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EXECUTIVE SUMMARY :
A survey of the Isles of Scilly, Cornwall, South-West England, was conducted between the
21st of September and the 22nd of October 1997. The aim of this survey was to map the extent
of subtidal sediment habitats, differentiating between different biological components to the
most detail possible, using a combination of Biomar lifeform and MNCR biotopes where
possible. These habitats would be mapped from Mean Low Water down to around the 50m
depth contour, but with most effort concentrated on the shallower (<30m) sedimentary areas.
Spatial variation in elements of the physical and biological benthic environment were mapped
using RoxAnn acoustic methodology (a computer-based system for analysing the return signals
from an echo sounder) and aerial photographs. The data obtained from these two survey
methods were ground truthed, to identify the nature of the biotope, by grab-sampling of
sediments and remotely-operated video surveys. Biotope and sediment distribution data
collected have been incorporated within a personal-computer based Geographical Information
System (Mapinfo) and presented as a series of maps within this report. The distribution of
sediment and biotopes is discussed and the presence of rare or uncommon species highlighted.

The archipelago is very exposed, the islands being the exposed summit of a granite batholith
which rises from a sand plain at 50-70m depth, some 50km west of Lands End. The seabed
consists largely of sand, gravel, cobbles and boulders with much exposed bedrock. Muddy
substrates are not found. Extensive intertidal flats and bars cover much of the inner region of
the archipelago. The outer slopes of the batholith are characteristically steep and dominated by
boulder and bedrock substrates. Sedimentary areas occupy subtidal sounds within the Island
complex.

The survey revealed the area to be highly complex, in terms of the distribution of sediment
types and the associated biological communities. Overall species diversity appears to be high,
but most species were recorded at low abundance levels. This may be a function of the harsh
environmental conditions that prevail, combined with the low levels of productivity, the area
being remote from coastal nutrient sources.

The similarity between infaunal samples was found to be very low; cluster analysis and multi-
dimensional scaling did not show any obvious grouping of infaunal samples. Little correlation
was also found between sand type and infaunal assemblage, consequently sand areas were
mapped solely on the basis of habitat characteristics. However it was possible to correlate
biological and physical habitat data for mixed substrate (gravel, cobble, boulder and rock
outcrop), sand veneer over rock and bedrock areas. These areas have therefore been mapped in
terms of both physical and biological features, and sea bed types present within each mapped
category have been listed.

The implications of this survey for future, similar studies are discussed. Recommendations for
further work around the archipelago, based on the findings of this survey, have also been made.
Key points arising from this study are given below

it It is clear that, in areas of this complexity, mapping of infauna by means of a limited
grab sampling programme, and subsequent extrapolation over large areas, is unlikely to
be successful. However, detailed sediment type mapping is required before any
targeted infaunal sampling programme can be devised.

2 The conservation value of sediment features is difficult to assess, given the lack of
identifiable communities that can be linked to the sediment types mapped. The
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exception to this is Zostera beds. Zostera beds, particularly those on St Martin's Flats,
were found to support the greatest number of infaunal species of any of the sediment
categories. They also showed the greatest, within-category, similarity in infaunal
composition. The Zostera beds within the Scillies complex have previously been
identified as being of extremely high conservation value. The results of this survey
support these earlier findings.

The spatial complexity of sediment distribution, coupled with the overall species
diversity and the apparent diversity in species assemblages between broadly similar
habitat types, is considered very uncommon, and of significant conservation
importance.

Deeper, fine and medium sand areas, in general, were found to support a greater
diversity of infauna than shallow sediment areas. Deep, exposed medium sand areas
south of St Agnes and St Mary's appeared particularly rich.

Much of the sublittoral previously considered sediment proved to consist of thin
sediment veneers over bedrock, or mixtures of sand, gravel, cobbles, boulders and
bedrock. As these types of substrates cannot be properly sampled by grab, or surveyed
in detail by remote video, the conservation value of such areas remains to be identified.

Sublittoral bedrock around the Scillies was already known to support epifaunal
communities of high conservation importance; however, some of the deeper
circalittoral bedrock areas (40-65m) surveyed during this survey appeared very rich,
supporting high densities of infrequently recorded erect sponge species. They are
therefore considered to be of high conservation importance and worthy of further
investigation.

The following recommendations for future work have been made.

1

It is recommended that a targeted grab sampling programme is conducted in order to
define the main infaunal communities present within the larger areas of sediment and
the dominant sediment types identified during this survey.

A sampling programme using diver-operated suction sampler is recommended for the
mixed substrate areas.

The deeper rock areas are clearly highly diverse. Deep bedrock (>40m bed) is
relatively uncommon around southern Britain; a remote video or remote video/diver
survey is considered likely to identify new areas of interest around the archipelago.



2.1

2.2

INTRODUCTION

The Isles of Scilly lie some 50km west of Lands End in the Western Approaches. They are the
most southerly islands within British waters. The Scillies archipelago has been designated a
Marine Park and Sensitive Marine Area, and is a candidate Special Area of Conservation
(cSAC). The habitats for which the island complex has been put forward as a candidate SAC
are its lower shore sand flats and sublittoral sediment habitats. Littoral and sublittoral
sediment habitats are considered internationally important, supporting extremely rich and
varied communities. No major population centres occur within the archipelago, nor is it
influenced significantly by industrial activity, thus the waters are relatively pollution-free. The
very large number of rocky outcrops within and around the archipelago prevents mobile,
benthic fishing from operating in the area. Consequently, the sediment areas around the
Scillies are uncommonly free from anthropogenic disturbance.

Long term monitoring of the sublittoral rock communities has been conducted since the mid-
eighties; however, less attention has been given to the sublittoral sediment areas. The studies
that have been conducted on the sublittoral sediment communities have found then to be very
complex, and have identified them as being of high nature conservation importance (Rostron,
1988).

A survey of the Isles of Scilly, Cornwall, South-West England (Map 1), was conducted
between the 21st of September and the 22nd of October 1997. The aim of this survey was to
map the extent of subtidal sediment habitats, differentiating between different biological
components to the most detail possible, using a combination of Biomar lifeform and MNCR
biotopes where possible. These habitats would be mapped from Mean Low Water down to
around the 50m depth contour, but with most effort concentrated on the shallower (<30m)
sedimentary areas. Biotopes, in the marine context, have been defined (Connor ef a/, 1996) as
the ‘environmental (physical) habitat (i.e. the substratum and the particular conditions of wave
exposure, salinity, tidal streams and other factors which contribute to the overall nature of the
location) together with its associated community of species’. Data were collected by remote
survey techniques and used to map habitats and biotopes. Where possible, the features
surveyed have been identified in terms of the biotope categories described within the current
version of the Marine Nature Conservation Review’s (MNCR) Marine biotopes classification
for Britain and Ireland: Sublittoral biotopes (Connor er ai, 1997). The information was
presented within the Mapinfo computer based Geographical Information System (GIS).

THE PHYSICAL BACKGROUND

General

A review of marine physical processes in Scilly has been undertaken recently, relating
available information on wave and tidal energy to sediment transport and shoreline stability
(Isles of Scilly Shoreline Management Plan, 1996). Key aspects of this study, pertinent to
biotope distributions, are summarised here.

Geology and geomorphology

Scilly is a geologically defined archipelago, the weathered remnants of a granite boss (or
'batholith’). The boss rises sharply from a flat seabed plain at about 70m below sea level, to a
highest point of 63m on St Mary's. The single rock-type has resulted in a uniform morphology.
The detailed form of the archipelago (Map 1) is controlled by crystalline variation within the
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granite, fault patterns and variation in exposure to wave energy.

During the past 2 million years of the Pleistocene and Recent periods, major climatic
fluctuations have resulted in a series of marine transgressions affecting the islands; at times
sea-levels have been 100m below present level. During these long periods of advancing and
receding sea levels, the presently sub-tidal slopes of the Scilly batholith would have been
subject to intense erosion and sediment redistribution as a result of shoreline wave action.
These processes produced peripheral slopes dominated by massive granite exposure and
boulder deposits, passing into sand and gravel deposits of the seabed plain surrounding the
archipelago. Although sedimentary deposits are widespread within the archipelago, shallow
seismic profiling has shown that in many areas these sediment layers are very thin (<Im);
however localised deeper basins of deposition occur.

The three major active sources of intertidal and subtidal sediments in Scilly are:
- Breakdown of the granite under present-day wave action and weathering processes.

- Reworking and redistribution of deposits formed during the Pleistocene and Flandrian
periods, notably ram (periglacial sediments), alluvium, marine and wind-blown sands.

- Shell material, generated by the population of shell-forming organisms that inhabit the
Scilly intertidal and subtidal zones.

Extensive intertidal flats, bars and shallow subtidal areas cover much of the inner region of the
archipelago (Map 1); most of the subtidal between Tresco, St Mary's and St Martin's is no
more than 5Sm below Chart Datum (bcd). Broad, fairly shallow sounds radiate outwards from
the central areas, for example St Mary's Road, a sound between Tresco and St Mary's and
extending to the south west, varies between 5m bcd (at the north eastern end) to 15 - 25m bed
(off Annet to the south west). The outer slopes of the batholith are characteristically steep and
dominated by boulder and bedrock substrates. To the north, east and south of the archipelago,
the 50m contour mostly lies within 500m of the shore, and frequently within 100m.

Tides and tidal streams
Scilly 1s subject to a semi-diurnal tidal regime. The mean spring tide range is 5.0m and mean neap
tide range is 2.3m. The critical levels relative to local Chart Datum are as follows:

Highest Astronomical Tide (HAT) 6.4m

Mean High Water Springs (MHWS) 5.7m

Mean High Water Neaps (MHWN) 43m

Mean Sea Level (MSL) 2.91m ORDNANCE DATUM (OD)
Mean Low Water Neaps (MLWN) 2.0m

Mean Low Water Springs (MLWS) 0.7m

Lowest Astronomical Tide (LAT) 0.0m CHARTDATUM (CD)

Tidal stage has been recorded for many years at St Mary's quay. The unit was destroyed by wave
damage in 1989, but has been subsequently replaced. Considerable water surface gradients are
believed to exist due to frictional effects of tidal flow through the archipelago; level differences
possibly attain values approaching 1m on mid spring tides.

The semi-diurnal tidal rise and fall generates a complex flow of water through the Islands. The
tide in the open sea is a progressive wave, with slack water 4 hours before and 2 hours after HW.
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The currents flow in a rotary fashion through the cycle. The following table summarises the
pattern of flow through the Islands on a typical tidal cycle.

FIRST FLOOD (HW-4 to HW-2). Flow is from the S through SW. Water is funnelled into St
Mary's Sound and leaves via all other exits. At the end of the period flow is starting to enter
between Tresco and St Martins.

LATE FLOOD (HW-2 to HW+2). Flow is from SW, W, NW then N. Water enters St Mary's
Sound and between Bryher and Tresco and Tresco and St Martins, exits between St Mary's and St
Agnes and St Mary's and St Martins. After HW there is little flow into St Mary's Sound, and flow
reverses in the Bar Point area carrying water southwards.

EARLY EBB (HW+2 to HW +4). Flow is from N to NE. Water enters between Bryher and
Tresco, Tresco and St Martins and St Martins and St Mary's. Exits via St Mary's Sound.

LATE EBB (HW+4 to HW-4). Flow is from NE, E then SE. Water enters between St Mary's and
St Martins, and exits by all other routes.

Tidal currents rarely exceed 1 knot (0.5 ms™) within the Island complex, but flows of 2 knots (1
ms™) or greater occur around the outer margins of the archipelago, with strong tidal races off
major headlands. Only a limited number of current meter measurements have been made.

Wave climate

Wave data are available for Scilly from a series of recorded data sets and from ‘Metwave’
model output. The Islands are very exposed to wave energy, storm wave heights attaining 14m
height and 9s being the commonest zero-crossing period, with the longest waves exceeding 13s.
The directional data show the largest waves to approach from between SW and NW, but that large
waves can also approach from the east.

Through processes of refraction the island system is a focus for wave energy. With short
wavelength there is less efficient refraction on shoaling, and much of this wave energy is lost as
waves break against or reflect from the outward facing coasts, leaving the inner waters of the
archipelago relatively calm. The longest wavelengths however are more able to deform to the
tortuous nature of the major inlets, and more efficiently penetrate the inner waters, particularly at
high tide.

Sediment mobility

Sand transport by tides or under combined tide/wave action is evident from the nature of the
deposits in several parts of the archipelago. In the Crow Bar area, in the channels between Tresco,
Tean and St Martins and in the channel between Bryher and Tresco and Samson and Tresco
(Hulman area), tidally-generated megaripples and sand ribbons have been identified in side-scan
sonar records and aerial photos.

Available current meter data indicate that in these areas peak velocities 0.5m above the bed attain
a maximum of 0.5m s”. Such velocities are sufficient to transport sands and fine gravels in
saltatory (i.e. lifting in short hops) or rolling movement, consistent with the observation that
bedload transport of sands is regularly taking place in these zones.

Current meter data show the presence of asymmetry in the distribution of ebb and flood tidal
stream velocities at many sites. The apparent direction of residual transport of sand resulting from
these asymmetries has been tentatively identified.
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The simplest pattern of residual sand transport consistent with the available data indicates a
movement of sand from the north of the archipelago to the south. On the Bryher-Tresco-St
Martin's Flats areas there appears to be a consistent southward movement of sand. In the latter
area this splits in the vicinity of Crow Bar to pass east and west of St Mary's. Current meter data
confirms a southward movement of sand between St Mary's and St Agnes. There appears to be a
balance between east and west going transport at the southemn end of Crow Bar, which may
explain the accumulation of sand in this area as a function of longer-term residence. If tidal
currents are not competent to transport sand in the St Mary's Road and Crow Sound areas (there
are no data available) these zones may be sink sites for sand.

The passage of a wave produces an orbital motion in the water column beneath the wave. In shoal
water this motion impinges upon the seabed, where it is compressed to a simple to-and-fro
movement, with a stronger onshore flow which produces a net landward movement of sediment
moving as bedload. Within the archipelago wave action will tend to move medium sands and
coarser material, moving as near-bed load, towards the high-water marks. Due to the interrelation
of the viscosity of water and sediment - particles, sand finer than about 200um tends to be
dispersed into suspension once the threshold of movement is exceeded. For this reason sand of
this size will tend to disperse into quieter, deeper waters. Extensive deposits of this size of sand
are commonly found in water depths of 10m or more seawards of sand beaches on exposed
coasts, where they have accumulated after escaping from the littoral zone. Only localised deposits
of this nature have previously been identified in the sub-littoral zone in Scilly, attesting to the
high-energy characteristics of the environment. Material of this size generated by
attrition/abrasion processes, or through the destruction of finer deposits such as ram (peri-glacial
deposits), may therefore be largely lost from the local sedimentary system into deeper water.

Most of the more exposed substrates on Scilly are composed of ‘residual’ deposits of cobbles and
boulders, or are rock, and hence are essentially stable, subject to some readjustment during the
severest wave action. Sediment areas will almost all be mobile at some time - the frequent
observation of wave-induced ripples on sand made during the relatively calm autumn period of
this survey attests to the effectiveness of this energy. In the absence of records of wave climate
made within the archipelago, where most sedimentary areas are found, it is impossible to make
predictions of the frequency with which seabed disturbance by wave action takes place.

PREVIOUS BIOLOGICAL SURVEYS

A number of studies of particular taxonomic groups have been published, notably Harris
(1972) on polychaetes; King (1972) pycnogonids; Robins (1969) cnidarians and ctenophores;
Rowe (1971) echinoderms; Thurston (1970) natant decapods and Warwick and Coles (1977)
on free-living nematodes. There have also been a number of recent studies on intertidal
species and communities (e.g. Nichols and Harris, 1982; Holme, 1983).

Much attention has been focussed on the epifauna of the rocky sublittoral around Scillies,
though most of this has been related to site-specific monitoring rather than distribution
mapping (e.g. Hiscock 1984 d, 1984e, 1985; Fowler 1990, 1992). A wide-ranging study by
the Oil Pollution Research Unit (OPRU) in 1983 surveyed throughout the sublittoral of the
archipelago. Bishop (1985 and 1986) conducted a series of studies on Echinus population
density and size structure, in relation to the local urchin fishery.

Two previous surveys of sublittoral sediment infaunal communities have been conducted in
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4.1

recent years (Rostron, 1983, as part of the OPRU study, and Rostron, 1988). These were
conducted using a diver-operated suction sampler. This method collected far larger samples
than the Day grab used in this study, it also facilitated sampling in areas where a grab could not
penetrate or form an effective seal, such as on cobble and boulder substrates. However,
significantly fewer sites can be covered per day, using a suction sampler and so the number of
samples is therefore limited in these studies. Nine sites were sampled during the 1983 study,
two samples were collected at eight of the sites (17 samples in total); 15 sites were sampled
during the 1988 study, one sample from each. These sites were spread across most of the
shallower subtidal within the archipelago, (excepting north and west of Bryher, Tresco and St
Martin's, and south of St Mary's and St Agnes) down to a depth of 30m bed.

Monitoring of the density of Zostera plants, within beds at Old Grimsby, Tresco and English
Island, was conducted by the Nature Conservancy Council (NCC) between 1984 and 1991
(Fowler and Pilley, 1992). Latterly this monitoring programme also assessed the presence of
wasting disease (a parasitic slime mould, Labyrinthula sp., which attacks Zostera). This
programme monitoring Zostera density -and condition was then continued by the Coral Cay
Conservation Sub-Aqua Club (CCC-SAC), from 1992 to 1996 (Irving and Mackenzie, 1996).
In addition, the CCC-SAC programme also investigated the spread of the non-native algae
Sargassum muticum within Zostera beds.

FIELD METHODS

Approach

Field techniques fell into two main categories: i) acoustic mapping techniques whereby the
distribution of acoustically different features was mapped, and ii) ground truthing, where a
number of locations (survey stations) representing the range of acoustic features recorded
during the mapping phase were re-visited and biological and sedimentary characteristics were
identified. The data from the ground truthing were then used to identify the sedimentary and
biological features correlating to particular acoustic signals. Recent aerial photographs were
also used to provide spatially continuous data on the nature of the seabed down to depths of
about 10m bed.

For this survey it was decided to conduct the acoustic mapping and ground-truthing during two
separate phases. This allowed time for the acoustic data to be fully worked up before
identifying and surveying ground-truthing stations, thus ensuring that ground-truthing data
were collected for the full range of acoustically discrete areas mapped.

Acoustic mapping data were collected using a RoxAnn Groundmaster system operating at
200kHz. Trials were also run in the St Mary’s Sound area using a side scan sonar. The latter
system was a Dowty Widescan instrument using a 3502 thermal recorder. The instrument was
operated at 325 kHz short pulse at 100m range to provide high resolution seabed images.

Two complementary ground truthing techniques were used, grab sampling and drop-down
video. Stations were initially surveyed by drop-down video (except for two stations where
depth and currents prevented the video reaching the bottom). Features discerned from the on-
board monitor were recorded on log sheets; the video image was also recorded on tape for
subsequent analysis. If the video image indicated significant sediment on the seabed, a 0.1 m’
Day grab was deployed and a sample collected.
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4.2

The archipelago was divided into nine physiographic areas for purposes of survey
management. - As previous experience with the RoxAnn system had indicated that the
relationship between acoustic *signatures’ and substrate type may vary from region to region
on the basis of local energy levels, an attempt was made to select these areas on the basis of
similar environmental conditions. The nine areas are identified in Map 2.

Vessels and position fixing

RoxAnn and side-scan mapping was conducted from the English Nature vessel Mel-a, a 7m
GRP survey launch with an open wheelhouse and forward accommodation. The grab sampling
and video survey was conducted from the vessel Josephine. This was a 12m long GRP vessel
with large deck space, enclosed wheelhouse and winch/davit facility for grab operation.

Differential GPS (DGPS) was used for position fixing during both acoustic mapping and
ground truthing surveys. This system used was a Del Norte local DGPS, giving 1s data
logging and +1m accuracy. During the RoxAnn survey the output string from the
Groundmaster system (depth, E1, E2) was fed in to the logging computer system, and recorded
at the 1s DGPS update rate.

Plate 1. Day Grab in operation.

The datum used for the survey was the updated Ordnance Survey of Great Britain OSGB
(SN)80. It should be noted that the error between this and the earlier OSGB1936 datum is of
the order of 0.1km in the Isles of Scilly.

A DGPS position reference point was set up for Quality Control (QC) purposes. This was
located on the outer south-west corner of St Mary's pier, at 90265E 10977N. This site was
visited daily to check position accuracy; all positions recorded were within + 2m of the given
position, which was deemed acceptable due to vessel manoeuvring restrictions in other than
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4.5

calm weather.

Overboard cable length was recorded at all times during the side-scan sonar survey, and fish
lay-back (i.e. distance behind survey vessel) computed accordingly.

RoxAnn acoustic survey

Mapping was undertaken using a RoxAnn Groundmaster 200khz echo-sounder signal
processing system. Details of the theory underlying this equipment are provided within
Appendix 5. The transducer was overside-mounted at 0.5m below water level. Trials were
carried out using the system to ensure low ambient noise and reproducible results. Previous
experience had indicated problems with the standard system in areas of strong tides or
turbulence, due to the digitising system locking on to other than seabed echoes. Consequently
Marine Micro Systems were asked to supply a more sensitive blanking switch than is normally
fitted, thus enabling the manual elimination of spurious midwater echoes. RoxAnn values (E1,
E2, depth, position and time) were logged on a PC system at 1s intervals (position update
frequency) and results displayed using SEARANO software. The survey was undertaken at 4-6
knots. Survey lines were spaced at 200m intervals and normally aligned N-S, although
considerable deviation was necessary to avoid shallow areas. The survey track is shown in
Map 2.

Depth data recorded were accurate to + 0.1m. These data have not been processed to correct
for tide-level variation and therefore represent Mean Sea Level (~Ordnance Datum) with an
accuracy of +2.5m. Tide levels were being simultaneously recorded by the Proudman
Oceanographic Laboratory instrument on St Mary’s Quay, and tide level reduction to
accuracies of +0.5m (expected level variation within the archipelago) can be undertaken in the
future if required.

Initial RoxAnn data work up and ground truthing station identification

In the week period following the acoustic survey, the data were processed for quality control
purposes and also for an initial appraisal of the distribution of substrate types for ground-truth
station selection. All records with depth values of <0.5m or >50m were rejected, thus
excluding most false echoes and all deepwater sites (the 200kHz Groundmaster system is not
recommended for water depths >60m). SGPius statistical software was used to examine
relationships within the data, determine cluster locations within the E1/E2 plots and define the
range of values encountered. Contour maps of E1 and E2 values and the vessel track were
produced using Surfer software. Ground truth sampling stations at on-track locations were
subsequently defined. Within each area, ten station positions (on average) were selected to
provide a reasonable coverage of the range of RoxAnn values encountered, and the range of
depths present. Additional video transects were plotted to run across areas identified from the
aerial photographs as supporting flora (dark, shallow areas). These transects were distributed
across the entire survey area, selected on the basis of differences in patterning and wave
shelter/exposure, to aid differentiation between areas of Zostera and algal cover. The transects
were also positioned to run along, or cross several, RoxAnn tracks and so further aid
discrimination.

Side scan sonar

A Dowty Widescan instrument using a 3502 thermal recorder was deployed for the survey.
The instrument was operated at 325 kHz short pulse at 100m range to provide high resolution
seabed images. The auto-range correction facility was used to log true seabed distances from
the towfish. The survey was run at 3-4 knots at 200m line spacing. Vessel position was logged
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4.7

at 10s intervals, and the paper record automatically annotated at 30s intervals.

The side-scan survey was initiated in the North Channel, but the small size of the survey vessel
and the prevailing wave conditions combined to create unacceptably lively vessel motion. This
resulted in an un-interpretable record. Consequently the survey was confined to the calmer
waters within St Mary's Road. The survey lines were aligned SW-NE to minimise depth
variation during runs, and the survey was confined to those areas largely devoid of rock
outcrops, which may have damaged the towed fish.

Aerial photographs

Colour aerial photographs were made available by English Nature. The aerial survey,
conducted as part of a Zostera mapping programme by BKS Surveys Ltd. (BKS Surveys Ltd.,
undated), had been conducted during an equinoctial low spring tide on 15th September 1996.
The prints were produced at approximately 1:10,000 scale. These allowed identification of
boundaries between light and dark features (e.g. algal cover and clean sand) down to about
10m bed. :

Grab and video ground truthing

Grab and video stations were selected primarily to ground truth the RoxAnn data. At each
station one grab sample was taken (where the substrate was suitable) and the drop-down video
deployed. Eighty eight stations were sampled (Map 3), together with some video transects
(details given in Appendix 3, Tables 2 and 3).

A 0.1m* Day Grab was used for grab sampling (see Plate 1). Grab handling and vessel
manoeuvring were sufficiently accurate for samples always to be collected within a 10m radius
of the station position (logged by DGPS). On hard ground, up to five sampling attempts were
made to ensure the best possible representation of the coarse, difficult to sample substrate.
Each sample was inspected, and the sediment characteristics and conspicuous macrobiota
recorded. A sub-sample was then removed for subsequent particle size analysis. The
remaining material was then sieved through a 0.5mm sieve and the retained sample placed in
labelled buckets in 10% formalin solution for subsequent infaunal analysis.

Particle-size analysis was carried out on 53 of the samples collected. All samples were oven-
dried at 105° C, then dry sieved from 2mm to 63um (-2phi to 4 phi) at 0.5 phi sieve intervals.
The weight percentages of gravel (>2mm), sand (2mm-63um) and mud (<63pum) were
subsequently calculated for all samples. A graph was produced showing the particle-size
distribution of the sand fraction, from which sand particle population modes were identified.
Data are presented in Appendix 3, Figure 1, Tables 1 and 2.

The drop down video system used consisted of a Sony Hi8 camcorder within a dome-ported
aluminium housing. This was enclosed within a custom built aluminium cradle fitted with
arm-mounted 100W lights. This was linked to the surface operators by a 75m umbilical.
Images were recorded on Hi8 tape within the camcorder, while simultaneously viewed on a
colour monitor. The video was deployed by hand (Plate 2), and allowed to drift just off the
seabed or, alternatively, dropped onto the seabed for closer inspection. The date was burnt into
the tape at the beginning of each day and time burnt in continuously during the survey.
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DATA ANALYSIS, RESULTS AND INTERPRETATION
Acoustic survey and aerial photograph mapping

RoxAnn calibration

Considerable effort was made to ensure the accurate calibration of the RoxAnn signal. On the
data collection side, emphasis was placed on accurate position fixing., so as to minimise
variability in areas of rapidly changing substrate and hence relate each acoustic signal to the
correct substrate type (see Appendix 2). The overall accuracy of the DGPS enabled
positioning to within +1m. Grab samples were collected within 10m of the sampled RoxAnn
location; video was recorded whilst drifting. In variable wind conditions, approaches were
made from different directions until video footage was gained whilst the video was drifting
through the 10m radius circle around the RoxAnn position (Plate 3). The recorded timecode
at which the video entered and left the circle was noted, and only the footage recorded between
these points used for subsequent map interpretation.

To accommodate the potential positioning error that remained, the RoxAnn track extending
approximately 10m (~ + 5s) either side of the nominal sampling position was examined to
detect possible discrepancies between ground truthing and RoxAnn signal due to rapidly

Plate 2. Remote video being deployed.

changing substrate. The mean value of the E1, E2 and depth values were calculated from this
sample of data representing each side, as well as the average deviation from the mean value,
and are presented in Volume II, Table 2 and plotted as envelopes containing the scatter of
points in the E1/E2 calibration diagrams (Appendix 2, Figure 2). This exercise helped the
calibration procedure considerably, giving confidence to those calibration points with low
mean deviations, and allowing samples with very large deviations to be recognised as
containing two or more distinct substrate types.
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A problem with the RoxAnn classification system is that it does not directly measure particle-
size or visual appearance, the normal criteria for assessing substrate type. This commonly leads
to the problem that a RoxAnn acoustic ‘signature’ may not uniquely describe a certain type of
seabed, thus often necessitating the application of a different calibration within different areas
mapped. When all the ground truth data for this survey were initially plotted on a single E1/E2
calibration diagram, it was clearly evident that such “overlap’ occurred. Consequently the
interpretation methodology adopted has been to calibrate each of the nine survey areas
individually, but at the same time adjusting the calibrations as far as possible so as to maintain
a broadly consistent set of boundary E1/E2 values between substrate types in the region.

Plate 3. On-board monitor showing vessel track and 10 and
20m radius circles around RoxAnn position (inset
showing monitor screen).

For each of the nine areas the E1/E2 scatter plot was contoured according to frequency of data
point occurrence (Appendix 1 Figure 3). This focused attention onto the plot areas where a
good calibration was important. An immediate observation apparent from these plots is that
variability in most cases is dominated by the E1 (roughness) value, and there is only limited
variation in the E2 (hardness) index. This can be explained for the Isles of Scilly environment
by:

1) The overall high energy level of the environment producing a complete absence of soft
muds or muddy sands.

2) The fact that most hard substrates are very stable and frequently coated with a dense algal or
faunal turf, thus masking their acoustic hardness.

This factor has restricted to some extent the ability of the RoxAnn system to very efficiently
discriminate between ground types in this survey.

A further problem encountered in the calibration exercise has been the lack of ground truthing
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5.1.2

stations per plot. This has come about because of:

1) The necessity to divide the region into smaller areas due to different acoustic
property/substrate type relationships.

2) The inability to clearly differentiate between sedimentary substrates and hard substrates with
a very thin sedimentary veneer at the time of the initial processing of the RoxAnn data. Thus
only about 50% of the ground-truthing sites visited were true sediment sites.

The combined effect of all these factors is that only a relatively limited number of RoxAnn-
defined substrate types have been clearly identifiable, each covering quite a broad range of
conditions. At this stage it also remains unclear how and why there is a variability in the
acoustic properties of sands between the various areas.

Side scan sonar data and comparison with RoxAnn system

The side-scan sonar records were processed manually with features plotted on a trackplot at a
scale of 1:1000. Features were mapped by eye within successive boxes defined by the track
width at 1 minute time intervals. The accuracy of boundaries mapped using this method would
normally be expected to be of the order of + 10m.

The range of seabed acoustic reflector types identified are illustrated in Appendix 1 Figure 4.
The information from the hand-mapped plots was digitised as Mapinfo polygons (Map 4).

The seabed classification of St Mary's Roads using side-scan sonar was undertaken completely
independently of the RoxAnn-based classification. Both maps are presented and provide a
comparison of the discrimination potential of the two techniques.

An important aspect of the comparison of the two acoustic systems was that the RoxAnn was
logistically the easier and more economical system to deploy. This resulted from:

1) The weight (transport costs) of the side scan unit

2) The ability to use RoxAnn in poorer wave conditions when only a vessel of limited size is
available, thus reducing down-time.

3) The lack of overboard impediment with the RoxAnn system; the towed fish of the side scan
would have been very risky to deploy in areas of rapidly changing depth due to local, steep
rock outcrops, characteristic of Scilly.

Data processing is more time consuming with side-scan, and is often very subjective, requiring
a highly skilled/experienced interpreter which is an expense in itself. RoxAnn processing is
rapid and automated. The ground-truthing experience/skill level required is probably about the
same for both systems. 'Experimentation' in the ground-truthing process is possible with
RoxAnn due to the digital data format; with side-scan the potential for manipulating the data is
very limited.

Side scan provides a much better spatial coverage of the seabed per unit effort, even though the
survey is conducted at a slower speed. The mapping accuracy that can be achieved with side
scan is lower than with RoxAnn however, due to the vagaries in determining the relationship
between the DGPS antenna and the fish (this can be overcome in more expensive systems).
RoxAnn data are very accurately located along survey tracks, but feature

Mapping between tracks is only by interpolation.
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5.1.3

5.2

Both systems have their advantages and disadvantages in terms of habitat recognition. In
general RoxAnn is the more useful system in featureless mud/sand/gravel areas because of
automatic gain systems in side-scan units such substrates are capable of being represented by
very similar records. When a habitat is classified by morphological features however, such as
a mobile sand area (mega-rippled) or Eel grass beds with eroding margins, the side-scan
system provides more information. In this particular survey there was no clear difference in the
performance of the two systems in terms of habitat mapping.

Although substrate categories mapped using each systems were often not directly compatible,
the seabed classification maps of the St Mary's Roads area produced by each correlated very
well.

Aerial photograph interpretation

A base map of the Islands was prepared at a scale of 1:15,000, showing the national grid and
high and low water marks. Colour photocopies were made of the aerial photos, reduced to this
scale. These were best-located on the base-map, using a light table, on the basis of the
alignment of high and low water marks. One kilometre squares were cut from the photocopies
on this basis, and patched to form a mosaic of the Islands. In this way the distortion within the
aerial photographs was eliminated to a level of accuracy suitable for the project. The mosaics
were subsequently digitised into a CAD system, identifying light-coloured reflectors (sand or
gravel substrates free of algae or Zostera) and ground patterns thought to be indicative of
Zostera beds. These polygons were used in conjunction with the RoxAnn data to help define
shallow biotope boundaries.

Biological data analysis

Videotape records from the drop-down video were copied on to VHS tape and reviewed.
Habitat type and species that could be identified from the video were noted. For bedrock,
boulder and cobble areas, biological categories developed were based on solely on the video
data, modified using environmental factors (such as light penetration, degree of sediment
scour, wave exposure) known to limit distribution of the various species/taxonomic groups
recorded. For sediment areas video data was compared with sedimentological and infaunal
data from grab samples. This was necessary to build a complete picture of each site. Much of
the survey arca was extremely heterogeneous; grab samples were often taken from within
sediment/cobble/rock matrices and so presented a limited picture of the species and habitat
present. These data are presented in Appendix 3, Table 3.

Day grab samples from the 57 stations sampled were analysed for infauna. Samples were
sorted, identified to species level where possible, and counted. Complete species lists for all
sampled stations are given in Appendix 3, Table 4. To facilitate identification of samples
containing similar species' assemblages, Bray-Curtis similarity was calculated and Multi-
dimensional Scaling (MDS) performed on the derived matrix, using Primer statistical analysis
software. Epilithic species recorded on cobbles or pebbles within the samples were removed
from the datasets before analysis, as they were not part of the sediment community and their
inclusion would only serve to skew results. Bray-Curtis similarity is depicted in dendrogram
form in Appendix 1, Figure 1, whilst the MDS plot is shown in Appendix 1, Figure 2. From
Figure 1, it can be seen that the similarity between clusters is extremely low, nearly all sample
separation occurring in a band between 20-35% similarity. Neither are distinctive groupings
apparent in the MDS plot; additionally the plot indicates low confidence in the relative
positioning of sample points. (The stress value for MDS is an indication of the goodness of fit
of the data when compressed into a two-dimensional plot. At 0.32, the stress level for the
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samples plot indicates a poor fit, the confidence levels for the spatial relationship the samples
was low.) '

Despite the low confidence in the clustering and relative position of sample points, the
dendrogram and MDS plots were analysed in conjunction with physical habitat classification
developed to see if correlations between proximate infaunal sample stations and sediment type
could be found. However, no such correlations were apparent.

The raw infaunal data were also visually inspected to see if similarities in infaunal composition
could be detected between stations of similar sediment type, depth range and/or geographic
area. Various permutations were tried: habitat types were sub-divided into smaller categories
on the basis of depth zone (e.g. 0-5m, 6-15m, 16-25m, 26-45m and 46m+), exposure to wave
action, spatial proximity and physiographic area. Infaunal lists for the sampled stations were
then re-ordered to look for correlations. Again however, no significant correlations in infaunal
composition could be detected for any of categories created in this manner. The one partial
exception to this was infauna from stations within Zostera beds. These stations had markedly
more species common to two of the four stations sampled, but this still amounted to a fraction
of the total species recorded.

Possible reasons for the lack of similarities between infaunal samples are:

1 Most species appeared to exist at low densities, possibly due to the relatively harsh,
exposed environment and lack of nutrients within the sediment.

2. The survey area is physically very complex at both meso and macro scales.
3t The survey area appears to support a very wide range of infaunal assemblages.

Given the above, a single grab sample at each station may well have been insufficient to
provide a truly representative species list for that station. Also, 57 stations may have been too
few to provide multiple samples of each species assemblage, and so allow assemblage
categories (and species-habitat relationships) to be recognised.

Whilst these problems can be identified now, the level of habitat complexity was not
anticipated. Additionally, the distribution of the various sediment habitats were only mapped
following the ground truthing survey, and so it would not have been possible to devise a highly
targeted grab sampling programme in advance.

The absence of strongly defined infaunal assemblage groupings, and the lack of correlation
between infaunal sample clusters and sediment classification groups, has meant that infaunal
assemblages could not be used in the definition of mapped sediment biotopes.

Mapping - approach and units

The RoxAnn data was mapped initially by colour-coding the RoxAnn tracks according to the
classifications identified in Appendix 1, Figure 3, then hand-drawing polygons to areas of
similar predicted substrate type. This process was undertaken in Mapinfo against a displayed
background of depth information (Admiralty chart) and the information abstracted from the
aerial photographs. At the boundaries between some of the nine areas it was necessary to

slightly modify the polygons to merge the differences in the E1/E2 classifications adopted for
each area.
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5.3.1

This physical habitat map (Figure 4) was then modified by incorporating mappable
hydrographic -and aerial photography data, producing a sea bed type classification system.
The descriptions by which the features are defined are derived from the biological and
sedimentological ground truthing data. Consequently, the level at which the mapped units are
defined, and the amount of detail in each description, is a function of the strengths and
weaknesses of the acoustic mapping and ground truthing techniques used.

The features resolved by acoustic mapping are generally not those used to define MNCR
classification biotopes. Acoustic mapping using RoxAnn will only enable areas of similar
seabed roughness and hardness combinations to be mapped. Experience has shown that very
different seabed types may produce virtually indistinguishable RoxAnn roughness/hardness
values: for example, areas of gravel waves and cobble plains; level bedrock 'softened' by faunal
turf and areas of compacted sand. The accuracy with which the acoustic properties can be
interpreted is consequently highly dependent on the amount of ground truthing undertaken and
the positional accuracy of ground truthing. Secondly, many biotopes are differentiated or
defined by features to which RoxAnn. is completely insensitive. This applies to the vast
majority of biological features; clearly different algal or faunal turf species cannot be
distinguished by acoustic mapping, nor whether the turf consists predominantly of algal or
faunal species, nor in many instances whether the substrate supports a turf at all. Neither,
obviously, is the composition of infaunal communities directly related to seabed acoustic
properties. Consequently, biotopes can only be linked to areas of similar acoustic properties
through the data derived from ground truthing. As an acoustically defined area is likely to
contain a number of biotopes, the more ground truthing stations that are located within it, the
better the range of biotopes it may incorporate will be defined. The biotopes grouped within a
single, acoustically defined, mapped unit will frequently not correlate to defined biotope
complexes; often they are listed within quite different branches of the MNCR biotope
hierarchical system (e.g. Infralittoral Gravel and Sand, and Exposed Infralittoral Rock).
Consequently to attempt to place (and name) the mapped areas within biotope complex
categories would be highly misleading in many cases.

Incorporation of data from other sources (e.g. aerial photography, knowledge of community
distribution in relation to depth, wave exposure etc.) will greatly improve the definition of
seabed types, but identification to biotope or biotope complex level still remains the exception.

For the above reasons, the sea bed types mapped generally do not directly correspond to the
biotopes or biotope complexes defined within the MNCR current Marine biotope classification
for Britain and Ireland. Within rock, boulder and cobble areas, it has been possible to
recognise a number of MNCR defined biotopes at ground truthing stations. These have been
included within the mapped category description as present within parts, but not necessarily
all, of that category. As described above it has not been possible to link infauna assemblage
data to sediment type categories. Consequently it has not been possible to map sediment
faunal assemblages. Application of MNCR sediment biotope definitions, on the available data,
would be limited to splitting between infralittoral gravels and sands (IGS) and circalittoral
gravels and sands (CGS). This does not add to the sedimentological descriptions, so has not
been included. The exception to the above is the Zostera biotope; as dense beds could be
discriminated by aerial photography and RoxAnn, this is a feature that has been mapped.

Sea bed features differentiated and mapped

Interpretation of RoxAnn and aerial photographs, in conjunction with the sediment analysis
data, enabled the following 7 major physical features to be discerned and mapped.
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S5.3.2

Fine-medium/fine, .suspension sand.

Medium, bedload sand.

Coarse sand.

Sandy gravels; thin sand veneers over hard substrates; large sand or gravel patches
between rock/cobble/boulder zones.

Localised rock outcrop, cobbles and boulder fields.

Massive rock areas.

Zostera

Analysis of remote video data, and application of bathymetry, water clarity, and wave and tidal
stream exposure considerations, and the more specific substrate type data that could be tagged
to each of the 9 areas (Figure 3). allowed these features to be further defined and differentiated
into 15 habitat or habitat/species assemblage (biotope) categories, listed in Table 1. These 15
categories are the ones addressed in the final maps produced.

Major sea bed features identified / habitat/species categories mapped

Detailed descriptions of each category are given below. The distribution of these categories is
depicted in Maps 5 to 12. The sandy gravels with sand veneers; cobble, boulder and bedrock
outcrop and bedrock and boulder categories contain a number of identifiable Marine Biotope
Classification biotopes. Those that were identified from video and/or grab data at the ground
truthing stations are listed in Table 1. The list also includes biotopes that could not be
positively be identified due to limitations of video and, at some sites, poor water conditions but
are considered highly likely to be present. Drop down video provided little biological data for
the sand areas other than those supporting Zostera.

3 FINE-MEDIUM/FINE, SUSPENSION SAND.

When sands finer than about 200um are subject to motion, they tend to move directly
into suspension rather than behaving as bed load, and are thus subject to wide
dispersion potential. Sand deposits of this nature normally represent fallout zones,
subject to the settling out of fine sands from adjacent high energy areas. By definition
these fallout zones are normally stable areas of low ambient energy, but they may be
subject to intermittent wave-induced disturbance during high energy storm waves.
Substrates of this type were located in:

Area 1. An extensive zone off the north-eastern shore of St Mary's, in Crow Sound (10-
30m bcd). This zone may represent a lee area sheltered by St Mary's from the prevailing
direction of storm wave approach and also a fallout zone from the area of higher tidal
activity to the north-west in the Crow Bar area.

Area 2. The deeper-water margin areas (25-50m bcd) to the north and north-east of St
Martins. Again an area in the lee of the archipelago relative to the prevailing wave
approach. These sands contain substantial quantities of coarse biogenic material.

Area 3. Localised intertidal patches in sheltered bays e.g. Green Bay on Bryher, off East
Porth on Samson and in St Mary's harbour. Localised patches of fine sands also occur in
St Mary's Roads (5-10m bcd), possibly associated (trapping effects) with Zostera beds.

Medium-fine sands may also be associated with higher energy, sand recirculation zones.
Sometimes, because of a sand recirculation system created by a local pattern of tidal
flows, fine sand moving in suspension is unable to escape into quieter areas. As a result
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an accumulation of sand occurs, typically forming a bank or a shoal complex. In
contrast to fallout areas, the sand is frequently in motion, and the bed is normally
contorted into mega-ripple sequences. The extensive, shallow, medium-fine sand zone
in the Crow Bar - south St Martins Flats area is likely to be such a zone, subject to tidal
and wave-induced transport and displaying mega-ripple and sandwave areas. These
sands are well sorted, consistent with the high level of sediment mobility.

The three depth/wave exposure zones mapped correspond roughly with the three
examples given above.

Shallow (<20m), sheltered fine sand.

These occur in areas very sheltered from wave exposure, mostly between Tresco,
Bryher and St Martin's, in sheltered bays or adjacent to Zostera beds. This includes
intertidal and very shallow subtidal (<10m bcd) areas.

Medium depth (10-20m) moderately exposed fine sand.

These areas again correspond to the shallower fine sand areas off the north-eastern
shore of St Mary's. They are sheltered by St Mary's from the prevailing west and
south-westerly waves.

Deep (>30m) wave exposed, fine sand.

These correspond to the deep-water margin areas described above. They are not
sheltered by the main islands, but are low energy, fallout areas for fine sediment due to
their depth. Most are situated to the north of St Martin's and the east of St Mary's.

The number of species recorded in samples from fine sand stations ranged from 12 to
36, with very few species common to multiple stations. The mean number of species
was 20.4. The highest number of species (36) was recorded at the deepest station (stn.
2.9, 49m below sea level), but there was no clear relationship between depth and
species numbers.

MEDIUM, BEDLOAD SAND.

This sediment type (particle population mode in the range 200-600um) forms the
commonest sedimentary substrate widely found within the survey area. In areas of
strong tidal flow it forms shoals of mega-rippled sand, for example in the vicinity of
Crow Bar, in the channels between Tresco, Tean and St Martins, in the channels
between Bryher and Tresco and Samson and Tresco (Hulman area) and in the channel
between Gugh and St Mary’s (St Mary’s Sound). Many of these medium sand
substrates bore wave-induced ripple marks at the time of the survey, and hence are
subject to frequent wave disturbance.

This grouping has been split into four sub-groups on the basis of depth, wave exposure
and gravel content.

Shallow, sheltered medium sand with variable or low gravel content.

This occupied much of the channels between the main islands, frequently bounding
more sheltered, or deeper, areas of fine sediment. Mostly this type was found in water
of 5m or less.

Species numbers in samples from stations within the category ranged from 8 to 39.
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(four stations, mean number of species 22). No species common to all or most stations
within this category were found.

Shallow, moderately exposed, well-sorted medium sand.

This was found mainly in St Mary's Road. Transitional between the shallow sheltered
sands and the more exposed medium sands, this tended to occupy the 5-15m bed zone.
The sands in this group were generally well sorted through exposure to strong wave
action.

Species numbers in samples from stations within the category were relatively low,
ranging from 12 to 19 (four stations). No species common to all or most stations within
this category were found.

Exposed medium sand.

Medium sand in wave-exposed regions around the outside of the main islands occurred
either in relatively deep water (>20m bed) or very shallow and intertidally within
exposed bays, where it has been trapped by wave action. This category consists mainly
of the former, although it does also include some shallow and intertidal sands. Exposed
medium sand forms a major band of sediment along the southern edge of the
archipelago, in the deeper water below the bedrock and cobbles.

Seven stations within this category were analysed for infauna. Species numbers ranged
from 15 to 48. The most diverse stations (30 and 48 spp.) were also the deepest (52 and -
65 m sea level, respectively). Very few species were common to multiple stations.

Deep, exposed, moderately sorted medium sand with variable gravel content.

This differs from the exposed medium sand category in the presence of significant rock
and shell gravel content within the sediment. This category is also found in relatively
deep water, but is mostly confined to the south-eastern side of the archipelago.

Only two stations within this category were grab sampled and analysed for infauna.
Species numbers were 30 and 43, with very few species common to both stations.

COARSE, SANDS.

These sands occurred widely in the highly exposed Area 7 in depths of 30-40m CD, and
in localised areas at similar depths in Areas 1 and 9. Examination under the microscope
showed these sands to be composed exclusively of shell fragments and other biogenic
debris. In Area 7 these sands were mega-rippled, thus being mobile under storm wave
conditions.

These sands have been mapped as:
Wave exposed coarse shell sand (mostly >20m).

Only two stations within this category were grab sampled and analysed for infauna.
Species numbers were 39 and 49, station depths were 39m and 49m (sea level)
respectively. Only four species were common to both stations, Glycera lapidum;
Polygordius sp.; Echinocyamus pusillus and Branchiostoma lanceolatum.
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SANDY GRAVELS; THIN SAND VENEERS OVER HARD SUBSTRATES;
LARGE SAND OR GRAVEL PATCHES BETWEEN ROCK/BOULDER/COBBLE
ZONES.

The distribution of this sediment type is very varied within the archipelago. In Areas 5
and 6 the substrate type is hardly represented. In Areas 1, 2 and 9 it occurs but
infrequently. Areas 7 and 8 it is well represented but in Areas 3 and 4 it forms a
common substrate type. It is essentially a peripheral zone separating rockier areas from
areas of extensive sand accumulation. The gravels are commonly lithogenic. Where the
sand veneer is thin, epiflora or fauna (e.g. foliose algae, Nemertesia sp.) could be seen
protruding through the sand. This grouping has been split into two categories, on the
basis of the likely mean boundary (20m bcd) between algae and fauna dominated
epibiota, based on knowledge of the area and video data.

Shallow (<20m) sandy gravel, cobbles, small boulders or sand veneers over
bedrock.

At infralittoral depths, this habitat supports scour and sand burial tolerant algae. The
amount of algae observed varied markedly, depending on the water depth, depth of
sediment and stability of the underlying rock, from occasional red or green algal plants
to kelp park. Species recorded include Chorda sp., Desmarestia sp., Halidryis
siliquosa, Laminaria saccharina, Saccorhiza polyschides, Sargassum muticum, foliose
red and green algae indet.

Deep (>20m) sandy gravels, cobbles, small boulders or sand veneers over bedrock.
Circalittaoral areas are typically colonised by Polymastia boletiformis, Nemertesia spp.,
Pentapora foliacea and Alcyonidium diaphanum. Ciocalypta penicillus appeared
common on low rock areas with significant sand cover. Higher relief areas and rock
outcrops are dominated by A/cyonium digitatum colonies and occasional Cliona celata.

LOCALISED ROCK OUTCROP, COBBLES AND BOULDER FIELDS.

This ‘lag’ material, the winnowed remnants of rock outcrops and periglacial weathering
deposits, dominates subtidal Scilly with the exception of Areas 3 and 4. The substrate 1s
mostly covered faunal or algal turf, kelp park or kelp forest, depending on depth,
stability and wave exposure. Very localised patches of sands and/or gravels may also
occur within this grouping.

This substrate has been mapped as:

Cobble, boulder and bedrock outcrops.

This is a very wide category, including both infralittoral and circalittoral biotopes.
Species recorded on infralittoral (<20m) areas included L. hyperborea; L. saccharina,
Saccorhiza polyschides;, Dictyopteris membranacea, foliose algae indet.; Echinus
esculentus.  Species at circalittoral sites included Cliona celata, Polymastia
boletiformis; Ciocalypta penicillus; encrusting sponges indet.; Caryophyllia sp.;
Alcyonium digitatum; Pentapora foliacea; encrusting bryozoans indet.

MASSIVE ROCK.

Most survey lines avoided major reef areas, however certain RoxAnn mapped areas
showed exceptionally high roughness values (Appendix 3 Figure 3). Ground-truthing
showed these to be steep rock slopes, usually topped by dense kelp forest. With the
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side-scan sonar it was clearly possible to identify massive rock exposure from the rock
structure.

Although a minor part of this study. bedrock was the most straightforward feature to
map in terms of biotopes. For mapping purposes, this has been split into three depth
zone categories.

Infralittoral (or littoral) bedrock or boulders with kelp/Chorda/fucoids -
grazed/scoured bedrock.

This category clearly incorporates a wide range of biotopes. The very large number of
small rocky outcrops between and around the main islands made separation of littoral
and shallow sublittoral rock an impractical task. Consequently, areas defined as this
category may contain littoral rock biotopes in addition to infralittoral ones. Most of the
upper infralittoral bedrock and boulder areas supported kelp forest or kelp park. This
included stands of L. digitata (sublittoral fringe); L. hyperborea, mixed L.
hyperborealL. saccharinal/Saccorhiza polyschides; mixed L. hyperborealL. ochroleuca,
and mixed stands of kelp and Chorda filum. Lower infralittoral habitats included
algal/faunal turfs with moderately dense Dictyopreris membranacea, kelp sporelings
and occasional 4/cyonium digitatum, to bare/very low turf boulders in heavily urchin
grazed or sand scoured areas. Given the exceptional clarity (for British waters)
normally found around the Scillies, infralittoral rock has been mapped down to the 20m
contour. This generally concurred with ground truthing observations.

Circalittoral bedrock with faunal turf.

Exposed bedrock and massive boulder slopes deeper than 20m bcd are widely
distributed around the periphery of the archipelago. This category was found to
support faunal turf of varying composition and density, depending largely on wave
exposure, urchin grazing and scour. Typically this consists of a hydroid/bryozoan turf
with conspicuous massive sponges (Cliona celata, Pachmatisma johnstonia and
Polymastia boletiformis), Alcyonium digitatum is frequent or common on rock
promontories. Deeper areas (30+m) frequently support an assemblage rich in Axinellid
sponges (in particular Axinella dissimilis, Raspailia and Stelligera spp.), with
occasional Pentapora foliacea colonies also conspicuous. Relatively bare rock,
supporting only a very low turf and occasional small 4. digitatum colonies, is also
fairly common at all levels within the circalittoral zone. Such areas are considered to
be heavily (urchin) grazed, scoured or a combination of both. Echinus esculentus was
common and ubiquitous on circalittoral rock.

Deep (45m+) circalittoral bedrock with faunal turf including dense Axinellids.
Bedrock around 45m bed or deeper generally fell into two categories. In some areas it
is very bare, either extremely scoured or heavily grazed (or both); in other it supports a
rich hydroid/bryozoan/sponge turf. This turf was similar in many aspects to the
assemblage found on circalittoral bedrock below 30m, both supported high densities of
Axinella dissimilis and Raspailia and Stelligera spp. There appeared a qualitative
difference however, the deeper sites supporting significantly higher densities of
Axinellids. Homaxinella subdola and flask-shaped Axinellids (probably Axinella
infundibuliformis) also formed a significantly greater percentage of the sponges
observed.
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7.

ZOSTERA.

Zostera beds occurred in Areas 1 and 4. With the RoxAnn system it was possible to
clearly differentiate between dense Zostera and sand, but impossible to differentiate
between Zostera and alga covered rocky areas or gravelly areas. A ‘potential Zostera’
classification box was therefore defined from the RoxAnn data (Appendix 1 Figure 3),
and this was further refined with depth and wave exposure restrictions and ground-
truthing observations to produce the best possible map of Zostera cover. The side-scan

sonar clearly demarcated dense Zostera stands with marked (eroding?) margins, but was
insensitive to thin Zostera cover.

Areas considered to support dense beds have been mapped as:
Zostera

Four stations within this category were grab sampled and analysed for infauna.
Species numbers ranged from 10 to 57; the mean number of species (28.5) was the
highest of all sediment categories. The station with 57 species recorded, amongst the
highest for all samples, was located within the Zostera bed on St Martin's Flats.
Although Zostera beds occurred on a wide range of sediment types, from fine sand to
sand with gravel and stones, the infauna within this category shared more common
species than other sediment categories. No species were recorded at all four stations
however 20 species occurred at two or more Zostera stations.
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Major sea bed types

Habitat or habitat/species
assemblage categories

MNCR biotopes recorded (or
considered likely to be
present)

Fine-medium/fine, suspension
sand.

Shallow (<20m), sheltered fine
sand; diverse and variable fauna

Medium depth (10-20m)
moderately exposed fine sand

Deep (>30m) wave exposed, fine
sand

Medium, bedload sand

Shallow, sheltered medium sand
with variable or low gravel content

Shallow, moderately exposed,
well-sorted medium sand

Exposed medium sand

Deep, exposed, moderately sorted
medium sand with variable gravel
content

Coarse sand

Wave exposed coarse shell sand
(mostly >20m)

Sandy gravels; thin sand veneers Shallow (<20m) sandy gravel, 1GS.FaG; IGS.FaS.Mob;
over hard substrates; large sand or | cobbles, small boulders or sand MIR.PolAhn; MIR.SedK; LGS;
gravel patches between veneers over bedrock SLR.Fx.
rock/cobble/boulder zones
Deep (>20m) sandy gravels, IGS.FaG; IGS.FaS.Mob;
cobbles, small boulders or sand MIR .PolAhn; MIR.SedK; LGS;
veneers over bedrock SLR.Fx.
Localised rock outcrop, cobbles Cobble, boulder and bedrock EIR.LhypR..Pk; MIR.EphR;
and boulder fields outcrops MIR.Lhyp.Pk; MIR.Lhyp.Ft;
MIR.SedK; ECR.Alc;
ECR.AlcMaS; ECR .Efa;
ECR.PomByC; MCR ErSPolSH;
MCR.GzFa; MCR.ByH
Massive rock areas Infralittoral (or littoral) bedrock or | EIR.Lhyp.Pk; EIR.LhypFt;
boulders with kelp/Chordal/fucoids | EIR.LhypFa; EIR.LsacSac;
- grazed/scoured bedrock EIR KfaR; EIR.KforDic; EIR.For;
MIR.Lhyp.Pk; MIR.Ldig;
MIR.LhypGz.Pk; MIR.Sac;
MIR EphR; IR.AlcByH;
MCR.GzFa
Circalittoral bedrock with faunal ECR.Alc; MCR.ByH; MCR.GzFa
turf
Deep (45m+) circalittoral bedrock | MCR.ByH; MCR.ErSPbolSH;
with faunal turf including dense MCR.PhaAxi?
Axinellids
Zostera Zostera IMS.Zmar

Table 1. Major sea bed features identified, habitat/species categories mapped and
biotopes recorded or considered likely to be present.
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6.1

6.2

GENERAL DISCUSSION

Overview

The distribution of substrate types within the Isles of Scilly archipelago has proved to be
extremely complex. This is, in part at least, due to the equally complex bathymetry and
resultant patterns of erosion and deposition that occur. The harsh, dynamic nature of most of
the area coupled with low nutrient levels may also act to keep densities low and species
diversity high.

It is now clear that, in areas of this complexity, mapping of infauna by means of a limited grab
sampling programme, and subsequent extrapolation over large areas, is unlikely to be
successful. However, detailed sediment type mapping is required before any targeted infaunal
sampling programme can be devised. This obviously would have considerable cost
implications for similar projects, which would need to be weighed against the validity of map
boundaries derived from simpler programmes.

Comparison with previous survey data

The sediment types mapped concur well with the sediment types described for the sampling
sites in Rostron 1983 and 1988, although the greater detail in distribution mapping produced
by the current study has shown the overall pattern of distribution to be far more complex than
was previously realised. As the sampling methods were quite different, the 1983 and 1988
studies collecting much larger samples than this study, direct comparisons of species densities
are inappropriate. The two earlier studies also collected significantly more epifaunal species
and (by excavating a larger volume) would be more likely to sample larger and lower density
infauna (e.g. burrowing urchins and larger bivalves). Consequently a degree of caution must
be exercised when directly comparing species lists.

Rostron (1983 and 1988) found the diversity of infaunal species to be high (197 taxa recorded
from the 1988 study samples) but the similarity between infaunal samples was found to be very
low, with a wide variation in the number of taxa at each site. This also agrees well with the
findings of the current study, where over 300 taxa were recorded but again similarities between
stations were very low. Rostron (1988) noted that communities within fine sediments appeared
more uniform. That was not found during this study (see figures 2 and 3, stations 3.3, 1.6, 1.8,
2.3 and 2.9). However, the number of samples from fine sediments was too limited in both
studies (two samples in 1988 and five in this study) to draw firm conclusions regarding
homogeneity of fine sediment assemblages.

Hiscock (1983) notes the presence of highly grazed sites on the north side the archipelago, and
the abundance of Echinus. Similar sites were recorded during this survey and Echinus clearly
has a major modifying effect on infralittoral and circalittoral boulder and bedrock
communities.

Conservation value of mapped features

The conservation value of sediment features is difficult to assess, given the lack of identifiable
communities that can be linked to the sediment types mapped. The exception to this is Zostera
beds. Zostera beds, particularly those on St Martin's Flats, were found to support the greatest
number of infaunal species of any of the sediment categories. They also showed the greatest,
within-category, similarity in infaunal composition. Zostera beds within the archipelago may,
therefore, be treated as a coherent biological assemblage with more confidence than other
categories defined principally on physical attributes. The Zostera beds within the Scillies
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6.4

complex have previously been identified as being of extremely high conservation value. The
results of this survey support these earlier findings, and help assess their importance relative to
other sediment habitats within the archipelago.

The spatial complexity of sediment distribution, coupled with the overall species diversity and
the apparent diversity in species assemblages between broadly similar habitat types, is
considered very uncommon, and must contribute to the conservation value of the area. It is felt
that more detailed sampling, of the different sediment types now defined, is required before a
full conservation assessment of the shallow sediment areas can be made.

Deeper, fine and medium sand areas, in general, were found to support a greater diversity of
infauna than shallow sediment areas. Deep, exposed medium sand areas south of St Agnes and
St Mary's appeared particularly rich. Consequently they are provisionally assessed as being
amongst the sediment areas of highest conservation importance within the Scillies complex.

Much of the sublittoral previously considered sediment proved to consist of thin sediment
veneers over bedrock, or mixtures of sand, gravel, cobbles, boulders and bedrock. As these
types of substrates cannot be properly sampled by grab, or surveyed in detail by remote video,
the conservation value of such areas remains to be identified.

Sublittoral bedrock around the Scillies was already known to support epifaunal communities of
high conservation importance; however, some of the deeper circalittoral bedrock areas (40-
65m) surveyed during this survey appeared very rich, supporting high densities of infrequently
recorded erect sponge species. They are therefore considered to be of high conservation
importance and worthy of further investigation.

Monitoring recommendations
The study has identified the fact that spatial variations in biological community structure are
great. As yet, little data exists on temporal variation within these communities.

This study has collected quantitative infaunal samples, sediment data and video records for 57
stations widely distributed around the archipelago, the locations have been recorded with a
high degree of precision. A further 31 stations and 7 transects, on areas of mixed or hard
substrate, have been recorded using video only. It is suggested that this baseline data may be
used as the basis for a comprehensive monitoring programme investigating temporal changes
(natural or anthropogenic) in substrate type or infauna. However, as it has not been possible to
identify characteristic species for most of the sediment types identified, it is felt that a more
targeted infaunal sampling programme, based on the sediment areas identified by this survey,
needs to be undertaken before a monitoring strategy is implemented. This would allow

~ characteristic species to be identified (where they exist) for the major sediment areas and

sediment types mapped. Monitoring stations could then be selected to cover all or most
species assemblages identified.

On suitable substrates, it is suggested that grab replicates are increased to three per station, in
order to better record low density species and detect anomalies due to small scale spatial
heterogeneity. Areas of mixed substrate would better sampled by either changing from a Day
grab to a larger Van Veen grab (complimented by drop down video) or by diver recording and
sampling using a suction sampler. Areas of hard substrate (including sediment veneers over
rock) would be best monitored by divers, drop down video or ROV. For such areas, sequential
video records are useful as part of a monitoring strategy for detecting qualitative changes.
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6.5

6.6

With all these techniques, positional accuracy is considered to be extremely important
(especially in -areas of heterogeneous substrate) in order to be able to differentiate between
temporal change and spatial variation.

Rare and uncommon species

The JNCC have produced a report listing criteria for assessing rarity within marine benthic
species (Sanderson, 1996). Unfortunately, the distribution data required is not available for
most infaunal species, consequently it has not been possible to use these criteria for the
infrequently recorded species found during this survey.

The spionid worm Prionospio banyulensis is considered uncommon and is not believed to have
been recorded around the Scillies previously. It was found to be widely distributed during this
study (recorded at 16 stations) particularly in area 1. The Ophelidd polychaete Polyopthalmus
pictus is similarly considered uncommon and a new record for the Scillies. It was recorded in
areas 1, 3 and 4. The sponge Axinella infundibuloformis 1s a relatively rare species in UK
waters, confined to deeper circalittoral areas around western shores. Hiscock (1983) recorded
it as present at 'rare' or 'uncommon' abundances around Scillies. High densities of cup
Axinellids that are most probably this sponge, were recorded in deep water off the north of the
archipelago.

A number of rare and uncommon species were recorded during the 1983 and 1988 surveys,
including polychaetes Ehlersia garciai, Spio mecznikowianus, amphipod Melita gladiosa,
isopod Natalana gallica and bivalve Tellina squalida. Of these, only Melita gladiosa was
found during this study, in areas 1, 3 and 4.

Recommendations for future work

1 While this study has mapped the distribution of sediment types within the archipelago,
it has not been possible to tag infaunal communities to sediment type. It is
recommended that a targeted grab sampling programme is conducted in order to define
the main infaunal communities present within the larger areas of sediment and the
dominant sediment types identified during this survey. This will also determine the
degree of variability within infaunal communities occupying spatially contiguous areas
of similar sediment type, and so aid monitoring design and interpretation.

2 A sampling programme using diver-operated suction sampler is recommended for the
mixed substrate areas.

3. The deeper rock areas are clearly highly diverse. Deep .bedrock (>40m bcd) is

relatively uncommon around southern Britain; a remote video or remote video/diver
survey is considered likely to identify new areas of interest around the archipelago.
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APPENDIX 1.

FIGURES AND MAPS

Figure 1. Bray-Curtis similarity dendrogram for infaunal samples

Figure 2. MDS plot for infaunal analysis

Figure 3. RoxAnn values/habitat types plots, areas 1-9.

Figure 4. Sidecsan sonar seabed acoustic reflector types identified

Map 1. Isles of Scilly archipelago, showing HWM, LWM, 5m and 30m depth contours
Map 2. Nine survey areas, RoxAnn and sidescan acoustic survey tracks

Map 3. Grab and drop-down video ground truthing station locations

Map 4. Initaial physical 'habitat' map derived from RoxAnn data

Map 5. Sea bed types distribution, Scillies archipelago

Map 6 Sea bed types distribution, North East Scillies

Map 7. Sea bed types distribution, East Scillies

Map 8. Sea bed types distribution, North Scillies

Map 9. Sea bed types distribution, St Mary's Road

Map 10. Sea bed types distribution, St Agnes

Map 11. Sea bed types distribution, North Channel

Map 12. Sea bed types distribution, Broad Sound

Map 13. Side scan survey habitat identification map

Map 14. Sea bed types distribution (derived from RoxAnn) for comparison with side

scan habitat map
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Figure 1. Bray-Curtis similarity dendrogram for infaunal samples.
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Map 1. Isles of Scilly archipelago, showing HWM, LWM, 5m and 30 depth contours
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Map 2. Nine survey areas, RoxAnn and sidescan acoustic survey tracks.
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Map 3. Grab and drop-down video ground truthing station locations.
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Sea bed types map colour coding key

i Circalittoral bedrock w. faunal turf

¥ Cobbles, boulders & bedrack outcrops

| Deep (30m+) wave exposed, fine sand

#8 Deep (45m+) circalitt. bedrock. faunal turf including dense Axinellids

# Deep (>20m) sandy gravels, cobbles, small boulders or sand veneer over bedrock

¥ Deep, exposed, moderately sorted medium sand with variable gravel content
Exposed medium sand

8 Infralitt. {or litoral) bedrock or boulders w. kelp/Himanthalig/fucoids-grazed

- Medium depth (10-20m) moderately exposed fine sand

I8 Shallow (<20m) sandy gravel, cobbles, sm. boulders or sand veneers over bedrock
Shallow (<20m). sheltered fine sand.

llll Shallow. moderately exposed, well-sorted medium sand

. Shallow. sheltered. medium sand w. variable or low gravel content

& Wave-exposed coarse shell sand, (mostly >20m)

B Zostera




Map 4. Initial physical 'habitat' map derived from RoxAnn data
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Map 12. Sea bed types distribution, Broad Sound.
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Map 13. Side scan survey habitat identification map.
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Map 14. Sea bed types distrition (derived from RoxAnn) for comparison with side scan habitat map.
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APPENDIX 2.
ACOUSTIC MAPPING METHODS AND THEORY USING THE ROXANN SYSTEM

The RoxAnn System is very portable, comprising only a signal amplifier, which connects to the back
of any echo sounder, and a signal processing box. The latter outputs a stream of data to a computer,
which is also receiving position data from the DGPS. The RoxAnn software on the computer logs and
plots these two coincidentally recorded sets of data, producing in real time mapped transects of seabed
conditions. '

e The RoxAnn data stream contains three pieces of information, updated at a rate pre-set by the user,
normally of the order of a few seconds. These depth E1 and E2; the latter relate to seabed
roughness and hardness respectively. These two parameters are derived as follows.

e EIl. If the seabed were to be made of a sheet of glass, the 'first return' of an echo signal (SLIDE1)
would be a brief spike, as only the ray of sound hitting the seabed at 90 would be returned. As
seabeds are granular and irregular however their multifaceted nature allows signal returns (as
'backscatter’) from rays striking the seabed with a significant angle of incidence. Thus the first
return consists of the initial spike and a tail of backscattered energy, illustrated in SLLIDE 2. The
volume of energy contained in this 'tail' is a measure of the backscattering potential, i.e. The
'roughness’, of the seabed, and it is this that RoxAnn measurers and labels as E1.

e E2. The strength of the signal first returned to the transducer is largely a function of the sound-
absorptive properties of the seabed, with hard materials such as rock reflecting much and
absorbing little and thus giving a strong signal, and the converse happening with soft mud.
Unfortunately, high ambient noise conditions, such as may be associated with bed sea conditions,
readily mask this relationship. The empirical observation has been made however that the
properties of the second echo return, that which has been re-reflected from the sea surface (SLIDE
1), are equally strongly related to the hardness of the seabed, but for some reason far less
susceptible to interference. Thus RoxAnn measures the total volume of the second echo return
(SLIDE 2), as a measure of 'hardness' and labels this E2.

e The computer software plots E1 against E2 using the 'RoxAnn Square' (SLIDE 3), assigns a colour
code to the combination which is then plotted on the chart as surveying takes place. The format of
the RoxAnn Square can be automatically applied when surveying first takes place, but can also be

modified during post-processing. A range of more complex post-processing techniques can also
be applied.

GROUND-TRUTHING ROXANN DATA

The successful utilisation of RoxAnn data for seabed mapping purposes requires two critical areas to
be addressed.

1. A need for a high level of positioning accuracy and observation of detail when calibrating the
acoustic data to the ground-truth observation.

2. The recognition that RoxAnn does not uniquely categorise sediments in terms of their particle-size
characteristics, and mitigation of this situation.



Positioning effects.

The inter-relation of acoustic and ground-truth data relies heavily upon accurate position fixing.
Compound errors may build during sampling as follows (SLIDE 4, this example shows accuracy
levels associated with a public broadcast DGPS signal):

Acoustic data position Grab/video position Grab/video  Potential compound error
DGPS error DGPS error vessel location error
8m 8m 10m 26m

thus when a position is located on the acoustic trackplot, and ground truth data is collected from that
location, the actual truthing position may be up to 20-30m away from the originally identified point.
To take account of this potential variability, the RoxAnn values along the vessels course for 30m
(~10s) either side of the selected location need to be examined. This procedure gives insight into both
the effects of positioning errors, and the heterogeneity of the local sediment body.

Variability in these data can be quantified by determining the mean and standard deviation of the ten
data points centred on the theoretical sample location, and by producing a histogram showing the
frequency distribution (SLIDE 5). These three pieces of information provide a more informed basis
from which to embark upon the calibration process than the raw E1 and E2 values from the theoretical
sampling location.

The calibration process involves producing a scatter plot of the mean El (y-axis) and E2 (x-axis)
values, coded according to their particle-size content (%mud, %sand, %gravel, modal grain size of
sand population) and/or visual description in the case of rock, boulder or coarse ‘lag' deposits. These
plot can be contoured or block categorised accordingly, using suitable modelling software such as
SURFER. Each point on this calibration scatter plot can now be examined individually. Where the
standard deviations of the E1/E2 values are small, and where the histogram frequency distribution
shows a 'normal’ situation (e.g. SLIDE 5, station 25), confidence can be placed in the individual point,
and particle-size content isolines and/or block categories consistent with these data points can be
confirmed. Where however, standard deviations are large, the mean values of E1/E2 can mislead the
calibration process. Two situations become apparent when examining the histograms for calibration
points with large standard deviations:

1. A wide scatter of RoxAnn values (e.g. SLIDE 5, station 10) suggesting a highly variable seabed on
a small scale. Data points of this nature are not suitable for calibration purposes, and are probably
best abandoned.

2. The presence of two (or more) seabed reflector types within the sampled area, thus the presence of
two (or more) modal values for E1/E2 (e.g. SLIDE 5, station 11). In this instance it is realistic to
adopt the EI/E2 modal value that fits best the calibration pattern established using 'good’ data
points (low standard deviations).

Through an iterative, and not particularly time-consuming process, the original calibration scatter plots
and fitted seabed-type distributions can be reworked, removing or modifying 'rogue' points and
generally allowing a simpler pattern to emerge. Finally, the E1/E2 scatter plot can be boxed into
seabed types based on a combination of particle-size and visual appearance.

Uniqueness of Acoustic Signal



A problem basic to all Spatially Continuous Mapping is that we traditionally rely upon particle-size
and visual appearance (morphology) in our seabed classification, whereas remote sensing methods
map other parameters. In the case of RoxAnn we are mapping aspects of the acoustic reflectivity of
the seabed, viz. the local variability in reflection (E1, equating to physical roughness) and sound-
absorptive properties (E2, equating to physical hardness). Although grain size and bed morphology
play a role in determining roughness and hardness of the seabed, other factors such as sediment
compactness (history of disturbance) play an equal role. Thus it frequently happens that sediments
with a similar RoxAnn signature have very different appearance and particle-size content.

There are three steps that can be practically applied to mitigate this problem.

1. Always collect a large number of ground truth samples, with several samples from each acoustic

type.

2. Initially produce calibration diagrams for areas of similar water energies e.g. upper estuary, lower
estuary, and sea coast. 1If they prove to be compatible they may be amalgamated at a later stage,
but it is commonly found that parts of the calibrations will vary between such areas.

3. Be prepared to revisit sites to further ground truth areas of acoustic signal where ambiguity of
classification may exist.
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APPENDIX 3.

GRAB AND VIDEO GROUND TRUTHING STATIONS DATA.

Figure 5. Sediment samples: Particle size distribution graphs of sand fraction
Table 2. Particle size analyses

Table 3. Grab and video stations: RoxAnn values and sediment data

Table 4. Grab and vide stations: video descriptions and biotope codes

Table 5. Grab sample infauna data

Table 6. Grab samples: epifauna from pebble and cobble samples



Sediment samples: Particle size distribution graphs of sand fraction

Fine/medium-fine sands

Coarse sands and gravels

Gravels withmedium sand

Poorly-sorted medium sands with gravel
Moderately-sorted medium sands with gravel
Medium sands
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Table 2. Particle size analysis

SITE FENEREE RS EEERNE AN R NN AN 3 | 3| 3| 3| s
SAMPLENO | 2 | 4 | 5 | 8 | 7 | 8 | 9 || 1 | 2] 3| a6 9w 1] 3][4a]5] 67
FERCENTAGES

2000 70 | 45 | 60 | 0 | 19 | 0 | 41 | 4 | 0 | 0 | 2 | 5 | 1 |17] 8 | 4 | 0 | e | &7 | 32 | e9
i 5 | & | wl o] 3] o l6| 8| 1] @6jel® 1IN, wl7r|ole]| 4] acta
e % | | 8 | o] 2| 06| 4l a1 [0[0] 5|2 [8]e]|e]olo]>2]5]|a
mo| &4 | 11 | 7 | 0| 2 ] 0| 4af a4 0o [1] 6 7|]H]o] o] 2| 6]a4
500 6 | 5 R EEEEAE RE RN A | 1 | 0| 5| @] &
355 s LA La s | Tt 1% 8 IP 7123 ] 14| 7 | o | 1o I 3
260 4 | 0 | 2 | 8 | 14| 4« NESENEME 37 | 10 | 20 | 25 | 14 |o| & [EE 57 | o WEEE 10 |
0 1 | 0 | o | W] ] ia]| 412386 2] 7162|111 N o] 2] |3
ws] 1 | 0 | © 34 | 3 | 1| 015 EERCTEAEEE R EEN R
w 0 [ 0 | 1 ]3] 17 2 | 0| o0 7] 1 |0 EEIEAEIE BN
@ 0 | o 9| 9 2le] 3| a0 |06 |ols|lolz|6]alslo]lo
#| 0 | 0 | 0| 2| 0| 2| ojo|06]9|0]o]|0o|2|o|o]o]|0]a]0o]|o
CUMULATIVE
% COARSER
2000 70 | 45 | 60 | 0 | 19 | 0 | 41 | 4 | 0 [ 0 | 2 | 5 | 1 [17] 8 | 4 | 0 | 99 | 57 | 32 | 69
1400] 75 | 68 | 70 | 0 | 22 | 0 | 4 | 8 | 2 | 0 | 2 | 7 | 2 |28 18 | 11| 0 [ 99 | 61 | 40 | 78
1000] 78 | 82 | 76 | 0 | 25 | 0 | 58 | 11 | 2 | 0 | 2 | 11| 4 |35| 30 | 19 | 0 | 99 | 63 | 46 | 82
7i0] 81 | 93 | 83 | 0 |27 | 0 |5 [ 15| 7 | 0 | 2 10 (42| 45 | 30 | 0 | 99 | 66 | 52 | 86
500 88 | 98 | 93 | O | 31 | 1 | 61 | 28 | 21 | 0 | 5 | 38 | 32 |48]| 67 | 42 | 1 | 99 | 71 | €5 | 90
35| 95 100 | o7 | O | a7 | 2 | 72 | 47 | 60 | 9 | 10 | 66 | 85 56| 90 | 55 | & | 100 | 81 | 84 | 93
250| 99 | 100 | 99 | 3 | 51 | 6 | 87 | 86 | 97 | 18 | 30 | o1 | 99 |65 98 | 71 | 44 | 100 | 97 | 94 | 94
180| 99 | 100 | 99 | 13 | 66 | 19 | 91 | 98 | 100 | 25 | 53 | 97 | 100 | 72| 100 | 