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1  Introduction  

1.1  Scottish Sustainable Marine Environment Initiative 

The Scottish Executive instigated the Scottish Sustainable Marine Environment 

Initiative (SSMEI) in November 2002.  The principle aim of the SSMEI is to 

develop new framework options for the sustainable development management 

of Scotland's marine environment.  These options should embrace the concept 

of the ecosystem based approach and will be tested through the implementation 

of a number of pilot management schemes.  

 

The SSMEI is intended to inform future Scottish Government policy with 

respect to management of the marine environment.  The Clyde Pilot is one of 

these schemes, with the others being located in the Shetland Isles, Berwickshire 

Cost and the Sound of Mull. 

 

1.2  SSMEI Clyde Pilot 

The SSMEI Clyde Pilot is tasked with the development and delivery of more 

integrated and sustainable management of the marine and coastal areas of the 

Firth of Clyde through an effective and integrated stakeholder-regulator 

partnership.  It aims to achieve this through the creation of a Marine Spatial 

Plan, together with improved decision support mechanisms and integrated 

decision making.  These will be underpinned by the application of an 

ecosystem based approach to sustainable development.   

 

In support of these aims, SSMEI Clyde Pilot issued a tender detailing a request 

for the modelling and production of a seabed habitat map using existing data 

sources. 

 

1.3  Seabed Mapping Project Objectives 

Key to implementing an ecosystem based approach to spatial planning and 

management is identifying ñwhat is whereò. 

 

Traditional habitat mapping techniques, such as direct field observations, are 

often difficult to perform in the marine environment due to cost and logistical 

factors.  

 

An alternative approach for producing a habitat map is to create a model of the 

environment based on observed correlations between habitats and various data 

that have been collected, for example depth or current speed.  

 

The technique has been used in similar, existing initiatives, for example the 

UKSeaMap and Mapping European Seabed Habitat (MESH) projects (see 

Figures 1.1 and 1.2 respectively). Being broad scale national and international 

exercises the results from these models are,  in the area of interest, at too low a 

resolution for the needs of the SSMEI and concentrate less on the issues 

pertaining to the Firth of Clyde itself.  
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The main objectives of the project were:  
 

1) Model a seabed habitat map using readily available data. 

2) Identify areas of selected species habitat preferences for use in prediction of 

location management for the following species: 

a. Edible crab (Cancer pagarus) 

b. Common lobster (Homarus gammarus) 

c. Norway lobster (Nephrops norvegicus) 

d. Great scallop (Pecten maximus) 

e. Queen scallop (Aequipecten opercularis)  

3) Identification of potential marine locations. 

4) Identification of potential mariculture locations. 

5) Report identifying data gaps and/or methodological shortcomings, 

establishing a baseline and review of available data sources. 

 

As a tool, a seabed habitat map can aid the stated objectives above by 

identifying where particular habitats exist. This aids forward planning by 

providing information on the physical and biological parameters that may exist 

in difficult to observe areas, e.g. the subtidal environment. The map can be 

used to assist identifying the locations of fisheries/species and inform future 

designations. 

 

A secondary outcome of the project was to use the process of developing the 

map to identify data gaps and inform and future decisions on resources to be 

more effectively targeted. 

 

The modelling and delivery mechanism for the map was through a Geographic 

Information System (GIS). This comprises a database (containing the ñwhatò) 

and the ability to display and map that data visually in the form of a map (the 

ñwhereò).  

 

In addition to traditional database tasks a GIS has the ability to perform spatial 

analysis on data, and this extends the ñwhereò component beyond only display 

data to being able manipulate and query it for patterns and answers thus 

deriving the modelled output. 
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1.4  Geographic Location 

The study area encompassed all the marine or tidal extents within the Firth of 

Clyde from the tidal weir at Glasgow Green to the heads of Lochs Long and 

Fyne and across from the tip of the Mull of Kintyre to Finnarts Point. The 

study area comprised around 1200km of coastline and encompassed a surface 

water area (at MHWST) of around 3000km
2
. 

 
Figure 1.3 Showing the location and selected geographic features of the study area. 
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2  Methods 

2.1  Habitat Classification  

A standardised method of classification greatly assists in the communication of 

ideas and data across boundaries whether they are commercial, sociological, 

political or geographical.  

 

Marine habitats can be classified in a manner of ways, notably physically, such 

as intertidal/subtidal/mud/rock, or biologically, as in the examples of seaweed 

dominated or epifaunal communities. 

 

The UK and European habitat classification standard is to use ñbiotopesò, as 

determined by the European Nature Information System (EUNIS). Based on 

the JNCC biotope schema a biotope is defined within EUNIS as a unique 

combination of measurable and observable criteria, such as depth/height on 

shore, energy regime, substrate and inhabiting biology.  

 

Table 2.1 details the example of the EUNIS high energy littoral (intertidal) 

rock biotopes. EUNIS levels are hierarchical in structure, defining biotopes 

sharing common characteristics at that level; the higher the EUNIS level 

number then the more specific the biotope being defined.  

 

The table demonstrates how the hierarchical structure develops as further data 

is included in the assessment with combinations of physical variables defining 

the lower classifications and the integration of characterising biological species 

enabling the definition of more specific, higher classifications. 
 

Table 2.1 EUNIS Classification and associated JNCC Biotope Example (note, not a complete 

record) 

 

 

EUNIS 

level 

EUNIS 

code 
EUNIS name JNCC 04.05 code JNCC 04.05 name 

1 A Marine habitats - Marine habitats 

2 A1 
Littoral rock and other hard 

substrata 
LR 

Littoral rock (and other 

hard substrata) 

3 A1.1 High energy littoral rock LR.HLR High energy littoral rock 

4 A1.11 
[Mytilus edulis] and/or 

barnacle communities 
LR.HLR.MusB 

Mussel and/or barnacle 

communities 

5 A1.111 

[Mytilus edulis] and 

barnacles on very exposed 

eulittoral rock 

LR.HLR.MusB.MytB 

Mytilus edulis and 

barnacles on very 

exposed eulittoral rock 

5 A1.112 

[Chthamalus] spp. on 

exposed upper eulittoral 

rock 

LR.HLR.MusB.Cht 
Chthamalus spp. on 

exposed eulittoral rock 

6 A1.1121 

[Chthamalus montagui] and 

[Chthamalus stellatus] on 

exposed upper eulittoral 

rock 

LR.HLR.MusB.Cht.Cht 

Chthamalus spp. on 

exposed upper eulittoral 

rock 
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2.2  Cartographic Modelling 

Cartographic Modelling is the often applied method for the model development 

of a habitat map. It relies on geo-referenced/mapped datasets being combined 

and interrogated to identify areas that match defined selection criteria. 

 

Providing the input datasets are of sufficient quality and resolution, the 

simplicity of the EUNIS structure lends itself well to cartographic modelling 

since each biotope is defined by its unique combination of those datasets 

together with its associated biological community. 

 

Taking into account the resolution of the data to be used and the scale of the 

area to be mapped, the methodology used by ERT was raster overlay analysis, 

using the ESRI software package, ArcGIS and its Spatial Analyst add-on. 

 

Raster overlay is relatively simple in concept, and can be envisaged by 

imagining the environment as being broken down into a layered map with each 

of its environmental parameters (e.g. depth, sediment, exposure etc) being 

represented per map layer.  

 

The method lends itself very well to finding locations that meet particular 

criteria. Taking advantage of the simple grid structure of raster data enables a 

technique inherent in the data approach called map algebra to be used in 

constructing a model. Multiple data layers, each representing a different 

attribute about the grid location, can be combined at once to produce an output 

raster dataset. 

 

The raster method is computationally simple, easy to set up and the results easy 

to interpret. A further advantage is that both continuous (e.g. depth) and 

discrete (e.g. substrate type) data can be input to the model with ease. 

 

Figure 2.1 shows a simple, visual demonstration of the technique. 

  

Firstly the area under review is split into a grid of cells for ease of modelling. 

Each of the environmental datasets is then formatted into the same grid 

formation as shown. 

 
Figure 2.1 Conceptual demonstration of raster overlay analysis 
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Querying the resulting combination of two or more layers allows the model to 

return its results. In the first example in Figure 2.2, highlighted in light blue are 

areas that are intertidal AND with a substrate of sand AND a sheltered energy 

regime. In the second example, the model is returning the results of a query to 

select areas that are at 10m depth and mud substrate. 

 

Figure 2.2 Example queries  
 

It is the construction of these queries on the data and the amalgamation of their 

returned results that model the prediction of biotopes. 
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3  Data Inputs and Integration 

Having determined the form of analysis on which to develop the habitat model 

the next step in the process was to ascertain the data required, their availability 

to the project and the suitability of the various data sources found. 

 

At the level of detail the project was tasked with modelling the EUNIS 

classification scheme makes use of five broad data requirements to classify its 

range of biotopes: 
 

¶ Height and Bathymetry 

¶ Seabed Type 

¶ Biology  

¶ Energy Regime 

¶ Salinity 
 

A number of these data sets are readily available, either commercially or within 

government organisations. However, there is a wide variety in their intended 

use and consequently their suitability for inclusion in this modelling process. A 

data review consisting of an examination of all realistically attainable potential 

data sources was carried out.  

 

3.1  Height and Bathymetry  

This data is required within the EUNIS classification to characterise the 

different depth zones that equate to infralittoral, circalittoral, offshore etc.  The 

Seazone Hydrospatial dataset was used to provide this data.  

 

This comprehensive data set includes a bathymetric raster dataset of cell size 

~31m
2
 extending from Mean High Water Spring down to some 200m beneath 

Chart Datum in the area of interest, as shown in Figure 2.3. 

 

The 31m
2
 cell size does not state that there is a sampled data point within the 

cell; all values are derived from an interpolation of a parent dataset of a lower 

spatial resolution.  Nevertheless, this dataset has a high degree of confidence 

associated with it and was deemed sufficiently relevant, accurate and precise to 

enable further data review unnecessary on this variable.  
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Figure 2.3 Bathymetry data for the study area (Seazone Hydrospatial Data, 2007) 

 
 

3.1.1  Height and Bathymetry Data Integration 

Little manipulation of the bathymetric data was required, leaving it as 31m
2 
cell 

size raster data structure. 

 

The data were reclassified into depth bands (for the EUNIS classification: 

littoral, infralittoral, circalittoral and offshore zones) by stipulating these zones 

in the SQL queries performed on the combined dataset.  

 

The depth ranges that were used to determine the EUNIS depth band are shown 

in Table 3.1. These were determined from the EUNIS Physical Comparative 
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Tables. They represent the average values at which biotopes of each depth band 

have been observed and recorded within the EUNIS classification scheme. 
 

Table 3.1 Assigning depth range to EUNIS depth banding values 
 

Depth (m) EUNIS Biotope Depth Band 

>0 Littoral 

0 ï 15 Infralittoral 

15 ï 100 Circalittoral 

<100 Offshore 

 

The only significant alteration required on the bathymetry data was to multiply 

up the values by a factor of 1000 to enable their incorporation into the 

combined dataset without loss of data (This was a functional requirement 

dictated by the software used as combining raster datasets can only be 

performed on integer based classifications in ArcGIS). 

 

3.2  Substrate Type 

Substrate composition data is an essential element required within the EUNIS 

classification to characterise the different types (rock, mud, sand etc) that the 

scheme uses to differentiate between biotopes.  

 

Currently there is not any single dataset that spans the sub and intertidal zones 

for substrate data, these data are split into the offshore and intertidal areas. The 

reason for this is assumed to be historical with there being little need for a 

contiguous dataset.  

 

3.2.1  Offshore Substrate Datasets 

Two sources for the subtidal seabed substrate type in the offshore environment 

were identified, the DigSBS250 dataset from the British Geological Society 

(BGS) and the Admiralty Chart geology point data from the Seazone 

Hydrospatial dataset.  Figures 3.2 and 3.3 show these two datasets in their raw 

format and native classifications. 

 

Visually there is an immediate difference between the two datasets as expected. 

Although the Admiralty Chart data is a point dataset, polygon areas were 

derived from it before being used in the model. It should be remembered that 

the DigSBS250 data has also been derived from point source locations and 

interpolated by the BGS in-house. 

 

For completeness of the project the model was run on each data source to 

produce different output maps, highlighting the differences that can be evident 

in using different datasets relating to the same variable. 

 

Confidence levels in both datasets are difficult to ascribe however, due to the 

spatially sparse nature of the data gathering they are qualitatively assessed to 

be of low confidence. The justification for this is that the BGS data is more 

usually used at a broader scale than in this project. As an example of lack of 

confidence in its suitability for use in modelling, it has previously been noted 

as under-estimating the rock coverage in an area (UKSeaMap and HSMO). 
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The Admiralty Chart data are known observation points however their 

accuracy are open to question due to the various methods of the data collection. 

Reformatting and reclassifying the data for use in the model also makes 

inferences on the influence of the observations spatially that may not exist 

although this arguably applies to the BGS data too. 
 

Figure 3.2 BGS DigSBS250 Dataset classified on the Rock_D variable (BGS DigSBS250 Dataset, 

2007) 

 
 

 


