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ABSTRACT

This paper presents the results of the first spatially continuous
survey of subtidal sedimentary habitats and benthos around
Lundy. The survey was undertaken in August 2007. A novel
approach was used to provide a more cost-effective, objective
and reliable method for biotope mapping. Spatial continuity
of mapping was achieved by using GIS-modelled output of
key physical parameters. Relationships between these physically
defined polygons and benthic data from 49 grab samples were
used to define the biotopes and their boundaries. Ten subtidal
sedimentary biotopes were identified. A total of 478 invertebrate
taxa and 9 seaweeds were recorded in the survey.

Keywords: Lundy, biotope mapping, benthos, sediment, marine,
Bristol Channel, GIS.

INTRODUCTION

Biotopes are geographic units that contain broadly similar habitat characteristics and
biota. Boundaries between adjacent biotopes can be very clear (as in the case of zonation
of different fucoid seaweeds on a steep rocky shore) or very indistinct, as is commonly
the case in marine sedimentary habitats. There is an increasing demand for biotope
mapping from regulatory bodies who see it as a more practical tool for management
than relying on biological data not specifically related to habitat. For example, natural
fluctuations in recruitment success between years can affect the relative abundance of
species at a location. Seasonal variations in the biota at a location can also result in
different species being dominant in different seasons. These fluctuations in dominant
species can make it extremely difficult to assess whether changes are natural or affected
by human activities such as fishing or dredging. Biotope mapping can assist regulatory
bodies to assess whether there have been changes in the potential of the site to support
the biological community expected for a particular habitat type.

The aim of this study was to map subtidal sedimentary biotopes around Lundy based
on the established biotope classification as described by the Joint Nature Conservation
Committee (Connor et al., 2004). Due to the restricted budget, the challenge was to
produce a highly cost-effective method of sampling, sample processing and biotope
matching.
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Mapping of subtidal sedimentary biotopes is derived from analysis of the benthic biota
(species living in or on the sediment), requiring sampling of the benthos at selected sites
using grabs or corers, combined with information on habitat such as depth, sediment type
and water energy (wave and tidal action). Unfortunately the high cost of analysing benthic
samples means that relatively few samples can be processed, which means that the location
of boundaries between different biotopes is often uncertain. In recent years biotope mapping
using a combination of remotely sensed data (such as sidescan and high resolution
multibeam depth) and ground-truthing using grab samples has become relatively common
(e.g. Foster-Smith et al., 2004; Mackie et al., 2006; McGonigle et al., 2009; Shumchenia &
King, 2010). Combining the biological data from discrete points with physical data (either
modelled or acquired by remote sensing) has not proved an easy task and is made more
difficult when the desired end-point is a map showing biotopes that have previously been
described and agreed at a national level. We report here on a novel approach to bringing
biological and physical datasets together for subtidal biotope mapping that allows likely
boundaries between biotopes to be mapped more accurately and objectively.

The marine fauna of Lundy has previously been described mainly from intertidal and dive
surveys and the results have been summarised in a series of papers on various taxonomic
groups (e.g. Hiscock, 1975; George, 1975; Brown and Hunnam, 1977; Hayward, 1977,
King, 1977; Tyler, 1979; Atkinson and Schembri, 1981; Moore, 1981; Hiscock et al., 1984).
The full set of papers is available at Attp://www.lundy.org.uk/island/marinebiol. html. In
addition, there was a survey in July 1975, mainly on the east coast of Lundy, which included
sediment cores taken by divers (Hoare and Wilson, 1977).

METHODS

Primary Data Sources. Following a review of existing data in late August 2007, 52
sampling sites were identified and a field survey was undertaken during the period 31
August to 2 September 2007 from the survey vessel ‘Datchet’ operating from Bideford.

Guidance at sea was achieved using the vessel’s GPS system. Positioning of each grab
sample (landing on the seabed) was also taken using a Garmin 12XL GPS in stand-
alone mode giving a nominal accuracy of =5m. Positions were logged using the WGS84
and are available in both latitude and longitude or OSGB 1936 UTM projection
(converted using standard settings).

Single grab samples were taken at each of 52 sites (Figure 1) using a Mini Hamon grab
(0.04m?). Dips were repeated if necessary to try and collect a single representative
sample of the sediment. Sites were positioned to give a good geographical coverage in
relation to an initial assessment of the likely habitat distribution.

The Hamon grab was chosen to give the best chance of acquiring reasonable samples
of the coarse (gravel/cobble) substrata thought to be common around Lundy. In the
event, nine of the 52 sites could not be sampled for sediment (interpreted as sediment
absence), and three could not be sampled for biota. Epiflora and epifauna were obtained
at six of the sites that yielded no sediment.
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Figure 1: Sampling sites off Lundy, 2007. Seabed bathymety is shown (depth below
Chart Datum)

Field processing of sediment samples. In order to retain particle-size accuracy (for
gravel samples), but at the same time minimise the number of grab samples collected, a
methodology was adopted whereby the coarser sediment fractions of the total sample
collected were sieved for particle-size at sea, then examined for fauna. This required
careful control of sieve cleaning, to ensure that biota was not lost during the sieving for
particle-size. Each grab sample was examined and processed as follows:

* The full sample from the grab was emptied into a bin. A small (~250 ml) sample of
the sand and fine gravel fraction (rejecting material >10mm approximately) was
collected for laboratory particle-size analysis.

* The remaining sample was washed over a 4mm sieve into the receptor of a sieving
table. The latter drained to the deck via a 0.5mm sieve. Thus the sample was split into
two fractions (>4 mm, 4-0.5 mm) and the finer elements allowed to run to waste.
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* The drained wet-weight of the 4-0.5mm fraction was recorded using a spring balance.
This fraction was then examined for fauna.

* The >4 mm fraction was hand-sieved over a 0.5phi nest of sieves (-6 to -2phi, 90 to
4mm) and the weights retained on each recorded using a spring balance. These
sediments were then returned to a single container and examined for fauna.

Laboratory analysis of sediments. Particle-size analysis (PSA), organic carbon (of
sediments with >~5% mud) and photograph (gravel fraction, microscope images of
sand) information was generated. The PSA of the fine sediment sample collected
(<10mm) was analysed using standard laboratory methods. These data were combined
with the field-sieved >4mm data based on the 4-10mm overlap, a method approved by
The Centre for Environment, Fisheries and Aquaculture Science (CEFAS) for gravel
PSA.

Field processing of biological material. After obtaining the grab sample a decision on
how to process it was made, depending on the nature of the sediment. In most cases the
sediment was gently agitated with seawater from a hose whilst the sample was still in a
large plastic tray. The sediment was then transferred to the sieve table and the gentle
washing continued until all the sediment had been thoroughly but carefully washed.
During this process, just the seawater (and associated fauna) was carefully sieved over
a 0.5mm mesh. Material retained on the sieve was transferred to a labelled screw-top
container fixed, then preserved using 10% formalin, (buffered with borax to prevent
dissolution of shell material). This ‘first flush’ technique has proved highly successful in
previous surveys by Aquatonics Ltd as a method of obtaining small, delicate species in
very good condition. The remainder of the sample was then sieved more conventionally,
but using a relatively coarse mesh (1.8mm) to reduce the amount of material that had to
be examined in the laboratory. Any live specimens seen on the sieve were removed,
identified as far as possible and combined with the preserved material from the 0.5mm
mesh. This continued until no more specimens were found. A varying proportion
(5-100%, depending on volume and sediment type) of the >1.8mm fraction was then put
in a labelled lidded bucket and 10% buffered formalin was added. The purpose of adding
the sediment fraction was to check for any species that may be small (and therefore not
visible) but dense and therefore not present in the ‘first flush’. Later laboratory analysis
confirmed that very few specimens were in the sediment fraction.

For samples that were mainly cobbles and coarse gravel, the material from the grab
was placed onto the sieve table and hosed with water to remove surface-dwelling
species, as these are often smaller and more delicate. This material was collected on a
sieve with a mesh size of 0.5mm. This ‘first flush’ material was fixed and preserved in
10% buffered formalin in a labelled screw-top container. The remainder of the sample
was then sieved through a 1.8mm mesh. Any specimens that could be seen on the
1.8mm mesh screen were removed and added to the ‘first-flush’ material. Representative
pebbles and cobbles with attached macrofauna and species-rich stones were selected and
put into a labelled lidded bucket and 10% buffered formalin was added. If sand and
gravel was present a proportion (20-100%) was added to the lidded bucket.
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The biota present in each sample were identified as far as practicable by eye in the
field and this information was recorded on the survey log. Accurate counts were not
attempted for numerous species, as they could be counted later in the laboratory. Some
specimens that could be readily identified in the field were counted and returned alive,
but most required laboratory checking to get an accurate identification. Any specimens
returned alive were noted on the field log.

The field sampling techniques were suited to the main purpose of the survey, which
was to provide a biotope map of sedimentary habitats around Lundy. Although it is
likely to have recorded the majority of species present in a grab sample it will inevitably
have missed some.

Laboratory examination of biota. Formalin was removed by washing each sample on a
0.5mm sieve with tap water. The ‘first-flush’ and hand-picked material was examined first,
as this contained the majority of the specimens. With the exception of the largest cobbles,
which were examined in a white tray by eye for specimens, all other material was
examined under a binocular microscope, using magnifications of 7-45. Most specimens
were identified by Aquatonics Ltd, using a range of taxonomic keys. Specimens which
were difficult to identify in the short time available per sample were put aside and sent to
Dr Peter Garwood of Identichaet for identification. Dr Garwood also provided QA advice
for specimens for the voucher collection which has been produced for the Lundy study.

A modified version of the SACFOR scale was used to record the abundance of
seaweeds and colonial invertebrates in the samples. The relative abundance of each
taxon was assessed by eye, on a six point scale. Prior to exporting the spreadsheet to
Primer®, all the taxa that were recorded on the modified SACFOR scale were assigned
a score of 1 to 100, depending on their frequency in the sample.

S Superabundant 100

A  Abundant 50
C Common 20
F Frequent 10
O Occasional 5
R Rare 1

Data were entered onto the Aquatonics Ltd Microsoft Access® database. Taxonomic
nomenclature generally follows that in Howson and Picton (1997), but some taxa (e.g.
some species of the polychaete genus Sy/lis) have not been described in the taxonomic
literature and in these cases the most appropriate name has been used. Where available
the Marine Conservation Society (MCS) code is shown (Howson and Picton, 1997),
along with any common names. Data were exported to a Microsoft Excel® spreadsheet
for statistical analysis.

Secondary data. A range of sources of secondary data were used to identify habitat

conditions (e.g. bed sediments and tides), which included the following:

» Tides, sediments and biotopes in the outer Bristol Channel (Mackie et al., 2006).

» Diver and video observations of seabed type at the Lundy European Marine Site.
(Mercer et al., 2004)
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* Multibeam bathymetric survey of the Lundy Marine Protected Area in 2005 (data
provided by HydroSurveys).
* Admiralty chart tide data.
All data were entered into a MapInfo® GIS system. Grids were generated and analysed
using Vertical Mapper software running within MapInfo. The data were interpreted and
a map produced to (a) guide the field survey and (b) inform the final mapping process.

BIOLOGICAL DATA PROCESSING

Data manipulation. With such a large data set (49 sampled stations and almost 490
taxa) a statistical package was needed to determine the similarities between the fauna
assemblages recorded. The analytical package used was Primer®, the most commonly
used statistical package for assessing benthic data. The biological data were analysed
using two techniques, Cluster analysis and Multi-Dimensional Scaling (MDS), which
show how similar sites are to each other (Clarke, 1993).

In Primer® the data were transformed to reduce the importance of the species that were
numerous. The transformation chosen was logiy (N+1) where N is the number of
individuals in a particular taxon. A similarity matrix was calculated in Primer® using the
Bray-Curtis method. This similarity matrix was then used for Cluster Analysis and MDS.

Cluster analysis and MDS. Cluster analysis links sites that are most similar to each other in
a dendrogram. The dendrogram was examined to determine clusters that could be related
to JINCC biotopes. These clusters were plotted and were used as an aid in assigning biotopes.

MDS produces a two dimensional plot in which the sites most similar to each other
occur closest together. The MDS plot is generally easier to interpret than the
dendrogram from the cluster analysis, but there is still a subjective element in deciding
which sites should be considered as a coherent group.

BIOTOPE DEFINITION

Assessing similarities between the biota at the sample stations was achieved by first
examining the dendrogram to determine suitable clusters. These were then plotted onto
the MDS figure to determine if the two methods produced similar groupings. However,
cluster analysis and MDS do not give any additional weight to species that are important
for biotope matching. There also has to be a subjective final sorting of the station
groupings to take account of key characterising species and substratum type. All the sites
from a cluster were grouped together on the Excel spreadsheet. Species that were
characteristic of the cluster and other species that commonly occurred were listed.
With the habitat data derived from the primary and secondary data sources, a
Maplnfo GIS was created with eight layers of information (as polygons, described in
results section below). From these layers, a series of eight grid files were created using
Vertical Mapper (region to grid facility). The grid node spacing was 20m. With all grids
open in Vertical Mapper, two types of analysis were performed to generate biotopes.
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Step 1: The eight grids were interrogated and a dataset generated showing their
value for every 20m spaced node across the survey area. These data were explored
by sorting and generating subsets where different habitat conditions prevailed. The
largest of these subsets were plotted to enable an understanding of how benthic
conditions were varying within the study area. These were combined iteratively with
the output of the faunal clusters to try and define the major associations between
biotic assemblages and habitat type (see summary diagram in Appendix 1). This
information was used to match to existing Joint Nature Conservation Committee
(JNCC) biotopes where possible (Connor et al., 2004). In some cases there was no
good match, and the nearest JNCC biotope is shown. A few sites were not similar
to any others in the survey and showed no match with any JNCC biotope. These are
considered to be outliers that may require additional sampling before they can be
matched.

Step 2: Once proto-biotopes had been identified, the range of habitat conditions
found at each individual grab station were grouped and an envelope of conditions
defined. These data were fed into the GIS as Grid Queries to generate maps of zones
where the specified habitat conditions prevailed. The output of this exercise was a
series of point samples where the biotope faunal assemblage was identified, and an
associated polygon with comparable habitat conditions to those found at the point
samples, where similar biotope conditions would therefore be expected. At most
sites this process worked extremely well; at some sites the limiting conditions were
not specific enough and no biotope habitat zone could be practically generated. This
process was also only possible where several sites possessed the same cluster type;
single-station biotopes have no spatial extent data associated with them. Also, there
are zones in the survey area where sampling failed to provide information on bed
conditions, primarily due to the hard nature of the substratum, and definition of
biotope zones was not practical.

RESULTS

Flora and fauna. A total of 478 invertebrate taxa and 9 seaweed taxa were recorded
(summarised in Table 1). The records will be added to the Marine Recorder database
by Natural England. As expected, the greatest number of taxa was in the phylum
Annelida (mainly polychaete worms), followed by Crustacea and Mollusca. Further
taxa are likely to be present in the samples, especially amongst hydroids, encrusting
bryozoans, sponges and nudibranchs. The full list of taxa recorded is shown in
Appendix 2. The full data set of specimens found at each site is available from
Aquatonics Ltd.

Some taxa were relatively ubiquitous, for example Glycera lapidum occurred at
63% of sites. Taxa that occurred at 10 or more sites are listed in Table 2.

Results from the cluster analysis and Multi-dimensional Scaling statistical
analyses are shown in Figures 2 and 3 respectively.
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Table 1: Summary of taxa recorded in the 2007 survey around Lundy

NUMBER
PHYLUM OF TAXA
Annelids (polychaete and oligochaete worms) 195
Crustaceans (e.g. shrimps, crabs and barnacles) 128
Molluscs (bivalves, snails and sea slugs) 68
Bryozoans (sea mats) 28
Echinoderms (brittlestars, sea urchins and starfish) 16
Hydroids and anemones 16
Nemertea (ribbon worms) 6
Chordates (tunicates or sea squirts) 5
Sipunculids 5
Chelicerates (sea spiders) 4
Sponges 2
Chaetognaths (arrow worms) 2
Others (1 each of flatworm, phoronid & Branchiostoma) 3
Total faunal taxa 478
Algae (seaweeds) 9

Rare and scarce species. The criteria to identify Rare and Scarce benthic species have
been defined by Sanderson (1998):
 ‘Nationally Rare’ marine benthic species are those that occur in 8 or fewer of the 1546 10km

x 10km squares within the 3-mile territorial limit of Great Britain and the Isle of Man.
» ‘Nationally Scarce’ marine benthic species are those that occur in 9-55 of the 1546

10km x 10km squares.

Unfortunately many marine species are small and easily overlooked in surveys and
their true distribution is often only poorly known. The ‘Rare and Scarce’ concept is
mainly useful for the more easily identifiable or larger species. Although this survey
produced some unusual records, such as the capitellid polychaete Peresiella clymenoides,
many would not be considered Rare or Scarce due to unreliability of the underlying
marine datasets for small, difficult to identify species. For example Peresiella clymenoides
has only recently been recorded from Irish waters (Dinneen, 1982) and may have been
mis-identified in many surveys of UK benthos.

The Nationally Scarce ‘thumbnail’ crab Thia scutellata was recorded at Station 27 (Biotope
7A). This crab is a specialist burrower in loosely packed medium sands (Rees, 2001). It has
also been recorded in similar sediments nearby by Mackie et al. (2006), but was not included
in the list of decapods recorded around Lundy (Atkinson and Schembri, 1981).

The Nationally Scarce anemone Mesacmaea mitchellii was recorded at Station 19
(Biotope 5D), towards the northern end of the east coast sampling stations. It burrows
in sand or gravel and has been recorded from depths of 15-100 m at locations near
Plymouth, north Devon, south-west and mid Wales, the Isle of Man and West Ireland.
It has previously been recorded by divers from muddy gravel and sand off the southern
part of the east coast of Lundy (Hiscock, 1975).
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Table 2: Taxa recorded at 10 or more stations in the 2007 survey

MCS Code | Latin name Number of stations | % of stations

P 260 Glycera lapidum 31 63.3

P 579 Lumbrineris gracilis 29 59.2

ZB 212 Echinocyamus pusillus 27 55.1

G1 Nemertea indeterminate 26 53.1

P 50 Harmothoe spp. (juv.) 25 51.0

S 539 Gammaropsis cornuta 24 49.0

Q44 Anoplodactylus petiolatus 23 46.9

P 919 Mediomastus fragilis 22 44.9

S 440 Ampelisca tenuicornis 21 42.9

ZB 161 Amphipholis squamata 19 38.8

W 1702 Modiolus modiolus 19 38.8

P 699 Paradoneis lyra 19 38.8

S 248 Urothoe elegans 19 38.8

P 766 Prionospio banyulensis 18 36.7

W 2059 Abra alba 17 34.7

ZB 154 Amphiura filiformis 17 34.7

W 1805 Anomiidae (saddle oysters) 17 34.7

P 1026 Scalibregma celticum 17 34.7

P 712 Apistobranchus tullbergi 16 32.7

S 1197 Bodotria scorpioides 16 32.7

P 380 Eusyllis blomstrandi 16 32.7

P 421 Exogone hebes 16 32.7

P 846 Tharyx killariensis 16 32.7

R 41 Verruca stroemia 16 32.7

S 503 Cheirocratus spp. 15 30.6

P1117 Sabellaria spinulosa 15 30.6 SeVenty taxa were found
P 789 Spio decorata 15 30.6 :
W 2104 Timoclea ovata 15 30.6 at 1 0 Or more sites. For
Q15 Achelia echinata 14 28.6 each taxon the Marine
Q33 Callipallene brevirostris 14 28.6 . .
P 529 Calleriella alata iz 786 Conservation Society
Y 14 Crisia aculeata 14 28.6 :
P 804 Magelona alleni 14 28.6 COde (MCS) 1S ShOWn.
ZB 166 Ophiura spp.(juv.) 14 28.6

S 262 Parametaphoxus pectinatus 14 28.6

P94 Pholoe synophthalmica 14 28.6

P 718 Poecilochaetus serpens 14 28.6

S 138 Synchelidium maculatum 14 28.6

S 186 Cressa dubia 13 26.5

S 1208 Eudorella truncatula 13 26.5

P 1093 Galathowenia oculata 13 26.5

S 254 Harpinia antennaria 13 26.5

P 1098 Owenia fusiformis 13 26.5

‘W 2006 Phaxas pellucidus 13 26.5

P 971 Praxillela affinis 13 26.5

P 321 Syllidia armata 13 26.5

S 438 Ampelisca spinipes 12 24.5

S 159 Amphilochus neopolitanus 12 24.5

D 649 Epizoanthus couchii 12 24.5

P 494 Nephtys spp. (juv.) 12 24.5

P 921 Notomastus latericeus 12 245

S 1482 Pisidia longicornis 12 24.5

W 491 Polinices pulchellus 12 24.5

P 358 Syllis sp. E 12 24.5

S 498 Abludomelita obtusata 11 22.4

S 579 Aora gracilis 11 22.4

NONE Branchiostoma lanceolatum 11 224

P 502 Nephtys kersivalensis 11 22.4

L11 Sagitta spp. 11 22.4

P 430 Sphaerosyllis taylori 11 22.4

P 796 Spiophanes kroyeri 11 22.4

S 1142 Tanaopsis graciloides 11 22.4

S 423 Ampelisca spp. (juv.) 10 20.4

P 1139 Ampharete lindstroemi 10 20.4

Y 17 Crisia eburnea 10 20.4

P 422 Exogone naidina 10 20.4

S 651 Pariambus typicus 10 20.4

P 925 Peresiella clymenoides 10 20.4

P 762 Polydora socialis 10 20.4

P 794 Spiophanes bombyx 10 20.4
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Figure 2: Dendrogram from Primer cluster analysis of community similarity between
sample sites. The x axis shows the site number. The y-axis is the Bray Curtis
% similarity coefficient
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Figure 3: Multi-dimensional Scaling (MDS) plot. Polygons were drawn around sites

that were considered to be in the same biotope. Labels in boxes are the biotope
numbers used in Table 5
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B10-PHYSICAL PARAMETERS

Bed sediments. The particle-size and visual characteristics of the bed sediment provide:
1) A description of the physical substrata that the benthic fauna inhabit.
2) A guide to the sedimentary conditions (water column energy, sediment sources and
transport, carbon input and accumulation), key factors controlling the type of fauna
found. These data also provide information on the connectivity in time and space between
sampled sites, linking zones where processes have created similar deposit characteristics.
The organic carbon of the mud fraction of the sediments was very constant (1.35 to
1.68%, eight analyses conducted), so mud content can be used as a good indicator of
carbon content.
A series of indices were derived that would reflect key characteristics of the sediment
in determining the faunal assemblages. These are listed in Figure 4 and Table 3, and
explained here.

AL -

gravel type gravel active? bedload sand

Aac

fallout sand mud beachface tide

Figure 4: Habitat grids used for biotope definition. See Table 4 for colour codes

GRAVEL and COBBLES

1. The % content of material >2 mm, categories grouped as zero, 1-10%, 10-20% and
then local higher ranges (e.g. 50-90%). At about 35% gravel, all finer sediment is
essentially matrix material.

2. Whether the gravel was shell or of lithologic origin. Three categories were defined, all
shell, shell with traces of stone, or mixed stone and shell. These distinctions have
important implications for the stability of the sediments.

3. Whether the gravel was bright or dull - that is it had been exposed at the sediment water
interface or buried within the sediment (see Plate 1). Three indices were measured, bright,
dull or an indeterminate mix, for purposes of the biotope map. The information
indicates whether the benthic interface was gravel or not.
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Plate 1: Photographs of buried gravel (dull, left) and active gravel (bright, right)

Table 3: Categories of physical habitat parameters used in the GIS analysis. A GIS layer was
created for each of the seven ‘variables’ listed in the table. The range of values assignable to
each variable is shown, together with the GIS search instruction that could be applied to that
layer during grid analyses (e.g. equal to, less than). This Table is a key for Figure 6

DEPTH

GRAVEL TYPE

GRAVEL ACTIVE?

BEDLOAD SAND

FINE FALLOUT SAND

MUD

BEACHFACE

TIDE

<>

and/or
and/or
andfor
and/or
andfor
and/or
andfor
and/or
and/or
and/or

=<5

=<

=<

=<>

Null or Any Yalug

=<>

Any value (m)

1-10% all shell

1-10%, shell with traces of lthogenoc material

1-10%, mixed shell and lithogenic material

10-20% all shell

10-20% shell with traces of lthogenic material

10-20% mixed shell and lthogenic meterial

30-40% shell in sandy gravels amongst rock on¥ and S coast

20-30% mixed shell and Ithogenic metetial, north of Lundy

30-70% mixed shell and lthogenic gravel, scour Zone patchy deposits
50-80% principally lthogenic material, scour zone south & wwest of Lundy

No gravel present

Dull (buried) gravel
Intermediete/indeterminate
Bright (active) gravel

East coast, principally lithogenic, mode 2.0 phi, moderately to well sorted
East coast, sand zone below beach foot, principally ithogenic, mode 0.2 - 1.5 phi moderately sorted
Wes*t and South coasts, coarse shel sands withindordering rock platforms

Fineivery fine sand population absent
Finetvery fine sand population forms minor component of sand fraction
Fineivery fine sand population dominates sand fraction

0-5% sitclay
5-10% sittclay
10 10-15% sittclay
15 15-20% sittclay
20 =20% sittclay

0
1
2
3
0 No or little sand
1 West Coast, principally [thogenic mode 2.0-1.9 phi, well sorted
2 Ridges to the north east of Lundy, principally lthogenic mode 1.5phi, very well sorted
3
4
5
0
1
L2
0
5

.F‘nlygon of extents of subtidal heachface
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SAND

With the high tidal energy levels at Lundy, the sediments generally contained well
defined lognormal sand grain populations. Examples are shown in Figure 5.
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Figure 5: Examples of sand particle-size populations. For sample sites see Figure 1

4. Bedload sand population (sand mode in the range 200 to 2000um). The presence of
this population shows the occurrence of periods of bedload sand transport under tide or
wave action. In general the frequency of occurrence of these episodes is indicated by the
level of sorting, and the energy of the water movement by the modal size (coarser equals
higher velocity). Five zones of consistent bedload type were identified for biotope
mapping, with modes mostly in the range 1.5 to 2.0phi (355 to 250um). In zones 1-4 the
sands were of consistent nature, predominantly of lithogenic origin. In zone five the
sands were composed of shell and bryozoan debris.
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5.Suspended sand population (sand mode in the range 63 to 200um). A particle
population with a mode at 3phi (125um) was ubiquitous through much of the survey
area. The presence of this population shows a fallout of fine sand from suspension.
Seven levels of the relative contribution of this population to the sand fraction at each
station were identified, from absent through to very dominant. This fine sand is being
generated within the Lundy surf zone, from where it escapes to accumulate in deeper
quieter waters, carried by the residual currents mostly to the east, much accumulating
in the lee of Lundy (Figure 6). An index was prepared from this data (suspended sand
population absent, subsidiary or dominant) for use in the habitat mapping.

RS

%

s
&

Figure 6: Fine/very fine sand accumulation around Lundy (blue is low level, red is
high level, pink is rock outcrop). From GIS contouring of point sample data
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SILTCLAY

6. Mud is only present in a restricted zone in the lee (east inshore) side of Lundy, where
it can reach ~28% of the sediment. Five mud-content zones were created, defined by the
minimum siltclay (material <63 um) content in the zone.

Water parameters, bathymetry and tide. Salinity and temperature were taken to be
uniform across the survey area. Bathymetric data were available from the 2005
Hydrosurveys work. Depths are plotted in Figures 1 and 4. When mapping zones of bed
sediment conditions as regions and grids in the GIS, information plotted from earlier
surveys was used as a guide, together with (in the zone immediately east of Lundy), a
map of bed backscatter values (see data sources). The high-resolution (Im bin)
multibeam bathymetric data was used to plot the distribution of rock (based on
recognition of strata). It was also possible to plot the extent of the subtidal beachface
along the eastern shore of Lundy from this data, as the extensive coarse
(boulder/cobble/gravel) beach has a distinct break of slope at its foot. Smaller beachface
deposits elsewhere were ‘guesstimated’ from OS map data.

Peak tidal current values were derived from the BIOMORA4 study, originally predicted
from a modelling study of the whole Bristol Channel. The isolines in this source of
information stopped several kilometres short of the Lundy coast, but based on tide race
information (Chart) an approximate map showing the peak depth-averaged flow velocities
has been generated (Figure 4). Peak depth-averaged velocities range from 40-150 cm s

BIOTOPES RECORDED

The biotope map for grab sampling sites from the 2007 survey is shown in Figure 7 and
the characteristics of each biotope are summarised in Table 4.

In the following biotope descriptions characterising taxa are listed in descending
numerical combined counts for all sites in the biotope (or for colonial species the
equivalent numerical value 1=Rare, 5=Occasional, 10=Frequent, 20=Common,
50=Abundant, 100=Superabundant). Where there is a tie in numerical value they are
then listed alphabetically. More complete listings are provided in Appendix 2.

The JNCC biotope names used are shorthand versions of the full biotope name and
start with the substratum type, which is either IR (for infralittoral rock) or SS (for
subtidal sediments)

Biotope 1: Tide-swept mixed substrata. Stations 50 and 51. Cobbles and boulders in
photic zone, east coast of Lundy.

Close match with JNCC biotope IR. MIR.KR.LhypTX Laminaria hyperborea on tide-
swept, infralittoral mixed substrata. However, as there are a large number of JNCC
biotopes that include Laminaria hyperborea it is possible that surveys by divers may record
a slightly different biotope. 34-41 taxa recorded, total of 52 taxa at two stations.

Characterising taxa - algae: Laminaria hyperborea, Membranipora membranacea, Phycodrys
rubens, Membranoptera alata. Also recorded: Palmaria palmata, Cryptopleura ramosa,
Rhodymenia pseudopalmata and Lomentaria articulata.
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Characterising taxa - invertebrates: Helcion pellucidum, Odontosyllis ctenostoma, Jassa
falcata, Eusyllis blomstrandi, Crisia eburnea, Obelia geniculata, Aora gracilis, Electra pilosa,
Dexamine spinosa, Pseudoprotella phasma, Apherusa bispinosa, Ischyrocerus anguipes?,
Autolytus spp., Phtisica marina, Caprella acanthifera, Oriopsis armandi, Modiolus modiolus,
Ophiothrix fragilis and Alcyonidium gelatinosum.

Biotope 2 complex: Cobbles and pebbles. Similar to SS.SCS.CCS.PomB Pomatoceros

triqueter with barnacles and bryozoan crusts on unstable circalittoral cobbles and pebbles.
Biotope 2A. Stations 31 & 41. Cobbles. Scoured cobble pavements at St 31; stable

cobbles with some gravel/sand matrix at St 41.

Similar to SS.SCS.CCS.PomB Pomatoceros triqueter with barnacles and bryozoan crusts

on unstable circalittoral cobbles and pebbles. This is a species-rich variation, suggesting

that the cobbles are not regularly disturbed.

60-100 taxa per grab, total of 126 taxa recorded in three sites.

Similar to Assemblage V of Mackie et al. (2006), which they did not assign to a JNCC
biotope and considered to be a biotope complex. However, they also stated that the
presence of Pomatoceros spp., barnacles and bryozoans could be viewed as indicative of
SS.SCS.CCS.PomB. Their nearest station in this Assemblage was OBC 28. This was
their second closest station to Lundy, approximately due north.

Characterising taxa: Barnacles (mainly Verruca stroemia, also B. crenatus at Station 31),
Anomiidae (saddle oysters), Pisidia longicornis, Harmothoe spp., Amphipholis squamata,
Eusyllis blomstrandi, Epizoanthus couchii, Pomatoceros triqueter, P. lamarckii, Pseudoprotella
phasma, Modiolus modiolus, Amphilochus manudens, Cressa dubia, Nudibranchia
indeterminate, Balanus crenatus, Ceradocus semiserratus, Janira maculosa, Cheirocratus spp.,
Stenothoe marina, Glycera lapidum, Callipallene brevirostris, Hinia incrassata, Pholoe
synophthalmica, Sphaerosyllis bulbosa, Lepidonotus squamatus and Munna minuta.

Biotope 2B. Station 48. Scoured cobble pavement.

Some similarities with SS.SCS.CCS.PomB Pomatoceros triqueter with barnacles and
bryozoan crusts on unstable circalittoral cobbles and pebbles; however at Station 48 no
barnacles were recorded.

23 taxa per grab.

Similar to Assemblage V of Mackie et al. (2006), which they did not assign to a JNCC
biotope and considered to be a biotope complex (see above). Their nearest station in this
Assemblage was OBC 28. This was their second closest station to Lundy, approximately
due north of the island and close to Station 48.

The commonest (or, in the case of colonial bryozoans, the most widespread) taxa were
Anomiidae, Puellina venusta, Eusyllis blomstrandi, Abietinaria abietina, Electra pilosa, Escharella
variolosa, Sertularia cupressina, Sertularia spp. Tridentata distans and Pomatoceros lamarckii.

Biotope 3 complex: Mobile medium sand. SS.SSA.IFiSa.IMoSa

Biotope 3A. Stations 35, 36, 42 & 43. Well sorted medium sands with active bed
transport. SS.SSA.IFiSa.IMoSa Infralittoral mobile clean sand with sparse fauna.

2-12 taxa per grab. Total of 18 taxa recorded at the four stations.

Characterising taxa: Nephtys cirrosa.
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Other taxa recorded at 50% of stations: Glycera oxycephala, Magelona johnstoni and
Scolelepis bonnieri.

Biotope 3B. Station 37. Well sorted medium sands with active bed transport.
SS.SSA.IFiSa.IMoSa Infralittoral mobile clean sand with sparse fauna.

3 taxa per grab (Magelona alleni, Magelona sp. and Echinocyamus pusillus).

Due to the very sparse invertebrate fauna in this biotope it is possible that Station 37
was very similar to those in Biotope 3A, and that further grab samples at this location
would have included specimens of, for example, Nephtys cirrosa.

Biotope 3C. Station 34. Well sorted medium sands with active bed transport.

SS.