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1. Introduction: Using assessment of resources to underpin 
inshore fishery management 
1.1. Background 
This case study builds on the results of a GIS project undertaken to offer support to the 
Highland Shellfish Management Organisation (HSMO) when they were undertaking a review of 
inshore fisheries management. A good understanding of the environment that supports HSMO’s 
target species was viewed as an essential prerequisite to successful, sustainable management 
of those species. Therefore, a ‘top-down’ GIS was designed, with the intention of providing 
assistance to HSMO in its functions by providing a broad environmental overview of the area, its 
natural heritage features and the interactions that exist between the relevant fisheries and these 
features. This involved the collation and integration of both fishery information (i.e. the stock 
assessment) with wider environmental information where it exists (i.e. bathymetry, distribution of 
species and habitats, the occurrence of sites designated for natural heritage purposes etc), at a 
very broad scale.  
There are a number of European Marine Sites located within the HSMO area for which 
schemes of management are in the process of being developed and implemented. The output 
from this project was needed to assist the HSMO in its contributions to these schemes of 
management and for the ongoing management of relevant fisheries within these sites. This 
assessment was intended to inform the establishment of any initial management measures and 
underpin the ongoing management of the relevant fisheries. 
The GIS was successfully produced at a large scale, using established data sources. The 
methodology for this has been discussed in a separate case study ENV CS07 Highland 
Shellfish Management.pdf. Physical Data, such as bathymetry and coastline, topography, 
physiographic regions, tidal currents, wave height, exposure and current speed, were combined 
with seabed sediment data (from the British Geological Survey and Admiralty Chart METOC 
data), and used in a fairly simplistic manner to describe the predominant expected biotopes 
around the coast. Biotopes are defined by the predominant, conspicuous and keystone species 
that are found in particular conditions of environmental conditions, particularly (1) substratum, 
(2) water depth (and depth-related factors such as light), and, (3) water movement (wave and 
tidal energy).  The distribution of biotopes should then be predictable from the data described, 
at least at higher levels in the biotope classification hierarchy, through knowledge of the 
distribution of these key environmental factors.  
However, this prediction cannot be precise since (1) more than one biotope can share the same 
habitat conditions and (2) it is likely that the source data will have low spatial precision so that 
very different habitats might be attributed to the same location. Therefore, the aim of this case 
study is to compare the results obtained using the ‘top down’ methodology described in ENV 
CS07 Highland Shellfish Management.pdf, with results obtained from two discrete acoustic 
habitat surveys. This comparison is undertaken with the aim of testing the validity of the ‘top-
down’ GIS approach to habitat mapping, that had been employed for HSMO, and in an attempt 
to gain an idea of the level of confidence which may be attached to the maps and advice 
generated using this type of GIS. 
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1.2. Goals of Mapping 
In this instance, the goals of the mapping were to; 

a) To compare specific small areas that have been successfully acoustically mapped 
previously, to the broad scale seabed-type/habitat map produced for the HSMO region 
utilising existing data; 

b) To illustrate potential differences in the level of accuracy and confidence that can be 
placed in a broad scale map of this nature, by comparison with acoustic maps obtained 
through established methods of field survey; 

c) To form an assessment of the extent to which such information systems can inform 
management decisions, identifying gaps in knowledge and potential areas for further 
research.  

 

1.3. Pilot Sites 
The area covered by the GIS included the entire environment of the west and east coasts of the 
Highland Region of Scotland. These have been well described and summarized in a number of 
publications. For the purposes of comparison, two areas were selected from previous mapping 
projects.  
The outputs of the desktop study are the best available given the limitations of the data and the 
need for a comprehensive and even coverage. Clearly, there are areas for which there are 
relatively high resolution surveys supplying information on habitat, bathymetry and biotopes 
which would be far more accurate than the predictions made in the desktop study. 
These surveys will have their own limitations as to accuracy and resolution, but it must be 
assumed that they will provide information that can be used to assess the success of the 
desktop study. 
Two such surveys have been included in the GIS: a recent survey of the Moray Firth and a 
survey of Loch Torridon. 
 

1.4. Methods Summary 
The GIS project aimed to bring together data on physical geography, environment, habitats and 
biotopes, shellfish resources and fishing effort, infrastructure and conservation interests in the 
form of a GIS for management use by HSMO. The results from this are compared with the 
results of two previous small scale acoustic surveys, using established AGDS (acoustic ground 
discrimination sonar) techniques, combined with extensive ground truthing. 
 

2. The characteristics of the habitat type 
By its nature the HSMO GIS project incorporates the whole range of habitats found in the region 
(see Figure 1, below), and generalising the habitat characteristics is not meaningful over this 
scale. However, the Moray Firth and Loch Torridon have distinctive characteristics and each 
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contains very different habitats. They were chosen to provide two distinct comparisons upon 
which to test the broad scale mapping.  
On the east coast, in the Moray Firth, the subtidal areas are part of a cSAC, the qualifying 
marine feature of which are the annex 1 habitat: sandbanks which are slightly covered by sea 
water all the time (down to 20m below chart datum). There are also many areas of extensive 
hard substratum and, whilst not a priority habitat, the boundaries of rocky substrata are 
important to define within the cSAC. The area has deep scoured channels with coarse sand and 
shell, leading into smaller lochs off the main Firth.  Otherwise the sediments are mostly sands 
with an infauna of Chamelea gallina and muddy sands with Ophiura ophiura and, in deeper 
muddier sediments, Amphiura filiformis.  The softer sediments range from sandy muds with 
burrowing infauna in the deeper water (20-30m) and medium fine sands in the shallows close 
inshore. Some areas are extremely tide swept. 
Loch Torridon is representative of north-west coast and island-type glaciated sealochs in 
general with a wide variety of sea and shore types from the very exposed islets at the mouth of 
the outer loch to the sheltered muddy expanses at the head of the loch. The main loch area is 
fairly self contained and geographically well defined. The loch is situated in the midst of rugged 
sandstone mountains which rise to over 900m within 4km of the shore. The loch is composed of 
three sections, all of which are steep-sided with rock or boulder slopes going down to a bottom 
of sand or mud. The centre parts of the loch are up to 100m deep and the sill at the narrows has 
a depth of 20m with strong tidal currents. On the south side of the inner loch there are a number 
of shallow bays and lagoons. There are a wide range of typical marine and seashore plant and 
animal communities present, some of which are at the limits of their known range.   
 

 
Figure 1: The HSMO Region, showing the location of the two acoustic survey sites, the Moray Firth, on the 

east coast, and Loch Torridon, on the west. 
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3. Survey Summary 
3.1. Moray Firth 
Envision Mapping Ltd was contracted to undertake a survey of the Moray Firth cSAC within the 
30m contour.  The qualifying marine feature being the annex 1 habitat: sandbanks which are 
slightly covered by sea water all the time (down to 20m below chart datum).  The purpose was 
to map all biotopes, but with the emphasis on the main sediment features and biota, using 
acoustic remote sensing techniques combined with grab and video sampling.  A RoxAnn™ 
acoustic ground discrimination system was used in conjunction with a GeoSwath™ 
interferometric swath bathymetric system.   
The biotopes were classified using the most recent marine habitat classification (Connor et al.  
2004) using a combination of multivariate analysis and video analysis and matching the 
characterising species to the classification system.  28 biotopes were used to characterise the 
communities and this was reduced to 12 biotope groups suitable for the interpretation of the 
acoustic data (referred to as biotope mapping units).   

The detailed Moray Firth survey was conducted by Envision in 2004. The map of the main habitats was 
derived from and interpretation of RoxAnn AGDS data ground truthed using video and grabs. The first map 
(Figure 2) is an enlargement of the desktop map of the Dornoch and Moray Firths. The second map shows 

the surveyed area (outlined with a dark grey border) superimposed on the desktop map ( 

Figure 3). 
 

 
Figure 2: Moray Firth habitat map produced from the HSMO Desk GIS Study 
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Figure 3: Habitat map produced from the 2004 RoxAnn AGDS survey of the Moray Firth.  
 

Note that the survey map was generalised to a broad interpretation to accord with the desktop 
study (i.e., a more detailed, biotope map can be found in the reports of the Moray Firth survey). 
There would appear to be broad agreement between the desktop predictions and the survey 
map with some exceptions. Firstly, kelp appears to have been over-predicted in the desktop 
study and it is very likely that the depth distribution of the kelp is not as great in reality in the 
Moray Firth as assumed in the model for the east coast of the HSMO area. Secondly, the 
Modiolus biotopes were not specifically predicted in the desktop study. 
 

 
Figure 4: Direct comparison of biotope distribution between desktop GIS study and acoustic survey of the 
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3.2. Loch Torridon 
RoxAnn™ acoustic ground discrimination system (AGDS) data gathered during a survey of 
Loch Torridon in 2000, was also used for comparison. RoxAnn™ was used in conjunction with 
field data from various sources. This included observations of sediment from grab samples, 
diver observations and initial records of substratum from ROV video recordings. The information 
on substratum was generalised into a small number of categories. All records with sublittoral 
habitat information from the data sets were tagged by category and amalgamated into one field 
sample spreadsheet. These records were used to interpret the RoxAnn™ data. 
 

 
Figure 5: Classification of RoxAnn data using diver, video and grab samples to ground truth the area 

 
The Figure 5, above, is the result of the classification of RoxAnn data ground truthed using 
video and grab samples whilst Figure 6, below, is from the desktop study. It can be seen that 
the distribution of kelps and shallow muddy biotopes agree well (although with over prediction of 
kelp). However, the predicted deep water habitat BrAsMud (= bryozoans and ascidians and 
mud) is very broadly defined and covers an area of deeper faunal turfs and crusts as well as 
mud. 
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Figure 6: Loch Torridon habitat map produced from the HSMO Desk GIS Study 

 
It is probably expecting too much, given the limitations of the data sources for the desktop 
study, for the predictions to match the maps resulting from detailed surveys. However, there is 
sufficient similarity to lend support to the desktop approach as providing a broad scale context 
for survey data.  

 
Figure 7: Direct comparison of biotope distribution between desktop GIS study and acoustic survey, Loch 
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4. Conclusions 
This case study has provided two examples where the desktop predictions can be favourably 
compared with predictions based on acoustic survey. Demonstrating, in principle, that biotope 
prediction using a GIS-based desktop approach can work.  
The biotope map is derived from the modelling of many source data sets, many of which are not 
ideal for the task and some of the modelling processes used were ‘rough and ready’. For 
example, the biotope records lack spatial precision and there is poor coverage for the Highland 
Region. Modelling exposure was not a sophisticated process and the exposure classes were 
not exactly defined. It would be possible to upgrade data sets and refine the modelling 
processes to achieve a more confident prediction of the biotope distribution and higher 
resolution, although this would require considerable effort. However, the case study still 
demonstrates considerable utility for such ‘top-down’ models. 

5. Recommendations 
An alternative approach would be to accept the predictions as they stand, with all the limitations 
that have been discussed in this case study and in ENV CS07 Highland Shellfish 
Management.pdf, and further test the usefulness of the derived maps against better data sets, 
as has been done here for the Moray Firth and Torridon. Expert knowledge can also provide a 
useful test bed, as, if the maps are accepted with sufficient confidence by expert users they will 
have proven themselves to be useful resources, in-spite of the limitations discussed. If there 
then still appears to be a serious issue regarding the reliability of the derived maps, the 
modelling process may need to be revised with improved data and better models. 
There are a number of specific areas where additional information may have helped the 
predictive maps: 

• More sophisticated and higher resolution sea floor current models: The source data sets 
available were at a very high scale and low resolution. The data were insufficient to 
model the water flow through narrows and tidal rapids and this may compromise the 
predictions of biotopes in these areas. 

• Sediment transport and residual current: although there are descriptions of sediment 
transport and erosion within cells around the Highland Region, this information cannot 
readily be mapped.  

• Light penetration models: The depth zones are tied to the photic zones since algae may 
be the dominant organisms where light is sufficient for their growth. The depth zones 
were varied from east and west coasts to reflect differences in light penetration. But this 
was based on very incomplete data, particularly for the north coast. 

• More detailed bathymetry: Although the resolution is adequate for the majority of the 
open sea areas, the resolution is insufficient for modeling in the smaller sea lochs and 
narrows. 

• Collating more point biotope data from published and unpublished sources to give a 
better coverage of the HSMO: There is a critical lack of information from the east and 
north coasts in general and the more exposed western coasts.  
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The main strengths of the system are the cost effective use that is made of existing data. In 
comparison to the costs of full field survey, the desk study is highly economic, and depending 
on the purposes of the mapping, it may be a highly effective approach to take. This is 
particularly true in cases such as the HSMO, for whom the results obtained have reinforced the 
value of an ‘area’ management approach for inshore fisheries. From a management 
perspective, the system can effectively help set priorities and focus resources, at a regional 
scale. 
In conclusion, ‘top-down’ mapping has shown considerable potential for predictive applications. 
In particular, its future use is recommended for area management, scoping work and to provide 
a basis for smaller scale survey design strategies. Results obtained must be reinforced by small 
scale mapping using established survey methodologies with rigorous ground truthing, or the 
confidence and advocacy of area experts. 
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