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Introduction

Papa Stour Special Area of Conservation (SAC) is designated for Annex I habitats of “reefs”
and “submerged or partially submerged sea caves”. The SAC has a surface area of just over
20.7 km2 extending out from Mainland Shetland, through Papa Sound, and the surrounding
waters of the island of Papa Stour1. It was designated as a SAC by Scottish Ministers on 17th
March 2005 (SNH, 2006).
During May 2008, a large scale multibeam survey was commissioned by the Maritime and
Coastguard Agency which extended from Papa Stour in the south to Fethaland in the north of
Shetland. Information from the survey provided accurate mapped data of the local bathymetry
around Papa Stour but did not include Sound of Papa.
Inshore fisheries are known users of both the Papa Stour SAC and the surrounding areas,
including St Magnus Bay (NAFC Marine Centre, 2014). Creel fishing for crabs and lobsters
occurs within the SAC limits while scallop dredging occurs predominantly outside on the flatter,
softer sediment. Some scallop fishers, who dredge in St Magnus Bay, have reported a tow
with a turning circle located within the SAC boundaries but remaining on the softer sediment.
A project was set up in 2013 which examined the feasibility of utilising an inshore Vessel
Monitoring System (iVMS) on Shetland scallop dredgers (Shelmerdine and Leslie, 2015). The
subsequent results from that work has corroborated a turning circle/fishing area within the
SAC2 but over an area of seabed which was not been hydro-acoustically mapped during the
2008 survey.
1.1

Aims

The aim of this work was to carry out a multibeam survey and ground-truth the outputs for the
area lacking high resolution bathymetry information. The primary aim was to map the extent
of the designated reef habitats, and the corresponding non-designated habitat areas, to
provide greater information about the extent of qualifying features and to inform potential
management measures for scallop dredging activity within the SAC boundaries.
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2.1

Materials and Methods
Processing 3rd party data

During November 2013, xyz point data was downloaded as *.csv files from the UKHO
INSPIRE portal which spanned from Papa Stour in the south to Fethaland in the north of
Shetland. The data was derived from a multibeam survey commissioned by the Maritime and
Coastguard Agency. The data was imported to GIS and converted from WGS84 projection to
UTM30N prior to processing. The Natural Neighbour function within Spatial Analysis was
used to interpolate the information to a bathymetry layer which was then used for surface
creations such as hillshade (Figure 2.1), aspect, curvature, ruggedness, and slope. Hillshade
is a useful tool for identifying rocky outcrops and flatter areas of sand, gravel, or mud.

1

See http://jncc.defra.gov.uk/ProtectedSites/SACselection/sac.asp?EUCode=UK0017069
These data are confidential, being collected under a data sharing agreement, and are therefore not
reproduced in this report.
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1

Figure 2.1 Papa Stour SAC boundary overlaid on bathymetry hillshade, created from data
held within the UKHO INSPIRE portal.
2.2

Surveying

The NAFC Marine Centre UHI’s vessel, Moder Dy, was tasked with carrying out a multibeam
survey of an area bounded in the east by the edge of the existing multibeam data held within
the UKHO INSPIRE portal located along the eastern edge of the Sound of Papa with a survey
boundary to the west of Forewick Holm and Holm of Melby (Figure 2.2).
A survey of 100% coverage was carried out using a hull mounted multibeam (WASSP WMB160F) connected to a Furuno satellite compass GPS unit (model: IF-NMEASC) and plotting
system (Olex), which automatically corrected the bathymetry to the lowest astronomical tide.
The system enabled real-time viewing of both the bathymetry and backscatter information
which enabled a more directed approach to ground-truthing using Drop Down Video (DDV)
drifts. Bathymetry and backscatter information was exported from the system through a *.csv
file.
Drop Down Video (DDV) drifts were carried out using a Micro Seacam Hi-Res digital colour
camera with two mini seabeam lights which were fitted to a custom made A-frame. The
camera and lights were connected to a control box via a 200 m umbilical. Images were
recorded straight to DVD from a Sony Super HAD CCD recorder with 480 TV lines resolution.
Start and end coordinates were recorded from the onboard GPS via the Olex system which
also plotted the position of the vessel’s drift. Screen shots were taken of each drift path and
exported to a GIS polyline shapefile.
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Forewick Holm

Holm of Melby

Figure 2.2 Proposed survey area.
2.3

Analysis

Analysis of the multibeam and DDV drift footage was carried out at NAFC Marine Centre UHI.
Multibeam data was carried out in the same format as 3rd party processing (see Section 2.1).
Each DDV drift was analysed for changes in sediment type and species occurrence and
abundance. Time codes were noted for each change with a screen shot taken. Additional
screen shots were taken at minute intervals. The location of time stamps along each drift line
were calculated using the mean drift speed of the vessel during that particular drift. This
technique has been used in previous work by NAFC Marine Centre UHI (for examples, see
Shelmerdine, et al., 2013; Shelmerdine, et al., 2014) with the locational descriptions matching
up to changes in the bathymetry and backscatter.
Information derived from the DDV drifts were overlaid on the bathymetry layers (in this
instance, hillshade was of most use) and backscatter information to create a map of three
defined areas, namely:
 Reef habitat
 Gravel
 Sand
Each area was assigned a confidence score of low, medium, or high based on the contribution
of DDV, backscatter, and hillshade (see Table 2.1).
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Annex I Reefs are subtidal rocky marine habitats which rise from the seabed and where animal
and plant communities develop on rock, stable boulders, or cobbles3. Rocky reefs are highly
variable in form and in the communities that they support. Within the context of this work, reef
habitats were defined based on the occurrence of flora and fauna on hard rocky substrate but
particularly the soft coral (Alcyonium digitatum), unidentified small fish species, and
macroalgae.
Table 2.1 Rational for each confidence score.
Confidence score
High
Medium
Low

3

Rational
DDV, backscatter, and hillshade all contributed
DDV and one of either backscatter or hillshade contributed
No DDV available. Decision made on one of either backscatter or
hillshade

Results

A 3 km2 area was surveyed in August 2018 with six DDV drifts completed. Accumulated DDV
footage time was over 50 minutes and covered a total distance of 1.1 km. Analysis of the DDV
footage corresponded well with changes in both the bathymetry hillshade (Figure 3.1) and the
backscatter (Figure 3.2) information. Three substratum types of reef habitat, gravel, and sand
were defined by combining this information (Figure 3.3). Reef habitat covered a 2.2 km2
surface area (see Figure 3.4) followed by sand (1.6 km2) and gravel (0.6 km2).
No evidence of scallop dredging activity was noted during any of the DDV drifts.

3

For a detailed description of Annex I Reefs, see:
http://jncc.defra.gov.uk/ProtectedSites/SACselection/habitat.asp?FeatureIntCode=H1170
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Figure 3.1 Bathymetry hillshade of the existing and surveyed areas. DDV drifts (black arrows) and the SAC boundary (pink line) are shown.
5

Figure 3.2 Backscatter of the surveyed area with DDV drifts (black arrows) and the SAC boundary (pink line) shown.
6

Figure 3.3 Features and their corresponding confidences based on DDV footage, backscatter, and hillshade.
7

Figure 3.4 Defined reef habitat features only (green shades), overlaid on bathymetry hillshade.
8

For the purposes of reporting, a series of DDV image captures were selected which best
represented visible changes with the substratum and/or species composition and abundance.
The locations of each image along the DDV drifts are displayed in Figure 3.5 with each DDV
drift shown in greater detail with the image captures overlaid (Figure 3.6 to Figure 3.11, and
see also Appendix A to Appendix F).
Some of the main flora and fauna within defined reef habitats included the soft coral,
unidentified small fish species, encrusting coralline algae, sea urchins (Echinus esculentus),
sun star (Crossaster papposus), and macroalgae. Many more species were present but were
not always identifiable due to the drift of the video system. However, a distinct increase in
species composition (diversity and abundance) was noted when drifting over areas defined as
reef habitats. This was evident from Drifts 2 (Figure 3.7), 3 (Figure 3.8), 5 (Figure 3.10), and
6 (Figure 3.11).
Areas defined as sand were found to be relatively homogenous as was evident from Drifts 1
(Figure 3.6), 2 (Figure 3.7), 3 (Figure 3.8), and 4 (Figure 3.9). Overall flora and fauna were
considered to be rare over the sand areas. Strips of entangled, unattached, macroalgae stipes
were the exception but were only recorded from Drift 4 (see Image 4b) which corresponded
with a backscatter return of harder ground compared with the surrounding sand (Figure 3.2).
Gravel areas (Figure 3.11) had a broader definition which included gravel (see Image 6e),
shelly gravel (see Image 6a), gravelly sand (see Image 6b), and gravelly mud (see Image 6c).
These areas were also found to have fewer occurrences of flora and fauna, compared with
reef habitats.

9

Figure 3.5 DDV drifts and locations of selected image captures in relation to the identified features.
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Figure 3.6 Location of selected image captures along drift 1 covering reef habitat (dark green) and sand (yellow).
11

Figure 3.7 Location of selected image captures along drift 2 covering reef habitat (dark green) and sand (yellow).
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Figure 3.8 Location of selected image captures along drift 3 covering reef habitat (dark green) and sand (yellow).
13

Figure 3.9 Location of selected image captures along drift 4 covering sand (yellow).
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Figure 3.10 Location of selected image captures along drift 5 covering reef habitat (dark green) and gravel (dark blue).
15

Figure 3.11 Location of selected image captures along drift 6 covering reef habitat (dark green) and gravel (dark blue).
16
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Summary of the Results

Features defined as reef habitats from this work had a coastal distribution with a rock outcrop
along the eastern boundary line of the SAC. The substrate between was found to be
predominantly sand with a more gravel-like band running north-south along the eastern edge
of the sand. The bathymetry hillshade held by UKHO shows a potential extension of this sand
area to the north of the surveyed site (sand categorised with a “medium” confidence, see
Figure 3.3) and within the Papa Stour SAC boundaries. Although only the hillshade data set
was used to determine the sand substrate in this area, it would be highly unlikely that any reef
features which define the SAC would be present there. The findings of this survey corroborate
reports from fishers who have reported the area as a fishing ground on soft sediment. During
the DDV analysis, there was no evidence of scallop dredging activity over any areas of rock,
or other identified substrates. Due to the high energy nature of the site it is likely that dredge
marks in soft sediment areas would be relatively short lived. The potential impacts of dredges
on rocky reef communities are longer lasting (e.g. dislodging sessile communities) and, if
present, would have been more likely to be visible during drop down video survey.
Ideally, grab samples would have been taken to better define both the gravel and sand
substrates. As the focus of the work was to identify the extent of the designated reef habitats,
it was deemed sufficient to ground-truth the outputs using DDV only and use the DDV footage,
and the expertise of that analysis, to make an informed decision on whether the substrate
would be classed as sand, gravel, or mud. In particular, the gravel areas would be expected
to consist of multiple gravel ‘grades’, as reported in the results and depicted in the image
captures of DDV drift 6. If more detailed information were required, a series of grab samples
would have to be taken but the position of these can be informed from the backscatter outputs
and the feature maps reported here.
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Appendix A

Example image captures from DDV drift 1

This appendix is a selection of image captures from the DDV drift which show examples of
substrate type and the presence of flora and fauna. It is not a comprehensive image library of
the entire drift but does correspond with key changes noted along the drift.
A1

Image 1a
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A2

Image 1b

A3

Image 1c
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A4

Image1d
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Appendix B

Example image captures from DDV drift 2

This appendix is a selection of image captures from the DDV drift which show examples of
substrate type and the presence of flora and fauna. It is not a comprehensive image library of
the entire drift but does correspond with key changes noted along the drift.
B1

Image 2a
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B2

Image 2b

B3

Image 2c
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B4

Image 2d
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Appendix C

Example image captures from DDV drift 3

This appendix is a selection of image captures from the DDV drift which show examples of
substrate type and the presence of flora and fauna. It is not a comprehensive image library of
the entire drift but does correspond with key changes noted along the drift.
C1

Image 3a
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C2

Image 3b

C3

Image 3c
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C4

Image 3d
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Appendix D

Example image captures from DDV drift 4

This appendix is a selection of image captures from the DDV drift which show examples of
substrate type and the presence of flora and fauna. It is not a comprehensive image library of
the entire drift but does correspond with key changes noted along the drift.
D1

Image 4a
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D2

Image 4b

D3

Image 4c
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D4

Image 4d

D5

Image 4e
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Appendix E

Example image captures from DDV drift 5

This appendix is a selection of image captures from the DDV drift which show examples of
substrate type and the presence of flora and fauna. It is not a comprehensive image library of
the entire drift but does correspond with key changes noted along the drift.
E1

Image 5a

30

E2

Image 5b

E3

Image 5c
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E4

Image 5d

E5

Image 5e
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E6

Image 5f

E7

Image 5g
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Appendix F

Example image captures from DDV drift 6

This appendix is a selection of image captures from the DDV drift which show examples of
substrate type and the presence of flora and fauna. It is not a comprehensive image library of
the entire drift but does correspond with key changes noted along the drift.
F1

Image 6a
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F2

Image 6b

F3

Image 6c
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F4

Image 6d

F5

Image 6e
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F6

Image 6f

F7

Image 6g
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F8

Image 6h

F9

Image 6i
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F10

Image 6j
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