littoral survey 

S2 1984 Smith west Sutherland survey 

S3 1991 MNCR Loch Laxford and Inchard littoral survey 

S4 1991 UMBSM Lochs Laxford, Inchard, Broom & Little Loch Broom survey 

S5 2001 joint BSM survey of Loch Laxford sublittoral habitats 

S6 2001 SNH BSM survey of Loch Laxford intertidal habitats 

S7 2009 SNH SCM survey of Loch Laxford SAC 

S8 2010 Seasearch Scotland Scourie July 

S9 2015 SNH SCM survey of Loch Laxford SAC 

 

Table 39. List of features validated by ground truthed point data (Marine Recorder data) for 
Loch Laxford SAC. 

Annex I Habitat Annex I Subtype Habitat Number 
of 
points 

Number of 
points < 10 
years old 

Source of Data 

Mudflats and 
Sandflats 

Clean sands or Muddy sands 1 1 S7 

Mudflats and 
Sandflats  

Muddy sands 10 5 S1, S3, S7 

Mudflats and 
Sandflats 

Mudflats 1 0 S3 

Mudflats and 
Sandflats 

Sediment flat feature (Sea 
loch egg wrack beds) 

3 0 S3, S6 

Reefs Bedrock 40 16 S2, S3, S4, S5, S6, 
S7,S9 

Reefs Bedrock or Stony 292 147 S1, S2, S3, S4, S5, 
S6, S7, S8, S9 

Reefs Biogenic (Blue mussel beds) 1 0 S3 

Reefs Biogenic (Horse mussel 
beds) 

1 0 S2 

Reefs Biogenic (Blue or Horse 
mussel beds) 

1 1 S7 

Reefs Stony 9 3 S2, S3, S6, S7 

Sandbanks Gravelly and clean sands 51 46 S2, S4, S7, S9 

Sandbanks Gravelly and clean sands or 
Muddy sands 

3 3 S8 

Sandbanks Mixed sediments 10 8 S4, S7, S9 

Sandbanks Muddy sands 33 18 S4, S5, S7, S9 
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Sandbanks Sandbank feature (Kelp and 
seaweed) 

55 46 S2, S5, S4, S7, S9 

Sandbanks Sandbank feature (Maerl 
beds) 

21 17 S2, S4, S5, S7, S9 

Sandbanks Not assigned 2 1 S5, S7 

 

Table 40. Data layers available from other sources for Loch Laxford SAC. 

Data Layer Environmental 
parameter 

Coverage 
over the 
site (% 
estimate) 

Data 
Sources 

Comments 

2001 Broadscale 
intertidal survey of 
Loch Laxford 

Broadscale polygon 
data 

 SNH Uses the data from the 
2001 surveys of Loch 
Laxford 

2001 Broadscale 
subtidal survey of 
Loch Laxford 

Broadscale polygon 
data 

 SNH Uses the data from the 
2001 surveys of Loch 
Laxford 

2009 SNH SCM 
survey of Loch 
Laxford SAC 

Mussel and 
seaweed beds 
polygon data 

 SNH  

Aerial Imagery Intertidal habitats 100% of site  GetMapping Not flown at low tide.  

Article 17 Annex I 
Reef layer v7  

Potential and high 
confidence reef 
extents. 

50% JNCC Modelled data 

GeMS Species 
point data 

Species 40 points SNH Data covers a range of 
species. 

 

The following features have existing polygons previously mapped within the site: 
 
 Reefs Bedrock or Stony from Article 17 v7. 
 Reefs Mussel beds from 2009 SNH SCM survey. 
 Other habitat polygons exist but not specified as Annex I habitats. 

 
7.9.2 Features mapped within the site 

Annex I Mudflats and Sandflats, Reefs and Sandbanks were mapped within the Loch Laxford 
SAC (Table 41). Mudflats and Sandflats were mapped using aerial classification and defined 
as Muddy sands using the sample point data. The biogenic habitats were mapped using a 
rule-based approach. Existing polygons for the extent of the Blue mussel beds from the 2009 
SNH SCM survey were mapped as Sediment flat features. Although only a small number of 
sample data points exist to corroborate the existence of these habitats the polygons were 
defined via a walkover survey of the boundary and were therefore included.  
 
The two biogenic Sandbank features (Maerl beds and Kelp and seaweed) were mapped via 
rule-based methods utilising the distribution of the sample point data. A statistical approach 
was used to map all other Reef and Sandbank habitats within the site. The Reef feature 
polygons were extended into the intertidal using the sample point data and the aerial imagery 
where applicable. 
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Table 41. Mapped features within Loch Laxford SAC. * Polygons generated/ modified from 
existing polygons already produced for the site from other reports/studies may have been 
assigned a lower confidence than is actually the case, because of a lack of information on how 
the original polygons were created.  Therefore we would expect that in many cases, that the 
confidence in the polygon extent would be higher than indicated by the scoring. 

Annex I Habitat Habitat Subtype Method Confidence in 
polygon extent 
(score range) 

Mudflats and Sandflats Muddy sands Imagery 
classification 

Low 

Mudflats and Sandflats Sediment flat feature (Blue 
mussel beds) 

Existing polygons Low* 

Reefs Bedrock  Statistical Low – Moderate 

Reefs  Bedrock or Stony Statistical Low, High 

Sandbanks Gravelly and clean sands Statistical Low – Moderate 

Sandbanks Mixed sediments Statistical Low 

Sandbanks Muddy sands Statistical Low 

Sandbanks Sandbank feature (Kelp and 
seaweed) 

Rule-based Low 

Sandbanks Sandbank feature (Maerl beds) Rule-based Low 

 

7.9.3 Comparison to existing predictive mapping of Annex I habitats in the site 

Previous mapping of Blue mussel beds from the 2009 SCM survey of Loch Laxford were 
directly used in the final mapping products. The final mapping deviates from the 2001 
broadscale mapping where sample point data collected after 2001, suggests larger extents of 
biogenic habitats such as Kelp and seaweed. 
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7.10 Loch Moidart and Loch Shiel Woods SAC (UK0030209) 

This composite site comprises a series of sizeable woodlands around Loch Moidart and on the 
northern shores of Loch Shiel, as well as the intertidal area of Mudflats and Sandflats. The site 
is designated for the following marine habitats and species: Mudflats and Sandflats, and 
Otters (Lutra lutra). 
 
7.10.1 Available data within the site 

Table 42. List of feature sample point data (Marine Recorder data) for Loch Moidart and Loch 
Shiel Woods SAC. 

Source ID Source Details (Survey name where applicable) 

S1 1987 Heriot-Watt University Loch Moidart littoral survey 

S2 1989 UMBSM Arisaig and Moidart sealochs survey 

S3 2000 SNH macrobenthic intertidal survey of Loch Moidart 

S4 2003 SNH SCM survey of intertidal sediment flats at Loch Moidart and Shiel Woods 
cSAC 

S5 2003 SNH SCM survey of Sound of Arisaig cSAC 

S6 2014 SNH site check survey of intertidal sediment flats of Loch Moidart, Lochaber 

 

Table 43. List of features validated by ground truthed point data (Marine Recorder data) for 
Loch Moidart and Loch Shiel Woods SAC. 

Annex I Habitat Annex I Subtype Habitat Number 
of points 

Number of 
points < 10 
years old 

Source of Data 

Mudflats and 
Sandflats 

Clean sands 1 0 S1 

Mudflats and 
Sandflats 

Muddy sands 34 14 S1, S3, S4, S6 

Mudflats and 
Sandflats 

Mudflats 26 2 S1, S3, S4, S6 

Mudflats and 
Sandflats 

Sediment flat feature (Sea loch 
egg wrack beds) 

2 0 S1, S2 

Mudflats and 
Sandflats 

Not assigned 1 0 S3 

Reefs Bedrock or Stony 10 0 S1, S2, S5 

Reefs Stony 2 0 S1 

 

Table 44. Data layers available from other sources for Loch Moidart and Loch Shiel Woods 
SAC. 

Data Layer Description Coverage 
over the site 
(% estimate) 

Data 
Sources 

Comments 

2014 SCM survey of 
Arisaig, Kentra & 
Moidart 

Biotope polygons 
created from the 
2014 SNH survey 

100% SNH  

Aerial Imagery Aerial imagery of 
the intertidal zone 

Definitely not 
low tide 

GetMapping  
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Article 17 Annex I 
Reef layer v7  

Potential 
confidence reef 
extents. 

Only potential 
areas 

JNCC Modelled data 

GeMS Species point 
data 

Species 3 points SNH Data covers a range of 
species. 

 

The following features have existing polygons previously mapped within the site: 
 
 Mudflats and Sandflats - 2014 SCM survey of Arisaig, Kentra and Moidart.  

 
7.10.2 Features mapped within the site 

Annex I Mudflats and Sandflats and Reefs were mapped within the Loch Moidart and Loch 
Shiel Woods SAC (Table 45). Existing polygons from the 2014 SCM survey of Arisaig, Kentra 
and Moidart were translated into Annex I habitats and subtypes to define the extents of 
habitats within this site, with no further modification to the polygons. It is worth noting that due 
to the majority of the estuary being fairly shallow sandy and muddy habitats that the boundary 
of the intertidal is likely to be dynamic and to change over time. 
 

Table 45. Mapped features within Loch Moidart and Loch Shiel Woods SAC. * Polygons 
generated/ modified from existing polygons already produced for the site from other 
reports/studies may have been assigned a lower confidence than is actually the case, 
because of a lack of information on how the original polygons were created.  Therefore we 
would expect that in many cases, that the confidence in the polygon extent would be higher 
than indicated by the scoring. 

Annex I Habitat Habitat Subtype Method Confidence in polygon 
extent (score range) 

Mudflats and Sandflats Muddy sands Existing polygons Low – Moderate – High* 
Mudflats and Sandflats Mudflats Existing polygons Low – Moderate* 

Reefs Bedrock or Stony Existing polygons Low* 

 

7.10.3 Comparison to existing predictive mapping of Annex I habitats in the site 

The existing polygons for features within this site were directly used within the final mapping 
products. 
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7.11 Loch nam Madadh SAC (UK0017070) 

Loch nam Madadh lagoons form the most extensive and diverse saline lagoon system in the 
UK. The site is designated for the following marine habitats and species: Reefs, Mudflats and 
Sandflats, Sandbanks, Large shallow inlets and bays, Coastal lagoons and Otters (Lutra 
lutra). 
 
7.11.1 Available data within the site 

Table 46. List of feature sample point data (Marine Recorder data) for Loch nam Madadh 
SAC. 

Source ID Source Details (Survey name where applicable) 

S1 1970-80 SMBA/MBA Great Britain littoral survey 

S2 1978 Smith Uists rocky shore mollusc survey 

S3 1979 NCC Uists sublittoral survey 

S4 1984 OPRU Western Isles sealochs survey 

S5 1990 UMBSM North & South Uist and Benbecula sealochs survey 

S6 1993 MNCR Lewis, Harris & North Uist lagoon survey 

S7 1994 MNCR North Uist, Benbecula and South Uist lagoon survey 

S8 1998 Envision - L.Maddy Oct98 

S9 1998 SNH sublittoral ROV monitoring trials in Loch nam Madadh 

S10 1999 Envision - L.Maddy Aug99 

S11 2000 Seasearch Scotland - Outer Hebrides 

S12 2004 SNH SCM inauguration at Loch Maddy SAC 

S13 2007 Seasearch Scotland Outer Hebrides and Small Isles 

S14 2010 Seasearch Scotland North Uist 

S15 2012 Seasearch Scotland NE Uist survey 

S16 2014 Seasearch Scotland Hebrides survey 

S17 2015 draft SNH Loch Maddy SAC SCM and site check survey 

 

Table 47. List of features validated by ground truthed point data (Marine Recorder data) for 
Loch nam Madadh SAC. 

Annex I Habitat Annex I Subtype 
Habitat 

Number 
of points 

Number of 
points < 10 
years old 

Source of Data 

Mudflats and 
Sandflats 

Mudflats 18 14 S12, S17 

Mudflats and 
Sandflats 

Sediment flat feature 
(Seagrass beds) 

10 0 S3, S6, S7, S12 

Reefs Bedrock 14 7 S5, S8, S12, S13, S14, 
S17 

Reefs Bedrock or Stony 287 61 S1, S2, S4, S5, S6, S7, 
S8, S9, S10, S11, S12, 
S13, S14, S15, S16, S17 

Reefs Stony 14 8 S5, S6, S7, S17 

Sandbanks Gravelly and clean 
sands 

19 11 S4, S5, S11, S12, S16, 
S17 

Sandbanks Mixed sediments 41 7 S4, S5, S8, S10, S17 



 

59  

Sandbanks Muddy sands 16 15 S5, S16, S17 

Sandbanks Sandbank feature 
(Seagrass beds) 

22 0 S3, S6, S7, S12 

Sandbanks Sandbank feature 
(Kelp and seaweed) 

101 54 S5, S6, S8, S9, S10, 
S12, S17 

Sandbanks Sandbank feature 
(Maerl beds) 

33 7 S5, S8, S9, S10, S12, 
S17 

Sandbanks Not assigned 48 0 S8, S10 

 

Table 48. Data layers available from other sources for Loch nam Madadh SAC. 

Data Layer Description Coverage 
over the site 
(% estimate) 

Data 
Sources 

Comments 

1999 Monitoring 
trials in Loch nam 
Madadh  

Sidescan sonar 20% two 
discrete areas 
with sidescan 
data 

SNH  

1999 Loch nam 
Madadh biotope 
mapping 

Modelled 

distribution of  
lifeforms  

40% coverage 
of the site 

SNH Habitat lifeforms 
classified into cells. 

Aerial Imagery Aerial imagery of 
the intertidal zone 

Flown with 
some intertidal 
showing 

GetMapping  

BGS PSA points Sediments 2 points BGS  

Article 17 Annex I 
Reef layer v7  

Potential 
confidence reef 
extents. 

 JNCC Modelled data 

GeMS Habitat data Maerl and 
seagrass beds 
polygons 

 SNH From DEFRA MB0102 

GeMS Species point 
data 

Species 71 points SNH Data covers a range of 
species. 

 

The following features have existing polygons previously mapped within the site: 
 
 Sandbanks - Kelp and seaweed from GeMS Habitat polygons. 
 Sandbanks - Maerl beds from GeMS Habitat polygons. 
 Lifeform polygons but not classified as Annex I habitats. 

 
7.11.2 Features mapped within the site 

Annex I Mudflats and Sandflats, Reefs and Sandbanks were mapped within Loch nam 
Madadh SAC. Aerial imagery classification was used to map the extent of Mudflats and 
Sandflats within the site and due to the low number of sample points within the intertidal areas 
of the site, subtype habitats were not assigned.  
 
A rule-based approach was used to map the biogenic habitats (Maerl beds and Kelp and 
seaweed) and these were manually modified using the aerial imagery to define their extents. 
All other Reef and Sandbank habitats were mapped via statistical modelling and further 
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modified using the sample point data and existing polygons, for both the corresponding Annex 
I habitats and of Burrowed mud habitats, to refine their likely extent.  
 

Table 49. Mapped features within Loch nam Madadh SAC. 

Annex I Habitat Habitat Subtype Method Confidence in 
polygon extent 
(score range) 

Mudflats and Sandflats Not assigned at subtype level Imagery 
classification 

Low 

Reefs Bedrock Statistical Low – Moderate 
 

Reefs Bedrock or Stony Statistical Low – Moderate - 
High 
 

Sandbanks Not assigned at subtype level Rule-based Low 

Sandbanks Gravelly and clean sands Statistical Low 

Sandbanks Mixed sediments Statistical Low 

Sandbanks Muddy sands Statistical Moderate 

Sandbanks Sandbank feature (Kelp and 
seaweed) 

Rule-based Low 

Sandbanks Sandbank feature (Maerl beds) Rule-based Low 

 

7.11.3 Comparison to existing predictive mapping of Annex I habitats in the site 

Existing data for Maerl beds and Kelp and Seaweed held within GeMS were not used within 
the project as no sample point data or aerial imagery corroborated the habitat extents. The 
data from the 1999 Loch nam Madadh biotope mapping covers about 40% of the SAC. The 
main differences in the new mapping products from the 1999 mapping are, the smaller extent 
of the Reef, maerl beds and Kelp and seaweed habitat. The new mapping product boundaries 
are tighter to the sample point extents and specific to these features, where as previously 
maerl was combined with kelp forest.   
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7.12 Luce Bay and Sands SAC (UK0013039) 

Luce Bay and Sands is an example of a large shallow inlet and bay. The sediments within 
Luce Bay range from bedrock, mixed-sized boulders, deep sediments and highly mobile 
fringing sands, all of which support rich plant and animal communities typical of a large 
embayment in south-west Scotland. The site is designated for the following marine habitats: 
Reefs, Mudflats and Sandflats, Sandbanks and Large shallow inlets and bays. 
 
7.12.1 Available data within the site 

Table 50. List of feature sample point data (Marine Recorder data) for Luce Bay and Sands 
SAC. 

Source ID Source Details (Survey name where applicable) 

S1 1965-70 DAFS Scottish littoral sediment survey 

S2 1989 MNCR Mull of Galloway/Auchencairn littoral survey 

S3 1990 MNCR Mull of Galloway/Auchencairn sublittoral survey 

S4 1991 MNCR Dumfries & Galloway littoral survey 

S5 2007 SNH BSM survey of Luce Bay, Scotland (littoral) 

S6 2007 SNH BSM survey of Luce Bay, Scotland (sublittoral) 

S7 2011 Seasearch Scotland Wigtown and Luce Bays (various) 

S8 2012 - 2013 SNH Survey of marine features within the Luce Bay SAC 

 

Table 51. List of features validated by ground truthed point data (Marine Recorder data) for 
Luce Bay and Sands SAC. 

Annex I 
Habitat 

Annex I Subtype Habitat Number 
of points 

Number of 
points < 10 
years old 

Source of Data 

Mudflats and 
Sandflats 

Clean sands 46 24 S1, S2, S4, S5 

Mudflats and 
Sandflats 

Clean sands or Muddy sands 5 4 S2, S5 

Mudflats and 
Sandflats 

Muddy sands 3 0 S2 

Reefs Bedrock 26 20 S2, S3, S4, S5, S6, 
S7, S8 

Reefs Bedrock or Stony 506 477 S2, S3, S4, S5, S6, 
S7, S8 

Reefs Stony 94 83 S2, S4, S5, S8 

Reefs Biogenic (Blue mussel beds) 6 5 S4, S2 

Reefs Biogenic (Sabellaria alveloata) 7 6 S4, S2 

Sandbanks Gravelly and clean sands 415 412 S3, S4, S6, S7, S8 

Sandbanks Gravelly and clean sands or 
Muddy sands 

9 9 S8 

Sandbanks Mixed sediments 234 234 S6, S8 

Sandbanks Muddy sands 268 263 S3, S4, S5, S6, S8 

Sandbanks Sandbank feature (Kelp and 
seaweed) 

23 22 S3, S5, S6, S8 

Sandbanks Sandbank feature (Maerl beds) 171 171 S8 
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Table 52. Data layers available from other sources for Luce Bay and Sands SAC. 

Data Layer Description Coverage 
over the site 
(% estimate) 

Data 
Sources 

Comments 

2007 broad scale 
mapping of Luce 
Bay and Sands 
SAC 

Polygon and 
acoustic data 

Varies SNH Polygon and acoustic data 
for the 2007 SNH 
broadscale mapping 
survey 

2012-2013 Luce 
Bay and Sands 
SAC survey 

Sabellaria 
alveolata polygon 
extent 

Small areas SNH Polygons for small areas of 
Sabellaria alveolata reefs 

Aerial Imagery Aerial imagery of 
the intertidal zone 

Definitely not 
low tide, yet it 
is good 
quality data. 

GetMapping  

BGS PSA points Sediments 5 points BGS  

Article 17 Annex I 
Reef layer v7  

Potential 
confidence reef 
extents. 

Only potential 
areas 

JNCC Modelled data 

GeMS Species 
point data 

Species 108 points SNH Data covers a range of 
species. 

 

The following features have existing polygons previously mapped within the site: 
 
 Mudflats and Sandflats at Annex I level – 2007 BSM survey. 
 Reefs - Bedrock or Stony from Article 17 v7.  
 Reefs - at Annex I level from 2007 BSM survey. 
 Reefs - Sabellaria alveolata from 2012-2013 Luce bay sands survey. 
 Sandbanks - at Annex I level from 2007 BSM survey. 

 
7.12.2 Features mapped within the site 

Annex I Mudflats and Sandflats, Reefs and Sandbanks were mapped within the Luce Bay and 
Sands SAC (Table 53). Aerial classification was used to map the extent of the Mudflats and 
Sandflats, using the sample point data to assign the subtype habitat and manual modification 
to extend the boundary using the OS intertidal zone extent where applicable.  
 
Existing polygons for Sabellaria alveolata Reefs (2012-2013 Luce Bay Sands SAC survey) 
were included, however, these reefs are within the intertidal zone and do not extend into the 
subtidal or connect to subtidal reefs but are included for interest as they are still offered 
protection as part of the large shallow inlet and bay qualifying feature.  
 
The biogenic Sandbank habitats (Maerl, Kelp and Seaweed) were mapped using the rule-
based technique utilising the sample point data. All other Sandbank and Reef habitats were 
mapped using statistical modelling and modified to reach the intertidal zone boundary. Where 
the Reef habitats extended into the intertidal zone, they were refined using the aerial imagery 
and sample points.    
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Table 53. Mapped features within Luce Bay and Sands SAC. * Polygons generated/ modified 
from existing polygons already produced for the site from other reports/studies may have been 
assigned a lower confidence than is actually the case, because of a lack of information on how 
the original polygons were created.  Therefore we would expect that in many cases, that the 
confidence in the polygon extent would be higher than indicated by the scoring. 

Annex I Habitat Habitat Subtype Method 
Confidence in 
polygon extent 
(score range) 

Mudflats and Sandflats Clean sands 
Imagery 
classification 

Low - Moderate 

Mudflats and Sandflats Clean or Muddy sands 
Imagery 
classification 

Low 

Mudflats and Sandflats Not assigned at subtype level 
Imagery 
classification 

Low 

Reefs Bedrock Statistical 
Low – Moderate 

– High 
Reefs Bedrock or Stony Statistical Low – Moderate 

Reefs Stony Statistical Low – Moderate 

Reefs Biogenic (Sabellaria reefs) Existing polygons Low – Moderate*

Reefs Biogenic (Blue mussel beds) 
Imagery 
classification  

Low 

Sandbanks  Gravelly and clean sands Statistical Low – Moderate 

Sandbanks 
Gravelly and clean sands or 
Muddy sands 

Statistical 
Low 

Sandbanks Muddy sands Statistical Low – Moderate 

Sandbanks Mixed sediments Statistical Low – Moderate 

Sandbanks 
Sandbank feature (Kelp and 
seaweed) 

Rule-based 
Low 

Sandbanks 
Sandbank feature (Maerl 
beds) 

Rule-based 
Low 

 

7.12.3 Comparison to existing predictive mapping of Annex I habitats in the site 

The Sabellaria alveolata polygons from the 2010-2013 Luce Bay and Sands SAC survey were 
directly used within the mapping outputs. The final mapping products are very similar in extent 
to the 2007 broadscale mapping of Luce Bay and Sands SAC, however, the new mapping 
provides improved separation between Reefs and Sandbanks based on additional survey 
data, improved delineation of the subtype habitats, including the inclusion of the Maerl bed, 
and better resolution of the intertidal habitats. 
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7.13 Moine Mhor SAC (UK0019839) 

This extensive raised bog was subjected to considerable damage and peat extraction in the 
past, but nevertheless a substantial part of it, particularly in the northern section, supports 
active bog habitat and there is evidence of continuing regeneration of the habitat The site is 
designated for the following marine habitats and species: Mudflats and Sandflats, Atlantic salt 
meadows and Otters (Lutra lutra). 
 
7.13.1 Available data within the site 

Table 54. List of feature sample point data (Marine Recorder data) for Moine Mhor SAC. 

Source ID Source Details (Survey name where applicable) 

S1 1970-80 SMBA/MBA Great Britain littoral survey 

S2 2000 SNH macrobenthic intertidal survey of Loch Crinan 

S3 2007 SNH BSM & Devt. of SCM protocols at five west coast of Scotland intertidal sites 

 

Table 55. List of features validated by ground truthed point data (Marine Recorder data) for 
Moine Mhor SAC. 

Annex I Habitat Annex I Subtype Habitat Number of 
points 

Number of 
points < 10 
years old 

Source of Data 

Mudflats and 
Sandflats 

Clean sands 2 2 S3 

Mudflats and 
Sandflats 

Muddy sands 6 6 S3 

Mudflats and 
Sandflats 

Mudflats 16 8 S2, S3 

Mudflats and 
Sandflats 

Sediment flat feature 
(Seagrass beds) 

4 2 S2, S3 

Mudflats and 
Sandflats 

Not assigned 5 0 S1, S2 

Reefs Bedrock or Stony 4 3 S1, S3 

Reefs Stony 2 2 S3 

 

Table 56. Data layers available from other sources for Moine Mhor SAC. 

Data Layer Description Coverage 
over the site 
(% estimate) 

Data 
Sources 

Comments 

2007 survey of five 
west coast 
intertidal sites 

Aerial imagery and 
biotope polygons 

90% coverage SNH Some polygons cover 
seagrass beds. 

Aerial Aerial imagery of 
the intertidal zone 

Close to low 
tide. 

GetMapping  

Article 17 Annex I 
Reef layer v7  

Potential confidence 
reef extents. 

10% JNCC Modelled data 

Oceanwise DEM Seabed Depth 70% coverage Oceanwise  The site is mainly 
intertidal 

GeMS Species 
point data 

Species 1 points SNH Only one point for 
sandeel. 
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The following features have existing polygons previously mapped within the site: 
 
 Habitat polygons exist but not specified as Annex I habitats. 

 
7.13.2 Features mapped within the site 

Annex I Mudflats and Sandflats were modelled within Moine Mhor SAC. Aerial Imagery 
classification was used to depict the extent of the Mudflats with minor manual modification 
required to limit to the subtidal zone. The sample point data were used to assign subtype 
habitats to the delineated polygons. Although sample data points exist within the site for 
Bedrock or Stony Reefs these were only present in the intertidal zone and not connected to 
any subtidal reef habitats, therefore they were not mapped. As no sample data points exist 
within the site for Sandbank habitats these were not mapped, however, due to the 
predominantly sandy/muddy sediments of the intertidal habitats it is likely that the subtidal 
areas of the site are made up of the same sediments. The majority of the estuary is fairly 
shallow sandy and muddy habitats, thus the boundary of the intertidal is likely to be dynamic 
and to change over time. 
 

Table 57. Mapped features within Moine Mhor SAC. 

Annex I Habitats Habitat Subtype Method Confidence in 
polygon extent 
(score range) 

Mudflats and Sandflats Clean sands Imagery classification Low 
Mudflats and Sandflats Muddy sands Imagery classification Low – Moderate 
Mudflats and Sandflats Mudflats Imagery classification Low – Moderate 
Mudflats and Sandflats Not assigned at 

subtype level 
Imagery classification Low 

 

7.13.3 Comparison to existing predictive mapping of Annex I habitats in the site 

The previous mapping from the 2007 survey of five west coast intertidal sites is very similar in 
extent to the final mapping products.  
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7.14 Moray Firth SAC (UK0019808) 

The Moray Firth SAC in north-east Scotland is designated for Sandbanks and bottlenose 
dolphin (Tursiops truncatus). 
 
7.14.1 Available data within the site 

Table 58. List of feature sample point data (Marine Recorder data) for Moray Firth SAC. 

Source ID Source Details (Survey name where applicable) 

S1 1970-80 SMBA/MBA Great Britain littoral survey 

S2 1973 NCC Dornoch Firth littoral survey 

S3 1974 NCC Moray Firth littoral survey 

S4 1992 MNCR Cromarty Firth survey 

S5 1996 SNH BSM survey of Dornoch Firth seabed and shore habitats and biota 

S6 2004 SNH Moray Firth SAC sublittoral biotope mapping survey 

S7 2004 SNH SCM survey of estuarine environments in Dornoch Firth cSAC 

S8 2005 Seasearch Scotland Inner Moray Firth - Various 

S9 2006 Seasearch NE Scotland, Dornoch Firth to Wick 

S10 2006 Seasearch Scotland Inner Moray Firth 

S11 2007 Seasearch Scotland Inner Moray Firth 

S12 2008 SNH SCM Surveys of East Coast of Scotland SSSI and Ramsar sites 

S13 2013 MSS Cromarty spoil ground benthic camera survey 

S14 2013 MSS Sutors spoil ground benthic camera survey 

S15 2015 CEFAS Moray Firth SAC benthic camera survey 

S16 2015 Seasearch Scotland Cromarty and Moray Firth survey 

S17 2016 HWU Dornoch Firth Survey 

 

Table 59. List of features validated by ground truthed point data (Marine Recorder data) for 
Moray Firth SAC. 

Annex I Habitat Annex I Subtype Habitat Number 
of points 

Number 
of points 
< 10 
years old 

Source of Data 

Mudflats and 
Sandflats 

Clean sands 4 0 S2, S3 

Mudflats and 
Sandflats 

Clean sands or Muddy 
sands 

21 1 S5, S12 

Mudflats and 
Sandflats 

Muddy sands 1 0 S2 

Mudflats and 
Sandflats 

Sediment flat feature (Blue 
mussel beds) 

2 0 S2 

Mudflats and 
Sandflats 

Not assigned 1 0 S5 

Reefs Bedrock 6 3 S4, S9 

Reefs Bedrock or Stony 48 12 S1, S4, S5, S6, S8, S9, 
S11, S12, S16 

Reefs Biogenic (Blue mussel beds) 4 0 S5, S6 
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Reefs Biogenic (Horse mussel 
beds) 

13 4 S4, S6, S15, S17 

Reefs Stony 3 1 S5, S9 

Sandbanks Gravelly and clean sands 51 16 S4, S6, S7, S8, S11, 
S14, S15, S16 

Sandbanks Gravelly and clean sands or 
Muddy sands 

22 3 S6, S7, S8, S13 

Sandbanks Mixed sediments 58 12 S4, S5, S6, S9, S10, 
S14, S15, S16 

Sandbanks Muddy sands 116 12 S4, S6, S7, S15 

Sandbanks Not assigned 6 0 S5 

 

Table 60. Data layers available from other sources for Moray Firth SAC. 

Data Layer Description Coverage  

over the site  

(% estimate) 

Data 
Sources 

Comments 

Moray Firth 2004 
Acoustics 

Bathymetry data 
for moray firth 

30% SNH  

2004 SNH Moray 
Firth SAC 
sublittoral biotope 
mapping survey  

Biotope polygons 50% SNH Low resolution polygon 
data 

Trawl intensity 
derived from 
2007 – 2011 data 

Raster of trawling 
intensity across the 
Moray Firth 

80% Marine 
Scotland 
and Kafas et 
al., 2012. 

Can be used as a proxy 
for muddy sediments. 

Aerial Imagery Aerial imagery of 
the intertidal zone 

Not low tide but 
close.  

GetMapping The low water mark is 
not the same as shown 
in imagery in places. 

BGS PSA points Sediments 85 points BGS  

Article 17 Annex I 
Reef layer v7  

Potential and high 
confidence reef 
extents. 

50% JNCC Modelled data 

GeMS Habitat 
data 

Point and polygon 
data for Horse 
mussel beds 

 SNH 2004 Moray Firth 
Survey data 

GeMS Species 
point data 

Species 71 points SNH Data covers a range of 
species. 

 

The following features have existing polygons previously mapped within the site: 
 
 Reefs - Bedrock or Stony from JNCC Article 17 v7. 
 Reefs - Horse mussel beds from GeMS Habitat polygon data. 
 Biotope polygons exist from the 2004 SNH mapping but are not specified as Annex I 

habitats. 
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7.14.2 Features mapped within the site 

Annex I Reefs and Sandbanks were mapped within Moray Firth SAC. As the SAC boundary is 
limited to the mean low water mark no intertidal habitats were mapped. The Horse mussel 
beds were mapped using existing polygons with further refinement of the extent based on 
depth range of the habitat and nearby sample data points.  
 
All other habitats were mapped using statistical modelling, and the Sandbank features were 
limited 30 m depth and those qualifying sediments deeper than 20 m had to be connected to 
Sandbanks in less than 20 m to be included. Areas of Mixed sediment Sandbanks were only 
included as qualifying features where they were connected to larger areas of other Sandbank 
subtypes. Further to these modifications the trawling data were used to identify areas within 
the site that are trawled regularly, these areas are most likely to be muddy sediments 
therefore were ruled out as being qualifying Sandbank or Reef habitats.  
 

Table 61. Mapped features within Moray Firth SAC. 

Annex I Habitat Habitat Subtype Method 
Confidence in 
polygon extent 
(score range) 

Reefs Bedrock Statistical Low 

Reefs Bedrock or Stony Statistical Low 

Reefs Stony Statistical Low 

Reefs Biogenic (Horse mussel beds) Rule-based Low 

Sandbanks Gravelly and clean sands Statistical Low 

Sandbanks 
Gravelly and clean sands or 
Muddy sands 

Statistical Low 

Sandbanks Mixed sediments Statistical Low 

Sandbanks Muddy sands Statistical Low 

 

7.14.3 Comparison to existing predictive mapping of Annex I habitats in the site 

Previous mapping of Horse mussel beds from GeMS was used within the study then refined 
using the physical parameters of the habitat plus the sample point data. The Article 17 Reef 
areas are similar in extent in some parts of the SAC to the final mapping products, however, 
some discrepancies exist where Sandbank habitats are mapped instead of the Reef habitats. 
These areas are corroborated by the sample point data which indicates that Sandbank 
habitats are present in these areas. 
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7.15 Mousa SAC (UK0012711) 

The exposed rocky island of Mousa, off the east coast of Shetland Mainland is designated for 
Reefs, Submerged or partially submerged sea caves and its Hommon seal (Phoca vitulina) 
population. 
 
7.15.1 Available data within the site 

Table 62. List of feature sample point data (Marine Recorder data) for Mousa SAC. 

Source ID Source Details (Survey name where applicable) 

S1 1986-87 OPRU/MNCR Shetland, Foula and Fair Isle survey 

S2 2003 Envision - Mousa Sep03 

S3 2003 SNH BSM survey at Mousa cSAC 

S4 2008 SNH SCM survey of reef and sea caves habitats of Mousa SAC 

 

Table 63. List of features validated by ground truthed point data (Marine Recorder data) for 
Mousa SAC. 

Annex I Habitat Annex I Subtype 
Habitat 

Number of 
points 

Number of 
points < 10 
years old 

Source of Data 

Mudflats and 
Sandflats 

Clean sands 2 0 S3 

Mudflats and 
Sandflats 

Muddy sands 1 0 S3 

Reefs Bedrock  110 77 S1, S2, S3, S4 

Reefs Bedrock or Stony 231 151 S1, S2, S3, S4 

Reefs Stony 4 0 S3 

Sandbanks Gravelly and clean sands 33 23 S1, S2, S4 

Sandbanks Gravelly and clean sands 
or Muddy sands 

2 2 S4 

Sandbanks Mixed sediments 11 10 S1, S4 

Sandbanks Muddy sands 1 1 S4 

Sandbanks Sandbank feature (Kelp 
and seaweed) 

3 1 S2, S4 

Sandbanks Sandbank feature (Maerl 
beds) 

1 0 S2 

Sandbanks Not assigned 6 0 S2 
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Table 64. Data layers available from other sources for Mousa SAC. 

Data Layer Description Coverage over 
the site (% 
estimate) 

Data 
Sources 

Comments 

2003 BSM of 
Mousa 

Biotope polygons 100% Posford 
Haskoning 
Ltd 2004 

Predictive polygons. 

Aerial Imagery Aerial imagery of the 
intertidal zone 

Not low tide but 
some intertidal 
uncovered.  

GetMapping  

Article 17 
Annex I Reef 
layer v7  

Potential and high 
confidence reef 
extents. 

50% JNCC Modelled data 

GeMS Habitat 
data 

Maerl bed polygons  SNH Same polygon data 
as is in the 2003 
BSM layers. 

GeMS Species 
point data 

Species 38 points SNH Data covers a range 
of species. 

 

The following features have existing polygons previously mapped within the site: 
 
 Reefs Bedrock or Stony from JNCC Article 17 v7. 
 Sandbanks Maerl beds from GeMS habitat polygon data. 
 Other habitat polygons exist but not specified as Annex I habitats. 

 
7.15.2 Features mapped within the site 

Annex I Reefs and Sandbanks were mapped within Mousa SAC. The Maerl beds have been 
mapped for interest even though they are in water deeper than 20 m and not a qualifying 
feature of the SAC. Existing polygons representing Maerl beds from the 2003 Broadscale 
mapping of Mousa were used to represent the features. All other habitats were mapped 
through statistical modelling and further refined to extend into the intertidal zone where 
applicable (i.e. Reef habitats) using the aerial imagery. The Gravelly and clean sands 
Sandbank habitat mapped is just connected to depths less than 20 m and if the boundary was 
refined further may not qualify as an Annex I Sandbank habitat. 
 

Table 65. Mapped features within Mousa SAC. 

Annex I Habitat Habitat Subtype Method 
Confidence in polygon 

extent (score range) 
Reefs Bedrock Statistical Low - Moderate 

Reefs Bedrock or Stony Statistical Low – Moderate 

Sandbanks Gravelly and clean sands Statistical Low 

Sandbanks Sandbank feature (Maerl beds) Existing data Low 

 

7.15.3 Comparison to existing predictive mapping of Annex I habitats in the site 

The existing mapping for Maerl beds from GeMS habitats was used directly in the study. The 
Article 17 Reefs layer matches the distribution of the mapping outputs, indicating that the 
majority of the SAC comprises Bedrock or Stony Reefs. The previous mapping from the 2003 
BSM of Mousa has larger extents of sandy sediments, however, due to a large number of the 
sample points having multiple habitats assigned to the same location it is hard to confirm the 
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true extent of the Reefs compared to the sandy sediments in the deeper areas of the SAC. 
Along with further sampling within the site, high resolution acoustic products would help to 
refine these boundaries further. 
 
7.16 North Rona SAC (UK0012696) 

North Rona is a remote and very exposed island in the North Atlantic off the north-west tip of 
mainland Scotland. The site is designated for the following marine habitats and species: 
Reefs, Submerged or partially submerged sea caves and breeding Grey seals (Halicherus 
grypus). 
 
7.16.1 Available data within the site 

Table 66. List of feature sample point data (Marine Recorder data) for North Rona SAC. 

Source ID Source Details (Survey name where applicable) 

S1 2009 SNH BSM survey of the North Rona Special Area of Conservation (SAC) 

S2 2010 Seasearch Scotland Survey of Rona and Sula Sgeir 

S3 2013 Seasearch Scotland Sula Sgeir and North Rona survey 

S4 2015 Seasearch Scotland North Rona survey 

 

Table 67. List of features validated by ground truthed point data (Marine Recorder data) for 
North Rona SAC. 

Annex I 
Habitat 

Annex I Subtype Habitat Number of 
points 

Number of 
points < 10 
years old 

Source of 
Data 

Reefs Bedrock 42 42 S1, S2, S3 

Reefs Bedrock or Stony 52 52 S1, S2, S4 

Sandbanks Gravelly and clean sands 6 6 S1, S4 

Sandbanks Mixed sediments 3 3 S1 

Sandbanks Sandbank feature (Kelp and seaweed) 1 1 S2 

 

Table 68. Data layers available from other sources for North Rona SAC. 

Data Layer Description Coverage over the 
site (% estimate) 

Data 
Sources 

Comments 

2009 SNH BSM 
survey of the North 
Rona SAC 

Biotope polygons 
and sidescan 
sonar data 

80% SNH  

Article 17 Annex I 
Reef layer v7  

Potential and 
high confidence 
reef extents. 

100% JNCC Modelled data 

GeMS Species point 
data 

Species 7 points SNH Data covers a range of 
species. 

 

The following features have existing polygons previously mapped within the site: 
 
 Reef - Bedrock from JNCC Article 17 v7. 
 Habitat polygons exist but not specified as Annex I habitats. 
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7.16.2 Features mapped within the site 

Annex I Reefs were mapped within North Rona SAC. Statistical modelling was utilised to 
define the extent of Bedrock or Stony Reefs. The aerial imagery and sample point data were 
used to extend the Reef habitats into the intertidal zone. The 2009 SNH BSM survey of the 
North of Rona data were used to refine the extent of the Reefs where the survey identified 
sandy habitats existed. It is worth noting that these sandy areas are not corroborated by 
sample data and further sampling of the SAC would help to refine the polygons with higher 
confidence. Sample data points exist within the site for biotopes associated with Sandbanks, 
however the statistical model only generated Sandbank polygons in depths greater than 20 m. 
As there were no Sandbanks mapped in depths less than 20 m they were not included in the 
final product. 
 

Table 69. Mapped features within North Rona SAC. 

Annex I Habitat Habitat Subtype Method 
Confidence in polygon 

extent (score range) 
Reefs Bedrock Statistical Low – Moderate 

Reefs Bedrock or Stony Statistical Low - Moderate 

 

7.16.3 Comparison to existing predictive mapping of Annex I habitats in the site 

The majority of the sea bed around North Rona is comprised of Bedrock or Stony Reefs, and 
this is corroborated by the Article 17 layer and the extent of the final mapping products. The 
2009 BSM survey of North Rona was used to help limit the extent of Reefs in the deeper 
waters of the SAC as there are limited sample data points in these areas. To further refine the 
habitat boundaries within this site, additional sampling within the SAC and the collection of 
high resolution acoustic products would be beneficial. 
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7.17 Papa Stour SAC (UK0017069) 

Papa Stour SAC provides an example of very exposed Reefs in the extreme north of 
Scotland. The site is designated for the following marine habitats: Reefs and Submerged or 
partially submerged sea caves. The rocky coastline of Papa Stour SAC is among the most 
exposed in the UK, and the island and the adjacent mainland are fringed entirely by sublittoral 
Bedrock and boulder Reefs reaching depths of more than 30 m.  
 
7.17.1 Available data within the site 

Table 70. List of feature sample point data (Marine Recorder data) for Papa Stour SAC. 

Source ID Source Details (Survey name where applicable) 

S1 1986-87 OPRU/MNCR Shetland, Foula and Fair Isle survey 

S2 1996 SNH BSM survey of  Papa Stour cSAC (Shetland) seabed and shore habitats 
and biota 

S3 2003 SNH SCM survey of marine rocky environments at Papa Stour cSAC 

S4 2013 Seasearch Scotland Shetland survey 

 

Table 71. List of features validated by ground truthed point data (Marine Recorder data) for 
Papa Stour SAC. 

Annex I 
Habitat 

Annex I Subtype Habitat Number of 
points 

Number of points 
< 10 years old 

Source of 
Data 

Reefs Bedrock 83 2 S1, S2, S3, 
S4 

Reefs Bedrock or Stony 91 0 S1, S2, S3 

Sandbanks Gravelly and clean sands 4 0 S3 

Sandbanks Sandbank feature (Kelp and 
seaweed) 

1 0 S3 

Sandbanks Not assigned 1 0 S3 

 

Table 72. Data layers available from other sources for Papa Stour SAC. 

Data Layer Description Coverage 
over the 
site (% 
estimate) 

Data 
Sources 

Comments 

1996 BSM of seabed 
and shore habitats and 
biota Papa Stour cSAC 

Lifeform polygons 90% SNH  

2008 MCA acoustic 
data 

Bathymetry data 
and its products 

50% SNH Processed in 2016 to 
provide ruggedness, 
aspect, slope etc. 

GeMS Habitat data Polygon data of 
bedrock or stony 
reefs 

 SNH Same data as lifeform 
polygons provided in 1996 
BSM survey. 

Article 17 Annex I Reef 
layer v7  

Potential and high 
confidence reef 
extents. 

90% JNCC Modelled data 

GeMS Species point 
data 

Species 18 points SNH Data covers a range of 
species. 
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The following features have existing polygons previously mapped within the site: 
 
 Reefs - Bedrock or Stony from 1996 BSM survey and JNCC Article 17 v7. 

 
7.17.2 Features mapped within the site 

Annex I Mudflats and Sandflats, Reefs and Sandbanks were mapped within Papa Stour SAC. 
Aerial imagery classification was used to map the extent of the Mudflats and Sandflats and the 
Sandbanks in bays and inlets, however, as no data sample points overlapped with these 
areas, subtype habitats were not assigned. Statistical modelling was used to define the 
extents of the Reef habitats and the deeper Sandbank habitats (Muddy sands and Gravelly 
and clean sands). The Sandbank habitats were only included in the final products where they 
were connected to Sandbanks in waters shallower than 20 m. The high resolution acoustic 
data from the 2008 MCA survey covered the deeper areas of the SAC and was used to limit 
the extent of the Reefs where available. 
 

Table 73. Mapped features within Papa Stour SAC. 

Annex I Habitat Habitat Subtype Method 
Confidence in 
polygon extent 
(score range) 

Mudflats and Sandflats Not assigned at subtype level Imagery classification  

Reefs Bedrock Statistical Low – Moderate 

Reefs Bedrock or Stony Statistical & Rule-based Low – Moderate 

Sandbanks Not assigned at subtype level Imagery classification Low 

Sandbanks Gravelly and clean sands Statistical Low 

Sandbanks Muddy sands Statistical Low 

 

7.17.3 Comparison to existing predictive mapping of Annex I habitats in the site 

The Article 17 Reef layer shows Reef areas covering the majority of the site but the new 
mapping products provide a slightly more refined extent of the Reefs. Previous mapping from 
the 1996 BSM of seabed and shore habitats and biota is broadly similar in the extent of Reefs 
and sandy sediments, however, the previous mapping has a coarser resolution of habitat 
extent. 
 



 

75  

7.18 Sanday SAC (UK0030069) 

Sanday is a large, low-lying island in the north-east of the Orkney archipelago. Surrounded by 
clear, relatively shallow water, the island has a complex coastline dominated by extensive 
sandy beaches and sheltered inlets, interspersed with rocky headlands. The site is designated 
for the following marine habitats and species: Mudflats and Sandflats, Reefs, Sandbanks, and 
Harbour seals (Phoca vitulina). 
 
7.18.1 Available data within the site 

Table 74. List of feature sample point data (Marine Recorder data) for Sanday SAC. 

Source ID Source Details (Survey name where applicable) 

S1 1994 MNCR Orkney lagoons survey 

S2 1997 MNCR Sanday (Orkney) littoral survey 

S3 1997 MNCR Sanday (Orkney) sublittoral survey 

S4 1999 Envision - Sanday Aug99 

S5 1999 SNH BSM survey of seabed biota around Sanday, Orkney 

S6 2000 SNH BSM intertidal survey around Sanday 

S7 2008 SNH SCM within the Sanday SAC and East Sanday Coast SSSI: drop down 
video 

S8 2008 SNH SCM within the Sanday SAC and East Sanday Coast SSSI: grab samples 

S9 2008 SNH SCM within the Sanday SAC and East Sanday Coast SSSI: rocky intertidal 
survey 

S10 2008 SNH SCM within the Sanday SAC and East Sanday Coast SSSI: spot dives 

S11 2011 Seasearch Scotland Orkney Survey 

 

Table 75. List of features validated by ground truthed point data (Marine Recorder data) for 
Sanday SAC. 

Annex I Habitat Annex I Subtype 
Habitat 

Number 
of points 

Number of 
points < 10 
years old 

Source of Data 

Mudflats and 
Sandflats 

Clean sands 17 3 S2, S6, S8 

Mudflats and 
Sandflats 

Clean sands or Muddy 
sands 

24 0 S6 

Mudflats and 
Sandflats 

Muddy sands 6 0 S2, S5 

Mudflats and 
Sandflats 

Sediment flat feature 
(Seagrass beds) 

6 0 S1, S3 

Mudflats and 
Sandflats 

Not assigned 3 0 S6 

Reefs Bedrock 47 10 S2, S3, S5, S6, S7, S9 

Reefs Bedrock or Stony 330 85 S2, S3, S4, S5, S6, S7, 
S9, S10, S11 

Reefs Biogenic (Horse mussel 
beds) 

3 1 S3, S4, S7 

Reefs Stony 39 22 S2, S3, S4, S6 S7 

Sandbanks Gravelly and clean 13 11 S3, S4, S7, S8 
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sands 

Sandbanks Gravelly and clean 
sands or Muddy sands 

9 9 S7, S8 

Sandbanks Mixed sediments 3 0 S3 

Sandbanks Muddy sands 18 9 S3, S4, S7 

Sandbanks Sandbank feature (Kelp 
and seaweed) 

11 10 S3, S7, S8 

Sandbanks Not assigned 6 1 S4, S7 

 

Table 76. Data layers available from other sources for Sanday SAC. 

Data Layer Description Coverage over 
the site (% 
estimate) 

Data 
Sources 

Comments 

1999 Intertidal survey 
of Sanday SAC 

Polygon 
biotope map for 
intertidal 

20% SNH  

2008 SNH SCM of 
Sanday SAC 

Biotope 
transects 

<5% SNH  

Aerial Imagery Aerial imagery 
of the intertidal 
zone 

The data are not 
flown at low tide 
but it does show 
the intertidal in 
areas. 

GetMapping  

BGS PSA points Sediments 1 points BGS  

Article 17 Annex I 
Reef layer v7  

Potential 
confidence reef 
extents. 

Only potential 
areas 

JNCC Modelled data 

GeMS Species point 
data 

Species 39 points SNH Data covers a range 
of species. 

 

The following features have existing polygons previously mapped within the site: 
 
 There are existing biotope polygons for both sublittoral and intertidal, however, no 

specific Annex I habitat polygons. 
 
7.18.2 Features mapped within the site 

Annex I Mudflats and Sandflats, Reefs and Sandbanks were mapped within the Sanday SAC. 
Aerial imagery was used to map the extent of the intertidal habitats including, Mudflats and 
Sandflats and the intertidal Reefs. Statistical modelling was used to map all other Reef and 
Sandbank habitats within the site which were further refined to include the intertidal habitats 
using the sample point data and the aerial imagery where the shallow subtidal was visible. 
 
Rule-based modelling was employed to map the distribution of Sandbank feature Kelp and 
seaweed within the site, however, due to limited physical parameter data around this site for 
refinement it is likely the mapped extent of this habitat is larger than the actual extent of the 
feature.  
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Table 77. Mapped features within Sanday SAC. 

Annex I Habitat Habitat Subtype Method Confidence in polygon 
extent (score range) 

Mudflats and Sandflats Clean sands Imagery 
classification 

Low – Moderate 

Mudflats and Sandflats Clean or Muddy sands Imagery 
classification 

Low – Moderate 

Mudflats and Sandflats Not assigned at subtype 
level 

Imagery 
classification 

Low 

Reefs Bedrock Statistical Low – Moderate 

Reefs Bedrock or Stony Imagery 
classification & 
Statistical 

Low – Moderate 

Reefs Stony Statistical Low – Moderate 

Sandbanks Not assigned at subtype 
level 

Imagery 
classification 

Low 

Sandbanks Gravelly and clean sands Statistical & 
imagery 
classification 

Low – Moderate 

Sandbanks Gravelly and clean sands 
or Muddy sands 

Statistical Low 

Sandbanks Muddy sands Statistical & 
imagery 
classification 

Low – Moderate – High 

Sandbanks Mixed sediments Statistical Low 

Sandbanks Sandbank feature (Kelp 
and seaweed) 

Rule-based Low 

 

7.18.3 Comparison to existing predictive mapping of Annex I habitats in the site 

The previous mapping of the intertidal zone from the 1999 intertidal survey of Sanday SAC, 
highlights the same areas of Reef and Mudflats and Sandflats as the final mapping products 
from this study. The Article 17 Reefs shows potential Reef across all of the SAC and matches 
the final mapping products, and the sample data points also corroborate that the majority of 
the deeper areas are likely to be Reef habitats. 
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7.19 Solway Firth SAC (UK0013025) 

The Solway is a large, complex estuary on the west coast of Britain. It is one of the least-
industrialised and most natural large estuaries in Europe. The site is designated for the 
following marine habitats and species: Mudflats and Sandflats, Reefs, Sandbanks, Estuaries, 
Salicornia and other annuals colonising mud and sands, Atlantic salt meadows and the Sea 
lamprey (Petromyzon marinus). 
 
7.19.1 Available data within the site 

Table 78. List of feature sample point data (Marine Recorder data) for Solway Firth SAC. 

Source ID Source Details (Survey name where applicable) 

S1 1989 FSCRC Blackshaw Bank (Solway) cockle dredging study 

S2 1991 MNCR inner Solway Firth littoral survey 

S3 1992 AERC Chapelcross (inner Solway) EIA survey 

S4 1992 SRPB inner Solway Firth sublittoral sediment survey 

S5 1994 IECS Solway sublittoral survey 

S6 1994 SNH BSM survey of Solway Firth 

S7 1999 ERT (SNH/EN) Southerness Point (Solway Firth) littoral scar survey 

S8 2004 SNH SCM survey of the sublittoral sandbanks of the Solway Firth 

S9 2014 Natural England Biological Survey of the Intertidal Sediments, South Shore of the 
Solway Firth 

 

Table 79. List of features validated by ground truthed point data (Marine Recorder data) for 
Solway Firth SAC. 

Annex I Habitat Annex I Subtype Habitat Number of 
points 

Number of 
points < 10 
years old 

Source of 
Data 

Mudflats and 
Sandflats 

Clean sands 6 3 S6, S9 

Mudflats and 
Sandflats 

Clean sands or Muddy sands 7 0 S6 

Mudflats and 
Sandflats 

Muddy sands 61 0 S1, S2, S3, 
S6, S7 

Mudflats and 
Sandflats 

Mudflats 22 0 S2, S3, S6 

Mudflats and 
Sandflats 

Not assigned 6 0 S1, S6, S7 

Reefs Bedrock or Stony 46 0 S2, S6, S7 

Reefs Biogenic  (Blue mussel beds) 5 0 S2, S6, S8 

Reefs Biogenic (Sabellaria reef) 2 0 S6, S7 

Reefs Stony 5 0 S2, S6 

Sandbanks Gravelly and clean sands 58 0 S3, S4, S5, 
S6, S8 

Sandbanks Gravelly and clean sands or Muddy 
sands 

1 0 S3 
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Table 80. Data layers available from other sources for Solway Firth SAC. 

Data Layer Description Coverage over 
the site (% 
estimate) 

Data 
Sources 

Comments 

1994 Broadscale 
mapping of the Solway 
Firth 

Biotope 
polygons 

60% SNH Data is >20 years old. 

1998 and 1999 Solway 
Firth scar ground 
surveys 

Biotope 
polygons 
including Blue 
mussel beds 

10% SNH  

2004 intertidal zone Intertidal 
boundary 
defined from 
satellite 
imagery 

100% SNH Data provides a more 
accurate intertidal 
boundary than that 
within the OS data. 

2004 NE biological 
survey of the intertidal 
sediments of the 
Solway Firth 

Biotope 
polygons 

30% SNH  

Aerial Imagery Aerial imagery 
of the intertidal 
zone 

Coverage over the 
site is patchy in its 
quality. 

GetMapping There are some areas 
of good quality 
showing the intertidal 
but also areas of poor 
quality data. 

BGS PSA points Sediments 259 points BGS  

Article 17 Annex I Reef 
layer v7  

Potential 
confidence 
reef extents. 

Only potential 
areas 

JNCC Modelled data 

GeMS Species point 
data 

Species 20 points SNH Data covers a range 
of species. 

 

The following features have existing polygons previously mapped within the site: 
 
 There are existing biotope polygons for both sublittoral and intertidal zones, however, no 

specific Annex I habitat polygons. 
 
7.19.2 Features mapped within the site 

Annex I Mudflats and Sandflats, Reefs and Sandbanks were mapped within the Solway Firth 
SAC. Existing polygon data for the Sediment flat feature-Blue mussel bed were utilised and 
modified slightly using the sample data points.  
 
Aerial imagery classification was used to define the extent of the Mudflats and Sandflats, 
however, multiple aerial surveys covered this site at a varying quality. Manual modification 
was required to remove any false boundaries and to extend the polygon extents to the full 
extent of the intertidal zone. The SNH (2004) intertidal boundary derived from satellite imagery 
was used to help delineate the intertidal extent for this SAC. The sample data points were 
then used to classify the subtype habitats within the intertidal habitats. It is worth noting that 
due to the majority of the estuary being fairly shallow sandy and muddy habitats that the 
boundary of the intertidal is likely to be dynamic and to change over time. 
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Statistical modelling was used to map the Bedrock or Stony reefs and the Sandbank habitats 
and these were again manually modified to restrict them to the subtidal zone. The southern 
side of the estuary is within English waters and therefore mapping of the SAC habitats was not 
undertaken here.  
 

Table 81. Mapped features within Solway Firth SAC. 

Annex I Habitat Habitat Subtype Method 
Confidence in 
polygon extent 
(score range) 

Mudflats and Sandflats Not assigned at subtype level 
Imagery 
classification 

Low 

Mudflats and Sandflats Muddy sands 
Imagery 
classification 

Low 

Mudflats and Sandflats Mudflats 
Imagery 
classification 

Low – Moderate 

Mudflats and Sandflats 
Sediment flat feature (Blue 
mussel beds) 

Existing data 
Low 

Reefs Bedrock or Stony Statistical Low 

Sandbanks Gravelly and clean sands Statistical Low 

Sandbanks 
Gravelly and clean sands or 
Muddy sands 

Statistical 
Low 

 

7.19.3 Comparison to existing predictive mapping of Annex I habitats in the site 

Previous mapping from the 1994 broadscale mapping of the Solway Firth does not match the 
extents of the final mapping products or the 2004 mapping products. This is most likely due to 
the composition of the estuary sediments which move over time changing the boundaries 
between the intertidal and subtidal zones. The 2004 survey of the intertidal zone was used to 
define the extents of the intertidal habitats versus the subtidal habitats as it is more 
representative than the current OS intertidal mapping boundary. The previous mapping of 
Blue mussel beds from the 1998 and 1999 Solway Firth scar ground surveys was used within 
the production of the final mapping products with slight modification to extents.  
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7.20 Sound of Arisaig SAC (UK0019802) 

The Sound of Arisaig SAC is located on the west coast of Scotland and designated for 
Sandbanks. It is sheltered, with low turbidity, and has an unusually high diversity of sublittoral 
sediment habitats within a relatively small area. 
 
7.20.1 Available data within the site 

Table 82. List of feature sample point data (Marine Recorder data) for Sound of Arisaig SAC. 

Source ID Source Details (Survey name where applicable) 

S1 1970-80 SMBA/MBA Great Britain littoral survey 

S2 1978 Smith west Inverness-shire & north Argyll littoral survey 

S3 1979-80 Smith west Inverness-shire & north Argyll littoral mollusc survey 

S4 1989 UMBSM Arisaig and Moidart sealochs survey 

S5 1994 Envision - Ardnamurchan May94 

S6 1995 BioMar Arisaig Maerl beds survey 

S7 1995 Envision - Moidart Jun95 

S8 1996 SNH ROV survey of Loch Ailort 

S9 1998 SNH ROV survey of Sound of Arisaig 

S10 2003 Seasearch Scotland Oberon Bank 

S11 2003 SNH SCM survey of Sound of Arisaig cSAC 

S12 2013 Seasearch Scotland Lochaber survey 

S13 2014 SNH SCM survey of Sound of Arisaig SAC 

S14 2016 Sound of Arisaig DDV Survey 

 

Table 83. List of features validated by ground truthed point data (Marine Recorder data) for 
Sound of Arisaig SAC. 

Annex I Habitat Annex I Subtype Habitat Number 
of points 

Number of 
points < 10 
years old 

Source of Data 

Mudflats and 
Sandflats. 

Clean sands or Muddy 
sands 

1 0 S2 

Mudflats and 
Sandflats. 

Not assigned 1 0 S2 

Reefs Bedrock 7 0 S4, S9, S11 

Reefs Bedrock or Stony 171 10 S1, S2, S4, S5, S6, S7, 
S8, S9, S10, S11, S12, 
S13 

Reefs Stony 6 5 S4, S13 

Sandbanks Gravelly and clean sands 66 25 S1, S4, S6, S7, S9, S11, 
S13 

Sandbanks Gravelly and clean sands 
or Muddy sands 

15 6 S5, S7, S13 

Sandbanks Mixed sediments 27 5 S4, S7, S9, S10, S13 

Sandbanks Muddy sands 57 27 S4, S9, S11, S13 

Sandbanks Sandbank feature 
(Seagrass beds) 

34 28 S4, S11, S13, S14 
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Sandbanks Sandbank feature (Kelp 
and seaweed) 

162 47 S4, S7, S8, S9, S11, 
S13 

Sandbanks Sandbank feature (Maerl 
beds) 

158 58 S4, S6, S8, S9, S11, 
S13 

Sandbanks Not assigned 4 0 S9, S11 

 

Table 84. Data layers available from other sources for Sound of Arisaig SAC. 

Data Layer Description Coverage 
over the 
site (% 
estimate) 

Data 
Sources 

Comments 

1995 SNH Sound 
of Arisaig SAC 
survey 

Polygon data for sand 
and maerl. 

40% SNH Data is greater than 20 
years old. 

2009 HI1257 The 
Isles of Eigg and 
Muck  

Bathymetry at 2m 
resolution 

80% MCA Collected via 
singlebeam. 

Trawling intensity Raster layer of intensity 
of trawling 

50% Marine 
Scotland & 
Kafas et al., 
2012. 

 

Aerial Aerial imagery of the 
intertidal zone 

Imagery is 
variable over 
the site but 
shows some 
intertidal in 
areas. 

GetMapping  

BGS PSA points Sediments 1 points BGS  

Article 17 Annex I 
Reef layer v7  

Potential confidence 
reef extents. 

Only 
potential 
areas 

JNCC Modelled data 

GeMS Habitat 
data 

Polygon data of reefs 
and Sandbanks. 

 SNH From multiple sets of 
survey data. 

GeMS Species 
point data 

Species 58 points SNH Data covers a range of 
species. 

 

The following features have existing polygons previously mapped within the site: 
 
 Sandbanks - Gravelly and clean sands from 1995 SNH SAC survey and GeMS habitat 

data. 
 Sandbanks - Maerl beds from 1995 SNH SAC survey and GeMS habitat data. 
 Sandbanks - Kelp and Seaweed from GeMS habitat data. 

 
7.20.2 Features mapped within the site 

Annex I Reefs and Sandbanks were mapped within the Sound of Arisaig SAC. The high 
resolution bathymetry data from the MCA survey in 2009 (HI1257 The Isles of Eigg and Muck, 
Table 53) were used to delineate between Reef habitats and the sandy and muddy habitats. 
The statistical modelling outputs and the sample point data were then used to classify the 
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subtype habitats for each. Sandbanks deeper than 20 m and not connected to the shallower 
Sandbank habitats were removed from the outputs.  
 
Rule-based modelling was used to define the extent of the biogenic Sandbank subtype 
habitats (Seagrass beds, Maerl beds, and Kelp and seaweed). The high number of sample 
points for each of the three biogenic habitats within site supports a higher confidence in the 
existence of the habitat, however, with limited other physical parameter layers within some 
areas of the SAC, there is a lower confidence in the boundary extent of the subtype habitats.  
 
Further modification to the mapping was completed using the trawling intensity data, which 
restricted the extent of the Sandbank and Reef habitats. Trawling intensity can be used as a 
proxy for muddy habitats therefore can used to identify areas where Reefs and Sandbanks are 
not likely to occur.  
 

Table 85. Mapped features within Sound of Arisaig SAC. 

Annex I Habitat Habitat Subtype Method 
Confidence in 
polygon extent 
(score range) 

Reefs Bedrock or Stony 
Rule-based & 
Statistical 

Low – Moderate 

Reefs Stony Statistical Low – Moderate 

Sandbanks Gravelly and clean sands 
Rule-based & 
Statistical 

Low – Moderate 

Sandbanks 
Gravelly and clean sands or 
Muddy sands 

Rule-based & 
Statistical 

Low 

Sandbanks Muddy sands 
Rule-based & 
Statistical 

Low 

Sandbanks Mixed sediments 
Rule-based & 
Statistical 

Low – Moderate 

Sandbanks 
Sandbank feature (Kelp and 
Seaweed) 

Rule-based 
Low 

Sandbanks Sandbank feature (Maerl beds) Rule-based Low 

Sandbanks 
Sandbank feature (Seagrass 
beds) 

Rule-based 
Low 

 

7.20.3 Comparison to existing predictive mapping of Annex I habitats in the site 

Previous mapping of sand and Maerl habitats from the 1995 SNH SAC survey and the GeMS 
habitat data are more extensive than the final mapping products. The Maerl beds in the final 
mapping products are smaller in extent than those previously mapped as the polygons were 
drawn more closely to the sample point data. The mapping of Sandbank extents is also 
smaller than the polygons from the 1995 survey and in GeMS due to application of the 20m 
depth restriction in order to be a qualifying feature (as per the rules in Section 2.4). The 2009 
MCA high resolution bathymetry data has helped to refine the extents of sandy/muddy 
sediments and Reef habitats within the SAC compared to the polygon mapping that was 
previously available. 
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7.21 Sound of Barra SAC (UK0012705) 

The Sound of Barra SAC comprises a mixture of Islands, extensive rocky Reefs, Sandbanks 
and Shallow channels in a broad stretch between the southern end of South Uist and the north 
eastern shore of the island of Barra in the Outer Hebrides, off the west coast of Scotland. The 
site is designated for the following marine habitats and species: Reefs, Sandbanks and the 
Harbour seal (Phoca vitulina). 
 
7.21.1 Available data within the site 

Table 86. List of feature sample point data (Marine Recorder data) for Sound of Barra SAC. 

Source ID Source Details (Survey name where applicable) 

S1 1970-80 SMBA/MBA Great Britain littoral survey 

S2 1995 Envision - South Uist Jul95 

S3 1995 MNCR South Uist, Barra and the Inner Hebrides lagoon survey 

S4 1995 SNH BSM survey of South Uist Maerl beds 

S5 1996 MNCR Barra survey 

S6 1999 BMT Cordah Environmental Statement survey (Eriskay causeway - marine and 
intertidal habitats) 

S7 1999 BMT Cordah Environmental Statement survey (Sound of Barra ferry facilities) 

S8 2000 BMT Cordah Environmental Statement survey (Barra ferry terminal survey) 

S9 2001 joint BSM survey of Sound of Barra sublittoral habitats 

S10 2006 SNH BSM survey of the Sound of Barra 

S11 2012 Seasearch Scotland SE Uist survey 

S12 2015 Draft SNH Sound of Barra maerl and seagrass beds diving survey 

S13 2016 Sound of Barra Drop Down Video Survey 

 

Table 87. List of features validated by ground truthed point data (Marine Recorder data) for 
Sound of Barra SAC. 

Annex I Habitat Annex I Subtype 
Habitat 

Number 
of points 

Number of 
points < 10 
years old 

Source of Data 

Mudflats and 
Sandflats 

Clean sands 13 13 S10 

Mudflats and 
Sandflats 

Clean or Muddy sands 2 2 S10 

Mudflats and 
Sandflats 

Muddy sands 18 6 S1, S6, S8, S10 

Mudflats and 
Sandflats 

Not assigned 1 0 S8 

Reefs Bedrock 72 58 S5, S6, S8, S10, S13 

Reefs Bedrock or Stony 437 281 S2, S3, S5, S6, S7, 
S8, S9, S10, S13 

Reefs Stony 16 9 S3, S8, S10 

Sandbanks Gravelly and clean 
sands 

157 151 S9, S10, S13 

Sandbanks Gravelly and clean 
sands or Muddy sands 

11 11 S10, S13 
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Sandbanks Mixed sediments 6 4 S2, S8, S13 

Sandbanks Muddy sands 73 69 S5, S9, S10, S13 

Sandbanks Sandbank feature (Kelp 
and seaweed) 

46 39 S5, S6, S, S9, S10, 
S13 

Sandbanks Sandbank feature (Maerl 
beds) 

156 130 S2, S4, S5, S6, S7, 
S9, S10, S12, S13 

Sandbanks Sandbank feature 
(Seagrass beds) 

44 42 S6, S10, S12, S13 

Sandbanks Not assigned 7 0 S8, S9 

 

Table 88. Data layers available from other sources for Sound of Barra SAC. 

Data Layer Description Coverage 
over the site 
(% estimate) 

Data 
Sources 

Comments 

2001 joint BSM survey of 
Sound of Barra sublittoral 
habitats 

Polygon data for 
biotopes 

10% SNH Some polygons are 
buffers of single 
points. 

2006 SNH BSM survey 
of the Sound of Barra 

Multiple 
bathymetry 
products and 
habitat polygons. 

30% SNH  

2012 HI1324 Sound of 
Barra 

2 m resolution 
bathymetry 

80% MCA  

2015 SNH Sound of 
Barra survey 

Aerial imagery 
from 2015 

20% SNH  

Aerial imagery Aerial imagery of 
the intertidal zone 

Some areas 
show the 
intertidal.  

GetMapping  

Article 17 Annex I Reef 
layer v7  

Potential 
confidence reef 
extents. 

Only potential 
areas 

JNCC Modelled data 

GeMS Habitat data Polygon data, 
mainly for Maerl 
beds 

10% SNH  

GeMS Species point data Species 84 points SNH Data covers a range 
of species. 

 

The following features have existing polygons previously mapped within the site: 
 
 Sandbanks - Sandbank feature (Maerl beds) from GeMS Habitat data. 
 Other habitat polygons exist but not specified as Annex I habitats. 

 
7.21.2 Features mapped within the site 

Annex I Mudflats and Sandflats, Reefs and Sandbanks were mapped within the Sound of 
Barra SAC. Aerial imagery classification was used to map Mudflats and Sandflats, and any 
intertidal Reefs. The water clarity within this SAC was particularly clear and allowed for the 
mapping of the shallow subtidal Reefs and Sandbanks.  
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The high resolution bathymetry (MCA, 2012) was used to separate the subtidal into Reef and 
sediment areas. This information was then further assigned to subtype habitats using the 
outputs from the statistical modelling and the sample point data.  The biogenic sandbank 
features (Maerl beds, Seagrass beds and Kelp and seaweed) were mapped using the sample 
point data, topographic data and the aerial imagery where it was clear enough to allow the 
depiction of the shallow subtidal. Manual delineation of the Sandbank feature Seagrass beds 
was completed using the aerial imagery and the sample point data. 
 

Table 89. Mapped features within Sound of Barra SAC. 

Annex I Habitat Habitat Subtype Method 
Confidence in 
polygon extent 
(score range) 

Mudflats and 
Sandflats 

Clean sands or Muddy sands 
Imagery 
classification 

Low - Moderate 

Reefs Bedrock 
Rule-based & 
Statistical 

Low - Moderate 

Reefs Bedrock or Stony 
Rule-based & 
Statistical 

Low - Moderate 

Reefs Stony 
Rule-based & 
Statistical 

Low - Moderate 

Sandbanks Gravelly and clean sands 
Rule-based & 
Statistical 

Low – Moderate 

Sandbanks 
Gravelly and clean sands or 
Muddy sands 

Rule-based & 
Statistical 

Low 

Sandbanks Muddy sands 
Rule-based & 
Statistical 

Low – Moderate 

Sandbanks Mixed sediments 
Rule-based & 
Statistical 

Low 

Sandbanks 
Sandbank feature (Kelp and 
seaweed) 

Rule-based 
Low 

Sandbanks Sandbank feature (Maerl beds) Rule-based Low  

Sandbanks 
Sandbank feature (Seagrass 
beds) 

Rule-based & 
Imagery 
classification 

Low – Moderate 

 

7.21.3 Comparison to existing predictive mapping of Annex I habitats in the site 

The extent of the habitat polygons have been refined and provide a higher resolution output in 
the final mapping products compared to both the GeMS habitat data and the 2006 BSM 
survey. These improvements have been made due to additional data now available. The use 
of the 2012 MCA high resolution bathymetry data helping to define the boundaries between 
Reef and sediment habitats and the aerial imagery providing clear definition of the intertidal 
and shallow subtidal habitats within the SAC. Also additional sample data points have been 
collected in 2012, 2015 & 2016 which give a stronger indication of the distribution of habitats 
within the site.  
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7.22 St Kilda SAC (UK0013695) 

The St Kilda archipelago is a westerly outlier of the Outer Hebrides and represents extremely 
wave-exposed Reefs. The islands are formed of hard, igneous rock, which forms steep and 
vertical reefs around the entire island group. The site is designated for the following marine 
habtiats: Reefs and Submerged or partially submerged sea caves. 
 
7.22.1 Available data within the site 

Table 90. List of feature sample point data (Marine Recorder data) for St Kilda SAC. 

Source ID Source Details (Survey name where applicable) 

S1 1970 Ridley north-west Scotland sublittoral photographic survey 

S2 1997 MNCR/SNH St Kilda sublittoral survey 

S3 1997 SNH BSM survey of St Kilda 

S4 2007 Seasearch Scotland St Kilda 

S5 2010 Seasearch Scotland St Kilda 

S6 2011 Seasearch Scotland St Kilda Survey 

S7 2013 Seasearch Scotland St Kilda survey 

S8 2014 Seasearch Scotland St Kilda survey 

 

Table 91. List of features validated by ground truthed point data (Marine Recorder data) for St 
Kilda SAC. 

Annex I 
Habitat 

Annex I Subtype Habitat Number 
of points 

Number of 
points < 10 
years old 

Source of Data 

Reefs Bedrock 128 36 S2, S3, S4, S5, S6, 
S7 

Reefs Bedrock or Stony 101 16 S1, S2, S3, S4, S5, 
S6, S7, S8 

Sandbanks Gravelly and clean sands 13 0 S3 

Sandbanks Gravelly and clean sands or 
Muddy sands 

2 0 S3 

Sandbanks Mixed sediments 4 0 S3 

Sandbanks Muddy sands 1 0 S2 

Sandbanks Sandbank feature (Kelp and 
seaweed) 

1 1 S5 

 

Table 92. Data layers available from other sources for St Kilda SAC. 

Data Layer Description Coverage over the 
site (% estimate) 

Data 
Sources

Comments 

1997 BSM survey of 
seabed and shore 
habitats around St 
Kilda 

Habitat 
polygon data 

20% SNH  

2000 St Kilda acoustic 
and ROV survey 

Habitat 
polygon data, 
bathymetry 
images 

80% SNH  
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BGS PSA points Sediments 7 points BGS  

Article 17 Annex I 
Reef layer v7  

Potential 
confidence 
reef extents. 

Only potential areas JNCC Modelled data 

GeMS Species point 
data 

Species 63 points SNH Data covers a range of 
species. 

 

The following features have existing polygons previously mapped within the site: 
 
 Habitat polygons exist but not specified as Annex I habitats or biotope codes. 

 
7.22.2 Features mapped within the site 

Annex I Reefs and Sandbanks were mapped within St Kilda SAC. The statistical modelling 
was used to map the habitats within the SAC, however, these were limited to the extent of the 
underlying data layers and did not cover the full extent of the SAC. Existing data from the 
2000 St Kilda acoustic and ROV survey was used to extend the polygons to cover the site. 
Some manual modification was necessary to merge the two sets of data and to extend the 
outputs to the intertidal zone limits. An area of Gravelly and clean sands was identified and 
delineated from the aerial imagery and the sample point data.  
 

Table 93. Mapped features within St Kilda SAC. 

Annex I Habitat Habitat Subtype Method 
Confidence in polygon 

extent (score range) 

Reefs Bedrock 
Statistical & Existing 
data 

Low - Moderate 

Reefs Bedrock or Stony 
Statistical & Existing 
data 

Low 

Sandbanks Gravelly and clean sands 
Rule-based & 
Imagery 
classification 

Low 

 

7.22.3 Comparison to existing predictive mapping of Annex I habitats in the site 

The 2000 St Kilda acoustic and ROV survey mapping was used to map half of the site due to 
the limitations in the coverage of the statistical model. Where the statistical model was used 
over the existing previous mapping outputs these were very similar in extent. The final 
mapping products are also similar to the 1997 BSM survey as the majority of the habitats 
around the island are classified as Reefs. There are a small number of sample data points in 
the deeper areas of the site reducing confidence in the habitat extent, and therefore increased 
sampling and high resolution acoustic products would help define the extents of habitats 
further within this SAC. 
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7.23 Sullom Voe SAC (UK0030273) 

Sullom Voe SAC in the Shetland Isles is the most northerly site in the UK to be selected as a 
representative of the Annex I feature Large shallow inlets and bays, and within the site series 
it is the only Scottish example of a ria (known locally as a ‘voe’). The site is designated for the 
marine habitats: Reefs, Large shallow inlets and bays, and Coastal lagoons. 
 
7.23.1 Available data within the site 

Table 94. List of feature sample point data (Marine Recorder data) for Sullom Voe SAC. 

Source ID Source Details (Survey name where applicable) 

S1 1962-63 DAFS Shetland sublittoral survey 

S2 1974 ITE Shetland littoral rock survey 

S3 1974 ITE Shetland sublittoral survey 

S4 1974-78 SOTEAG Shetland sublittoral sediment survey 

S5 1978-81 BP Sullom Voe oil terminal effluent discharge site sublittoral survey 

S6 1984 SOTEAG Dales Voe and Gluss Voe (Shetland) littoral survey 

S7 1986-87 OPRU/MNCR Shetland, Foula and Fair Isle survey 

S8 1987 MCS Shetland sublittoral survey, Scotland 

S9 1990 OPRU Sullom Voe sublittoral monitoring 

S10 1993 MNCR Shetland lagoons survey 

S11 1993 NHM Sullom Voe sublittoral survey 

S12 1995 OPRU Sullom Voe (Shetland) littoral survey 

S13 2004 Envision – Sullom Voe Aug04 

S14 2005 HWU Callback Ness survey 

 

Table 95. List of features validated by ground truthed point data (Marine Recorder data) for 
Sullom Voe SAC. 

Annex I Habitat Annex I Subtype Habitat Number 
of points 

Number of 
points < 10 
years old 

Source of Data 

Mudflats and 
Sandflats 

Clean sands or Muddy sands 1 0 S10 

Mudflats and 
Sandflats 

Muddy sands 3 0 S6 

Mudflats and 
Sandflats 

Sediment flat feature (Blue 
mussel beds) 

1 0 S10 

Mudflats and 
Sandflats 

Sediment flat feature 
(Seagrass beds) 

1 0 S10 

Reefs Bedrock 3 0 S13 

Reefs Bedrock or Stony 41 0 S2, S3, S8, S10, 
S11, S12, S13, S14 

Reefs Biogenic (Horse mussel 
beds) 

45 0 S7, S8, S9, S11 

Reefs Stony 14 0 S2, S12, S13 

Sandbanks Gravelly and clean sands 3 0 S13 

Sandbanks Gravelly and clean sands or 
Muddy sands 

1 0 S13 
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Sandbanks Mixed sediments 73 0 S1, S4, S5, S9, 
S11, S13 

Sandbanks Muddy sands 4 0 S4, S7, S13 

Sandbanks Sandbank feature (Kelp and 
seaweed) 

39 0 S7, S8, S11, S13 

 

Table 96. Data layers available from other sources for Sullom Voe SAC. 

Data Layer Description Coverage over the 
site (% estimate) 

Data 
Sources 

Comments 

2004 Biotope 
mapping survey of 
Sullom Voe SAC 

Biotope polygon 
data  

100% SNH  

2005 HWU survey 
Callback Ness 
survey 

Extent of Horse 
mussel beds 

20% HWU  

2008 bathymetry Various 
bathymetry 
products, slope, 
aspect, 
ruggedness 

80% NAFC Doesn’t cover 
intertidal areas. 

Aerial imagery Aerial imagery of 
the intertidal zone 

Imagery is not flown 
at low tide and may 
be of limited use to 
identify intertidal 
habitats. 

GetMapping  

BGS PSA points Sediments 9 points BGS  

Article 17 Annex I 
Reef layer v7  

Potential 
confidence reef 
extents. 

Only potential areas JNCC Modelled data 

GeMS Species 
point data 

Species 22 points SNH Data covers a 
range of species. 

 

The following features have existing polygons previously mapped within the site: 
 
 Reefs - Horse mussel beds from 2005 HWU survey. 
 Other habitat polygons exist but not specified as Annex I habitats. 

 
7.23.2 Features mapped within the site 

Annex I Reefs and Sandbanks were mapped within the Sullom Voe SAC. Rule-based 
modelling was used to define the extents of the biogenic habitats (Horse mussel beds and 
Kelp and seaweed) utilising the sample point data and physical parameters. Existing polygons 
for the Horse mussel bed polygons from the 2005 HWU callback Ness survey were refined 
using sample point data collected post 2005. Statistical modelling was used to define the 
extent of the other Reef and Sandbank habitats within the site. A large number of sample 
points existed for Mixed sediments within the SAC, however, these were not connected to 
areas of sandy sediment and therefore were not included as a qualifying Sandbank habitat. 
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Table 97. Mapped features within Sullom Voe SAC. * Polygons generated/ modified from 
existing polygons already produced for the site from other reports/studies may have been 
assigned a lower confidence than is actually the case, because of a lack of information on how 
the original polygons were created.  Therefore we would expect that in many cases, that the 
confidence in the polygon extent would be higher than indicated by the scoring. 

Annex I Habitat Habitat Subtype Method 
Confidence in 
polygon extent 
(score range) 

Reefs Bedrock Statistical Low 

Reefs Bedrock or Stony Statistical Low – Moderate 

Reefs Stony Statistical Low 

Reefs Biogenic (Horse mussel beds) 
Existing polygons & 
Rule-based 

Low, High* 

Sandbanks Gravelly clean sands Statistical Low 

Sandbanks Muddy sands Statistical Low 

Sandbanks 
Sandbank feature (Kelp and 
seaweed) 

Rule-based 
Low 

 

7.23.3 Comparison to existing predictive mapping of Annex I habitats in the site 

The mapping of Horse mussel beds during the 2005 HWU callback survey was used within 
the mapping products and refined using sampling data collected after the date of the survey. 
The previous 2004 biotope mapping survey is very similar in extent to the final mapping 
products with some refinement in the final of mapping intertidal habitats via the aerial imagery 
classification. 
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7.24 Sunart SAC (UK0019803) 

Sunart SAC on the west coast of Scotland contains both terrestrial and marine qualifying 
features, and is designated for the following marine habitats and species: Reefs and Otters 
(Lutra lutra). 
 
7.24.1 Available data within the site 

Table 98. List of feature sample point data (Marine Recorder data) for Sunart SAC. 

Source ID Source Details (Survey name where applicable) 

S1 1978 Smith West Inverness-shire & north Argyll littoral survey 

S2 1987 NCC/MCS Seasearch Loch Sunart sublittoral survey 

S3 1989 MNCR Loch Sunart survey 

S4 1990 MNCR Loch Sunart sediment survey 

S5 1994 MNCR Ardnamurchan peninsula sublittoral survey 

S6 1994 MNCR/SNH Ardnamurchan peninsula and north Mull ROV survey 

S7 1994 SNH Loch Sunart biotope survey 

S8 1995 SNH BSM survey of sublittoral biotopes in Loch Sunart 

S9 1997 JNCC/MCS Seasearch Loch Sunart survey 

S10 2001 Joint BSM survey of Loch Sunart sublittoral habitats 

S11 2004 Seasearch Scotland survey Loch Sunart 

S12 2005 Seasearch  Scotland Sound of Mull & Loch Sunart 

S13 2006 SNH SCM survey of marine features in the Sunart SAC & SSSI 

S14 2007 Seasearch Scotland Sound of Mull and Loch Sunart 

S15 2008 Seasearch Scotland Sound of Mull and Loch Sunart 

S16 2012 Marine Scotland Loch Sunart benthic camera survey 

S17 2014 Seasearch Scotland Sound of Mull Survey 

S18 2015 Seasearch Scotland Loch Sunart survey 

 

Table 99. List of features validated by ground truthed point data (Marine Recorder data) for 
Sunart SAC. 

Annex I 
Habitat 

Annex I Subtype Habitat Number 
of points 

Number of 
points < 10 
years old 

Source of Data 

Mudflats and 
Sandflats 

Clean sands 1 0 S4,  

Mudflats and 
Sandflats 

Clean sands or Muddy 
sands 

1 0 S7 

Mudflats and 
Sandflats 

Muddy sands 8 0 S4 

Mudflats and 
Sandflats 

Sediment flat feature (Sea 
loch egg wrack beds) 

15 0 S4, S7 

Mudflats and 
Sandflats 

Sediment flat feature 
(Seagrass beds) 

2 0 S8 

Mudflats and 
Sandflats 

Not assigned 1 0 S1 

Reefs Bedrock 26 11 S3, S4, S9, S10, S12, S13, 
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S17 

Reefs Bedrock or Stony 576 165 S1, S2, S3, S4, S5, S6, S7, 
S8, S9, S10, S11, S12, 
S13, S14, S15, S16, S17, 
S18 

Reefs Biogenic (Blue mussel 
beds) 

2 0 S4 

Reefs Biogenic (Horse mussel 
beds) 

17 4 S3, S8, S9, S18 

Reefs Biogenic (Serpulid 
aggregations) 

113 113 S13 

Reefs Stony 45 3 S2, S3, S4, S7, S13 

Sandbanks Gravelly and clean sands 4 1 S2, S9, S17 

Sandbanks Mixed sediments 111 45 S2, S3, S4, S8, S9, S10, 
S13, S14, S16, S18 

Sandbanks Muddy sands 4 0 S4, S8 

Sandbanks Sandbank feature (Kelp 
and seaweed) 

68 30 S3, S8, S10, S13 

Sandbanks Sandbank feature (Maerl 
beds) 

1 1 S13 

Sandbanks Not assigned 3 1 S2, S10, S15 

 

Table 100. Data layers available from other sources for Sunart SAC. 

Data Layer Description Coverage over 
the site (% 
estimate) 

Data 
Sources 

Comments 

2001 BSM 
sublittoral 
habitats of Loch 
Sunart 

Reprocessed 
acoustic data and 
biotope habitat 
polygons from 2001 
survey. 

90% SNH The bathy was 
reprocessed in 
march 2013. 

2006 SCM of 
Loch Sunart 

Polygons of Sea 
loch egg wrack 
beds, and Zostera. 

<10% SNH Existing polygons 
with high confidence 
in the extent. 

2014 Loch 
Teacuis Serpulid 
survey 

Point locations for 
Serpulid 
aggregations 

<10% SNH  

2016 Serpulid 
data review 

Polygon and point 
data of Serpulid 
aggregations 

<10% SNH Targeted review of 
loch tenacious for 
Serpulid 
aggregations. Not 
confident that these 
aggregations are 
reefs. 

Aerial imagery Aerial imagery of the 
intertidal zone 

The survey was 
not flown at low 
water but it does 
show some 
intertidal in areas 

GetMapping OS HW and LW 
marks do not match 
the intertidal zone 
on the imagery; site 
has emerging 
saltmarsh areas in 
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the intertidal zone. 

BGS PSA points Sediments 1 points BGS  

Article 17 Annex I 
Reef layer v7  

Potential and high 
confidence reef 
extents. 

 JNCC Modelled data 

Oceanwise DEM Seabed Depth 40% coverage  Oceanwise  Only 40% coverage 
within the site. 

GeMS Habitat 
data 

Polygon data for 
Serpulid reefs 

 SNH Also contains 
polygons for flame 
shell beds. 

GeMS Species 
point data 

Species 296 points SNH Data covers a range 
of species. 

 

The following features have existing polygons previously mapped within the site: 
 
 Reefs - No subtype habitats defined from 2006 SCM survey. 
 Reefs - Bedrock or Stony from JNCC Article 17 v7. 
 Reefs - Serpulid aggregations from 2016 Serpulid data review & 2014 Loch Teacuis 

Serpulid survey. 
 
7.24.2 Features mapped within the site 

Annex I Mudflats and Sandflats and Reefs were mapped within the Sunart SAC. Existing 
polygons from the 2006 SNH SCM survey of marine features in the Sunart SAC and SSSI, for 
the Sediment flat feature Sea loch egg wrack beds were included in the mapping. Statistical 
modelling was mainly used to define the extent of the Reef habitats; these were then refined 
where possible to reach and cover the intertidal using the aerial imagery and the sample point 
data. 
 

Table 101. Mapped features within Sunart SAC. 

Annex I Habitat Habitat Subtype Method 
Confidence in 
polygon extent 
(score range) 

Mudflats and 
Sandflats 

Sediment flat feature (Sea loch 
egg wrack beds) 

Existing polygons 
Low 

Reefs Bedrock Statistical Low - Moderate 

Reefs Bedrock or Stony 
Statistical & Imagery 
classification 

Low – Moderate 

Reefs Stony Statistical Low - Moderate 

 

7.24.3 Comparison to existing predictive mapping of Annex I habitats in the site 

The previous mapping of Serpulid aggregations were not included within this study as the 
2016 review found these areas to be unlikely to be Reefs and these are protected and 
mapped as part of the Loch Sunart MPA. The mapping for Sea loch egg wrack beds from the 
2006 SCM of Loch Sunart were used directly within the final mapping products with no 
modifications. The final mapping products differ from the 2001 BSM sublittoral habitats at the 
entrance to the loch, where they are have a larger extent of Reef habitats than the previous 
mapping. There are limited sampling points to verify the extent of Reefs or muddy sediments 
in this area. 
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7.25 Treshnish Isles SAC (UK0030289) 

The Treshnish Isles are a remote chain of uninhabited islands and skerries situated in south-
west Scotland. The site is designated for the following marine habitats and species: Reefs and 
the Grey seal (Halichoerus grypus). 
 
7.25.1 Available data within the site 

Table 102. List of feature sample point data (Marine Recorder data) for Treshnish Isles SAC. 

Source ID Source Details (Survey name where applicable) 

S1 2003 Envision - Treshnish Aug03 

S2 2007 SNH SCM survey of rocky reef features around the Treshnish Isles 

 

Table 103. List of features validated by ground truthed point data (Marine Recorder data) for 
Treshnish Isles SAC. 

Annex I 
Habitat 

Annex I Subtype Habitat Number of 
points 

Number of 
points < 10 
years old 

Source of Data 

Reefs Bedrock 54 36 S1, S2 

Reefs Bedrock or Stony 120 109 S1, S2 

Reefs Stony 22 22 S2 

Sandbanks Gravelly and clean sands 38 25 S1, S2 

Sandbanks Sandbank feature (Seagrass 
beds) 

2 0 S1 

Sandbanks Sandbank feature (Maerl 
beds) 

12 4 S1, S2 

Sandbanks Not assigned 28 0 S1 

 

Table 104. Data layers available from other sources for Treshnish Isles SAC. 

Data Layer Description Coverage over the 
site (% estimate) 

Data 
Sources 

Comments 

2003 Treshnish 
Isles biotope 
mapping survey 

Habitat polygons 
with biotopes 

100% SNH Only have biotope codes 
for intertidal habitats. 

Article 17 Annex I 
Reef layer v7  

Potential 
confidence reef 
extents. 

Only potential areas JNCC Modelled data 

GeMS Habitat 
data 

Polygon data – 
Maerl beds and 
seagrass beds 

10% SNH Biotope Mapping and 
Survey of the Treshnish 
Isles Candidate Special 
Area of Conservation 
(cSAC) - subtidal 
biotopes 

GeMS Species 
point data 

Species 46 points SNH Data covers a range of 
species. 

 
The following features have existing polygons previously mapped within the site: 
 
 Sandbanks - Maerl beds from GeMS Habitat polygons. 
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7.25.2 Features mapped within the site 

Annex I Reefs, and Sandbanks were mapped within the Treshnish Isles SAC. Rule-based 
modelling was used to define the extent of the Maerl beds with modification of the extent 
based on the aerial imagery and the sample point data. A large area of shallow Sandbank 
habitats within the centre of the SAC is visible on the aerial imagery, however, no sample data 
points defining subtype habitats existed within this area and therefore a subtype is not 
assigned. Further Reef and Sandbank habitats were mapped through the statistical modelling 
with some extension of the Reefs into the intertidal using the aerial imagery and sample 
points. Areas of Sandbanks in waters deeper than 20 m and not connected to shallower 
Sandbanks were removed from the final mapping. 
 

Table 105. Mapped features within Treshnish Isles SAC. 

Annex I Habitat Habitat Subtype Method 
Confidence in 
polygon extent 
(score range) 

Reefs Bedrock Statistical Low – Moderate 

Reefs Bedrock or Stony 
Imagery 
classification & 
Statistical 

Low – Moderate 

Reefs Stony Statistical Low – Moderate 

Sandbanks Not assigned at subtype level 
Imagery 
classification 

Modeate 

Sandbanks Gravelly and clean sands 
Statistical & Imagery 
classification 

Low 

Sandbanks 
Gravelly and clean sands or 
Muddy sands 

Statistical 
Low 

Sandbanks Sandbank feature (Maerl beds) 
Rule-based & 
Imagery 
classification 

Moderate 

 
7.25.3 Comparison to existing predictive mapping of Annex I habitats in the site 

The final mapping products differ from the 2003 Treshnish Isles biotope mapping and the 
GeMS habitats by having a smaller extent for the Maerl beds which more closely represents 
the distribution of the sample point data. The extent of the Reef habitats is broadly similar, 
however, the final mapping products have more gaps where sandy sediments occur. The 
collection of high resolution acoustic products would help to refine the extent of Reefs versus 
sandy sediments in this SAC. 
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7.26 Lochs Duich, Long and Alsh Reefs SAC (UK0017077) 

This site is an extensive area of extremely sheltered Reefs within a system of fjordic sea lochs 
in north-west Scotland. The site is designated for the following marine habitats: Reefs. 
 
7.26.1 Available data within the site 

Table 106. List of feature sample point data (Marine Recorder data) for Lochs Duich, Long 
and Alsh Reefs SAC. 

Source ID Source Details (Survey name where applicable) 

S1 1978 Smith Wester Ross littoral mollusc survey 

S2 1980 UCS south Skye sublittoral survey, Scotland 

S3 1988 MNCR Lochs Duich, Long and Alsh survey 

S4 1988 MNCR Skye sealochs survey 

S5 1991 MNCR Loch Long (Lochalsh) littoral survey 

S6 1995 SNH ROV survey of Lochs Alsh and Duich 

S7 1996 SNH broad scale seabed mapping survey of the Lochs Duich, Long and Alsh 
pSAC 

S8 1996 SNH BSM survey of the seabed and shore habitats of Lochs Duich, Long and 
Alsh 

S9 1997 SNH ROV survey of Kyle Rhea, Loch Alsh and Loch Duich 

S10 1999 SNH comparative Modiolus beds survey 

S11 2004 SNH SCM survey of biogenic and rocky reefs in Lochs Duich, Long and Alsh 

S12 2009 MSS Kyle Rhea seabed camera survey 

S13 2012 Marine Scotland benthic survey of Lochs Alsh, Duich, Creran and Fyne 

S14 2013 Seasearch Scotland Loch Duich Survey 

S15 2014 Marine Scotland Loch Alsh benthic survey - infaunal data 

S16 2014 Seasearch Scotland Skye survey 

S17 2014 SNH Kyle Akin (Loch Alsh) benthic camera survey 

S18 2014 SNH Loch Alsh benthic camera survey 

S19 2015 Seasearch Scotland Loch Duich survey 

S20 2015 Alba cruise DDV data 

 

Table 107. List of features validated by ground truthed point data (Marine Recorder data) for 
Lochs Duich, Long and Alsh Reefs SAC. 

Annex I Habitat Annex I Subtype Habitat Number 
of points 

Number of 
points < 10 
years old 

Source of Data 

Mudflats and 
Sandflats 

Clean sands 1 0 S8 

Mudflats and 
Sandflats 

Clean sands or Muddy 
sands  

5 0 S8 

Mudflats and 
Sandflats 

Sediment flat feature (Sea 
loch egg wrack beds) 

5 0 S8 

Reefs Bedrock 46 0 S3, S4, S8, S11 

Reefs Bedrock or Stony 561 17 S1, S2, S3, S4 S5, S6, 
S7, S8, S9, S10, S11, 
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S12, S13, S14, S17, 
S18, S19, S20 

Reefs Stony 90 0 S3, S4, S5, S7, S8, 
S11 

Reefs Biogenic – Blue mussel 
beds 

4 0 S3, S7, S8 

Reefs Biogenic – Horse mussel 
beds 

37 19 S3, S6, S11, S13, S19, 
S20 

Reefs Biogenic Blue or Horse 
mussel beds 

6 0 S11 

Sandbanks Gravelly and clean sands 6 3 S3, S9, S15, S17, 
S19,S20 

Sandbanks Mixed sediments 148 117 S3, S7, S11, S13, S15, 
S17, S18, S19 

Sandbanks Muddy sands 7 4 S7, S9, S13, S18 

Sandbanks Sandbank feature (Kelp 
and seaweed) 

7 3 S3, S6, S16, S17, S19 

Sandbanks Sandbank feature (Maerl 
beds) 

5 1 S3, S18 

 

Table 108. Data layers available from other sources for Lochs Duich, Long and Alsh Reefs 
SAC. 

Data Layer Description Coverage over 
the site (% 
estimate) 

Data 
Sources 

Comments 

2012 MPA search 
feature validation 
survey 

Horse mussel 
bed points and 
polygons 

 SNH Contains same data 
points as the 2012 
Marine Scotland 
benthic survey 

2013 Lochs Duich 
Long and Alsh 
multibeam survey 

Bathymetry and 
processed 
products 

80% BGS High quality 
multibeam data for 
the majority of the 
site, four different 
surveys. 

2014 Points to 
polygons interim 
products 

Distribution of 
mud and rock 
habitats as 
polygons 

80% SNH – CR 
600 

 

Aerial Imagery Aerial imagery of 
the intertidal zone 

Variable tidal level 
throughout the site 
and made up of 
multiple surveys. 

GetMapping  

BGS PSA points Sediments 3 points BGS  

Article 17 Annex I 
Reef layer v7  

Potential 
confidence reef 
extents. 

Only potential 
areas 

JNCC Modelled data 

GeMS Species 
point data 

Species 98 points SNH Data covers a range 
of species. 
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The following features have existing polygons previously mapped within the site: 
 
 Reefs - Horse mussel beds from 2012 MPA validation survey. 
 Reefs - Bedrock or Stony from Article 17 v7. 
 Other habitat polygons exist but not specified as Annex I habitats. 

 
7.26.2 Features mapped within the site 

Annex I Reefs and Sandbanks were mapped within Lochs Duich, Long and Alsh Reefs SAC. 
Existing polygons for Horse mussel beds from the 2012 MPA search feature validation survey 
were updated using new point sample data collected post 2012. It is worth noting that the 
Horse mussel beds polygon overlaps with the Flame shell beds within the Lochs Duich, Long 
and Alsh MPA, although these habitats are believed to exist as a mosaic over this area 
therefore the overlapping habitats were kept.  
 
Further Reef and Sandbank habitats were mapped through statistical modelling and using the 
2013 multibeam survey products to define extents of Reef areas versus sediments. Manual 
modification was carried out where necessary using the point data as a guide, with careful 
consideration given to the extent of the protected features within the Lochs Duich, Long and 
Alsh MPA during this process. 
 

Table 109. Mapped features within Lochs Duich, Long and Alsh Reefs SAC. * Polygons 
generated/ modified from existing polygons already produced for the site from other 
reports/studies may have been assigned a lower confidence than is actually the case, 
because of a lack of information on how the original polygons were created.  Therefore we 
would expect that in many cases, that the confidence in the polygon extent would be higher 
than indicated by the scoring. 

Annex I Habitat Habitat Subtype Method 
Confidence in 
polygon extent 
(score range) 

Reefs Bedrock 
Statistical & Rule-
based 

Low 

Reefs Bedrock or Stony Statistical Low – Moderate 

Reefs Biogenic (Horse mussel beds) 
Existing polygon & 
Rule-based 

Moderate* 

Sandbanks Gravelly and clean sands Statistical Low 

Sandbanks Mixed sediments Statistical Low 

Sandbanks Muddy sands Statistical Low-Moderate 

 

7.26.3 Comparison to existing predictive mapping of Annex I habitats in the site 

The 2012 MPA validation survey data for Horse mussel beds were used within the final 
mapping products and refined using newly collected sample data. The final mapping products 
are broadly similar to the 2014 points to polygons products with the exception of some areas 
that were classed as Mixed sediments within the 2014 data are now classed as Bedrock or 
Stony Reefs. The bathymetry products from the 2013 multibeam survey were used to help 
define the extent of Reef habitat within the site, further to this the aerial imagery was then 
used to extend Reef habitats into the intertidal zone where applicable. 
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7.27 Lochs Duich, Long and Alsh MPA 

The protected features of this site are Burrowed mud and Flame shell beds and they have 
been mapped at this level within the site. Two polygons already exist for these features (Table 
112) and have been updated using more recently available sample data points. 
 
7.27.1 Available data within the site 

Table 110. List of feature sample point data (Marine Recorder data) for Lochs Duich, Long 
and Alsh MPA. 

Source ID Source Details (Survey name where applicable) 

S1 Marine Conservation Society Observation Scheme Records 1976 - 1990 

S2 1980 UCS south Skye sublittoral survey, Scotland 

S3 1988 MNCR Lochs Duich, Long and Alsh survey 

S4 1995 SNH ROV survey of Lochs Alsh and Duich 

S5 1996 SNH broad scale seabed mapping survey of the Lochs Duich, Long and Alsh 
pSAC 

S6 1997 SNH ROV survey of Kyle Rhea, Loch Alsh and Loch Duich 

S7 2004 Seasearch Scotland - Loch Alsh and Loch Duich 

S8 2004 SNH SCM survey of biogenic and rocky reefs in Lochs Duich, Long and Alsh 

S9 2005 Seasearch Scotland Loch Duich various 

S10 2011 Seasearch Scotland Survey of Loch Duich 

S11 2012 Marine Scotland benthic survey of Lochs Alsh, Duich, Creran and Fyne 

S12 2012 Seasearch Scotland Loch Duich survey 

S13 2013 Seasearch Scotland Loch Duich Survey 

S14 2014 SNH Loch Alsh benthic camera survey 

S15 2014 Marine Scotland Loch Alsh benthic survey - infaunal data 

S16 2015 Seasearch Scotland Loch Duich survey 

 

Table 111. List of features validated by ground truthed point data (Marine Recorder data) for 
Lochs Duich, Long and Alsh MPA. 

Protected 
Feature 

Component biotope 
code 

PMF Component Number 
of 
points 

Number 
of 
points < 
10 years 
old 

Source of 
Data 

Burrowed 
mud 

SS.SMu.CFiMu.MegMax Burrowing 
megafauna and 
Maxmuelleria 
lankesteri in 
circalittoral mud 

3 3 S3, S4 

Burrowed 
mud 

SS.SMu.CFiMu.SpnMeg Seapens and 
burrowing 
megafauna in 
circalittoral fine mud 

95 48 S2, S3, S4, 
S5, S6, S8, 
S11, S12, 
S14, S16 

Burrowed 
mud 

Pachycerianthus 
multiplicatus 

Fireworks anemone 39 27 S1, S3, S4, 
S5, S6, S7, 
S9, S10, S11, 
S12, S13, S16 
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Burrowed 
mud 

Funiculina 
quadrangularis 

Tall seapen 67 44 S1, S3, S4, 
S5, S6, S8, 
S10, S11, 
S12, S14, S16 

Flame 
shell beds 

SS.SMx.IMx.Lim Limaria hians beds in 
tide-swept sublittoral 
muddy mixed 
sediment 

71 70 S3, S11, S14, 
S15, S16 

 

Table 112. Data layers available from other sources for Lochs Duich, Long and Alsh MPA. 

Data Layer Description Coverage 
over the 
site (% 
estimate) 

Data 
Sources 

Comments 

2012 MPA search 
feature validation 
survey 

Flame shell bed 
polygons 

<10% SNH Contains same data 
points as the 2012 
Marine Scotland 
benthic survey 

2013 Lochs Duich 
Long and Alsh 
multibeam survey 

Bathymetry and 
processed products 

80% BGS High quality multibeam 
data for the majority of 
the site, four different 
surveys. 

2014 Points to 
polygons interim 
products 

Distribution of 
Burrowed mud 

80% SNH – CR 
600 

 

BGS PSA points Sediments 5 points BGS  

GeMS Habitat data Flame shell beds and 
burrowed mud 
polygons 

80% SNH Same data as used in 
the 2014 points to 
polygons products 

GeMS Species point 
data 

Species 98 points SNH Data covers a range of 
species. 

 

The following features have existing polygons previously mapped within the site: 
 
 Flame shell beds SS.SMx.IMx.Lim from GeMS habitat polygons. 
 Burrowed mud SS.SMu.CFiMu.SpnMeg from GeMS habitat polygons. 

 
7.27.2 Features mapped within the site 

The protected features Burrowed mud and Flame shell beds were mapped within the Lochs 
Duich, Long and Alsh MPA. The existing polygons for the extent of these features from SNH 
2013 MPA protected feature points to polygons were modified using the point sample data 
from recent (2015) surveys to further define the feature boundaries. Consideration of the 
extent of the Lochs Duich, Long and Alsh Reefs SAC habitats was taken into account while 
defining the protected feature boundaries. The Flame shell beds polygon overlaps with the 
Horse mussel beds within the SAC, however, the sample point data indicates that these 
habitats exist as a mosaic and therefore are likely to overlap. The Reef habitats mapped within 
the SAC limited the extent of the Burrowed mud habitats mapped. 
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Table 113. Mapped features within Lochs Duich, Long and Alsh MPA. * Polygons generated/ 
modified from existing polygons already produced for the site from other reports/studies may 
have been assigned a lower confidence than is actually the case, because of a lack of 
information on how the original polygons were created.  Therefore we would expect that in 
many cases, that the confidence in the polygon extent would be higher than indicated by the 
scoring. 

Protected Feature Method 
Confidence in polygon extent 

(score range) 
Burrowed mud Existing polygons & Rule-based Low – Moderate* 

Flame shell beds Existing polygons & Rule-based Moderate* 

 

7.27.3 Comparison to existing predictive mapping of habitats in the site 

The previous mapping products from both the 2012 MPA validation survey and the 2014 MPA 
points to polygons project were used within the final mapping products with further refinement 
to their extents using sample data collected after the dates of the creation of the polygons.  
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7.28 Shiant East Bank MPA proposal 

This is a MPA proposal for Northern seafan and sponge communities, Circalittoral sands and 
mixed sediment communities, Shelf banks and mounds and two marine geodiversity features. 
 
7.28.1 Available data within the site 

Table 114. List of feature sample point data (Marine Recorder data) for Shiant East Bank MPA 
proposal. 

Source ID Source Details (Survey name where applicable) 

S1 2011 Marine Scotland North Minch benthic camera survey 

S2 2011 Marine Scotland North Minch benthic infaunal survey 

S3 2011 NOC/ JNCC North Minch ROV survey 

S4 2013 Marine Scotland Shiant East Bank and Wester Ross grab survey 

S5 2013 Marine Scotland Shiant East Bank benthic camera survey 

 

Table 115. List of features validated by ground truthed point data (Marine Recorder data) for 
Shiant East Bank MPA proposal. 

Feature Component 
biotope code 

PMF Component Number 
of 
points 

Number of 
points < 10 
years old 

Source 
of Data 

Circalittoral sands 
and mixed sediment 
communities 

SS.SSa.OSa Offshore 
circalittoral sand 

35 35 S1, S2, 
S4, S5 

Circalittoral sands 
and mixed sediment 
communities 

SS.SMx.CMx Circalittoral mixed 
sediment 

11 11 S1, S3, 
S4, S5 

Circalittoral sands 
and mixed sediment 
communities 

SS.SMx.OMx Offshore 
circalittoral mixed 
sediment 

23 23 S1, S5 

Northern sea fan and 
sponge communities 

CR.MCR.EcCr.
CarSwi 

Caryophyllia smithii 
and Swiftia pallida 
on circalittoral rock 

9 9 S1, S3, 
S5 

Northern sea fan and 
sponge communities 

CR.HCR.DpSp Deep sponge 
communities 
(circalittoral) 

30 30 S1, S3, 
S5 

Northern sea fan and 
sponge communities 

Swiftia pallida Northern sea fan 20 20 S1, S3, 
S5 

 

Table 116. Data layers available from other sources for Shiant East Bank MPA proposal. 

Data Layer Description Coverage over the 
site (% estimate, 
no of points etc.) 

Data 
Sources 

Comments 

2013 Shiant East Bank 
multibeam data products 

Multibeam bathymetry 
products 

90%   

BGS PSA points Sediments 27 points BGS  

GeMS Species point data Species 20 points for Swifta 
pallida 

SNH  
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7.28.2 Features mapped within the site 

Circalittoral sands and mixed sediment communities were mapped along with Northern sea 
fan and sponge communities within Shiant East Bank MPA proposal. A rule-based method 
using the multibeam bathymetry products from the 2013 Shiant East Bank survey was used to 
help delineate the boundaries of both habitats where the sample point data verified the initial 
existence and extent of the habitat. 
 

Table 117. Mapped features within Shiant East Bank MPA proposal. 

Protected Feature Method 
Confidence in polygon extent 

(score range) 
Circalittoral sands and mixed sediment 
communities 

Rule-based 
Moderate 

Northern sea fan and sponge communities Rule-based Low - Moderate 

 

7.28.3 Comparison to existing predictive mapping of habitats in the site 

No previous mapping products have been created for this site. 
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7.29 Southern Trench MPA proposal 

This is a MPA proposal for Burrowed mud, Fronts, Minke whale, Shelf deeps and two marine 
geodiversity features.  
 
7.29.1 Available data within the site 

Table 118. List of feature sample point data (Marine Recorder data) for Southern Trench MPA 
proposal. 

Source ID Source Details (Survey name where applicable) 

S1 1995 - 2000 Scotland Fisheries Research Services marine Laboratory sea pen 
distribution 

S2 2011 Marine Scotland Southern Trench benthic survey 

S3 2014 MSS Moray Firth benthic camera survey 

 

Table 119. List of features validated by ground truthed point data (Marine Recorder data) for 
Southern Trench MPA proposal. 

Features Component 
biotope code 

PMF Component Number 
of 
points 

Number of 
points < 10 
years old 

Source of 
Data 

Burrowed 
mud 

SS.SMu.CFiMu.Sp
nMeg 

Seapens and 
burrowing megafauna 
in circalittoral fine mud 

29 29 S2, S3 

Burrowed 
mud 

Pachycerianthus 
multiplicatus 

Fireworks anemone 5 0 S1 

Burrowed 
mud 

Funiculina 
quadrangularis 

Tall seapen 5 0 S1 

Burrowed 
mud 

Maera loveni Mud burrowing 
amphipod 

1 1 S2 

 

Table 120. Data layers available from other sources for Southern Trench MPA proposal. 

Data Layer Description Coverage over the 
site (% estimate, no 
of points etc.) 

Data 
Sources 

Comments 

2011 Southern 
Trench survey 

SS.SMU.CFiMu.S
pnMeg polygons 

   

BGS MS 2011 
acoustic survey 

Acoustic data 
products 

20% small targeted 
area of the site 

BGS  

HI1155 - Todhead 
Point to Bosies 
Bank 

Bathymetry data 20% small targeted 
area of the site 

SNH Covers an area on the 
right of the site. 

BGS PSA points Sediments 134 points BGS  

GeMS Species 
point data 

Species 245 points SNH PMF features which 
aren’t of interest at this 
site. 
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The following features have existing polygons previously mapped within the site: 
 

 SS.SMU.CFiMu.SpnMeg - Seapens and burrowing megafauna in circalittoral fine mud 
from 2011 Southern Trench survey. 

 
7.29.2 Features mapped within the site 

The Burrowed mud feature was mapped within the Southern Trench MPA proposal using a 
rule-based method and existing seabed sediment data from EMODnet Geology project. The 
sample point data were used to verify the extent of the mud polygon and this was further 
refined using trawling intensity data as a proxy of mud habitats.  
 

Table 121. Mapped features within Southern Trench MPA proposal. 

Protected Feature Method 
Confidence in polygon extent 

(score range) 
Burrowed mud Rule-based Moderate 

 

7.29.3 Comparison to existing predictive mapping of habitats in the site 

The existing polygons for Burrowed mud from the 2011 Southern Trench survey cover some 
of the areas of the Burrowed mud in the final mapping products. The differences are due to 
the availability of new sample data and sediment substrate information used to define the 
extent.  
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8. APPENDIX 2: ANNEX I HABITAT DESCRIPTIONS 

This appendix outlines the findings of a desk-based review for each of the three Annex I 
habitats considered within this study including the habitat subtypes that were considered 
within the predictive mapping modelling process. This review provides details of the biotopes 
that make up each subtype habitat along with descriptions of physical process ranges which 
can limit the extent of each of the considered habitats. Any issues that could arise within the 
modelling process for each habitat are detailed where applicable. This is accompanied by a 
high level description of the known distribution of each sub type habitat.  
 
8.1 Mudflats and Sandflats not covered by seawater at low tide 

Mudflats and Sandflats not covered by sea water at low tide are mud and sand flats (littoral 
sediments) covered by water at high tide and exposed during low tide. Six subtype habitats 
have been considered for this Annex I habitat, three broad categories: Clean sands, Muddy 
sands, Mudflats, and three Sediment flat features: Blue mussel beds, Sea loch egg wrack 
beds; Seagrass beds.  The extent of the intertidal zone is a compounding factor limiting the 
extent of this Annex I habitat and its subtypes; further limiting parameters are described 
within Table 123, Table 125, Table 127, Table 129, Table 131 and Table 133. 
 
8.1.1 Subtype – Clean sands  

8.1.1.1 Biotopes Present  

Table 122. Biotopes present for Clean sands in Scottish territorial waters. 

Biotope code Biotope description 
LS.LSa.FiSa Polychaete / amphipod dominated fine sand shores 

LS.LSa.FiSa.Po Polychaetes in littoral fine sand 
LS.LSa.FiSa.Po.Aten Polychaetes and Angulus tenuis in littoral fine sand 
LS.LSa.FiSa.Po.Ncir Nephtys cirrosa dominated littoral fine sand 
LS.LSa.FiSa.Po.Pful Polychaetes, including Paraonis fulgens, in littoral fine sand 

LS.LSa.MoSa Barren or amphipod-dominated mobile sand shores 
LS.LSa.MoSa.AmSco Amphipods and Scolelepis spp. in littoral medium-fine sand 
LS.LSa.MoSa.AmSco.Eur Eurydice pulchra in littoral mobile sand 
LS.LSa.MoSa.AmSco.Pon Pontocrates arenarius in littoral mobile sand 
LS.LSa.MoSa.AmSco.Sco Scolelepis spp. in littoral mobile sand 
LS.LSa.MoSa.BarSa Barren littoral coarse sand 
LS.LSa.MoSa.Ol Oligochaetes in littoral mobile sand 
LS.LSa.MoSa.Ol.FS Oligochaetes in full salinity littoral mobile sand 
LS.LSa.MoSa.Ol.VS Oligochaetes in variable salinity littoral mobile sand 

N.B. Details for each biotope description from JNCC ‘The Marine Habitat Classification for Britain and Ireland 
Version 15.03’ accessed online 01/10/16 via http://jncc.defra.gov.uk/marine/biotopes/BiotopeSearch.aspx

 

8.1.1.2 Habitat Parameters 

Clean sands in Scottish territorial waters are characterised by species such as Nephtys 
cirrosa, Paraonis fulgens, Spio spp., Scolelepis squamata, Eurydice pulchra, Pontocrates 
arenarius, Eurydice pulchra, Nemertea, Oligochaeta and Enchytraeidae. Biotopes are 
present in full to variable salinity (18-35 ppt).  Occurs in wave exposures from extremely 
sheltered to very exposed. Substratum can include coarse, medium and fine sand and 
gravel.  Occurs in upper to lower shore littoral environments. 
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Table 123. Parameters for clean sand biotopes. 

Parameter LS.LSa.FiSa.Po LS.LSa.MoSa. 
AmSco 

LS.LSa.MoSa. 
BarSa 

LS.LSa.MoSa.Ol 

Key species Nephtys cirrosa , 
Paraonis fulgens, 

Spio spp. 

Scolelepis 
squamata, 

Eurydice pulchra, 
Pontocrates 

arenarius 

Eurydice pulchra, 
Nemertea, 

Oligochaeta 

Oligochaeta, 
Enchytraeidae 

Salinity Full (30-35 ppt) Full (30-35 ppt) Full (30-35 ppt), 
Variable (18-35 

ppt) 

Full (30-35 ppt), 
Variable (18-35 

ppt) 
Wave 
exposure 

Moderately 
exposed, Sheltered 

Exposed, 
Moderately 

exposed 

Very exposed, 
Exposed, 

Moderately 
exposed 

Exposed, 
Moderately 
exposed, 

Sheltered, Very 
sheltered, 
Extremely 
sheltered 

Tidal stream n/a n/a n/a n/a 

Substratum Medium and Fine 
sand 

Sand Coarse to Fine 
sand 

Gravel and Sand 

Zone Eulittoral Eulittoral Eulittoral Eulittoral 

Depth Mid shore – Lower 
shore 

Upper shore – 
Lower shore 

Upper shore – 
Lower shore 

Upper shore – 
Lower shore 

 

8.1.1.3 Known Distribution within Scottish Waters 

Clean sands are widely distributed throughout Scottish waters. The two biotopes, 
LS.LSa.MoSa and LS.LSa.FiSa and their sub-biotopes are more refined in their distribution 
but remain common across all coasts in Scottish waters.  
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8.1.2 Subtype – Muddy sands  

8.1.2.1 Biotopes Present  

Table 124. Biotopes present for Muddy sands in Scottish territorial waters. 

Biotope code Biotope description 

LS.LSa.MuSa Polychaete / bivalve dominated muddy sand shores 

LS.LSa.MuSa.BatCare Bathyporeia pilosa and Corophium arenarium in littoral muddy 
sand 

LS.LSa.MuSa.CerPo Cerastoderma edule and polychaetes in littoral muddy sand 

LS.LSa.MuSa.HedMacEte Hediste diversicolor, Macoma balthica and Eteone longa in 
littoral muddy sand 

LS.LSa.MuSa.Lan Lanice conchilega in littoral sand 

LS.LSa.MuSa.MacAre Macoma balthica and Arenicola marina in littoral muddy sand 
N.B. Details for each biotope description from JNCC ‘The Marine Habitat Classification for Britain and Ireland 
Version 15.03’ accessed online 01/10/16 via http://jncc.defra.gov.uk/marine/biotopes/BiotopeSearch.aspx 
 

8.1.2.2 Habitat Parameters 

Muddy sands in Scottish territorial waters are characterised by species such as Macoma 
balthica, Cerastoderma edule, Pygospio elegans, Abra alba, Nucula nitidosa, Amphiura spp., 
Corophium crassicorne, Ampelisca spp., Spiophanes bombyx, Magelona mirabilis and 
Fabulina fibula. Biotopes occur in full or variable salinity (18-35 ppt) and areas of wave 
exposure varying from extremely sheltered to moderately exposed. These habitats occur on 
fine or muddy sand. 
 

Table 125. Parameters for Muddy sand biotopes. 

Parameter LS.LSa.MuSa
Key species Macoma balthica, Cerastoderma edule, Pygospio elegans 
Salinity Full (30-35 ppt), Reduced (18-30 ppt), Variable (18-35 ppt) 
Wave exposure Moderately exposed, Sheltered, Very sheltered, Extremely sheltered 
Tidal stream n/a 
Substratum Fine sand or Muddy sand 
Zone Eulittoral 
Depth Upper shore – Lower shore 
	

8.1.2.3 Known Distribution within Scottish Waters 

Similar to Clean sands, Muddy sands are widely distributed throughout Scottish waters. 
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8.1.3 Subtype – Mudflats  

8.1.3.1 Biotopes Present  

Table 126. Biotopes present for Mudflats in Scottish territorial waters. 

Biotope code Biotope description 

LS.LMu.MEst Polychaete / bivalve dominated mid estuarine mud 
shores 

LS.LMu.MEst.HedMac Hediste diversicolor and Macoma balthica in littoral sandy 
mud 

LS.LMu.MEst.HedMacScr Hediste diversicolor, Macoma balthica and Scrobicularia 
plana in littoral sandy mud shores 

LS.LMu.MEst.NhomMacStr Nephtys hombergii, Macoma balthica and Streblospio 
shrubsolii in littoral sandy mud 

LS.LMu.UEst Polychaete / oligochaete dominated upper estuarine 
mud shores 

LS.LMu.UEst.Hed Hediste diversicolor in littoral mud 

LS.LMu.UEst.Hed.Cvol Hediste diversicolor and Corophium volutator in littoral mud 

LS.LMu.UEst.Hed.Ol Hediste diversicolor and oligochaetes in littoral mud 

LS.LMu.UEst.Hed.Str Hediste diversicolor and Streblospio shrubsolii in littoral 
sandy mud 

LS.LMu.UEst.NhomStr Nephtys hombergii and Streblospio shrubsolii in littoral mud 

LS.LMu.UEst.Tben Tubificoides benedii and other oligochaetes in littoral mud 
N.B. Details for each biotope description from JNCC ‘The Marine Habitat Classification for Britain and Ireland 
Version 15.03’ accessed online 01/10/16 via http://jncc.defra.gov.uk/marine/biotopes/BiotopeSearch.aspx 
 

8.1.3.2 Habitat Parameters 

Mudflats in Scottish territorial waters are characterised by species such as Hediste 
diversicolor, Tubificoides benedii, Nephtys hombergii, and Heterochaeta costata. Biotopes 
within this Annex I sub type occur in a range of salinities from full (35 ppt) to reduced (18-30 
ppt) and is found in sheltered to extremely sheltered areas. 
 

Table 127. Parameters for Mudflats biotopes. 

Parameter LS.LMu.MEst. 
HedMac 

LS.LMu.MEst. 
HedMacScr 

LS.LMu.MEst.NhomMa
cStr 

Key species Hediste diversicolor, 
Macoma balthica, 

Tubificoides benedii 

Hediste diversicolor, 
Macoma balthica, 

Scrobicularia plana 

Streblospio shrubsolii, 
Nephtys hombergii, 
Tubificoides benedii 

Salinity Full (30-35 ppt), 
Reduced (18-30 ppt), 
Variable (18-35 ppt) 

Variable (18-35 ppt) Variable (18-35 ppt) 

Wave exposure Sheltered, Very 
sheltered, Extremely 

sheltered 

Moderately exposed, 
Sheltered, Very 

sheltered, Extremely 
sheltered 

Sheltered, Very 
sheltered, Extremely 

sheltered 

Tidal stream n/a n/a n/a 

Substratum Sandy mud and Mud Mud or Sandy mud Sandy mud 

Zone Eulittoral Eulittoral Eulittoral 

Depth Upper shore – Lower 
shore 

Upper shore – Lower 
shore 

Mid shore – Lower 
shore 

 LS.LMu.UEst.Hed LS.LMu.UEst. 
NhomStr 

LS.LMu.UEst.Tben 

Key species Hediste diversicolor, 
Heterochaeta costata, 
Streblospio shrubsolii 

Nephtys hombergii, 
Streblospio shrubsolii, 
Aphelochaeta marioni 

Tubificoides benedii, 
Heterochaeta costata, 

Capitella capitata 
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Salinity Reduced (18-30 ppt), 
Variable (18-35 ppt) 

Reduced (18-30 ppt), 
Variable (18-35 ppt) 

Reduced (18-30 ppt) 

Wave exposure Extremely sheltered Very sheltered, 
Extremely sheltered 

Sheltered, Very 
sheltered, Extremely 

sheltered 
Tidal stream n/a n/a n/a 

Substratum Sandy mud Mud with Fine sand 
fraction 

Fine sandy mud 

Zone Eulittoral Eulittoral Eulittoral 

Depth Mid shore – Lower 
shore 

Mid shore – Lower 
shore 

Upper shore – Lower 
shore 

 

8.1.3.3 Known Distribution within Scottish Waters 

Littoral mud (LS.LMu) is found around Scottish waters, however is usually restricted to 
estuarine conditions such as the West coast sea lochs and is less likely to be found on the 
North coast. 
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8.1.4 Subtype – Sediment flat feature (Blue mussel beds)  

8.1.4.1 Biotopes Present  

Table 128. Biotope present for Blue mussel beds on Sediment flats within Scottish territorial 
waters. 

Biotope code Biotope description 
LS.LSa.St.MytFab Mytilus edulis and Fabricia sabella in littoral mixed sediment 

N.B. Details for each biotope description from JNCC ‘The Marine Habitat Classification for Britain and Ireland 
Version 15.03’ accessed online 01/10/16 via http://jncc.defra.gov.uk/marine/biotopes/BiotopeSearch.aspx 
 

8.1.4.2 Habitat Parameters 

Blue mussel beds occurring on sediment flats within Scottish territorial waters are 
characterised by the species Mytilus edulis and may contain abundant Pygospio elegans 
and Lineus spp. They occur in full salinity and wave exposure varies from extremely 
sheltered to sheltered. This habitat is generally on mixed sediment with shell debris. 
 

Table 129. Parameters for Blue mussel bed biotope. 

Parameter LS.LSa.St.MytFab 
Key Species Mytilus edulis, Pygospio elegans, Lineus spp. 
Salinity Full (30-35 ppt) 
Wave exposure Sheltered, Very sheltered, Extremely Sheltered 
Tidal stream n/a 
Substratum Mixed sediment with Shell debris 
Zone Eulittoral 
Depth Lower shore 
	

8.1.4.3 Known Distribution within Scottish Waters 

Blue mussel beds are commonly found on the east coast in areas such as the Dornoch Firth, 
however their distribution is not restricted to this coast and can be found on the west coast. 
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8.1.5 Subtype – Sediment flat feature (Sea loch egg wrack beds)  

8.1.5.1 Biotopes Present  

Table 130. Biotope present for Sea loch egg wrack beds on Sediment flats in Scottish 
territorial waters. 

Biotope code Biotope description 
LR.LLR.FVS.Ascmac Ascophyllum nodosum ecad mackaii beds on extremely sheltered mid 

eulittoral mixed substrata 
N.B. Details for each biotope description from JNCC ‘The Marine Habitat Classification for Britain and Ireland 
Version 15.03’ accessed online 01/10/16 via http://jncc.defra.gov.uk/marine/biotopes/BiotopeSearch.aspx

 

8.1.5.2 Habitat Parameters 

Sea loch egg wrack beds on Sediment flats are characterised by the growth of the wrack 
Ascophyllum nodosum ecad mackaii. Other species which may be present include Fucus 
vesiculosus and Carcinus maenas. This habitat is found in variable to full salinities from 18-
35 ppt in areas of extremely sheltered wave exposure and weak to very weak tidal stream. 
This habitat is found on mud and sand with pebbles and cobbles in the mid eulittoral zone. 
 

Table 131. Parameters for Sea loch egg wrack bed-biotope. 

Parameter LR.LLR.FVS.Ascmac 
Key species Ascophyllum nodosum ecad mackaii, Fucus vesiculosus, Carcinus maenas 
Salinity Variable (18-35 ppt) 
Wave exposure Extremely Sheltered 
Tidal stream Weak (>1 kn), Very weak (negligible) 
Substratum Mud, Sand with Pebbles, Cobbles 
Zone Eulittoral 
Depth Mid shore 

 

8.1.5.3 Known Distribution within Scottish Waters 

Sea loch egg wrack beds are found as far south as Loch Tarbet, Jura and as far north as the 
Vadills, Shetland, however is mainly found on the west coast of Scotland. Outside of 
Scotland, this habitat has a very limited distribution. 
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8.1.6 Subtype – Sediment flat feature (Seagrass beds)  

8.1.6.1 Biotopes Present  

Table 132. Biotope present for Seagrass beds on sediment flats in Scottish territorial waters. 

Biotope code Biotope description 
LS.LMp.LSgr Seagrass beds on littoral sediments 

LS.LMp.LSgr.Znol Zostera noltii beds in littoral muddy sand 
N.B. Details for each biotope description from JNCC ‘The Marine Habitat Classification for Britain and Ireland 
Version 15.03’ accessed online 01/10/16 via http://jncc.defra.gov.uk/marine/biotopes/BiotopeSearch.aspx

 

8.1.6.2 Habitat Parameters 

Seagrass beds on sediment flats are characterised by the presence of narrow leafed eel 
grass Zostera noltii, often with a rich infauna including the polychaetes Scoloplos armiger 
and Arenicola marina. Salinity ranges from full to variable (18-35 ppt) and beds are found in 
sheltered to extremely sheltered locations. This habitat is typically found on muddy sand on 
the lower shore. The biotope LS.LMp.LSgr.Znol can reach down to 10m below MLWS, 
however to be considered as a Sediment flat feature for the Annex 1 habitat Mudflats and 
Sandflats it most occur within the eulittoral zone. 
 

Table 133. Parameters for the Seagrass bed biotope. 

Parameter LS.LMp.LSgr.Znol 
Key species Zostera noltii, Scoloplos armiger, Arenicola marina 
Salinity Full (30-35 ppt), Variable (18-35 ppt) 
Wave exposure Sheltered, Very sheltered, Extremely sheltered 
Tidal stream n/a 
Substratum Muddy sand 
Zone Eulittoral 
Depth Lower shore  

 

8.1.6.3 Known Distribution within Scottish Waters 

Seagrass beds are found all around the coasts of Scotland. They are especially well 
developed in Scotland compared with other parts of Britain and Ireland.  
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8.2  Reefs 

The Annex I habitat ‘Reefs’ is broken into two main categories: Rocky and Biogenic. Rocky 
Reefs occur where bedrock or stable boulders and cobles arise from the surrounding 
seabed, thus creating a habitat which is colonised by animals and plants. Both rocky Reef 
subtypes (Bedrock or Stony) are considered within this review. Biogenic reefs are different 
from rocky reefs as the protrusion from the sea floor is created by animals such as tube 
building worms, mussels or corals. Five biogenic Reefs have been considered within this 
review: Blue mussel beds, Cold-water coral reefs, Horse mussel beds, Sabellaria Reefs and 
Serpulid aggregations. 
 
Reef areas can occur in both the intertidal and subtidal zones, however the annex 1 subtype 
reefs will only meet the required parameters where they are present in the subtidal zone or 
where the intertidal reef is contiguous with any subtidal reef subtype. 
 
8.2.1 Subtype – Bedrock 

8.2.1.1 Biotopes Present 

Table 134. Biotopes present for Bedrock reefs in Scottish territorial waters. 

Biotope code Biotope description 

IR.HIR.KFaR  Kelp with cushion fauna and/or foliose red seaweeds 

IR.HIR.KFaR.FoR  Foliose red seaweeds on exposed lower infralittoral rock 

IR.HIR.KFaR.FoR.Dic Foliose red seaweeds with dense Dictyota dichotoma and/or 
Dictyopteris membranacea on exposed lower infralittoral 
rock 

IR.HIR.KFaR.Ala Alaria esculenta on exposed sublittoral fringe bedrock 

IR.HIR.KFaR.Ala.Myt Alaria esculenta, Mytilus edulis and coralline crusts on very 
exposed sublittoral fringe bedrock 

IR.HIR.KFaR.Ala.Ldig Alaria esculenta and Laminaria digitata on exposed 
sublittoral fringe bedrock 

IR.HIR.KFaR.AlaAnCrSp Alaria esculenta forest with dense anemones and crustose 
sponges on extremely exposed infralittoral bedrock 

IR.HIR.KFaR.LhypRVt Laminaria hyperborea and red seaweeds on exposed 
vertical rock 

IR.HIR.KFaR.LhypFa Laminaria hyperborea forest with a faunal cushion (sponges 
and polyclinids) and foliose red seaweeds on very exposed 
upper infralittoral rock 

IR.HIR.KFaR.LhypPar Sparse Laminaria hyperborea and dense Paracentrotus 
lividus on exposed infralittoral limestone 

IR.HIR.KFaR.LhypR.Pk Laminaria hyperborea park with dense foliose red seaweeds 
on exposed lower infralittoral rock 

IR.HIR.KFaR.LhypR.Ft Laminaria hyperborea forest with dense foliose red 
seaweeds on exposed upper infralittoral rock 

IR.MIR.KR  Kelp and red seaweeds (moderate energy infralittoral 
rock) 

IR.MIR.KR.LhypVt Laminaria hyperborea on moderately exposed vertical rock. 

IR.MIR.KR.HiaSw Hiatella arctica with seaweeds on vertical limestone / chalk. 

IR.MIR.KR.Ldig.Pid Laminaria digitata and piddocks on sublittoral fringe soft rock 

LR.FLR.Rkp  Rockpools 

LR.FLR.Rkp.G Green seaweeds (Enteromorpha spp. and Cladophora spp.) 
in shallow upper shore rockpools 

LR.FLR.Rkp.FK Fucoids and kelp in deep eulittoral rockpools 

LR.FLR.Rkp.FK.Sar Sargassum muticum in eulittoral rockpools 

LR.HLR.FR  Robust fucoid and/or red seaweed communities 

LR.HLR.FR.Him Himanthalia elongata and red seaweeds on exposed to 
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moderately exposed lower eulittoral rock 

LR.HLR.FR.Fdis Fucus distichus and Fucus spiralis f. nana on extremely 
exposed upper shore rock 

LR.HLR.FR.Coff Corallina officinalis on exposed to moderately exposed lower 
eulittoral rock 

LR.HLR.FR.Coff.Coff Corallina officinalis and Mastocarpus stellatus on exposed to 
moderately exposed lower eulittoral rock 

LR.HLR.FR.Coff.Puly Corallina officinalis, Himanthalia elongata and Patella 
ulyssiponensis on very exposed lower eulittoral rock 

LR.HLR.MusB  Mussel and/or barnacle communities 

LR.HLR.MusB.MytB Mytilus edulis and barnacles on very exposed eulittoral rock 

LR.HLR.MusB.Cht.Lpyg Chthamalus spp. and Lichina pygmaea on steep exposed 
upper eulittoral rock 

LR.HLR.MusB.Sem.FvesR Semibalanus balanoides, Fucus vesiculosus and red 
seaweeds on exposed to moderately exposed eulittoral rock 

LR.LLR.F  Fucoids on sheltered marine shores 

LR.LLR.F.Fserr.FS Fucus serratus on full salinity sheltered lower eulittoral rock 

CR.HCR.Xfa  Mixed faunal turf communities 

CR.HCR.XFa.SpAnVt Sponges and anemones on vertical circalittoral bedrock 

CR.MCR.EcCr  Echinoderms and crustose communities 

CR.MCR.EcCr.AdigVt Alcyonium digitatum and faunal crust communities on 
vertical circalittoral bedrock 

CR.MCR.EcCr.FaAlCr.Sec Alcyonium digitatum with Securiflustra securifrons on tide-
swept moderately wave-exposed circalittoral rock 

CR.MCR.SfR  Soft rock communities 

CR.MCR.SfR Soft rock communities 

CR.MCR.SfR.Hia Hiatella-bored vertical sublittoral limestone rock 

CR.MCR.SfR.Pid Piddocks with a sparse associated fauna in sublittoral very 
soft chalk or clay 

CR.MCR.SfR.Pol Polydora sp. tubes on moderately exposed sublittoral soft 
rock 

CR.MCR.CFaVS Circalittoral faunal communities in variable salinity 

CR.MCR.CFaVS.CuSpH.VS Cushion sponges and hydroids on turbid tide-swept variable 
salinity sheltered circalittoral rock 

N.B. Details for each biotope description from JNCC ‘The Marine Habitat Classification for Britain and Ireland 
Version 15.03’ accessed online 01/10/16 via http://jncc.defra.gov.uk/marine/biotopes/BiotopeSearch.aspx
	
8.2.1.2 Habitat Parameters 

Bedrock reefs are characterised by a huge variety of biotope complexes and species.  Key 
species across the habitats include a range of seaweed species including kelps and fucoids, 
containing a rich faunal component including molluscs, echinoderms, crustaceans, and 
sessile species such as sponges and ascidians. Salinity is usually full but is variable down to 
18 ppt in certain regions. Wave exposure varies from extremely sheltered to extremely 
exposed with very weak to strong tidal streams. The substratum is bedrock with a variety of 
boulders and cobbles often present.  Bedrock Reefs generally occur between the upper 
shore and 50m depth. 
 
Table 135. Parameters for Bedrock reef-biotopes. 
 
Parameter IR.HIR.KFaR IR.MIR.KR LR.FLR.Rkp LR.HLR.FR LR.HLR.Mus

B 
Key species Laminaria 

hyperborea 
Laminaria 
digitata, 

Laminaria 
hyperborea 

Corallina 
officinalis, 

Enteromorpha 
spp. 

Fucus 
distichus, 

Fucus spiralis, 
Corallina 

Mytilus edulis, 
Chthamalus 
spp., Patella 

spp. 
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officinalis 

Salinity Full (30-35 
ppt) 

Full (30-35 
ppt) 

Full (30-35 
ppt), Variable 
(18-35 ppt) 

Full (30-35 
ppt) 

Full (30-35 
ppt) 

Wave 
exposure 

Extremely 
exposed, 

Very 
exposed, 
Exposed 

Exposed, 
Moderately 
exposed, 
Sheltered 

Very exposed, 
Exposed, 

Moderately 
exposed, 
Sheltered 

Extremely 
exposed, Very 

exposed, 
Exposed 

Extremely 
exposed, Very 

exposed, 
Exposed, 

Moderately 
exposed 

Tidal stream Moderately 
strong (1-3 
kn), Weak 

(>1 kn), Very 
weak 

(negligible) 

Moderately 
strong (1-3 

kn), Weak (>1 
kn), Very 

weak 
(negligible) 

n/a n/a n/a 

Substratum Bedrock with 
Stable 

boulders 

Bedrock with 
Boulders 

Bedrock Bedrock Bedrock with 
Large 

boulders 
Zone Infralittoral to 

Sublittoral 
fringe 

Infralittoral to 
Sublittoral 

fringe 

Eulittoral to 
Littoral fringe 

and 
Supralittoral 

Eulittoral Eulittoral 

Depth Lower shore 
– 50 m 

Lower shore – 
20 m 

Upper shore –
Lower shore 

Upper shore –
Lower shore 

Upper shore - 
Mid shore 

 LR.LLR.F 
 

CR.HCR.Xfa 
 

CR.MCR.EcC
r 

CR.MCR.SfR 
 

CR.MCR.CFa
VS 

Key species Pelvetia 
canaliculata, 

Fucus 
spiralis, 

Ascophyllum 
nodosum 

Nemertesia 
antennina, 

Alcyonidium 
diaphanum, 

Cliona celata 

Parasmittina 
trispinosa, 

Corallinales 
spp., Asterias 

rubens 

Pholas 
dactylus, 
Polydora, 

Cliona celata 

Suberites 
ficus, 

Halichondria 
bowerbanki, 

Balanus 
crenatus 

Salinity Full (30-35 
ppt) 

Full (30-35 
ppt) 

Full (30-35 
ppt) 

Full (30-35 
ppt) 

Full (30-35 
ppt) 

Wave 
exposure 

Sheltered, 
Very 

sheltered, 
Extremely 
sheltered 

Extremely 
exposed, Very 

exposed, 
Exposed, 

Moderately 
exposed 

Extremely 
exposed, Very 

exposed, 
Exposed, 

Moderately 
exposed 

Moderately 
exposed 

Sheltered, 
Very 

sheltered, 
Extremely 
sheltered 

Tidal stream n/a Strong (3-6 
kn), 

Moderately 
strong (1-3 kn) 

Moderately 
strong (1-3 

kn), Weak (>1 
kn) 

Moderately 
strong (1-3 kn) 

Moderately 
strong (1-3 

kn), Weak (>1 
kn) 

Substratum Bedrock with 
Stable 

boulders, 
Cobbles 

Bedrock with 
Boulders 

Bedrock with 
Boulders 

Bedrock Bedrock with 
Cobbles 

Zone Eulittoral Upper 
circalittoral - 

Lower 
circalittoral 

Upper 
circalittoral - 

Lower 
circalittoral 

Upper 
circalittoral  

Upper 
circalittoral - 

Lower 
circalittoral 

Depth Upper shore 
- Lower 
shore 

5 - 30 m 10 - 50 m 0 - 20 m 0 - 20 m 
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8.2.1.3 Known Distribution within Scottish Waters 

Bedrock reefs are found throughout all Scottish waters. Certain biotopes may be more likely 
to found in different areas such as CR.MCR.CFaVS which is only found on the west coast. 
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8.2.2 Subtype – Biogenic (Blue mussel beds) 

8.2.2.1 Biotopes Present  

Table 136. Biotopes present for Blue mussel beds forming biogenic reefs within Scottish 
territorial waters. 

Biotope Code Biotope Description 
LS.LBR.LMus.Myt Mytilus edulis beds on littoral sediments 

LS.LBR.LMus.Myt.Mu Mytilus edulis beds on littoral mud 
LS.LBR.LMus.Myt.Sa Mytilus edulis beds on littoral sand 
LS.LBR.LMus.Myt.Mx Mytilus edulis beds on littoral mixed substrata 

SS.SBR.SMus.MytSS Mytilus edulis beds on sublittoral sediment 
N.B. Details for each biotope description from JNCC ‘The Marine Habitat Classification for Britain and Ireland 
Version 15.03’ accessed online 01/10/16 via http://jncc.defra.gov.uk/marine/biotopes/BiotopeSearch.aspx

 

8.2.2.2 Habitat Parameters 

Blue mussels (Mytilus edulis) aggregate together to form biogenic reefs. These reefs support 
species such as Cerastoderma edule, Elminius modestus, Fucus vesiculosus, Semibalanus 
balanoides, Gammarus salinus, Tubificoides sp. Blue mussel reefs occur in salinity varying 
from 18-35 ppt under very sheltered to exposed wave exposure. Tidal streams tend to be 
moderately strong to supply sufficient food material. The substratum upon which these reefs 
form tends to be sandy mud, muddy sand, sand, mud or mixed muddy sediment. Mussel 
beds occur in the infralittoral and circalittoral zones from the mid-shore to 20m depth. 
 

Table 137. Parameters for Blue mussel bed biotopes. 

Parameter LS.LBR.LMus. 
Myt.Mu 

LS.LBR.LMus. 
Myt.Sa 

LS.LBR.LMus. 
Myt.Mx 

SS.SBR.SMus. 
MytSS 

Key species Mytilus edulis Mytilus edulis, 
Cerastoderma 
edule, Elminius 

modestus 

Mytilus edulis , 
Fucus 

vesiculosus, 
Semibalanus 
balanoides

Mytilus edulis, 
Gammarus 

salinus, 
Tubificoides sp. 

Salinity Full (30-35 ppt), 
Variable (18-35 

ppt) 

Full (30-35 ppt), 
Variable (18-35 

ppt) 

Full (30-35 ppt), 
Variable (18-35 

ppt) 

Full (30-35 ppt) 

Wave 
exposure 

Moderately 
exposed, 
Sheltered 

Moderately 
exposed, 
Sheltered 

Exposed, 
Moderately 
exposed, 

Sheltered, Very 
sheltered 

Moderately 
exposed, 
Sheltered 

Tidal stream n/a n/a n/a Moderately strong 
(1-3 kn) 

Substratum Sandy mud, Mud Sand, Muddy 
sand 

Sand, Muddy 
sand with Mixed 

boulders, Cobbles 
and Pebbles 

Mixed muddy 
sediment 

Zone Eulittoral Eulittoral Eulittoral Infralittoral to 
Circalittoral 

Depth Mid shore - Lower 
shore 

Mid shore - Lower 
shore 

Mid shore - Lower 
shore 

0 – 20 m 

 

8.2.2.3 Known Distribution within Scottish Waters 

Mussel beds are particularly abundant on the east coast, however, are recorded all-round 
the Scottish coast. Records are found as far south as the Solway Firth and as far north as 
Fugla Ness, Shetland. 
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8.2.3 Subtype – Biogenic (Cold-water coral reefs) 

8.2.3.1 Biotopes Present  

Table 138. Biotope present for Cold-water coral reefs within Scottish territorial waters. 

Biotope Code Biotope Description 
SS.SBR.Crl.Lop Lophelia reefs 

N.B. Details for each biotope description from JNCC ‘The Marine Habitat Classification for Britain and Ireland 
Version 15.03’ accessed online 01/10/16 via http://jncc.defra.gov.uk/marine/biotopes/BiotopeSearch.aspx

 
8.2.3.2 Habitat Parameters 

Lophelia reefs occur as aggregations of Lophelia pertusa in full salinity with extremely 
sheltered wave exposure. Tidal streams are weak to moderately strong with the reefs 
forming on a range of substrate from fine silt, rock and other hard substrata between depths 
of 50 and 200 m (Arantes et al., 2009). 
 

Table 139. Parameters for Lophelia reefs. 

Parameter SS.SBR.Crl.Lop 
Key species Lophelia pertusa 
Salinity Full (30-35 ppt) 
Wave exposure Extremely sheltered 
Tidal stream Moderately strong (1-3 kn), Weak (>1 kn) 
Substratum Fine silt, Rock, Other hard substrata 
Zone Lower circalittoral 
Depth 50 – 200 m 

 

8.2.3.3 Known Distribution within Scottish Waters 

Within inshore Scottish waters, the only known occurrence of Lophelia reef is in the Outer 
Hebrides in the East Mingulay SAC.   
 
 



 

121  

8.2.4 Subtype – Biogenic (Horse mussel beds) 

8.2.4.1 Biotopes Present  

Table 140. Biotopes present for Horse mussel beds forming biogenic reefs within Scottish 
territorial waters. 

Biotope Code Biotope Description 

SS.SBR.SMus.ModCvar Modiolus modiolus beds with Chlamys varia, sponges, hydroids 
and bryozoans on slightly tide-swept very sheltered circalittoral 
mixed substrata 

SS.SBR.SMus.ModT  Modiolus modiolus beds with hydroids and red seaweeds on 
tide-swept circalittoral mixed substrata  

SS.SBR.SMus.ModHAs  Modiolus modiolus beds with fine hydroids and large solitary 
ascidians on very sheltered circalittoral mixed substrata  

SS.SBR.SMus.ModMx  Modiolus modiolus beds on open coast circalittoral mixed 
sediment 

N.B. Details for each biotope description from JNCC ‘The Marine Habitat Classification for Britain and Ireland 
Version 15.03’ accessed online 01/10/16 via http://jncc.defra.gov.uk/marine/biotopes/BiotopeSearch.aspx

 
8.2.4.2 Habitat Parameters 

Horse mussels (Modiolus modiolus) aggregate together to form biogenic reefs.  They form 
habitat for species such as Chlamys varia, Ophiothrix fragilis, Pomatoceros triqueter, 
Ophiocomina nigra, Paradoneis lyra. Horse mussel reefs always occur in full salinity with 
wave exposures ranging from extremely sheltered to moderately exposed and tidal streams 
of very weak to moderately strong. This habitat usually occurs on muddy sediments, forming 
a hard substratum on otherwise sedimentary areas within the infralittoral and circalittoral 
zones from a depth of 5m to 100m. 
 

Table 141. Parameters for Horse mussel bed biotopes. 

Parameter SS.SBR.SMus. 
ModCvar 

SS.SBR.SMus. 
ModT 

SS.SBR.SMus. 
ModHAs 

SS.SBR.SMus. 
ModMx 

Key Species Modiolus 
modiolus, 

Chlamys varia 

Modiolus 
modiolus, 

Ophiothrix fragilis, 
Pomatoceros 

triqueter 

Modiolus 
modiolus, 

Ophiothrix fragilis, 
Ophiocomina 

nigra 

Modiolus 
modiolus, Glycera 

lapidum, 
Paradoneis lyra 

Salinity Full (30-35 ppt) Full (30-35 ppt) Full (30-35 ppt) Full (30-35 ppt) 

Wave 
exposure 

Sheltered, Very 
sheltered 

Moderately 
exposed, 

Sheltered, Very 
sheltered 

Moderately 
exposed, 

Sheltered, Very 
sheltered, 
Extremely 
sheltered 

Sheltered 

Tidal stream Strong (3-6 kn), 
Moderately strong 

(1-3 kn), Weak 
(>1 kn) 

Strong (3-6 kn), 
Moderately strong 

(1-3 kn) 

Weak (>1 kn), 
Very weak 
(negligible) 

Moderately strong 
(1-3 kn) 

Substratum Sandy mud with 
Pebbles, Gravel, 

Shells 

Cobbles, Pebbles 
and Modiolus 

shells 

Mud with 
Boulders, 

Cobbles, Shells 

Muddy gravel and 
sand with Shells, 

Stones 
Zone Infralittoral to 

Circalittoral 
Lower infralittoral 

to Circalittoral 
Lower infralittoral 

to Circalittoral 
Circalittoral 

Depth 5 - 30 m 5 – 50 m 5 – 30 m 50 - 100 m 
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8.2.4.3 Known Distribution within Scottish Waters 

Modiolus individuals can be found across the majority of the Western and Northern Scottish 
coastline with the largest Horse mussel bed in the UK is located off Noss Head, Caithness. 
Modiolus beds (with typically 30% cover or more) are less wide spread.  
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8.2.5 Subtype – Biogenic (Sabellaria reefs) 

8.2.5.1 Biotopes Present  

Table 142. Biotopes present for Sabellaria biogenic reefs within Scottish territorial waters. 

Biotope Code Biotope Description 
LS.LBR.Sab  Littoral Sabellaria honeycomb worm reefs 

LS.LBR.Sab.Salv  Sabellaria alveolata reefs on sand-abraded eulittoral rock 
SS.SBR.PoR  Polychaete worm reefs on sublittoral sediment 

SS.SBR.PoR.SalvMx Sabellaria alveolata on variable salinity sublittoral mixed 
sediment 

SS.SBR.PoR.SspiMx  Sabellaria spinulosa on stable circalittoral mixed sediment 
N.B. Details for each biotope description from JNCC ‘The Marine Habitat Classification for Britain and Ireland 
Version 15.03’ accessed online 01/10/16 via http://jncc.defra.gov.uk/marine/biotopes/BiotopeSearch.aspx

 

8.2.5.2 Habitat Parameters 

Sabellaria alveolata and Sabellaria spinulosa form biogenic reefs supporting species such as 
Semibalanus balanoides, Patella vulgata, Melinna cristata, Typosyllis armillary, 
Protodorvillea kefersteini and Pholoe synophthalmica. Salinity varies between 18-35 ppt in 
exposed to sheltered locations. Substratum varies between sand, mixed sandy sediment 
and a mixed sediment of sandy mud, muddy sand and gravel. S. spinulosa reefs can be 
found in the infralittoral to circalittoral zones to a depth of 30m in weak to strong tidal 
streams. S. alveolata reefs form on the mid to lower shore and will only be considered as an 
Annex I habitat subtype where it is contiguous with any other reef subtype habitat.  
 

Table 143. Parameters for Sabellaria reef biotopes. 

Parameter LS.LBR.Sab.Salv SS.SBR.PoR.SalvMx SS.SBR.PoR.SspiMx 

Key species Sabellaria alveolata, 
Semibalanus balanoides, 

Patella vulgata 

Sabellaria alveolata, 
Melinna cristata, 

Typosyllis armillary 

Sabellaria spinulosa, 
Protodorvillea kefersteini, 
Pholoe synophthalmica 

Salinity Full (30-35 ppt) Variable (18-35 ppt) Full (30-35 ppt) 

Wave 
exposure 

Exposed, Moderately 
exposed 

Exposed, Moderately 
exposed, Sheltered 

Moderately exposed, 
Sheltered 

Tidal stream n/a Strong (3-6 kn), Weak (>1 
kn) 

Strong (3-6 kn), 
Moderately strong (1-3 

kn) 
Substratum Sand with Cobbles, 

Boulders, Pebbles 
Mixed sandy sediment 
with Pebbles, Cobbles 

Mixed sediment of Sandy 
mud, Muddy sand with 

Gravel, Pebbles, Cobbles 
Zone Eulittoral Infralittoral Circalittoral 

Depth Mid shore – Lower shore 0 – 10 m 10 – 30 m 

 

8.2.5.3 Known Distribution within Scottish Waters 

S. alveolata reefs in Scottish waters occur in the south west coast Solway Firth and Luce 
Bay areas. S. spinulosa has been recorded on the east coast of Scotland in the Southern 
Trench MPA proposal area. 
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8.2.6 Subtype – Biogenic (Serpulid aggregations) 

8.2.6.1 Biotopes Present  

Table 144. Biotope present for Serpulid aggregations within Scottish territorial waters. 

Biotope Code Biotope Description 
SS.SBR.PoR.Ser  Serpula vermicularis reefs on very sheltered circalittoral 

muddy sand 
N.B. Details for each biotope description from JNCC ‘The Marine Habitat Classification for Britain and Ireland 
Version 15.03’ accessed online 01/10/16 via http://jncc.defra.gov.uk/marine/biotopes/BiotopeSearch.aspx 

 
The Marine Habitat Classification for Britain and Ireland Version 15.03 
 
8.2.6.2 Habitat Parameters 

Aggregations of Serpula vermicularis support species such as Esperiopsis fucorum and 
Ascidiella aspersa in regions of salinity between 18 and 35 ppt.  Wave exposure is extremely 
sheltered to sheltered and tidal stream is weak or very weak. Occurring on sandy mud 
between with a depth range of 0 and 30m (Chapman et al., 2012). 
 

Table 145. Parameters for Serpulid aggregation biotope. 

Parameter SS.SBR.PoR.Ser 
Key species Serpula vermicularis, Esperiopsis fucorum, Ascidiella aspersa
Salinity Full (30-35 ppt), Variable (18-35 ppt) 
Wave exposure Sheltered, Very sheltered, Extremely sheltered 
Tidal stream Weak (>1 kn), Very weak (negligible) 
Substratum Sandy mud with Calcareous tubes, Pebbles, Shells, Gravel 
Zone Lower infralittoral to Circalittoral 
Depth 0 – 30 m 

 

8.2.6.3 Known Distribution within Scottish Waters 

This biotope has been recorded in the U.K. in Loch Creran, where these reefs have been 
well studied (Moore 1996 & Poloczanska et al., 2004). Serpulid aggregations are also 
recorded in Loch Teacuis, however, a 2015 survey of the area has confirmed that these 
aggregations had dramatically declined from 2006 to 2015 and is now predominantly reef 
rubble (SNH, 2015). 
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8.2.7 Subtype – Stony Reef 

8.2.7.1 Biotopes Present 

Table 146. Biotopes present for Stony reefs within Scottish territorial waters. 

Biotope code Biotope description 

CR.HCR.Xfa  Mixed faunal turf communities 

CR.HCR.XFa.FluCoAs.X Flustra foliacea and colonial ascidians on tide-swept 
exposed circalittoral mixed substrata 

CR.HCR.XFa.FluHocu Flustra foliacea and Haliclona oculata with a rich faunal turf 
on tide-swept circalittoral mixed substrata 

CR.HCR.XFa.SpNemAdia Sparse sponges, Nemertesia spp. and Alcyonidium 
diaphanum on circalittoral mixed substrata 

CR.MCR.CFaVS.HbowEud  Halichondria bowerbanki, Eudendrium arbusculum and 
Eucratea loricata on reduced salinity tide-swept 
circalittoral mixed substrata 

IR.HIR.KSed.LsacChoR  Laminaria saccharina, Chorda filum and dense red 
seaweeds on shallow unstable infralittoral boulders or 
cobbles 

IR.LIR.IFaVS.HarCon  Hartlaubella gelatinosa and Conopeum reticulum on low 
salinity infralittoral mixed substrata 

IR.LIR.K.Sar Sargassum muticum on shallow slightly tide-swept 
infralittoral mixed substrata 

IR.MIR.KR Kelp and red seaweeds (moderate energy infralittoral 
rock) 

IR.MIR.KR.Ldig.Bo Laminaria digitata and under-boulder fauna on sublittoral 
fringe boulders 

IR.MIR.KR.LhypTX Laminaria hyperborea on tide-swept, infralittoral mixed 
substrata 

IR.MIR.KR.LhypTX.Ft Mixed kelps and seaweeds on upper infralittoral mixed 
substrata 

IR.MIR.KR.LhypTX.Pk Mixed kelp park on lower infralittoral mixed substrata. 

IR.MIR.KT.XKTX Mixed kelp and red seaweeds on infralittoral boulders, 
cobbles and gravel in tidal rapids 

LR.FLR.Eph.EphX Ephemeral green and red seaweeds on variable salinity 
and/or disturbed eulittoral mixed substrata 

LR.FLR.Rkp.H Hydroids, ephemeral seaweeds and Littorina littorea in 
shallow eulittoral mixed substrata pools 

LR.LLR.F Fucoids on sheltered marine shores 

LR.LLR.F.Asc.X Ascophyllum nodosum on full salinity mid eulittoral mixed 
substrata 

LR.LLR.F.Fserr.X Fucus serratus on full salinity lower eulittoral mixed 
substrata 

LR.LLR.F.Fves.X Fucus vesiculosus on mid eulittoral mixed substrata 

LR.LLR.FVS.FvesVS Fucus vesiculosus on variable salinity mid eulittoral 
boulders and stable mixed substrata 

LR.MLR.BF.Fser.Bo Fucus serratus and under-boulder fauna on exposed to 
moderately exposed lower eulittoral boulders 

N.B. Details for each biotope description from JNCC ‘The Marine Habitat Classification for Britain and Ireland 
Version 15.03’ accessed online 01/10/16 via http://jncc.defra.gov.uk/marine/biotopes/BiotopeSearch.aspx

 

8.2.7.2 Habitat Parameters 

Stony reefs in Scottish territorial waters are characterised by a huge variety of biotope 
complexes and species. Key species across the habitats include a range of seaweed 
species including kelps and fucoids, and contain a rich faunal component including molluscs, 
echinoderms, crustaceans, and sessile species such as sponges and ascidians. Salinity 
varies from low to full with some occurrences in highly brackish waters. Wave exposure 
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varies from extremely sheltered to extremely exposed, with tidal streams of very weak to 
very strong.  Substrata is highly variable with mud, sand, gravel, bedrock, boulders and 
mixed sediments, all with a variety of boulders, cobbles and pebbles. Stony reefs occur from 
mid-shore to 30m depth (Irving, 2009). 
 

Table 147. Parameters for Stony reef biotopes. 

Parameter CR.HCR.Xfa 
 

CR.MCR.CFaVS.
HbowEud 

IR.HIR.KSed.Lsa
cChoR 

IR.LIR.IFaVS. 
HarCon 

Key species Nemertesia 
antennina, 

Alcyonidium 
diaphanum, 

Cliona celata 

Halichondria 
bowerbanki, 

Mycale lobata, 
Eudendrium 
arbusculum 

Chorda filum, 
Laminaria 

saccharina, 
Desmarestia 

aculeata 

Hartlaubella 
gelatinosa, 
Conopeum 
reticulum, 

Bowerbankia 
imbricata 

Salinity Full (30-35 ppt) Reduced (18-30 
ppt), Variable (18-
35 ppt), Low (<18 

ppt) 

Full (30-35 ppt) Reduced (18-30 
ppt), Low (<18 

ppt) 

Wave 
exposure 

Extremely 
exposed, Very 

exposed, 
Exposed, 

Moderately 
exposed 

Sheltered, Very 
sheltered 

Moderately 
exposed 

Very sheltered, 
Extremely 
sheltered 

Tidal stream Strong (3-6 kn), 
Moderately strong 

(1-3 kn) 

Strong (3-6 kn), 
Moderately strong 
(1-3 kn), Weak (>1 

kn) 

Moderately strong 
(1-3 kn) 

Moderately strong 
(1-3 kn) 

Substratum Bedrock with 
Boulders 

Bedrock with 
Boulders, 

Cobbles, Pebbles 

Boulders, 
Cobbles, Pebbles 

and Gravel 

Mixed sediments 
with Boulders, 

Cobbles 
Zone Lower circalittoral 

to Upper 
circalittoral  

Circalittoral Upper Infralittoral Infralittoral 

Depth 5 - 30 m 0 - 20 m 0 - 5 m 0 - 5 m 

 IR.LIR.K.Sar IR.MIR.KR IR.MIR.KT. 
XKTX 

LR.FLR.Eph. 
EphX 

Key species Sargassum 
muticum, 
Laminaria 

saccharina, Obelia 
geniculata 

Laminaria digitata, 
Laminaria 

hyperborea 

Laminaria 
saccharina, 
Laminaria 

hyperborea, 
Dictyota 

dichotoma 

Ulva intestinalis, 
Ulva lactuca, 
Porphyra spp. 

Salinity Full (30-35 ppt) Full (30-35 ppt) Full (30-35 ppt), 
Variable (18-35 

ppt) 

Variable (18-35 
ppt) 

Wave 
exposure 

Sheltered, Very 
sheltered, 
Extremely 
sheltered 

Exposed, 
Moderately 
exposed, 
Sheltered 

Sheltered, Very 
sheltered, 
Extremely 
sheltered 

Sheltered, Very 
sheltered, 
Extremely 
sheltered 

Tidal stream Moderately strong 
(1-3 kn) 

Moderately strong 
(1-3 kn), Weak (>1 

kn), Very weak 
(negligible) 

Very strong (>6 
kn), Strong (3-6 
kn), Moderately 
strong (1-3 kn) 

n/a 

Substratum Mixed substrata Bedrock 
(Boulders) 

Gravel with 
Boulders, Cobbles 

Mud and Sand 
with Pebbles, 

Cobbles 
Zone Upper infralittoral Infralittoral to Infralittoral Eulittoral 
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to Sublittoral 
fringe 

Sublittoral fringe 

Depth Lower shore - 5 m Lower shore – 
20m 

0-10 m Mid shore 

 LR.FLR.Rkp.H LR.LLR.F LR.LLR.FVS. 
FvesVS 

LR.MLR.BF. 
Fser.Bo 

Key species Obelia geniculata, 
Sertularia 

cupressina, Ulva 
spp. 

Pelvetia 
canaliculata, 

Fucus spiralis, 
Ascophyllum 

nodosum 

Fucus 
vesiculosus, 
Ascophyllum 

nodosum, 
Semibalanus 
balanoides 

Fucus serratus, 
Patella vulgata, 
Nucella lapillus 

Salinity Full (30-35 ppt) Full (30-35 ppt) Variable (18-35 
ppt) 

Full (30-35 ppt) 

Wave 
exposure 

Moderately 
exposed, 
Sheltered 

Sheltered, Very 
sheltered, 
Extremely 
sheltered 

Sheltered, Very 
sheltered, 
Extremely 
sheltered 

Exposed, 
Moderately 
exposed, 
Sheltered 

Tidal stream n/a n/a n/a n/a 

Substratum Gravel and Sand 
with Cobbles, 

pebbles 

Bedrock with 
Stable boulders, 

Cobbles 

Sand/Mud with 
Boulders, 

Pebbles, Cobbles 

Boulders 

Zone Eulittoral Eulittoral Eulittoral Eulittoral 

Depth Mid shore Lower shore to 
Upper shore 

Mid shore Lower shore 

 

8.2.7.3 Known Distribution within Scottish Waters 

Stony reefs are widely distributed throughout all Scottish waters. 
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8.3 Sandbanks which are slightly covered by sea water all the time 

Sandbanks which are slightly covered by seawater all the time are predominantly sandy 
sediments which are covered by shallow sea water, thus are below Mean Low Water 
Springs (MLWS). They are typically within depths of between 0 to 20m, although deeper 
areas can be included within the habitat when they are suitable substrates and are 
connected to qualifying shallower areas that are in depths of less than 20m. This Annex I 
habitat is frequently associated with the habitat Mudflats and Sandflats not covered by sea 
water at low tide which predominantly consists of sandy and muddy sediments above 
MLWS.  
 
Two main sediment subtypes are typical of this Annex I habitat: Gravelly and clean sands, 
and Muddy sands. Within this study the sediment subtype Mixed sediments are also 
considered but only where they are found within predominantly sandy sediments. Three 
other sandbank feature subtypes have also been considered: Kelp and Seaweed, Maerl 
beds and Seagrass beds.  
 
8.3.1 Subtype – Gravelly and clean sands 

8.3.1.1 Biotopes Present  

Table 148. Biotopes present for Gravelly and clean sands within Scottish territorial waters. 

Biotope Code Biotope Description 

SS.SCS Sublittoral coarse sediment (unstable cobbles and 
pebbles, gravels and coarse sands) 

SS.SCS.CCS Circalittoral coarse sediment 

SS.SCS.CCS.Blan Branchiostoma lanceolatum in circalittoral coarse sand with 
shell gravel 

SS.SCS.CCS.MedLumVen Mediomastus fragilis, Lumbrineris spp. and venerid bivalves 
in circalittoral coarse sand or gravel 

SS.SCS.CCS.Nmix Neopentadactyla mixta in circalittoral shell gravel or coarse 
sand 

SS.SCS.CCS.Pkef Protodorvillea kefersteini and other polychaetes in 
impoverished circalittoral mixed gravelly sand 

SS.SCS.CCS.PomB Pomatoceros triqueter with barnacles and bryozoan crusts 
on unstable circalittoral cobbles and pebbles 

SS.SCS.ICS Infralittoral coarse sediment 

SS.SCS.ICS.CumCset Cumaceans and Chaetozone setosa in infralittoral gravelly 
sand 

SS.SCS.ICS.Glap Glycera lapidum in impoverished infralittoral mobile gravel 
and sand 

SS.SCS.ICS.HchrEdw Halcampa chrysanthellum and Edwardsia timida on 
sublittoral clean stone gravel 

SS.SCS.ICS.HeloMsim Hesionura elongata and Microphthalmus similis with other 
interstitial polychaetes in infralittoral mobile coarse sand 

SS.SCS.ICS.MoeVen Moerella spp. with venerid bivalves in infralittoral gravelly 
sand 

SS.SCS.ICS.SLan Dense Lanice conchilega and other polychaetes in tide-
swept infralittoral sand and mixed gravelly sand 

SS.SCS.ICS.SSh Sparse fauna on highly mobile sublittoral shingle (cobbles 
and pebbles) 

SS.SCS.SCSVS Sublittoral coarse sediments in variable salinity 
(estuaries) 

SS.SSa.CFiSa Circalittoral fine sand 

SS.SSa.CFiSa.ApriBatPo Abra prismatica, Bathyporeia elegans and polychaetes in 
circalittoral fine sand 

SS.SSa.CFiSa.EpusOborApri Echinocyamus pusillus, Ophelia borealis and Abra prismatica 
in circalittoral fine sand 
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SS.SSa.IFiSa Infralittoral fine sand 

SS.SSa.IFiSa.IMoSa Infralittoral mobile clean sand with sparse fauna 

SS.SSa.IFiSa.NcirBat Nephtys cirrosa and Bathyporeia spp. in infralittoral sand 

SS.SSa.IFiSa.ScupHyd Sertularia cupressina and Hydrallmania falcata on tide-swept 
sublittoral sand with cobbles or pebbles. 

SS.SSa.SSaVS Sublittoral sand in variable salinity (estuaries) 

SS.SSa.SSaVS.MoSaVS Infralittoral mobile sand in variable salinity (estuaries) 

SS.SSa.SSaVS.NcirMac Nephtys cirrosa and Macoma balthica in variable salinity 
infralittoral mobile sand 

SS.SSa.SSaVS.NintGam Neomysis integer and Gammarus spp. in variable salinity 
infralittoral mobile sand 

N.B. Details for each biotope description from JNCC ‘The Marine Habitat Classification for Britain and Ireland 
Version 15.03’ accessed online 01/10/16 via http://jncc.defra.gov.uk/marine/biotopes/BiotopeSearch.aspx

 

8.3.1.2 Habitat Parameters 

This habitat includes substrates ranging from fine to medium sands, pebbles, gravel, and 
cobbles. The biotopes are found within the circalittoral and infralittoral zones at depths of 0 – 
50 m deep, areas deeper than 20m will only be included where they are suitable substrates 
and connected to qualifying areas above 20m. 
 

Table 149. Parameters for Gravelly and clean sands biotopes. 

Parameter SS.SCS SS.SCS.CCS SS.SCS.ICS SS.SCS.SCSVS 

Key Species Robust fauna 
including venerid 

bivalves 

Nemertea sp., 
Protodorvillea 

kefersteini, 
Mediomastus 

fragilis, 
Ampelisca 
spinipes, 

Asterias rubens, 
Neopentadactyla 

mixta 

Lanice 
conchilega, 
Chaetozone 

setosa, Pagurus 
bernhardus 

Pomatoschistus 
sp., Carcinus 

maenas 

Salinity Full (30-35 ppt), 
Variable (18-35 

ppt) 

Full (30-35 ppt) Full (30-35 ppt) Reduced (18-30 
ppt), Variable (18-

35 ppt) 
Wave exposure Exposed, 

Moderately 
exposed, 
Sheltered 

Exposed, 
Moderately 

exposed 

Exposed, 
Moderately 
exposed, 
Sheltered 

Moderately 
exposed, 

Sheltered, Very 
sheltered 

Tidal stream Strong (3-6 kn), 
Moderately 

strong (1-3 kn), 
Weak (>1 kn), 

Very weak 
(negligible) 

Moderately 
strong (1-3 kn), 
Weak (>1 kn), 

Very weak 
(negligible) 

Strong (3-6 kn), 
Moderately 

strong (1-3 kn), 
Weak (>1 kn), 

Very weak 
(negligible) 

Strong (3-6 kn), 
Moderately strong 
(1-3 kn), Weak (>1 

kn), Very weak 
(negligible) 

Substratum Gravels, Coarse 
sands with 
Cobbles, 
Pebbles 

Coarse sand and 
Gravel with a 

finer sand 
fraction 

Sand with gravel, 
Pebbles, Shingle 

Gravel with 
Pebbles and a 

minor sand 
fraction 

Zone Circalittoral, 
Infralittoral 

Lower Infralittoral 
to Circalittoral 

Infralittoral Infralittoral to 
Circalittoral 

Depth 0 - 30 m 10 - 50 m 0 - 20 m 
 

0 - 20 m 
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 SS.SSa.CFiSa SS.SSa.IFiSa SS.SSa.SSaVS 

Key Species Cerianthus lloydii, 
Lanice conchilega, 

Pagurus bernhardus, 
Asterias rubens, 

Amphiura filiformis, 
Ophiura albida, Ophiura 

ophiura 

Pagurus bernhardus, 
Hydrallmania falcate, 

Nephtys cirrosa, Lanice 
conchilega 

Nephtys cirrosa, 
Capitella capitate, 
Neomysis integer, 

Gammarus salinus, 
Eurydice pulchra 

Salinity Full (30-35 ppt), 
Variable (18-35 ppt) 

Full (30-35 ppt) Variable (18-35 ppt) 

Wave exposure Moderately exposed, 
Sheltered, Very 

sheltered 

Exposed, Moderately 
exposed, Sheltered 

Moderately exposed, 
Sheltered, Very sheltered 

Tidal stream Weak (>1 kn), Very 
weak (negligible) 

Strong (3-6 kn), 
Moderately strong (1-3 
kn), Weak (>1 kn), Very 

weak (negligible) 

Strong (3-6 kn), 
Moderately strong (1-3 

kn), Weak (>1 kn) 

Substratum Clean fine sands Medium to very fine 
sand 

Medium to very fine sand 

Zone Circalittoral Infralittoral Infralittoral 

Depth 10 - 50 m 0 - 20 m 0 - 20 m 

 

8.3.1.3 Known Distribution within Scottish Waters 

Gravely and clean sand habitats are found throughout all Scottish territorial waters ranging 
from reduced to full salinity locations (sea lochs/lagoons to open coastline) within sheltered 
and exposed locations. 
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8.3.2 Subtype – Sandbank Feature (Kelp and Seaweed)  

8.3.2.1 Biotopes Present  

Table 150. Biotopes present for Kelp and seaweed communities on sublittoral sediment 
within Scottish territorial waters. 

Biotope Code Biotope Description 
SS.SMp.KSwSS.LsacCho Laminaria saccharina and Chorda filum on sheltered 

upper infralittoral muddy sediment 
SS.SMp.KSwSS.LsacMxVS Laminaria saccharina with Psammechinus miliaris and/or 

Modiolus modiolus on variable salinity infralittoral mixed 
sediment 

SS.SMp.KSwSS.LsacGraFS Laminaria saccharina, Gracilaria gracilis and brown 
seaweeds on full salinity infralittoral sediment 

SS.SMp.KSwSS.Pcri Loose-lying mats of Phyllophora crispa on infralittoral 
muddy sediment 

SS.SMp.KSwSS.LsacR Laminaria saccharina and red seaweeds on infralittoral 
sediments 

SS.SMp.KSwSS.LsacR.CbPb Red seaweeds and kelps on tide-swept mobile infralittoral 
cobbles and pebbles 

SS.SMp.KSwSS.LsacR.Gv Laminaria saccharina and robust red algae on infralittoral 
gravel and pebbles 

SS.SMp.KSwSS.LsacR.Sa Laminaria saccharina and filamentous red algae on 
infralittoral sand 

SS.SMp.KSwSS.LsacR.Mu Laminaria saccharina with red and brown seaweeds on lower 
infralittoral muddy mixed sediment 

N.B. Details for each biotope description from JNCC ‘The Marine Habitat Classification for Britain and Ireland 
Version 15.03’ accessed online 01/10/16 via http://jncc.defra.gov.uk/marine/biotopes/BiotopeSearch.aspx

 

8.3.2.2 Habitat Parameters 

Kelp and seaweed have been recorded within areas of extremely sheltered (lagoons) to 
extremely exposed areas with tidal streams ranging from very weak to moderately strong.  
Although Kelp and seaweed is mainly found within the infralittoral zone or as a sublittoral 
fringe they will only be considered as part of the Annex I habitat for Sandbanks where they 
are found on predominately sandy sediments between 0 - 20 m depth.  
 

Table 151. Parameters for Kelp and seaweed communities on sublittoral sediment biotopes. 

Parameter SS.SMp.KSwS
S.LsacCho 

SS.SMp.KSwS
S.LsacMxVS 

SS.SMp.KSwSS
.LsacGraFS 

SS.SMp.KS
wSS.Pcri 

SS.SMp. 
KSwSS.Lsa

cR 
Key 
Species 

Saccharina 
latissimi, 

Chorda filum 

Saccharina 
latissimi with 

Psammechinus 
miliaris and/or 

Modiolus 
modiolus 

Saccharina 
latissima, 
Gracilaria 

gracilis, brown 
seaweeds 

Phyllophora 
crispa 

Laminaria 
saccharina, 

mixed 
filamentous 
and foliose 
red algae 

Salinity Full (30-35 
ppt), Variable 
(18-35 ppt) 

Full (30-35 
ppt), Variable 
(18-35 ppt) 

Full (30-35 ppt) Full (30-35 
ppt) 

Full (30-35 
ppt) 

Wave 
exposure 

Sheltered, 
Very sheltered, 

Extremely 
sheltered 

Sheltered, Very 
sheltered, 
Extremely 
sheltered 

Moderately 
exposed, 

Sheltered, Very 
sheltered, 
Extremely 
sheltered 

Sheltered, 
Very 

sheltered 

Exposed, 
Moderately 
exposed, 
Sheltered, 

Very 
sheltered 

Tidal 
stream 

Weak (>1 kn), 
Very weak 

Moderately 
strong (1-3 kn), 

Moderately 
strong (1-3 kn), 

Weak (>1 
kn), Very 

Moderately 
strong (1-3 
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(negligible) Weak (>1 kn), 
Very weak 
(negligible) 

Weak (>1 kn) weak 
(negligible) 

kn), Weak 
(>1 kn), Very 

weak 
(negligible) 

Substratum Sandy mud, 
Gravel 

Stoney mixed 
sediment 

Muddy sand, 
Pebbles 

Mud or 
Muddy sand 
with Shells, 

Gravel, 
Pebbles 

Mixed 
muddy sand 
with Gravel, 

Pebbles, 
Cobbles 

Zone Upper 
Infralittoral to 

Sublittoral 
fringe 

Infralittoral to 
Sublittoral 

fringe 

Upper 
Infralittoral to 

Sublittoral fringe 

Lower 
Infralittoral 

Infralittoral 

Depth 0 - 10 m 
 

0 - 10 m 0 - 10 m 5 - 30 m 0 - 20 m 

 SS.SMp.KSw
SS.LsacGraV

S 

SS.SMp.KSwS
S.LsacR.CbPb

* 

SS.SMp.KSw
SS. 

LsacR.Gv 

SS.SMp.KSw
SS. 

LsacR.Sa 

SS.SMp.KS
wSS.LsacR.

Mu 
Key 
Species 

Laminaria 
saccharina, 
Gracilaria 
gracilis, 

Suberites ficus 

Red seaweeds 
(Halarachnion 

ligulatum, 
Laminaria spp.) 

Saccharina 
latissimi, red 
seaweeds 

(Plocamium 
cartilagineum, 
Halarachnion 

ligulatum, 
Brongniartella 

byssoides) 

Saccharina 
latissima, 

filamentous 
red seaweeds 
(Plocamium 

cartilagineum, 
Polysiphonia 

elongata,  
Lomentaria 
clavellosa) 

Saccharina 
latissima with 

red 
seaweeds 

(Plocamium 
cartilagineum
, Phycodrys 

rubens) 

Salinity Full (30-35 
ppt), Variable 
(18-35 ppt) 

Full (30-35 ppt) Full (30-35 
ppt) 

Full (30-35 
ppt) 

Full (30-35 
ppt) 

Wave 
exposure 

Sheltered, 
Very 

sheltered, 
Extremely 
sheltered 

Extremely 
exposed, 
Exposed, 

Moderately 
exposed, 
Sheltered 

Moderately 
exposed, 
Sheltered, 

Very sheltered 

Moderately 
exposed, 
Sheltered, 

Very sheltered 

Moderately 
exposed, 
Sheltered, 

Very 
sheltered, 
Extremely 
sheltered 

Tidal 
stream 

Moderately 
strong (1-3 

kn), Weak (>1 
kn) 

Moderately 
strong (1-3 kn), 
Weak (>1 kn) 

Moderately 
strong (1-3 

kn), Weak (>1 
kn), Very weak 

(negligible) 

Moderately 
strong (1-3 

kn), Weak (>1 
kn), Very 

weak 
(negligible) 

Moderately 
strong (1-3 
kn), Weak 

(>1 kn), Very 
weak 

(negligible) 
Substratum Stony 

sediment 
Small boulders, 

Cobbles, 
Pebbles with 

gravel 

Gravel, 
Coarse sand 

with some 
pebbles 

Sand with 
some gravel 

Muddy 
gravelly 
mixed 

sediment 
Zone Infralittoral Infralittoral Infralittoral Infralittoral Lower 

Infralittoral to 
Infralittoral 

Depth 0 - 10 m 0 - 30 m 0 - 20 m 0 - 20 m 5 - 20 m 

 

8.3.2.3 Known Distribution within Scottish Waters 

Kelp and seaweed communities are widespread along the west coast of Scotland and in 
sheltered areas of Orkney and Shetland, with occasional records on the east coast (Connor 
et al., 2004). The more sheltered component biotopes are particularly widespread in 
sealochs and in sheltered areas of Orkney and Shetland.  
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8.3.3 Subtype – Sandbank Feature (Maerl beds) 

8.3.3.1 Biotopes Present  

Table 152. Biotopes present for Maerl beds within Scottish territorial waters. 

Biotope Code Biotope Description 

SS.SMp.Mrl.Lcor Lithothamnion corallioides maerl beds on infralittoral muddy 
gravel 

SS.SMp.Mrl.Lgla Lithothamnion glaciale maerl beds in tide-swept variable 
salinity infralittoral gravel 

SS.SMp.Mrl.Pcal Phymatolithon calcareum maerl beds in infralittoral clean gravel 
or coarse sand 

SS.SMp.Mrl.Pcal.R Phymatolithon calcareum maerl beds with red seaweeds in shallow 
infralittoral clean gravel or coarse sand 

SS.SMp.Mrl.Pcal.Nmix Phymatolithon calcareum maerl beds with Neopentadactyla mixta 
and other echinoderms in deeper infralittoral clean gravel or coarse 
sand 

N.B. Details for each biotope description from JNCC ‘The Marine Habitat Classification for Britain and Ireland 
Version 15.03’ accessed online 01/10/16 via http://jncc.defra.gov.uk/marine/biotopes/BiotopeSearch.aspx

 

8.3.3.2 Habitat Parameters 

Maerl beds are formed by several species of red seaweed with a hard chalky skeleton. 
Occurring mostly in full salinity, they can be found in variable salinity locations in exposed to 
extremely sheltered locations with very weak to strong tidal steams. Maerl beds usually 
occur on muddy, sandy and coarse sediments, with maerl gravels within the infralittoral and 
circalittoral zones from a depth of 0 m to 30 m (Hall-Spencer et al., 2003 & Birkett et al., 
1998).  
 

Table 153. Physical parameters for Maerl bed biotopes. 

Parameter SS.SMp.Mrl.Lcor SS.SMp.Mrl.Lgla SS.SMp.Mrl.Pcal 
Key Species Lithothamnion 

corallioides 
Lithothamnion glaciale Phymatolithon calcareum 

Salinity Full (30-35 ppt) Full (30-35 ppt), Variable 
(18-35 ppt) 

Full (30-35 ppt) 

Wave 
exposure 

Sheltered, Very sheltered Sheltered, Very 
sheltered, Extremely 

sheltered 

Moderately exposed, 
Sheltered, Extremely 

sheltered 
Tidal stream Moderately strong (1-3 

knots), Weak (>1 knots), 
Very weak (negligible) 

Strong (3-6 knots), 
Moderately strong (1-3 
knots), Weak (>1 knots) 

Moderately strong (1-3 
knots), Weak (>1 knots) 

Substratum Muddy maerl gravel Coarse sediment (Maerl, 
Shell gravel, Stones) 

Maerl gravel, Sand 

Zone Infralittoral Infralittoral Infralittoral 
Depth 0 - 20 m 0 - 10 m 0 - 20 m 
 SS.SMp.Mrl.Pcal.R SS.SMp.Mrl.Pcal.Nmix  
Key Species Phymatolithon calcareum Phymatolithon calcareum 

with 
Neopentadactyla mixta 

 

Salinity Full (30-35 ppt) Full (30-35 ppt)  
Wave 
exposure 

Moderately exposed, 
Sheltered, Very sheltered 

Exposed, Moderately 
exposed, Sheltered 

 

Tidal stream Moderately strong (1-3 
knots), Weak (>1 knots), 
Very weak (negligible) 

Moderately strong (1-3 
knots), Weak (>1 knots), 
Very weak (negligible) 

 

Substratum Maerl gravel, Coarse 
sand 

Maerl gravel, Coarse 
sand 
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Zone Infralittoral to Upper 
Infralittoral 

Upper circalittoral to 
Lower Infralittoral 

 

Depth 0 - 20 m 5 - 30 m  
 

8.3.3.3 Known Distribution within Scottish Waters 

Maerl beds are located along the northern and western coastlines (mainland and islands), 
concentrated within sea lochs, channels and inlets.  
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8.3.4 Subtype – Mixed sediments 

8.3.4.1 Biotopes Present  

Table 154. Biotopes present for Mixed sediments within Scottish territorial waters. 

Biotope Code Biotope Description 

SS.SMx.SMxVS Sublittoral mixed sediment in variable salinity (estuaries) 

SS.SMx.SMxVS.AphPol Aphelochaeta spp. and Polydora spp. in variable salinity 
infralittoral mixed sediment 

SS.SMx.SMxVS.CreMed Crepidula fornicata and Mediomastus fragilis in variable salinity 
infralittoral mixed sediment 

SS.SMx.CMx Circalittoral mixed sediment 

SS.SMx.CMx.ClloModHo Sparse Modiolus modiolus, dense Cerianthus lloydii and 
burrowing holothurians on sheltered circalittoral stones and 
mixed sediment 

SS.SMx.CMx.ClloMx Cerianthus lloydii and other burrowing anemones in circalittoral 
muddy mixed sediment 

SS.SMx.CMx.ClloMx.Nem Cerianthus lloydii with Nemertesia spp. and other hydroids in 
circalittoral muddy mixed sediment 

SS.SMx.CMx.FluHyd Flustra foliacea and Hydrallmania falcata on tide-swept 
circalittoral mixed sediment 

SS.SMx.CMx.MysThyMx Mysella bidentata and Thyasira spp. in circalittoral muddy 
mixed sediment 

SS.SMx.CMx.OphMx Ophiothrix fragilis and/or Ophiocomina nigra brittle star beds on 
sublittoral mixed sediment 

SS.SMx.IMx Infralittoral mixed sediment 

SS.SMx.IMx.CreAsAn Crepidula fornicata with ascidians and anemones on infralittoral 
coarse mixed sediment 

SS.SMx.IMx.Lim Limaria hians beds in tide-swept sublittoral muddy mixed 
sediment 

SS.SMx.IMx.Ost Ostrea edulis beds on shallow sublittoral muddy mixed 
sediment 

SS.SMx.IMx.SpavSpAn Sabella pavonina with sponges and anemones on infralittoral 
mixed sediment 

SS.SMx.IMx.VsenAsquAps Venerupis senegalensis, Amphipholis squamata and Apseudes 
latreilli in infralittoral mixed sediment 

N.B. Details for each biotope description from JNCC ‘The Marine Habitat Classification for Britain and Ireland 
Version 15.03’ accessed online 01/10/16 via http://jncc.defra.gov.uk/marine/biotopes/BiotopeSearch.aspx

 

8.3.4.2 Habitat Parameters 

Mixed sediment habitats are found within reduced to full salinity areas (sea lochs / lagoons 
to coastal regions) and in wave exposures varying from extremely sheltered to moderately 
exposed locations. Substrate for Mixed sediments include muddy gravelly sands and also 
mosaics of cobbles and pebbles embedded in or lying upon sand, gravel or mud. These 
subtype habitats are found within the circalittoral and littoral zones between 0 – 50 m deep. 
Mixed sediment subtype for the Annex I habitat Sandbanks has only been included where it 
lies within a predominately sandy area i.e. areas of the subtypes: Gravelly and clean sand or 
Muddy sands.  
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Table 155. Physical parameters for Mixed sediments biotopes. 

Parameter SS.SMx SS.SMx.IMx SS.SMx.SMxVS SS.SMx.CMx 

Key Species Wide range of 
infauna and 

epibiota 
including: 

polychaetes, 
bivalves, 

echinoderms, 
anemones, 
hydroids, 
bryozoa 

Crepidula 
fornicata,  

Limaria hians,  
Ostrea edulis,  

Sabella 
pavonina, 
Venerupis 

senegalensis, 
Amphipholis 
squamata, 
Apseudes 

latreilli 

Aphelochaeta 
spp., 

Polydora spp. 

Sparse Modiolus 
modiolus, 

Dense Cerianthus 
lloydii,  

Cerianthus lloydii, 
Nemertesia spp., 
Flustra foliacea,  

Hydrallmania falcate,  
Mysella bidentate,  

Thyasira spp., 
Ophiothrix fragilis, 
Ophiocomina nigra 

Salinity Full (30-35 ppt), 
Reduced (18-30 

ppt), Variable 
(18-35 ppt) 

Full (30-35 ppt), 
Variable (18-35 

ppt) 

Variable (18-35 
ppt) 

Full (30-35 ppt) 

Wave 
exposure 

Moderately 
exposed, 

Sheltered, Very 
sheltered, 
Extremely 
sheltered 

Moderately 
exposed, 

Sheltered, Very 
sheltered 

Sheltered, Very 
sheltered, 
Extremely 
sheltered 

Moderately exposed, 
Sheltered, Very 

sheltered 

Tidal stream Moderately 
strong (1-3 kn), 
Weak (>1 kn), 

Very weak 
(negligible) 

Strong (3-6 kn), 
Moderately 

strong (1-3 kn), 
Weak (>1 kn) 

Moderately strong 
(1-3 kn), Weak 
(>1 kn), Very 

weak (negligible) 

Moderately strong (1-3 
kn), Weak (>1 kn), 

Very weak (negligible) 

Substratum Mixed sediment Mixed sediment Muddy gravelly 
mixed sediment 
(with stones and 

shells) 

Mixed sediment (with 
stones and shells) 

Zone Circalittoral to 
Infralittoral 

Infralittoral Infralittoral Circalittoral 

Depth 0 - 50 m 0 - 30 m 0 - 10 m 5 - 50 m 

 

8.3.4.3 Known Distribution within Scottish waters 

Mixed sediments are widely found throughout Scottish waters, however the Mixed sediment 
subtypes for inclusion in Annex I Sandbanks are less well distributed. 
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8.3.5 Subtype – Muddy sands 

8.3.5.1 Biotopes Present  

Table 156. Biotopes present for Muddy sands within Scottish territorial waters. 

Biotope Code Biotope Description 

SS.SSa.CMuSa Circalittoral muddy sand 

SS.SSa.CMuSa.AalbNuc Abra alba and Nucula nitidosa in circalittoral muddy sand or 
slightly mixed sediment 

SS.SSa.CMuSa.AbraAirr Amphiura brachiata with Astropecten irregularis and other 
echinoderms in circalittoral muddy sand 

SS.SSa.IFiSa Infralittoral fine sand 

SS.SSa.IFiSa.TbAmPo Semi-permanent tube-building amphipods and polychaetes in 
sublittoral sand 

SS.SSa.IMuSa Infralittoral muddy sand 

SS.SSa.IMuSa.AreISa Arenicola marina in infralittoral fine sand or muddy sand 

SS.SSa.IMuSa.EcorEns Echinocardium cordatum and Ensis spp. in lower shore and 
shallow sublittoral slightly muddy fine sand. 

SS.SSa.IMuSa.FfabMag Fabulina fabula and Magelona mirabilis with venerid bivalves 
and amphipods in infralittoral compacted fine muddy sand 

SS.SSa.IMuSa.SsubNhom Spisula subtruncata and Nephtys hombergii in shallow muddy 
sand 

N.B. Details for each biotope description from JNCC ‘The Marine Habitat Classification for Britain and Ireland 
Version 15.03’ accessed online 01/10/16 via http://jncc.defra.gov.uk/marine/biotopes/BiotopeSearch.aspx

 

8.3.5.2 Habitat Parameters 

Muddy sand habitats are found throughout Scottish territorial waters. They can be found 
from very sheltered to exposed sections of the coast ranging from low (<18 ppt) to normal 
salinity levels (35 ppt). Substrate for Muddy sand habitat ranges from very fine sand to 
muddy sands. Found within the infralittoral and circalittoral zones at depths ranging from 0 – 
50 m.  Areas of this subtype habitat below 20m will only be considered where they are 
connected to Sandbanks in shallower water which is less than 20m. 
 
A range of species can make up sub-biotopes including Abra alba, Nucula nitidosa, 
Amphiura brachiate, Astropecten irregularis, Arenicola marina, Echinocardium cordatum,  
Ensis spp, Fabulina fabula, Magelona mirabilis, Spisula subtruncata and Nephtys hombergii. 
 

Table 157. Parameters for Muddy sands biotopes. 

Parameter SS.SSa.CMuSa SS.SSa.IFiSa. 
TbAmPo 

SS.SSa.IMuSa SS.SSa.IFiSa 

Key Species Abra alba, Nucula 
nitidosa, Amphiura 

brachiate, 
Astropecten 
irregularis 

Tube-building 
amphipods, 
polychaetes 

Arenicola marina,  
Echinocardium, 
cordatum, Ensis 

spp., 
Fabulina fabula, 

Magelon mirabilis, 
Spisula 

subtruncata, 
Nephtys hombergii 

Amphipods 
(Bathyporeia), 

robust 
polychaetes 

including: Nephtys 
cirrosa, Lanice 

conchilega 

Salinity Full (30-35 ppt) Full (30-35 ppt) Full (30-35 ppt), 
Variable (18-35 

ppt) 

Full (30-35 ppt) 

Wave 
exposure 

Exposed, 
Moderately 

exposed 

Exposed, 
Moderately 
exposed, 

Moderately 
exposed, 
Sheltered 

Exposed, 
Moderately 
exposed, 
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Sheltered Sheltered 

Tidal stream Moderately strong 
(1-3 kn), Weak (>1 

kn), Very weak 
(negligible) 

Strong (3-6 kn), 
Moderately strong 

(1-3 kn), Very 
weak (negligible) 

Moderately strong 
(1-3 kn), Weak (>1 

kn), Very weak 
(negligible) 

Strong (3-6 kn), 
Moderately strong 
(1-3 kn), Weak (>1 

kn), Very weak 
(negligible) 

Substratum Fine to very fine 
sand with a fine 

silt fraction 

Medium to fine 
sand 

Fine to very fine 
sand with a silt 

fraction 

Medium to very 
fine sand 

Zone Circalittoral Infralittoral Infralittoral Infralittoral 

Depth 10 - 50 m 0 - 20 m 0 - 20 m 0 - 20 m 

 

8.3.5.3 Known Distribution within Scottish Waters 

Muddy sand habitats are widely distributed and have been recorded throughout Scottish 
territorial waters. 
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8.3.6 Subtype – Sandbank Feature (Seagrass beds) 

8.3.6.1 Biotopes Present  

Table 158. Biotopes present for Seagrass beds within Scottish territorial waters. 

Biotope Code Biotope Description 
SS.SMp.SSgr Zostera marina/angustifolia or Ruppia spp. in shallow sublittoral 

sediments 
SS.SMp.SSgr.Zmar Zostera marina/angustifolia beds on lower shore or infralittoral clean 

or muddy sand 
SS.SMp.SSgr.Rup Ruppia maritima in reduced salinity infralittoral muddy sand 

N.B. Details for each biotope description from JNCC ‘The Marine Habitat Classification for Britain and Ireland 
Version 15.03’ accessed online 01/10/16 via http://jncc.defra.gov.uk/marine/biotopes/BiotopeSearch.aspx

 
8.3.6.2 Habitat Parameters 

Seagrass beds have been observed to be present within reduced (18 ppt) to full salinity (35 
ppt) habitats (e.g. lagoons to coastal areas). Seagrass beds normally occur in sheltered 
areas, however have been observed in moderately exposed areas with very weak to 
moderately strong tidal streams. They are located in the infralittoral to sublittoral fringe zones 
at depths of 0 – 10 m, as the subtype habitat for Sandbank feature Seagrass beds have only 
been considered where they are below the intertidal zone (MLWS).  
 
SS.SMp.SSgr.Zmar has been observed within habitats of low or variable salinity (such as 
lagoons SM.SMu.SMuLs). SS.SMp.SSgr.Zmar has also been observed in the biotope 
SS.SCS.ICS.MoeVen and offers protection to the burrowing bivalves in the coarse sands. 
SS.SMp.SSgr.Rup have been observed in sublittoral mud in low or reduced salinity habitats 
(such as lagoons), which the Seagrass beds provide a stabilising effect. SS.SMp.SSgr.Rup 
can also occur within eelgrass beds (SS.SMp.SSgr.Zmar) (Lancaster et al., 2014). 
 

Table 159. Parameters for Seagrass bed biotopes. 

Parameter SS.SMp.SSgr SS.SMp.SSgr.Zmar SS.SMp.SSgr.Rup 

Key Species Zostera 
marina/angustifolia, 

Ruppia spp. 

Zostera marina/angustifolia, 
Saccharina latissimi, Ensis 

spp. 

Ruppia maritima, Ensis 
spp. 

Salinity Full (30-35 ppt), 
Variable (18-35 ppt) 

Full (30-35 ppt), Variable 
(18-35 ppt) 

Reduced (18-30 ppt) 

Wave 
exposure 

Sheltered, Very 
sheltered, Extremely 

sheltered 

Moderately exposed, 
Sheltered, Very sheltered, 

Extremely sheltered 

Extremely sheltered 

Tidal stream Moderately strong (1-3 
kn), Weak (>1 kn), Very 

weak (negligible) 

Moderately strong (1-3 kn), 
Weak (>1 kn), Very weak 

(negligible) 

Very weak (negligible) 

Substratum Medium to fine sandy 
muds 

Clean sand to muddy fine 
sand or mud 

Muddy fine sand to mud 

Zone Infralittoral to Sublittoral 
fringe 

Infralittoral Infralittoral 

Depth 0 - 10 m Lower shore – 10 m 0 - 5 m 

 

8.3.6.3 Known Distribution within Scottish Waters 

OSPAR habitat maps suggest that Scotland has an estimated 20% of the eelgrass beds in 
north-west Europe. Subtidal Seagrass beds are found throughout Scottish waters. 
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9. APPENDIX 3: ANNEX I HABITATS AND SUBTYPES USED IN STATISTICAL MODELLING  

Table 160. Annex I habitats and subtypes used in the statistical modelling, after the data was cleaned of locations outside 12 nautical miles and 
spatial duplicates. 

Point Sample Data Fields Sample 
Size 

Model Habitat Classifications 

ANNEX I HABITAT ANNEX I SUBTYPE Sample Size ANNEX I HABITAT ANNEX I SUBTYPE 

Mudflats and Sandflats not 
covered by seawater at low tide 

Clean sands 430 Mudflats and Sandflats Clean sands 
Clean sands or Muddy sands 280 Mudflats and Sandflats Clean sands or Muddy sands 
Muddy sands 588 Mudflats and Sandflats Muddy sands 
Mudflats 264 Mudflats and Sandflats Mudflats 
Sediment flat feature (Blue mussel beds) 30 - Other 
Sediment flat feature (Sea loch egg 
wrack beds) 

28 - Other 

Sediment flat feature (Seagrass beds) 30 
Mudflats and Sandflats 
or Sandbanks 

Other* 

Subtype not assigned 37 - Other 
Mudflats and Sandflats not 
covered by seawater at low tide / 
Sandbanks which are slightly 
covered by sea water all the time 

Sediment flat feature (Seagrass beds) or 
Sandbank feature (Seagrass beds) 

245 
Mudflats and Sandflats 
or Sandbanks 

Other* 

Reefs 

Bedrock 826 Reefs Bedrock 
Bedrock or Stony 6588 Reefs Bedrock or Stony 
Biogenic (Blue mussel beds) 20 Reefs Other* 
Biogenic (Cold-water coral reefs) 6 - Other 
Biogenic (Horse mussel beds) 33 Reefs Other* 
Biogenic (Horse mussel beds)or  
Biogenic (Blue mussel beds) 

23 Reefs - 

Biogenic (Sabellaria reef) 8 - Other 
Biogenic (Serpulid aggregations) 144 - Other 
Stony 445 Reefs Stony 

Reefs / Submerged or partially 
submerged sea caves 

Bedrock 81 Reefs Bedrock 
Bedrock or Stony 410 Reefs Bedrock or Stony 

Sandbanks which are slightly 
covered by sea water all the 

Gravelly and clean sands 1884 Sandbanks Gravelly and clean sands 
Gravelly and clean sands or Muddy 
sands 

183 
Sandbanks 

Gravelly and clean sands or 
Muddy sands 
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Mixed sediments 2517 Sandbanks Mixed sediments 
Muddy sands 1058 Sandbanks Muddy sands 
Sandbank feature (Kelp and seaweed) 201 Sandbanks Other* 
Sandbank feature (Maerl beds) 89 Sandbanks Other* 
Subtype not assigned 213 - Other 

NA NA 15 Other Other 
* Biogenic subtypes (greyed lines in the table) were included in the ‘Other’ category.  
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