Science Series
Technical Report no.139

88\ British
B55) Geological Survey

NATURAL ENVIRONMENT RESEARCH COUNCIL

The Eastern English
Channel Marine Habitat Map

J.W.C. James, R.A. Coggan, V.J. Blyth-Skyrme,
A. Morando, S.N.R. Birchenough, E. Bee,

D.S. Limpenny, E. Verling, K. Vanstaen,

B. Pearce, C.M. Johnston, K.F. Rocks,

S.L. Philpott, and H.L. Rees






Science Series
Technical Report no.139

The Eastern English
Channel Marine Habitat Map

J.W.C. James', R.A. Coggan?, V.J. Blyth-Skyrme3, A. Morando',
S.N.R. Birchenough?, E. Bee', D.S. Limpenny?, E. Verling?, K. Vanstaen?,
B. Pearce®, C.M. Johnston?, K.F. Rocks’, S.L. Philpott! and H.L. Rees?

July 2007

Funded by
The Marine Environment Protection Fund

1 British Geological Survey, Kingsley Dunham Centre, Nicker Hill, Keyworth, Nottingham NG12 5GG

2 Cefas, Burnham Laboratory, Remembrance Ave, Burnham-on- Crouch, Essex, CM0 8HA

3 Joint Nature Conservation Committee (JNCC), Monkstone House, City Road, Peterborough, PE1 1JY
4 Cefas, Lowestoft Laboratory, Pakefield Road, Lowestoft, Suffolk, NR33 OHT

5 Marine Ecological Surveys Ltd (MES), 24a Monmouth Place, Bath, BA1 2AY



This report should be cited as: James, JW.C., Coggan, R.A., Blyth-
Skyrme, V.J., Morando, A., Birchenough, S.N.R., Bee, E., Limpenny,
D.S., Verling, E., Vanstaen, K., Pearce, B., Johnston, C.M., Rocks, K.F.,
Philpott, S.L. and Rees, H.L. 2007. Eastern English Channel Marine
Habitat Map. Sci. Ser. Tech Rep., Cefas Lowestoft, 139: 191pp.

This report represents the views and findings of the authors and not
necessarily those of the funders.

© Crown copyright and NERC, 2007

This publication (excluding the logos) may be re-used free of
charge in any format or medium for research for non-commercial
purposes, private study or for internal circulation within an
organisation. This is subject to it being re-used accurately and not
used in a misleading context. The material must be acknowledged
as Crown and NERC copyright and the title of the publication
specified.

This publication and information on the study is also available on
the EECMHM website at www.bgs.ac.uk/eecmhm

For any other use of this material please apply for a Click-Use
Licence for core material at www.hmso.gov.uk/copyright/licences/
core/core_licence.htm, or by writing to:

HMSO's Licensing Division

St Clements House

2-16 Colegate

Norwich

NR3 1BQ

Fax: 01603 723000

E-mail: licensing@cabinet-office.x.gsi.gov.uk


www.bgs.ac.uk/eecmhm

Contents

1. Executive Summary 5
2, Introduction 8
2.1 Objectives 10
2.2 Outputs 10
3. Regional perspective 12
3.1 Physical setting 12
3.2 Geology 13
3.3 Hydrodynamics 16
34 Sedimentation processes 18
3.5 Benthic biology 20
3.6 Sea bed areas of conservation interest 23
4, Survey methods, GIS and database 26
4.1 Geology and geophysics 26
411 Rationale 26
4.1.2 Equipment, processing and interpretation 27
4.2 Sea bed sampling 31
421 Rationale 31
4.2.2  Mulitvariate analysis 33
4.2.3  Collection of grab samples 37
4.2.4  Laboratory analysis of infaunal samples 38
4.2.5  Particle size analysis (PCA) of sediment
samples 38
4.2.6  Data analysis 39
4.2.7  Epibenthic trawls 40
4.2.8  Sea bed imaging by video and photography 41
4.2.9 4 m beam trawl and scallop dredge surveys 46
4.3 EECMHM Geographical Information System
(GIS) and database 47
4.3.1 Contents of EECMHM DVD-ROM 47
432 Using the EECMHM GIS 48

5. Interpretation 53
5.1 Physical regions 53
5.2 Geology 57
5.2.1 Solid geology — bedrock 62
5.2.2  Quarternary sediments 76
5.2.3  Sea bed character and bedforms (SBCB) 79
5.2.4  Sea bed sediments 86
5.3 Biology 98
5.3.1 Analysis of benthic infauna from Hamon grab

samples 98
5.3.2  Analysis of benthic epifauna from 2-metre

beam trawl samples 108
5.3.3  Analysis of benthic epifauna using video

and still imagery 121
5.3.4  Areas of conservation interest within the

EECMHM study area 137
6. Integrated assessment of habitats

and biotopes 140
6.1 Infaunal biotopes — interpretation

and mapping 140
6.2 Epifaunal biotopes - interpretation of video,

stills and trawl analyses 142
6.3 Biotope summaries 147
6.4 Physical regions — integrated summaries 178
7. Conclusions and recommendations 184
8. References 187
9. Acknowledgements 190
Map 1 Sea bed character and bedforms *

Appendix on DVD-ROM

EECMHM study data and GIS
EECMHM report and map in pdf format

* Map and DVD content available online at
www.bgs.ac.uk/eecmmhm


www.bgs.ac.uk/eecmhm




1. Executive summary

Background

The aim of the Eastern English Channel Marine Habitat Map
(EECMHM) study is to produce integrated regional habitat
maps. The principal driver is the planned exploitation of
substantial marine aggregate resources in this area and
the need to place these resources in a wider spatial
context to inform management decisions relating to
sustainable use and conservation. The EECMHM study
provides this context through regional scale geological
and biological interpretations and will contribute to the
effective stewardship of the marine environment by
providing a broader understanding of how the potential
resource areas relate to the wider regional ecology and
physical processes. The study covers an extensive sea bed
area of approximately 5090 km? between Selsey Bill and
Dungeness, out to the UK/France median line, centred on
ten current aggregate licence application areas.

Survey strategy

The survey strategy adopted for the study reflected the
requirement to cover a large area within budget, provide
information on the regional distribution of dominant habitat
types and on the presence or absence of ‘rocky reef’
habitat listed under Annex 1 of the EU Habitats Directive.
The surveys were based on a ‘corridor grid’ design to
maximise spatial coverage, with the corridors covered by
geophysical survey followed by a campaign of directed
ground-truth sampling. Thirty eight corridors up to 120 km
long, ~600 m wide and spaced between 2 and 16 km apart
were completed for geophysical data using multibeam,
sidescan sonar and sub-bottom profiling. Approximately
6000 line km of geophysical data were collected.

Subsequent ground-truth surveys used a suite of
complementary techniques targeting a proportion of the
grid nodes and specific sea bed features interpreted from
the geophysical surveys. Sampling effort was weighted
~60% towards grabs (0.1m? Hamon grab) as these
provide quantitative data on both the sea bed substrate
and their infaunal communities. The remaining effort
was split between 2-metre beam trawls and drop-down
camera techniques (video and stills), providing semi
quantitative data on epifauna and substrate-type. A total
of 225 grab, 73 beam trawl and 65 video stations were
collected. No replicate samples were taken. Some data
from aggregate company surveys were included in the
interpretation.

Geological interpretation

Characteristic or common physical and geological features
enabled five Physical Regions to be distinguished in the
study area, namely:

e Region 1 - Northern Palagovalley and Margin (1260 km?)
Region 2 - North-East Platform and Margin (350 km?)
Region 3 - Western Axial Platform (1050 km?)

Region 4 - Central Axial Platform (1640 km?)

Region b5 - Greater Bassurelle Sands (790 km?2)

A series of palaeochannels cut into bedrock during the
Quaternary period (last 2 Million years) lie beneath Region
4 and 5. The Quaternary deposits over the palaesochannel
systems in Region 4 generally constitute the resource
material for marine aggregate. All bar one of the aggregate
licence application areas fall within Region 4.

Although bedrock of solid geology underlies the whole
EECMHM study area, it is only where it is exposed or
covered by thin sediment that rock will influence sea bed
habitat. Elsewhere thicker Quaternary and mobile sediment
provides the sea bed surface for habitat.

In terms of sea bed character around 43% of the study
area is covered by rock and thin sediment (<1.5 m thick),
27% by coarse sediment and 30% by sandy sediment.
Rock and thin sediment extends over much of the two
northern Regions (1 and 2), and is particularly extensive in
the south-west in Region 3. Coarse sediment dominates
Region 4 in the central south of the study area with
sandy sediment increasing in significance to the east and
encompassing all of Region 5 in the south-east. The areas
of current aggregate licence applications are concentrated
in Region 4. Both the areas of coarse sediment and much
of rock and thin sediment are particularly scarce in sandy
bedforms. Sand waves are most common in the north and
east of Region 5, where there is an extensive sand wave
field. Sand streaks, patches, sand ribbons and megaripple
trains are more common in the two northern regions.

Grab sample analysis showed Region 1, 2 and 5 are
dominated by sandy sediment, especially gravelly sand.
Region 1 and 2 include some areas of sandy gravel but
this is most extensive in Region 4 and extends westward
into Region 3, which also has an extensive area of muddy
sandy gravel at its core. Video footage showed Region
3 is also characterised by a cobble-rich sediment veneer
on Tertiary and Chalk rock outcrop, the underlying rock
providing the source for a significant proportion of the sea
bed gravel, particularly the cobbles and boulders.



From west to east across the three southern regions
(3, 4 and 5) there is a grain size trend of increasing sand
content and decreasing gravel content. The west to east
sediment fining trend can be related to a number of factors
including: -

e The extensive area of immobile rock and coarse

sediment with cobbles in the west in Region 3.

e Predominantly gravelly Quaternary sediment infilling the

channel systems which underlie the central Region 4.
e The winnowing and transport of finer sediment from

these coarse substrates towards the north and east.

In Region 5, seismic records provide evidence of long
term eastward sand transport with the deposition of a
thin transgressive sand sheet immediately beneath the
sea bed. This provides an important context in which to
view the potential remobilisation of similar fine sediment
resulting from proposed aggregate extraction, feeding into
a natural process of transport and deposition.

Biological interpretation

Data from grabs, trawls and camera techniques were
treated separately, using a suite of multivariate analyses,
including clustering techniques, to determine groups of
samples that could reasonably be interpreted to represent
broadscale biotope classes. A suite of environmental
variables were analysed to determine which combination
of variables best matched the observed patterns in the
faunal communities. The physical and biological descriptors
of the biotopes were subsequently matched against The
Marine Habitat Classification for Britain and Ireland v 04.05
(Connor et al., 2004).

Cluster analysis for grab samples showed 28 infaunal
groups. Selection criteria were applied to exclude those
groups that were poorly represented, leaving a total of
nine Infaunal Biotopes (IB). One of these, IB4 was sub-
divided into 4a and 4b, to reflect the greater abundance of
the bivalve Glycymeris in the latter. Most groups showed
some spatial relationship; only IB6 occurred at spatially
isolated stations.

Analysis for beam trawl samples identified 14 epifaunal
groups, nine of which showed a spatial relationship giving
some insight into the distribution of regional epifaunal
biotopes. This was complemented by a consolidated
interpretation of the video and stills analyses that grouped
the observed stations into seven broad biotope classes.
The concurring evidence from beam trawl and video/still
photo analyses enabled the identification of 11 ‘Epifaunal
Biotope Complexes’ (EBC).

Integrated assessment and map production

An integrated assessment of the geological and biological
interpretations generated thematic regional scale habitat
maps of the distribution of Infaunal Biotopes and Epifaunal
Biotope Complexes. While the extent of each of the
mapped polygons reflects a spatial association of sampling
stations assigned to the same biotope group, the precise
placement of borders between polygons relied heavily on
geological mapping, particularly of the sea bed sediments
and sea bed character. In some cases the placement
of boundaries was speculative due to the relatively low
density of sampling stations and evidence of sea bed
heterogeneity or extensive transition zones between some
sea bed types.

The principal characteristics of the morphology, geology,
sediments, biology, habitats and biotopes of the study area
have been integrated within the physical region framework
produced for the study area and are outlined in a summary
table for each of the five Physical Regions. Few of the
mapped biotopes were exclusive to any one region; a
notable exception being those associated with the cobble
substrates in Region 3. The biotopes often straddled
borders between Physical Regions and this was more
marked for the Epifaunal Biotope Complexes as epifauna
tend to show lower fidelity and exclusivity to particular
substrate types than infauna.

A number of anthropogenic features and impacts on the
sea bed were evident in some areas including a variety of
wrecks and fishing gear trawl marks

Principal Conclusions

e large scale geological processes and features are
evident across the study area and influence the nature
of the sea bed and the distribution of sediment and
biotopes.

e The physical nature of the sea bed appears to be one
of the most important factors in controlling the form,
diversity and frequency of taxa particularly sediment
grain size and sea bed substrate type with distinctions
between areas of sand, and gravel/cobble dominance,
the latter having a more diverse biotope.

e Difficulties were experienced in assigning biotopes
to the infaunal and epifaunal assemblages identified
by this study using The Marine Habitat Classification
for Britain and Ireland v 04.05 (Connor et al., 2004).
Matches could be made at the rudimentary levels of
the classification hierarchy, which deals mostly with the
physical characteristics of the habitats, but were more



equivocal at higher levels of the classification dealing
with faunal assemblages, indicating a need to further
develop these higher levels with respect to ‘offshore’
biotopes.

No extensive areas of potential Annex 1 ‘rocky reef’
habitat were noted. However, the western tip of the
Bassurelle Bank extends into the south east corner of
the study area and may have some characteristics of the
Annex 1 habitat “Sandbanks which are slightly covered
by sea water all the time”.

The multidisciplinary approach of marrying geophysical
and physical techniques and interpretations is
recommended for future marine habitat mapping
studies.
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2. Introduction
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The eastern English Channel (Figure 2.1) is an area which
has a long standing marine aggregate industry. The areas
of traditional licensed extraction have been concentrated
to the east and west of the Isle of Wight, and east of
Selsey Bill (Figure 2.2). Marine aggregates are a significant
source of supply for the construction industry in south-
east England. In recent years the aggregate industry have
been prospecting for new resources further offshore
and in deeper water in the eastern English Channel.
Six aggregate companies have made ten independent
licence applications (Figure 2.2) to extract aggregate from
this deeper offshore area which they have called the
‘East Channel Region’ (ECR). Each application has been
accompanied by a comprehensive assessment of the
environmental resources that might potentially be affected,
as well as proposals for mitigation and monitoring. Some
of these applications have been successful and licences

to dredge aggregate have been granted whilst others are
awaiting a decision (March 2007).

The necessity for an overview of the potential impacts
of the entire proposal for the East Channel Region (ECR),
which covers an area of 1132 km?, was recognised at an
early stage by the six aggregate companies. To deliver this,
the companies cooperated under the banner of the ‘East
Channel Association’ to compile additional information
as a Regional Environment Assessment (REA) (Posford
Haskoning, 2003) and in particular to evaluate potential
‘in-combination’ and ‘cumulative’ effects of the proposal on
regional resources in the ECR. Further regional monitoring
and management is continuing (EMU & MarineSpace,
2006). However, both the REA and subsequent monitoring
data primarily relate to the ECR area within and adjacent
to the licence applications and do not address the wider
surrounding area in detail.
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The area of aggregate resource needs to be assessed
within the broader context of the region and the Eastern
English Channel Marine Habitat Map (EECMHM) study,
which covers over 5000 km?2, aims to supply regional
scale geological and biological data and interpretations to
provide this context, and aid the requirement to manage
the development of this resource and minimise potential
impacts.

The need for effective stewardship of the marine
environment through a policy of integrated management,
balancing the requirements for development with nature
conservation and legislation, has been widely recognised
(OSPAR, Annex V; Safeguarding our Seas; EU Habitats
Directive (Natura 2000); Marine Bill). Their implementation
requires a significant knowledge of the nature of the sea
bed. However, there is very little detailed information on the
nature and distribution of sea bed habitats and associated
biological resources of conservation significance in UK
marine waters.

Technologies and methodologies have been developed
and utilised for producing marine habitat and biotope maps.
These maps have proved to be valuable tools in marine
management in Canada, the USA and elsewhere. (Pickrill
and Todd 2003; Kostylev et al., 2001; Valentine et al., 2005).
The maps are based on an inter-disciplinary approach, which

integrates geological, geophysical and biological data and
interpretations as well as other physical and oceanographic
parameters. An inter-disciplinary approach is becoming
more widely adopted in the UK and recent examples include
marine habitat studies in the Outer Bristol Channel in an area
of potential marine aggregate resource (Mackie et al., 2006),
and in assessing the role of sea bed mapping techniques
in environmental monitoring and management (Boyd et al.,
2006). A European perspective on the mapping of marine
habitats is provided by MESH (Mapping European Sea bed
Habitats) (www.searchmesh.net) which is an Interreg Il B
(North West Europe) funded project whose aims include
developing and producing protocols, best practice guides
and methodologies for marine habitat mapping. Some of
the methods and work undertaken for the Eastern English
Channel Marine Habitat Map has fed into MESH.

This inter-disciplinary approach as been fundamental
to the methods adopted for the Eastern English Channel
Marine Habitat Study, which has been jointly led by the
British Geological Survey and Cefas, with the Joint Nature
Conservation Committee (JNCC) and Marine Ecological
Surveys Ltd as partners in the study. Funding for the study
has been provided by the Marine Environment Protection
Fund (MEPF) a marine component of the Aggregate Levy
Sustainability Fund (ALSF)



2.1 Objectives

In planning the objectives and surveys for the study our
knowledge of the sea bed geology in the eastern English
Channel was based on regional surveys by BGS (Hamblin
et al., 1992). The study area is significant for an extensive
system of sediment infilled palaesochannels incised into
bedrock. The aggregate licence application areas are
concentrated in an area where the sea bed is underlain
by these palaesochannels. Outside these palaesochannels
bedrock may be exposed at the sea bed or covered by a
thin lag gravel and to the east there is also an extensive
sand wave field.

The study area includes a range of rock types which
may be exposed at the sea bed in various localities. These
exhibit important differences in terms of their physical
properties. There is a therefore the potential for significant
variability in sea bed geology both in terms of bedrock
character and sea bed sediments. This geological variability
is also likely to be significant for habitat and biotope
characterisation.

The relationship between the bedrock types and the
sediments which overlie them and their influence on
biotopes and habitats is poorly understood. The relationship
between habitats on sediment filled palaeochannels and
elsewhere in the area also needs to be addressed. An
important objective is to understand whether variability in
the underlying geology influences the overlying sea bed
habitats or are other physical and biological criteria and
processes of equal or greater significance

By examining the relationships between the benthic
biology and geology, we aim to be able to better understand
the significance of any likely impacts arising from dredging
operations in the ECR. In addition, because we are looking
at the relationships between the underlying geology
and the sediment and rock exposed at the sea bed and
the associated epi- and in-fauna communities, it should
improve our understanding of the significance of potential
regional impacts of dredging.

The implementation of the EU Habitats Directive in UK
offshore waters is lead by Defra with advice from the Joint
Nature Conservation Committee (JNCC). Work by JNCC
so far has used sea bed sediment maps produced by the
British Geological Survey (BGS), combined with available
biological and habitat information from a number of sources,
to locate areas in UK offshore waters which may potentially
fit the definition of Annex | habitats for reef and for shallow
sandbanks. One of these is a large area of ‘gravel’ to the
south and east of the Isle of Wight, which extends into the
ECR. Some of this area may consist of fine gravels, but

it may also contain significant areas of bedrock and large
boulders and cobbles. Fine gravels do not fit within the
Habitats Directive definition of ‘reef’, but bedrock, boulders
and cobbles do. However, existing geological and biological
information for the eastern English Channel area is not
of sufficient resolution to be able to distinguish areas of
boulders and cobbles from areas of finer gravels.

An objective therefore is to produce physical and
biological data, which will distinguish rock, boulder/cobble
and gravel habitats. In particular, through a photographic and
video survey element which will provide valuable biological
information on the epifaunal communities present on ‘reef’
habitats, which may be of conservation importance, and
not resolvable by other means of sampling such as grabs
or trawling.

To meet these objectives over the whole study area
required the planning and conduct of new surveys using
modern high-resolution geophysical systems, including
multi-beam, digital sidescan and sub-bottom profiling.
These were conducted along a widely spaced grid of
survey corridors. Following an initial interpretation of the
geophysical records ground truth sampling stations were
located at various localities within the geophysical corridors
to confirm or characterise the initial interpretation. Ground
truth sampling was based principally on Hamon Grabs,
2 m beam trawls, sea bed video and still photography. A
number of 4 m beam trawl and scallop dredge stations
were also included.

The geophysical and biological data collected during
the new surveys using modern digital techniques is a
significant improvement on current data held in national
datasets and make an important contribution to improving
and enhancing our knowledge base.

The study includes data and information provided by
the East Channel Association and this has added value to
the data generated and gathered by the study and allowed
sampling density to be improved outside the ECR without
compromising the overall density of coverage.

2.2 Outputs

The results, interpretations and conclusions of the study
are published within this report including copious figures,
tables and illustrations to portray the wealth and diversity
of the data collected and its interpretation. A sea bed
character and bedforms map of the study area at 1:125,000
scale, including cartoons of associated parameters such
as biotopes and sea bed sediments at a smaller scale, is
included with the report. Also included with the report is a
DVD-ROM which holds the primary survey data collected



by the study and their analysed or interpreted results.

An ArcMap GIS and associated database has also
been created to include the study's survey data and
interpretations. This is available in Arc Explorer software for
free viewing on the DVD-ROM. Some aspects and results
of the study are also available on the BGS website at www.
bgs.ac.uk/eecmhm.
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3. Regional perspective

3.1 Physical setting

The English Channel is a relatively shallow shelf sea lying
between England and France. From its entrance in the west
between Land’s End and the north coast of Brittany where
it is ~160 km wide, it progressively narrows eastward to
only 35 km at the Dover Strait. The eastern half of the
English Channel extends from a north-south line between
the Isle of White and Cherbourg east to the Dover Strait, a
distance of about 200 km and it is mainly this eastern half
which is included in this regional perspective (Figure 3.1).
The sea bed morphology of the eastern English Channel
has a principal regional ambient element which is a very low
angled marine planation surface (Curry, 1989; Stride, 1990).
It has a maximum depth of 60 — 70 m in the centre of the
channel between the Isle of Wight and Cherbourg. The
surface rises gently to the east, in the centre of the Dover
Strait it is at a depth >40 m, and also rises gently to the
French and English coasts. The initiation of this surface is

likely to have been in the Late Tertiary (Neogene ~ 5 millon
years ago) and its form has been modified by a number
of subsequent events, primarily associated with rise and
fall in sea levels, and these have modified the planation
surface with both negative and positive features.

The principal negative feature is St Catherine’s Deep off
the south coast of the Isle of Wight which is a narrow linear
deep with a depth of 60 m below the surrounding ambient
planation surface. There are numerous channels elsewhere
in the eastern English Channel which have been eroded
into this surface but many have been infilled with sediment
up to the level of the ambient sea bed planation surface and
are therefore morphologically indistinguishable from their
surroundings. However, there are some open relatively
shallow channel systems running across the sea bed, the
most prominent of which is the Northern Palaeovalley.
The northern margin of this Palaeovalley forms a relatively
steep boundary to a narrow, shallow coastal platform with
depths of <30 m, which runs along much of the coastal
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Figure 3.1. Regional offshore bathymetry.
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fringe of southern England. There are a number of channel
systems that flow into the Northern Palaeovalley and some
of these are open and some are filled with sediment. The
Northern Palaeovalley is also thought to be contiguous with
the open Lobourg Channel in the Dover Strait.

The principal positive features on the planation surface
are the numerous sand banks in the east of the area
(Figure 3.2). There are at least eleven sand banks. These
are extensive linear features, some are >30 km in length,
and can rise over 40 m above the surrounding ambient
sea bed. Their crests may shoal or come within 5 m of the
sea surface at low spring tides. There are also a number
of broad sand wave fields with some large sand waves,
>10 m high, not only in the sand bank areas but also less
extensively on the coastal margins and in isolated forms.

Although the planation surface, deeps, open channels
and margins, and sand banks are the principal morphological
elements in the eastern English Channel, it is obvious from
the evidence of the high resolution geophysical surveys run
in this study that there are numerous minor morphological
features. These are common in the widespread areas of
rock outcrop and thin sediment which dominate much of
the central English Channel to the west and east of the
Isle of Wight — Cherbourg line and to some extent on the
coastal margins. Differential erosion of rock outcrop at the

sea bed, particularly in areas where rocks are well bedded
and disturbed by strong folding and faulting, can produce
a micro morphology of small scarps and surfaces which
can be significant in terms of habitat. Minor tributary
channels of the major open channels are also features
that have been noted. These scarps and lineations can
act as conduits, guides and barriers to the movement
and accumulation of sandy sediment, with the form
and extent of these sediments being controlled by rock
structure as much as, if not more than by hydrodynamic
processes. This is particularly true where there is a
minimal supply of sandy sediment.

3.2 Geology

Primarily only the geology which comprises the sea bed
surface and its underlying ~0.5 m is significant in terms of
habitat for marine life (see chapter 5). The geology of this
thin sea bed and substrate “membrane” varies across
the region of the eastern English Channel. It can comprise
one or two of three principal geological elements. In age
order with the youngest at the top, they are: -

e Sea bed sediments

e Quaternary sediments

e Solid Geology — Bedrock
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On a regional scale, simultaneous occurrence of the two
older geological elements, Solid Geology and Quaternary
sediments, within the top 0.5 m can be discounted. They
can be regarded as being mutually exclusive at this scale
and depth. The exclusivity is a product of: -

e Age. The rocks which form the Solid Geology in the
region are all generally older than 35 million years. The
Quaternary sediments are all less than 2 million years
old, the majority probably <0.5 million. There was a long
hiatus between the deposition of the youngest solid
geology rocks and the onset of Quaternary sediment
deposition.

e Nature of rock and sediment. Because of their age the
solid geology rocks have had time to be compacted and
hardened into dense, cemented, solidified masses i.e.
rock. The Quaternary sediments have not had time to
go through this process. They are loose, uncemented
grains of mud, sand and gravel i.e. sediments.

e Tectonic history. Folding and faulting as a result of
tectonic activity has modified the position and form of
the Solid Geology rocks; they are not in their original
depositional position. The Quaternary sediments have
not been disturbed by major tectonic events; they
remain in their original depositional position.

e Depositional history. The Quaternary sediments, where
they occur, have been deposited on top of solid Geology
rocks. Therefore any occurrences of Solid Geology in
the sea bed “membrane” will be confined to those
areas where Quaternary sediments are absent.

Both Solid Geology and Quaternary sediments can
be covered by sea bed sediments. These are defined
as mobile and immobile sediment forming the sea bed
surface. They may include mud, sand and gravel up to
boulder size. Their occurrence can take a number of forms
including: -

e Gravel derived from underlying solid geology bedrock,
creating a lag deposit

e Re-worked sand and gravel on the surface of Quaternary
sediment

e Sand as sheets or fashioned into bedforms such as sand
banks and sand waves, by tidal currents

Although sea bed sediments are defined as a surface
deposit they can be thick enough to include the underlying
0.5 m and may reach depths of over 1 m. Defining the basal
limit of sea bed sediments is difficult particularly where
they are thin (see Chapter 5.2). BGS sea bed sediment
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maps have nominally used 0.5 — 1 m as a defining basal
limit for mapping sea bed sediments.

The solid geology in the eastern English Channel
encompasses rocks from the Upper Jurassic, which
are the oldest in the region at over 142 million years, to
Tertiary Barton Group rocks which are about 39 million
years old. These rocks have been folded and faulted by
tectonic movement which have formed major regional
scale structures such as the Hampshire-Dieppe Basin
and the Central English Channel Monocline (Figure 3.3).
Relatively young Tertiary rocks are associated with these
two structures.

The Upper Jurassic is confined to an anticlinal structure
in the east, which crosses from England to France
between the Hampshire-Dieppe Basin and the Dover Strait.
Cretaceous Chalk and extensive Wealden Group rocks also
occur in this eastern area up to the Dover Strait.

Chalk is very extensive to the west of the Hampshire-
Dieppe Basin and sits within an east-west trending
synclinal basin with Wealden Group rocks on its margins.
These margins are delineated by monoclines to the

north and south. Monoclines are characterised by very
steeply dipping rocks, which form narrow linear bedding at
outcrop. The northern monocline runs east-west through
the Isle of Wight and the southern one forms the Central
English Channel Monocline (Figure 3.3). This area of sea
bed west of the Hampshire-Dieppe Basin and south of
the Isle of Wight, to at least 2° W, has little (<0.5 m) or
no sea bed sediment cover (BGS, 1989a). It is essentially
a rock platform where steeply dipping rock and bedding
form prominent morphological features on the sea bed.
There are a number of open channel systems crossing the
rock platform including the Northern Palaeovalley. The only
channel systems infilled with Quaternary sediment in this
area are the Palaeo-Solent east of the Isle of Wight and
those which occur south of the Central English Channel
Monocline and are part of the Palaeo-Seine system on the
French side of the English Channel (Hamblin et al., 1992).

Elsewhere in the region the occurrences of solid
geology rock at or near the sea bed are not as extensive
because of numerous infilled channels and sand banks,
sand wave fields and sheets. However there are significant



areas of the sea bed of the English coastal margin and in
the east and Dover Strait where rock is present, particularly
where the rocks have been strongly folded, well bedded
and relatively hard and dense.

The Quaternary is a period characterised by major
changes in sea level associated with cycles of glaciation
and inter-glaciation during the last two million years. There
have been numerous glacial cycles during the Quaternary
but there is no physical evidence for glacial ice encroaching
into the English Channel. However, extensive east to west
flowing river systems are believed to have developed in
the English Channel during sea level low stands in the
Early to Middle Quaternary fed by French and English
rivers (Gibbard and Lautridou, 2003). The opening of the
Dover Strait in the middle Quaternary meant the English
Channel also became a conduit of water and sediment
flowing from the Thames and Rhine (Gibbard, 1988, 1995).
These river flows have created an extensive system of
open and infilled channels and deeps (Dingwall, 1975;
Smith, 1985; Antoine et al., 2003). Channels infilled with
Quaternary sediment are particularly extensive where
they have incised into the relatively soft Tertiary rocks of
the Hampshire-Dieppe Basin (Figure 5.3) (Hamblin et al.,
1992; BGS, 1989b; Wright, 2004). These infilled channels
have tributary systems which flowed across the coastal
margins such as the Palaeo Solent, Arun, Adur and Ouse
rivers on the English coast (Bellamy, 1995) and the Palaeo-
Canche, Authie, Somme and Seine on the French coastal
margin. The Quaternary sediment which fills these channel
systems are predominantly fluvial in origin although some
marine elements are likely to occur within their upper
sequences as a consequence of sea level rise and onset of
marine conditions since the last glaciation.

The factors which control the character of the sea bed
sediments in the region are primarily two-fold. Firstly the
nature and form of the underlying substrate and secondly
modern and long term hydrodynamic processes. The
western area of the region is dominantly gravel and sandy
gravel (Figure 3.4), rock is at or close to the sea bed and
much of the gravel is likely to be derived from the underlying
bedrock. Fine sandy sediment has been winnowed from
the sea bed surface by the relatively strong tidal currents
in the area (Figure 3.6). These gravelly sediments extend
into the central part of the region and overlie Quaternary
channel infill sediments. Fine sandy sediment has also
been winnowed from the surface of these sediments.

The long term process in the region since at least the
initiation of fully marine conditions, around 5000 years ago,
has been the transport of fine sediment and sand to the
east, and north along the coastal margin. This has created

extensive areas of gravelly sand and sand in the east and
on the coastal margin. These have been fashioned into
numerous large sand banks in the east and approaches
to the Dover Strait as well as extensive sand wave and
megaripple fields.

3.3 Hydrodynamics

The eastern English Channel is considered to be a
transition area between the Atlantic Ocean and the North
Sea. Hydrodynamically, this semi-enclosed coastal sea is
co-dominated by mixed tidal, wind and wave generated
influences.

The dominant hydrodynamic force in the English Channel
is tide. Moderate to large spring tidal ranges (3-12 m) are
characteristic for the shallow environment (Department of
Trade and Industry, 2004). Tidal amplitudes are largest in
the eastern channel near the French coast (Figure 3.5), but
are very low along the Dorset stretch of the English coast.
Figure 3.6 shows the variation in tidal current velocity
across the eastern English Channel and demonstrates that
tidal strengths are at their strongest in the western central
part of the Channel and through the Dover Strait. At spring
tides the current velocity exceeds 2 ms™ in the western
central part of the English Channel, and Hamblin et al.,
(1992) reported extreme current velocities of 4.6 ms™ just
west of the Cherbourg Peninsula. Moving eastwards, tidal
current velocities decrease, throughout the central part of
the region building again towards another maximum in the
narrow Dover Strait.

In addition to the dominant tidal force, the hydrodynamic
status of the English Channel can be influenced by wind
and wave forces. The 50-year extreme wind speed in
the eastern English Channel varies between 62 and 68
knots (Department of Trade and Industry, 2004; Hamblin
et al.,, 1992). In addition to locally generated wind induced
waves, the eastern English Channel is also exposed to
swell originating from the Atlantic Ocean (Velegrakis et
al.,, 1999). Cotton et al. (1999) reported significant wave
heights between 0.5-1.5 m to be typical for the eastern
English Channel, but extreme 50 year return significant
wave heights over 8 m have been predicted by models
(Cotton et al., 1999; Department of Trade and Industry,
2004). Under average wave conditions the tidal currents
will remain the controlling factor in water depths greater
than a few metres. During storm events waves may
have a more significant impact on the movement of sea
bed sediments than tide, but from the lack of a clear
correlation between water depth and sediment grain size
it can be concluded that wave action is less important than
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tidal currents in the transport of sediments in the eastern
English Channel (Hamblin et al., 1992).

The stress generated at the sea bed is a function of the
tidal current velocity, water depth and bottom roughness
(Figure 3.7). Compared to the distribution of sea bed
sediments in this part of the Channel, a correlation can
be seen between the sea bed character and the exerted
stress. The high sea bed stress area in the central English
Channel correlates well with the coarser deposits, whereas
the low bed stress levels along the axis Hastings — Somme
Estuary correlate well with the sandy deposits (Anthony,
2004; Grochowski et al., 1993a; Hamblin et al., 1992).

3.4 Sedimentation processes

The sedimentation processes in the English Channel,
and in particular the Dover Strait, have been extensively
studied (Anthony, 2004; Boxall et al., 1995; Dewez et al.,
1989; Grochowski et al., 1993a; Grochowski et al., 1993b;
Reynaud et al., 2003; Velegrakis et al., 1999). Generally

there has been agreement by the various researchers
about the sediment transport pathways and processes at
the regional scale of the English Channel. Opinions are
more likely to vary at local scales in complex environments
such as the lIsle of Wight or the around the Cherbourg
Peninsula and Channel Islands. Knowledge of sediment
transport pathways in the area is based on in-situ data
such as current measurements or sidescan sonar and
seismic surveys, and from the results of numerical models
(Grochowski et al.,, 1993a; Hamblin et al., 1992; Johnson
et al., 1982).

Present day inputs of sediments in the eastern English
Channel are mainly rivers and coastal erosion. Rivers on
both the English and French side of the Channel contribute
towards the input of predominantly fine-grained sediments,
with greatest inputs from the rivers Seine and Somme
along the French coast. Some input of fine sediment are
also derived from the erosion of the cliffs both on the
English and French side of the Channel (Velegrakis et al.,
1999). Offshore sources of sediment are the erosion of
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exposed sea bed and the winnowing of sea bed lag gravel
deposits (Anthony, 2004). These are likely to be minimal in
modern times.

A simplified map of the sediment transport pathways
in the eastern English Channel is presented in Figure 3.8.
Comparison of the sediment transport pathways with tidal
current velocity in the eastern English Channel (Figure
3.6) shows a clear correlation. The decreasing trend in
current velocity from the central English Channel to the
eastern English Channel is associated with a net transport
of sediment from west to east. The high current velocity
region in the central English Channel corresponds to a
bed-load parting zone. The net effect in this area results in
the transport of fine sediment away from the high velocity
area to the low velocity areas, contributing to the coarser
nature of sea bed sediments in the central English Channel
(Anthony, 2004; Grochowski et al.,, 1993a). The bed-load
parting zone in the central English Channel runs from the
Isle of Wight to the Cherbourg Peninsula. Although bed-
load parting zones are typically located in narrows between
seas with high tidal currents, the Dover Strait forms an
exception with the presence of a bed-load convergence
zone. The bed-load convergence zone is a result of the net
effect of the ebb and flood tidal currents in the Dover Strait,
resulting in an accumulation of mainly sandy material in the
area (Anthony, 2004; Grochowski et al., 1993b). A coastal

transport path by-passes the convergence zone along the
French coast resulting in the movement of sand towards
the North Sea (Figure 3.8). Some researchers suggest
a similar coastal transport path may be present along
the English coastline in the Dover Strait (Anthony, 2004;
Dewez et al., 1989; Grochowski et al., 1993b).

The sediment accumulating bed-load convergence zone
is characterised by the presence of sandbanks (Figure 3.2).
The sandbanks form major morphological features in the
eastern English Channel, with individual ridges exceeding
20km in length, and often several kilometres wide. The
crests of the sandbanks are often only a few metres
below the water level at low tide. The sandbanks are
characterised by well to very well sorted, medium grained
sands (Grochowski et al.,, 1993a). The sandbanks in the
central part of the Dover Strait are described by Dyer &
Huntley (1999) as a combination of Open Shelf Ridges and
possibly a number of Wide Mouth Estuary Ridges. The
sandbanks found close to the English and French coastline
are classified as Banner Banks and area associated with
adjacent coastal headlands. Dyer and Huntley, (1999)
suggest that sandbanks in the Bay of the Somme are
classified as Alternating Ridges and may be the result of
the separation of Banner Banks. Associated with these
sandbanks are local transport paths and gyres, which
are important for the maintenance of the sandbanks and



may have been significant in the formation of sandbanks.
However, it is also possible that other processes may have
led to their development during the last post-glacial sea-
level rise (Reynaud et al., 2003).

Superimposed on the sandbanks are often sand
waves, although sand waves can be found in many
sandy substrates of the eastern English Channel. These
sand waves can have significant heights, reported up
to 7m south of Brighton and 15m in the Dover Strait.
Associated with these large sand waves are often
megaripples (Hamblin et al., 1992). Other sedimentary
features found in the eastern English Channel are gravel
furrows, characteristic for environments with a low supply
of sediments and high current velocities (Belderson et al.,
1982). These up to 9km long , 30m wide and 1Tm deep
erosional features are mainly found around the bed-load
parting zone in the western part of the eastern English
Channel.

The sediment transport pathways presented in Figure
3.8 represents the long-term movement of sand over the
area. The west to east transport paths in the eastern
English Channel are a result of the dominant flood tides.
East of the bed-load convergence zone off Dover, the
dominant transport direction is east to west as a result of
a strong ebb tidal flow (Reynaud et al., 2003). However,
local or short-term sand transport in the area can be
induced by wind-generated currents, waves or storm
surges, moving sediment against the tidally induced long-
term sediment pathways (Johnson et al., 1982). This is
illustrated by Grochowski et al. (1993b) who found that
during periods of southwesterly winds in the Dover Strait
the net movement of sediments is towards the North Sea,
overriding the bed-load convergence zone. During periods
of northeasterly winds they found conditions similar to the
pathways presented in Figure 3.8, with a slight movement
of the convergence zone to the south.

3.5 Benthic biology

The determination of spatial patterns in benthic communities
in relation to the physical properties of the seafloor
dates back to the early work of Petersen (1913) and his
collaborators.  In the eastern English Channel similar
efforts to describe and characterise the variability and
distribution of benthic fauna over large geographical scales
is illustrated in the work conducted by Holme (1961, 1966),
Sanvicente-Anorve, et al., (1996), Bremner et al., (2006)
and Cabioch (1968).

When studying the distribution of species and
communities over large regional scales it is important to
identify the environmental variables that might influence the
fauna. In the English Channel, water depth, temperature,
hydrodynamics and sediment type have been identified
as the predominant environmental factors that are likely to
influence the species composition (Bremner et al., 2006,
Sanvicente-Anorve, 2002; Kunitzer et al., 1992).

Early research conducted by Holme (1961) in the
English Channel addressed the benthic fauna off the south
coast of England. He sampled 167 stations with an Anchor
dredge between 1958 and 1959. The Anchor dredge was
chosen because of its effectiveness for sampling coarse
substrates and also because large samples of material
were required to effectively sample the low diversity of
species known to be present in the Channel. As part of
this study, Holme defined four broad species distribution
classifications (based predominantly on molluscs and
echinoderms) for the English Channel: 1) Species generally
distributed throughout the Channel; 2) Western Channel
species (including species at the northern limit of their
distribution); 3) Central Channel; 4) Northern species.
Temperature and hydrographic conditions were the main
factors identified that influenced the distribution of species
in the Channel. Holme conducted additional survey work in
the Channel between 1960 — 1962 using similar sampling
methods to those used in his previous surveys (Holme,
1966) and widened his study area to cover the full extent
of the English Channel (including Roscoff, Gulf of St. Malo
and Bay of Seine) (Figure 3.9).

Once again, Holme classified each species according to
its geographical distribution within the Channel. The main
categories were: -

1) Species distributed throughout the length of the

Channel
2) Western species
3) West Channel species
4) Cornurbian species
5) Sarnian species
6) Eastern species

In this regional perspective we have included a general
description of these six categories. The species encountered
during this project in the Eastern English Channel Marine
Habitat Map Study Area fall within a number of the
classification categories described below.

N.B. For species where the taxonomic name has recently
changed, the most up to date name appears in parentheses
after the species name used by the original author.
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Figure 3.9. Anchor dredge stations in the eastern English Channel
(Holme, 1961, 1966).

UK-France Median Line

® Holme stations

1 Species distributed throughout the length of the
Channel.

a) Species generally distributed in the Channel. This category
represents the larger group of species and includes three
animals (Diplodonta rotundata, Tellina donacina (Moerella
donacina)) and Amphiura branchiata (Acrocnida branchiata)
that are reaching their northern limits in British waters.
Epifaunal species, with a preference for strong water
movement such as Ophiothrix fragilis, Chlamys opercularis
(Aequipecten opercularis) and Glycymeris glycymeris are
found characteristically in hard or gravel bottoms in the
central areas of the Channel but also elsewhere in
the Channel. Other species which are more generally
distributed included Ensis arcuatus, Nassarius incrassatus
(Hinia incrassata), Natica alderi (Polinices pulchellus),
Spatangus purpureous and Echinocardium cordatum.
Some of these species are absent from the French side of
the Western Channel. Additionally, Venerupis rhomboides
(Tapes rhomboides) is a widely distributed mollusc which
inhabits sandy to gravelly sediments.

b) Species present along the south coast of England,
but rare or absent from the French side. The majority of
these species inhabit fine sediments, which are mainly
encountered off England. Some of the typical species
include: Nucula turgida (Nucula nitidosa) — sand, Nucula
hanleyi - gravels, Diplodonta rotundata - sand, Thyasira

flexuosa - muddy sand, Cardium echinatum (Acanthocardia
echinata) - sand, Mysia undata (Fabulina fibula) - sand,
Tellina fabula - fine sand, Abra alba - mud or muddy
sand, Phaxas pellucidus - sand, Mactra corallina (Mactra
stultorum) - sand, Lutraria lutraria - fine sand, Nassarius
reticulates (Hinia reticulata) - muddy sand and Aphrodita
aculeata - sand.

c) Species present throughout the length of the Channel, but
mainly on the French side in the eastern English Channel.
The most characteristic species include: Astarte triangularis
(Goodallia triangularis gravel), Laevicardium crassum
(gravel), Dosinia exoleta (gravel), Lutraria angustior (gravel),
Golfingia vulgaris (muddy sand and gravel), Chaetopterus
variopedatus (sand) and Upogebia deltaura (sand). This
category included a number of species whose localised
distribution is mainly related to their preference for gravel
deposits. Species like Dosinia exoleta and Arcopagia sp are
fairly widespread, but uncommon.

2 Western Species.

This group comprises species that are present westwards
of Start Point on the English side of the Channel and
west of Guernsey on the French side. This group is
formed by a mixed assemblage of species which are
either stenothermal, cold-water loving or sensitive to the
chemical condition of the water. Some of these species



i.e. Chlamys tigerina (Palliolum tigerinum), Lima hians
(Limaria hians), Lima subauriculata (Limatula subauriculata)
and Lucinoma boralis live only in the cool water below the
thermocline in the deeper parts of the western Channel.
Tellina pygmaea (Moerella pygmaea) occurs in the western
part of the Channel but interestingly also in the eastern part
close to the French coast. On the French side, species
such as Ophiocomina nigra, Echinocardium flavescens and
Echinocardium pennatifidum are found.

3 West Channel species.

These species can be found on suitable types of substrates
along the western part of the Channel. Off the English
coast they reach as far as Weymouth Bay to Poole
Bay. In the mid Channel area, the fauna is reduced and
species will penetrate as far as the Cap de la Hague
(NW of the Cotentin peninsula). Many of these species
inhabit sandy substrates, which appear to be scarce in the
western parts of the Channel and this may be the limiting
factor governing their distribution. Some examples include:
Cyprina islandica (Arctica islandica), Dosinia lupinus,
Veenus casina (Circomphalus casina), Turritella communis,
Callianassa subterranea, Upogebia stellata, Ophiura affinis
and Venus striatula (Chamelea gallina).

4 Cornubian species.

These are warm water species generally distributed in the
shallow areas of the western Channel. Examples include
Callista chione, Tellina squalida (Angulus squalidus) and
Marthasterias glacialis. It is likely that the distribution of
Cornubian species will vary with long-term changes in sea
temperature.

5 Sarnian species.

The majority of these species show a warm-water
preference and are found close to the Channel Islands
and St. Malo region. Many of the species in this category
are confined to this area but others can be found as
far as the Portland-Isle of Wight area. Species such
as Venerupis rhomboides (Tapes rhomboides) may also
extend throughout the Channel. Some of the species
found in this category are Nucula nucleus, Chlamys varia,
Veenerupis verrucosa, Gari depressa, Pilumnus hirtellus and
Anseropoda placenta.

6 Eastern species.

These are cold water species found in the eastern part of
the Channel. Species such as Spisula ellipticaand Buccinum
undatum typify this category and were either uncommon or
absent in samples collected west of Start Point.

A general classification of faunal communities for the
whole of the Channel is provided by Jones (1950):

1 Boreal shallow-sand association. This is mainly a shallow-
water community that occurs intertidally.

2 Boreal shallow-mud association. This corresponds to
Petersen’s Macomacommunity, mainly found intertidally
in estuaries and shallow water.

3 Boreal offshore sand association. This is Petersen'’s
variant Venus community of the Echinocardium
cordatum-Venus striatula (Chamelea gallina) community.
In the Channel, deposits of fairly clean sand tend
to be found very close inshore or further offshore
where there is an influence of strong tidal streams.
Some of the characteristic species include Cardium
echinatum (Acanthocardia echinata), Dosinia lupinus,
Veenus striatula (Chamelea gallina), Gari fervensis, and
Echinocardium cordatum.

4 Boreal offshore muddy-sand association. This is the
equivalent of Petersen’s Echinocardium cordatum-
Amphiura filiformis community. This classification is a
combination of the initial groups provided by Jones and
Ford including a deeper and shallow-water silty-sand.
Characteristics species includes Nucula turgida (Nucula
nitidosa), Cyprina islandica (Arctica islandica), Cardium
echinatum (Acanthocardia echinata), Lutraria lutraria,
Corbula gibba and Amphuira filiformis among others.

5 Boreal offshore mud association. This is the equivalent
of Petersen's Brissopsis lyrifera-Amphiura Chiajei
association, which is not present in the Channel. The
presence of soft mud only occurred at a limited number
of stations from Poole Bay and off Dungeness.

6 Boreal offshore gravel association. This is the equivalent
of Petersen’s Spatangus purpureus-Venus fasciata
(Clausinella fasciata) community.  Typical species
include Nucula hanleyi, Glycymeris glycymeris, Venus
casina (Circomphalus casina), Echinocyamus pusillus
and Echinocardium flavescens.

7 Boreal offshore muddy-gravel association. This is a
very distinct community that occurs off Plymouth. The
commonest species are burrowing crustaceans such
as Upogebia deltaura and Upogebia stellata. There are
also molluscs present such as Nucula nucleus, Turritella
communis and Venus verrucosa. Sipunculid worms



such as Golfingia elongata and Golfingia vulgaris are also
found in the area.

While regional differences have been shown to be
significant, the study by Holme and Wilson (1985) is
a reminder of the potential for marked ‘within region’
contrasts. They examined the fauna associated with a
clean, coarse aggregate which was subject to tidal scour by
sand in an area of the central English Channel. In this study
they described the conspicuous epifauna evident from
underwater TV images in relation to the natural stability of
sediments in the area.

The Type A’ described as a ‘stable faunal assemblage
with diverse sponge cover’was found to occur in association
with coarse substrates such as pebbles, cobbles, boulders
and rock outcrops that were not subject to sand scour.
This assemblage was characterised by a rich epifauna
consisting of sponges, erect hydroids, bryozoans (most
notably Pentapora foliacea) and ascidians.

Similarly, the ‘Type B’ assemblage was found to occur
on cobbles and pebbles but was subject to sand scour and/
or submergence by sand. Three sub-types of the ‘Type B’
assemblage were distinguished. Of these, ‘Type B-1"was
most similar to ‘Type A’ differing only in the frequency
of sponges encountered and is described as a ‘well
developed faunal assemblage with Polycarpa violacea'.
This assemblage was thought to be subject to periodic
scour by sand, although the fauna appeared quite rich and
varied. In contrast, ‘Type B-2’ was believed to be subject
to considerable sand scour and periodic submergence
by layers of sand. Sponges were absent from this sub-
group and the only anthozoan was Urticina felina. The
bryozoan Pentapora foliacea had also been replaced by the
more flexible colonies of Flustra foliacea, presumably as
a result of the intolerance of the former species to sand
scour. The third sub-group, ‘Type B-3’, was defined as the
'Impoverished Balanus — Pomatoceros assemblage’. This
assemblage was limited to fast growing organisms such
as Balanus sp and Pomatoceros triqueter which can rapidly
settle and exploit the short periods of sediment stability
available in the summer months.

The final assemblage, ‘Type C’ is defined as 'Cobble
floor covered by sand' and this assemblage contained a
number of species which were common to the B-2 and
B-3 groupings, namely Urticina felina, Flustra foliacea and
Sabellaria spinulosa.

More recent studies in the area concluded that the
distribution of the benthic macrofauna is governed by
environmental mechanisms, which are operating at
different spatial scales (Sanvicente-Anorve, et al., 1996).

Additionally the benthic diversity observed was strongly
influenced by recruitment effects, species interactions and
environmental changes attributable to human activities.

The CHARM (‘Channel Habitat Atlas for Marine Resource
Management’) project is a Franco-British initiative which
seeks to provide information on the resources, species and
habitats of the eastern English Channel (Figure 3.10). The
first phase of the CHARM project ended in 2005 and has
produced an atlas of fish, shellfish and invertebrate species
distributions in the eastern English Channel. Detailed
outputs, including a 200 - page species atlas, are located on
the CHARM website (http://charm.canterbury.ac.uk).

3.6 Sea bed areas of conservation interest

The UK Government has a responsibility to implement the
1992 Directive on the Conservation of natural habitats and
of wild flora and fauna (92/43/EEC) (the ‘Habitats Directive’).
As part of this implementation the JNCC provide advice to
UK Government on suitable areas in UK offshore waters
that may qualify as Special Areas of Conservation (SACs).
These sites must contain habitats listed on Annex | and/or
species listed on Annex Il to the Directive. Two of the four
Annex | habitat types known to occur in UK offshore waters
have been identified as potentially present in the eastern
English Channel (European Commission (EC), 2007): -

e Reefs

e Sandbanks which are slightly covered by sea water all

the time

Annex | ‘reef’ habitat in the context of the Habitats
Directive may consist of bedrock, boulders and cobbles
(cobbles generally >64 mm in diameter), including those
composed of soft rock, such as chalk, and it should ‘arise
from the sea bed' or be topographically distinct from
the surrounding sea bed (Johnston et al, 2002). Figure
3.11 shows the areas of potential Annex | habitat in the
eastern English Channel identified by JNCC, and also
shows existing inshore SACs which have been identified
for various coastal and marine habitats. Neither reef nor
sandbank habitat are well represented within the existing
inshore SAC series in the eastern English Channel, the only
one where a substantial area of either habitat is present
being the south side of the Isle of Wight for its sublittoral
reef habitats.

Presently work by JNCC to locate areas in UK offshore
waters which may potentially fit the definition of Annex |
habitats for reef and for shallow sandbanks has used sea
bed sediment maps produced by the British Geological
Survey (BGS) and other available data. This methodology
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works well for bedrock and sandy habitats, but it is not
possible using these maps to clearly distinguish between
areas composed of boulders and cobbles and areas
composed of finer gravel sediments. The modified Folk
classification category ‘gravel’ used in the BGS sea bed
sediment maps may include large boulders and cobbles
(which would be considered ‘reefs’ for the purposes of the
Habitats Directive) as well as much smaller particles down
to 2mm diameter (which would not be considered ‘reefs’).
There is a large area of this category ‘gravel’ extending
from south of the lIsle of Wight into the East Channel
Region. Some of this area may consist of fine gravels, but
it may also contain significant areas of bedrock and of large
boulders and cobbles.

One of the aims of the current study is to provide better
resolution data over part of this ‘gravel’ area within the
eastern English Channel, to map the extent of Annex | reef,
and sandbank habitat, and to provide data on the biological
communities present. This information will then be used by
JNCC to assess if there are any areas in the region which
should be recommended to Government as SACs.

As well as identifying and mapping Annex | habitats
within the study area to enable the selection of SACs under
the Habitats Directive, the results of the surveys reported
here may be used in future to identify areas of biodiversity
interest for consideration as marine protected areas at a
national level or under OSPAR Annex V.
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4. Survey methods, GIS
and database

Surveys conducted for the Eastern English Channel Marine
Habitat Map (EECMHM) study were designed to include
a suite of geophysical and physical survey and sampling
methods which would provide data for a comprehensive
analysis and interpretation of the marine habitat of the study
area. The EECMHM survey coverage was also planned to
provide a context for the data and results acquired by the
East Channel Association (ECA) in their prospecting areas
(Figure 4.1) and licence application areas (Figure 4.2)

4.1 Geology and geophysics

4.1.1 Rationale

The aim of the geophysical survey of the Eastern English
Channel Marine Habitat Map study area was to acquire
detailed high-resolution multibeam bathymetry, sidescan
sonar and shallow sub-bottom seismic data in order
to assess the topography and morphology of the sea
bed, establish its texture and character, and delineate
the underlying geology and thickness of the superficial
sediments. This was fundamental to provide the physical

and regional framework on which to develop the biological
sampling programme and the interpretation of sea bed
habitats.

Two geophysical surveys were carried out for the study.
The first survey was undertaken in May/June 2005 by
Gardline Survey Ltd with the survey vessel MV Tridens |.
The survey completed 4085 line km of Multibeam Echo
Sounder (MBES), ~4085 line km of sidescan sonar
producing 21 corridors of swath coverage and ~1232 line
km of boomer sub-bottom data (Figure 4.3; 4.4; 4.5).

The study area was surveyed using a “corridor approach”
to maximize the coverage of the area within the allocated
budget for the study. The survey strategy was devised
to acquire three parallel lines with sidescan sonar and
multibeam deployed simultaneously, aiming to provide a
sea bed swath width of up to 500 m for each corridor, and
to acquire shallow sub-sea bed seismic data with a surface
towed boomer along the centre line of each corridor. The
EECMHM study area covers over 5000 sqg. km (Figure 2.1).
This area was surveyed with a grid of corridors running in
two principal directions. West-east following the line of
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the Traffic Separation Zone and shorter crossing corridors
running north-south. The W-E corridors were up to 120 km
long and generally ran parallel to the peak tide direction.
These lines and the N-S lines were designed to cross the
major geological and geomorphological features present in
the survey area. The N-S lines range in length from 27 km
to 55 km.

The second geophysical survey took place in February/
March 2006 onboard the RV Cefas Endeavour, with
the acquisition of multibeam and sidescan sonar data.
Approximately 2,000 line kilometres were completed all
running in an east-west direction, infilling between lines
completed during the first survey (Figure 4.3 and 4.4).
A surface towed boomer was not deployed during the
second survey.

In general, the survey activities were undertaken in
reasonable weather conditions with minimum loss of
time due to weather, fishing activity or equipment failure.
The MBES, sidescan sonar data and sub-bottom data
were initially processed on board the survey vessels. This
enabled interpretations to begin on board to build a physical
framework for the selection of groundtruthing sites for the
subsequent biological surveys.

4.1.2 Equipment, processing and interpretation
Multibeam echo sounder

Multibeam echo sounders (MBES) are used for the
measurement of water depth. They consist of an array of
transducers which are normally fixed to a survey vessel,

and send a beam of acoustic signals to and across the
sea bed which are reflected back and recorded by the
multibeam as a swath of recorded sounding data (Figure
4.6). The sound travel times to the sea bed and back are
converted to water depths based on a calculation of signal
speed through the water column. Digital elevation models
are produced from multibeam swath data enabling 3D
visualisation of the sea bed bathymetry and interpretation
of morphological features.

Gardline Survey Ltd was commissioned to provide
the system for the acquisition and processing of the
bathymetry data during the survey undertaken in May and
June 2005. The MBES acquisition system onboard the
MV Tridens 1 was a hull mounted Kongsberg Simrad EM
3000 (operating frequency 300kHz). A Simrad EA502 single
beam echo sounder (SBES) (operating frequencies 200/38)
was used to record depths on all lines. These values were
used to QC the multi-beam echo sounder data. Sound
velocity profiles were measured throughout the survey. On
average, two profiles per day were taken when the vessel
was acquiring data.

The MBES survey was conducted to UKHO Order 1
standard with an across track overlap of 10%. The survey
was specified to run at an average speed of 7 knots on
the wing lines of the corridors when running only MBES
and sidescan sonar. This speed was generally obtained
although deviations were encountered during strong tidal
conditions or poor weather. On the centre-lines, where the
sub-bottom profiler was deployed in conjunction with the
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