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The measurement of water depth in oceans, seas and lakes.
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AL
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Benthic ecology

Benthic ecology encompasses the study of the organisms living in and
on the sea floor, the interactions between them and impacts on the
surrounding environment.

BAP

Biodiversity Action Plan

CEFAS

Centre for Environment, Fisheries and Aquaculture Science

Biomass

The total quantity of living organisms in a given area, expressed in
terms of living or dry weight or energy value per unit area.

CPI

Carbon Preference Index

Biotope

The combination of physical environment (habitat) and its distinctive
assemblage of conspicuous species.

CSEMP

Clean Seas Environment Monitoring Programme

CSQG

Canadian Sediment Quality Guidelines

Circalittoral

The subzone of the rocky sublittoral below that dominated by algae
(i.e., the infralittoral), and dominated by animals.

DBT

Dibutyltin

Epibenthic

Organisms living on the surface of the seabed.

DDV

Drop Down Video

Epifauna

Animals living on the surface of the seabed.

dGPS

Differential Global Positioning System

EIA

Environmental Impact Assessment

Hamon grab

A tool for sampling the benthic macro-infauna that is particularly
effective for sampling from coarse substrata.

EIFCA

Eastern Inshore Fisheries and Conservation Authority

Infauna

The animals living in the sediments of the seabed.

EPA

Environmental Protection Agency

Infralittoral

A subzone of the sublittoral in which upward-facing rocks are
dominated by erect algae.

EQS

Environmental Quality Standard

ERL

Effects range low

Intertidal

An area of a seashore that is covered at high tide and uncovered at
low tide.

EUNIS

European Nature Information System

GIS

Geographic Information System

Littoral

Area of the sea which is close to shore, often synonymous with
intertidal.

HADA

Humber Aggregate Dredging Association

Macrofauna

Organisms retained on a 0.5 mm mesh.

IEEM

Institute of Ecology and Environmental Management

Mollusc

Invertebrate animal belonging to the phylum mollusca that includes
the snails, clams, chitons, tooth shells, and octopi.

JNCC

Joint Nature Conservation Committee

LNR

Local Nature Reserve

Multivariate
statistical analysis

Statistical analysis that includes the simultaneous observation and
analysis of more than one statistical variable.

LWT

Lincolnshire Wildlife Trust

Polychaete

A class of segmented worms often known as bristleworms.

MALSF

Marine Aggregate Levy Sustainability Fund

Spat

The spawn or larvae of shellfish, especially oysters.

MAREA

Marine Aggregate Regional Environmental Assessment

MCZ

Marine Conservation Zone

Sublittoral

Area extending seaward of low tide to the edge of the continental
shelf.

MDS

Multidimensional Scaling

Univariate statistical
analysis

A statistical analysis carried out with only one variable.

MESH

Mapping European seabed habitats

MHWS

Mean High Water Springs

MMO

Marine Management Organisation

NMBAQC

National Marine Biological Analytical Quality Control

NIMF

Nationally Important Marine Feature

v

Acronym

Full term

NMMP

National Marine Monitoring Programme

NNR

National Nature Reserve

NSBP

North Sea Benthos Project

NVC

National Vegetation Classification

OSPAR

Oslo-Paris Commission

PAH

Polyaromatic Hydrocarbons

PEL

Probable Effect Level

PINs

Planning Inspectorate

PRIMER

Plymouth Routines in Multivariate Ecological Research

PSA

Particle Size Analysis

REC

Regional Environmental Characterisation

rMCZ

Recommended Marine Conservation Zone

SAC

Special Area of Conservation

SACFOR

Superabundant, Abundant, Common, Frequent, Occasional or Rare

SCI

Site of Community Importance

SEA

Strategic Environmental Assessment

SIMPER

Similarity Percentage

SIMPROF

Similarity Profile

SPA

Special Protection Area

SSSI

Site of Special Scientific Interest

TBT

Tributyltin

TEL

Threshold Effect Level

TPH

Total Petroleum Hydrocarbons

TPT

Triphenyltin

UKAS

United Kingdom Accreditation Service

VER

Valued Ecological Receptor

ZAP

Zone Appraisal and Planning

ZoC

Hornsea Zone Characterisation
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1

INTRODUCTION



Identification of the subtidal and intertidal benthic communities that characterise
the benthic ecology study area and describing ecological patterns and
associations with physical parameters such as sediment types and bathymetry;

1.1

Project Background



1.1.1

SMart Wind Limited (SMart Wind), a consortium of Mainstream Renewable Power
Limited (Mainstream) and Siemens Project Ventures GmbH (SPV), has been
awarded exclusive rights from The Crown Estate for the development of the Round 3
Offshore Wind Farm Zone 4 – Hornsea. The Zone will be progressed as a series of
component subzone developments, as identified during Zone Appraisal and Planning
(ZAP) processes. The second subzone (Subzone 2) has been identified and will
comprise of a wind farm array with a total combined generating capacity of up to
1,800 MW. The proposal for Subzone 2 together with associated offshore cable route
and onshore infrastructure is hereafter referred to as ‘Project Two'. Project Two will
be located in the centre of the Hornsea Zone in the central region of the southern
North Sea and has a total area of 462 km2. The western boundary of Project Two lies
89 km from the coast of the East Riding of Yorkshire and the eastern boundary is
50 km from the median line between UK and Dutch waters (Figure 1.1).

Identification of the subtidal and intertidal benthic habitats, species and
communities of conservation interest within the region (e.g., Annex I habitats,
United Kingdom (UK) Biodiversity Action Plan (BAP) priority species and
habitats, OSPAR threatened and/or declining species); and



Identification of subtidal and intertidal benthic features of ecological interest
within the benthic ecology study area (e.g., species rich communities, reef
habitats and sandbanks).

1.1.2

RPS was commissioned to undertake a subtidal and intertidal benthic
characterisation study of the offshore part of Project Two and the surrounding area,
as well as the export cable landfall site. This included a detailed desktop study, and a
number of site-specific surveys which were undertaken by EMU Ltd. The
characterisation of Project Two also incorporates site-specific benthic survey data
collected for the Hornsea Zone Characterisation (ZoC) study and used to inform the
ZAP Process.

1.2

Aims and Objectives

1.2.1

The aim of this study was to provide an up-to-date characterisation of subtidal and
intertidal benthic resources within a defined benthic ecology study area for the
purposes of informing the Environmental Impact Assessment (EIA). The study area
incorporates the offshore parts of Project Two, the adjacent Project One and wider
Hornsea Zone and the export cable landfall site.

1.2.2

The objective of the study was to use the results of the desktop study to provide a
general description of the subtidal and intertidal benthic communities within the
southern North Sea regional benthic ecology study area. The results of which could
then be compared with the subtidal and intertidal benthic communities found within
the Project Two benthic ecology study area to provide the basis for evaluating the
importance of habitats, species, or groups of species, as ‘valued ecological receptors’
(VERs) for consideration in the impact assessment. The subtidal and intertidal
benthic characterisation was informed by:

1.2.3

1

Guidance on the identification of VERs for consideration in the impact assessment
has been sought from the Institute of Ecology and Environmental Management
(IEEM) 'Guidelines for ecological impact assessment in Britain and Ireland. Marine
and Coastal' (IEEM, 2010). Further advice specific to Project Two has been sought
through consultation with the statutory authorities, from the scoping opinion received
with respect to Project Two (PINS, 2012) and from the Phase 1 Consultation
document (SMart Wind, 2013a).

Figure 1.1

Project Two and offshore wind farm sites in the southern North Sea benthic ecology study area.

2

2

METHODOLOGY

2.1

Benthic Ecology Study Area

2.1.1

For the purposes of the subtidal and intertidal benthic characterisation, two study
areas were defined:




2.2

Desktop Review

2.2.1

There has been a number of broadscale benthic studies in the North Sea although
only a small proportion of these spatially overlap with Project Two. A primary source
of recently collected data that coincides spatially with the Project Two benthic ecology
study area, predominantly the export cable route corridor, was provided by the
Humber Regional Environmental Characterisation (REC). This data provides benthic
biotope mapping coverage of an area of 11,000 km2 off the east coast of England
and was funded by the Marine Aggregate Levy Sustainability Fund (MALSF) (Tappin
et al., 2011). The Humber Aggregate Dredging Association (HADA) has also collated
data from 1,013 benthic grab samples in the Humber and Outer Wash Region in
support of the Marine Aggregate Regional Environmental Assessment (MAREA)
(ERM, 2012). The extent of the resulting biotope map coincides with the western end
of the export cable route corridor and this information has been used to support this
benthic ecology characterisation. The main objective of the MAREA was to describe
the regional benthic characteristics in an area with several marine aggregate licence
areas and to evaluate the potential cumulative and in-combination effects of all the
existing and planned future dredging operations. Other data coinciding with the
Project Two benthic ecology study area were drawn from the following sources:

The Project Two benthic ecology study area – this was defined as the area
encompassing Subzone 2 and the export cable route corridor (i.e.,
encompassing subtidal benthic ecology) as well as the intertidal landfall site
(i.e., encompassing intertidal benthic ecology). The subtidal part of the benthic
ecology study area was also extended to incorporate much of the wider Hornsea
Zone to the east and west of Subzone 2 and also to include a 4 km buffer to the
north and south of the zone boundary. This was to provide context for the sitespecific Project Two surveys (Figure 2.1) and was informed by data collected for
Project One (SMart Wind, 2013b) and the Hornsea ZoC study. At the intertidal
landfall site the benthic ecology study area considered habitats up to mean high
water springs (MHWS). Habitats landward of MHWS, including sand dunes,
saltmarsh and saline lagoons, have been considered in the onshore assessment
presented in Volume 3, Chapter 3: Ecology and Nature Conservation; and
The southern North Sea benthic ecology study area – this was defined as
the southern North Sea region and coincides with the southern North Sea
Marine Natural Area (MNA) (Jones et al., 2004) (Figure 1.1). It also included the
Humber Estuary, as the proposed export cable landfall site is located at the
mouth of this estuary, within the boundary of the Humber Estuary Special Area
of Conservation (SAC). This southern North Sea benthic ecology study area
provided a wider context for the site-specific data and is the area covered by the
desktop review.

3



Benthic sampling programmes coordinated under the North Sea Benthos
Project (NSBP, 2010); and



The UK Benthos Database which includes findings of benthic studies conducted
by oil and gas companies at production wells.

2.2.2

Data provided by these site-specific sources were supplemented by other large scale
benthic infauna and epifauna surveys undertaken in the southern North Sea. These
included classic infaunal surveys (Petersen, 1914; 1918) and wide scale trawl, grab
and video surveys (Dyer et al., 1982 and 1983; Jennings et al., 1999; Rees et al.,
1999; Callaway et al., 2002).

2.2.3

Additional site-specific studies in the southern North Sea have been drawn upon,
including surveys undertaken to inform Environmental Statements for other offshore
wind farms including, Triton Knoll offshore wind farm and the Humber Gateway
offshore wind farm. Additional information on the wider southern North Sea benthic
ecology study area has been drawn from site selection assessment documents for
the North Norfolk Sandbanks and Saturn Reef Site of Community Importance (SCI)
(JNCC, 2010a) and the UK Dogger Bank SCI (JNCC, 2011). The oil and gas
Strategic Environmental Assessment (SEA) data for area 3 also provided a useful
bibliography for the area (DTI, 2002).

2.2.4

Information pertaining to the proposed export cable landfall site has been acquired
from reports produced for, and surveys undertaken in, the Humber Estuary SAC
(e.g., English Nature, 2003; 2004; Hemingway et al., 2008). Specific information on
potentially sensitive receptors at the landfall site has been informed by surveys
undertaken by the Eastern Inshore Fisheries and Conservation Authority (IFCA).

2.3.3

The proposed export cable route corridor and the landfall location at Horseshoe Point
were identified via a detailed site selection exercise and review of alternatives. The
intertidal part of the Project Two benthic ecology study area was agreed with the
statutory consultees and incorporated a corridor of approximately 3.1 km wide at
Horseshoe Point, fully encompassing the proposed cable landfall site.

2.2.5

Information on the nature conservation designations relevant to subtidal and intertidal
benthic ecology were identified using a number of sources. The JNCC’s website and
the Natura 2000 European Nature Information Systems (EUNIS) database were used
to identify international designations. Regional designations such as Marine
Conservation Zones (MCZs) and recommended MCZs (rMCZs) were identified using
the Final Recommendations Report of the Net Gain and Balanced Seas projects,
which represented the North Sea (Net Gain, 2011a) and southeast England
(Balanced Seas, 2011), respectively. National and local designations including
National Nature Reserves (NNRs), Sites of Special Scientific Interest (SSSIs) and
Local Nature Reserves (LNRs) were identified using the Department for Environment,
Food and Rural Affairs (DEFRA) MAGIC interactive map application
(http://magic.defra.gov.uk/).

2.3.4

All survey methodologies were developed following consultation with the MMO and
their advisors, (i.e., Natural England, the Joint Nature Conservation Committee
(JNCC) and CEFAS). The methods employed during the characterisation study,
following consultation and input from statutory consultees, are summarised below.

2.3.5

The benthic grab survey was designed based upon guidance provided by ‘Procedural
Guideline No, 3-9 – Quantitative sampling of sublittoral sediment biotopes and
species using remote operated grabs’ included in the JNCC Marine Monitoring
Handbook (Davies et al., 2001) and by the CEFAS ‘Guidelines for the Conduct of
Benthic Studies at Marine Aggregate Extraction Sites’ (Ware and Kenny, 2011). To
ensure sufficient samples were collected to adequately characterise the Project Two
benthic ecology study area, without over-sampling areas of similar habitat, sitespecific geophysical data (high resolution side scan sonar and multibeam
bathymetry) together with benthic data collected for the Hornsea ZoC and Project
One surveys were used to provide broadscale mapping of the Project Two benthic
ecology study area. This was supplemented with broadscale data on predicted
EUNIS habitats from the UKSeaMap (JNCC, 2010b). The final sampling locations for
Project Two were selected on a stratified random basis to ensure adequate coverage
of the different habitats present within the Project Two benthic ecology study area
(Figure 2.1). The benthic sampling array in the export cable route corridor was
similarly designed to provide an overall characterisation of the benthic environment in
the area and also to target particular acoustic signatures identified from the
geophysical side-scan sonar results in order to map potential Annex I habitats (i.e.,
biogenic and geogenic reefs) (Figure 2.2).

2.3.6

In the wider Hornsea zone, the subtidal benthic sampling array for Project One was
designed according to the same methodology outlined above in paragraph 2.3.5. The
Hornsea ZoC subtidal benthic sampling array was based upon a regular grid pattern
(approximately 5 km spacing), to optimise coverage of the Zone and to increase the
likelihood of encountering as many different habitats as possible (Figure 2.1).

2.3

Field Survey

2.3.1

In order to provide up-to-date site-specific information sufficient for the purposes of
conducting an EIA, there was a requirement to undertake specific ecological
sampling to characterise the benthic habitats and species occurring within the Project
Two benthic ecology study area. Surveys to characterise the benthic ecology of the
Project Two benthic ecology study area were undertaken by EMU Ltd. and included:

2.3.2



Benthic grab survey;



Drop down video (DDV) survey;



Epibenthic beam trawl survey; and



Intertidal walkover and core sampling survey of the landfall site.

Characterisation of the Project Two benthic ecology study area outside of the Project
Two boundary (i.e., the wider Hornsea Zone), was provided by benthic grab, DDV
and epibenthic beam trawl surveys undertaken in support of the EIA for Project One
and for the Hornsea ZoC. The Project One and Hornsea ZoC surveys were
undertaken in 2010 and 2011, and together provided coverage of an area up to 4 km
beyond the Hornsea Zone boundary (Figure 2.1 and Figure 2.2). The scope and
spatial coverage of the Project Two site-specific subtidal surveys, and the use of
Project One and ZoC data to inform the characterisation of the wider area, was
agreed with the statutory consultees, specifically the Marine Management
Organisation (MMO) and the Centre for Environment, Fisheries and Aquaculture
Science (CEFAS).
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Figure 2.1

Subtidal benthic grab, drop down video and epibenthic beam trawl locations in Subzone 2 and the wider Project Two benthic ecology study area.
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Figure 2.2

Subtidal benthic grab, drop down video and epibenthic beam trawl sample locations along the export cable route corridor of the Project Two benthic ecology study area.
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2.3.7

The surveys used to inform the Project Two subtidal benthic characterisation were
undertaken between June 2010 and July 2012 using the EMU Ltd. vessels, the MV
Shannon and the MV Julie H (Figure 2.3). Sampling was successful at most of the
proposed sampling locations. A summary of the site-specific Project Two surveys,
together with those undertaken for Project One and the Hornsea ZoC which have
also been used to inform this characterisation, is provided in Table 2.1 and shown on
Figure 2.1 and Figure 2.2.

Figure 2.3

2.3.8

2.3.9

2.3.10

2.3.11

The data acquisition strategy for Project Two including the sampling arrays and
methodologies as well as regard taken with respect to the benthic ecological survey
coverage already achieved during the previous Project One and ZoC sampling
campaigns, were discussed and agreed with the MMO and their advisors (i.e.,
CEFAS, JNCC and Natural England).

2.3.12

Epibenthic beam trawl sites were also selected across the Project Two benthic
ecology study area ensuring that all broadscale habitats (i.e., those identified by the
site-specific geophysical survey and previous benthic ecology surveys) were
adequately sampled. A total of 21 site-specific epibenthic beam trawl locations were
proposed within Subzone 2. Data from a further 109 epibenthic beam trawls
undertaken in the wider Project Two benthic ecology study area were also used to
inform the overall assessment of the Project Two benthic ecology study area, 35 of
which occurred within the Project Two boundary.

2.3.13

During the site-specific Project Two surveys, replicate DDV transects were
undertaken at six sites along the export cable route corridor to inform Annex I
Sabellaria reef assessments. These sites had previously been surveyed during the
Project One surveys in October 2011 (SMart Wind, 2013b), when potential Sabellaria
reef was found. These sites were revisited in 2012 as part of the Project Two surveys
in order to assess the presence and the extent of the Sabellaria reef and compare
them to the previous survey results.

Survey vessels MV Shannon (left) and MV Julie H (right).

A combination of single 0.1 m2 benthic grab sampling and DDV was used at a total of
51 sites within Subzone 2. In the wider Project Two benthic ecology study area,
including the area incorporating the export cable route corridor, DDV and a single
grab sample were taken at a total of 348 sites, 48 of which coincided with Subzone 2
(Table 2.1; Figure 2.1).

Table 2.1

Project

Summary of benthic surveys undertaken in the Project Two benthic
ecology study area.
Survey

No. proposed
sample
locations

Combined grab
sampling and
DDV

51 sites in
Subzone 2; and
Nine sites within
the export cable
route corridor.

Epibenthic
beam trawls

21 sites within
Subzone 2.

Sediment
chemistry
samples

15 (including
seven proposed
sites in a historic
disposal site).

Date of
survey

DDV was deployed at all sites to enable the following activities to be undertaken:


The collation of information on epibenthic habitats and species occurring at
sampling locations;



The assignment of biotopes by augmenting the benthic infaunal grab sampling;
and



The identification and assessment of potential Annex I reefs.

Project
Two

Where potential reef features were identified during the DDV survey, grab sampling
was not attempted to ensure minimal disturbance to these features. Video footage
was monitored in real time to confirm that no potential Annex I biogenic (i.e.,
Sabellaria or mussel) or geogenic (i.e., cobble) reefs were present at that sampling
location prior to any grab sampling being undertaken.
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Comments
All sites successfully
sampled. An additional
ten DDV only transect
surveys were
undertaken along the
export cable route
corridor.

July 2012

All sites successfully
sampled.
Only three of the
seven proposed sites
in the disposal site
could be sampled due
to sediment type.

Project

Project
One

ZoC
Survey

Survey

No. proposed
sample
locations

Combined grab
sampling and
DDV

161 sites in
Subzone 1; and
57 in export cable
route corridor.

Epibenthic
beam trawls

41 sites in
Subzone 1; and
28 sites in export
cable route
corridor.

Sediment
chemistry
samples

40 sites in
Subzone 1; and
16 sites in export
cable route
corridor.

Combined grab
sampling and
DDV

122 sites
throughout the
Hornsea Zone.

Epibenthic
beam trawls

40 sites
throughout the
Hornsea Zone.

Date of
survey

Comments

An additional two sites
were sampled by DDV
only.
July,
September,
November
2010 and
June,
October
2011

All proposed beam
trawl sites successfully
sampled.

All proposed sites
successfully sampled.

November
2012

Figure 2.4

All sites successfully
sampled.

2.3.15

Benthic Grab Sampling
2.3.14

In locations where grab sampling was undertaken, a single 0.1 m2 grab sample was
collected using a mini-Hamon grab (Figure 2.4) for macrofaunal analysis and a sub
sample of the sediment (a volume of 300 or 500 ml dependent on the nature of the
sediment) removed for characterisation of the physical nature of the substrate
(particle size analysis (PSA)). Upon retrieval of the grab sample on board the vessel,
the sediment within the grab bucket was viewed in order to assess whether the
sample was acceptable (i.e., had not been subject to partial washout during retrieval,
had sealed correctly against the sealing plate, and was of sufficient volume relating to
depth of bite). Samples of 5 litres and above were considered acceptable. Samples
with a volume less than this were generally rejected and sampling at the location reattempted up to a maximum of three times. Where samples of less than 5 litres were
continually achieved, these were assessed on site to establish if the sample volume
was acceptable to allow subsequent analysis. A photograph of the sediment was
taken prior to any sample processing.
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0.1 m2 mini-Hamon grab.

Accurate positioning at the sampling locations was achieved using EMU’s
Hemisphere Crescent V110 differential Global Positioning System (dGPS) in
conjunction with the Trimble HYDROPro navigation software package.
Comprehensive logs of sample positions, time, type, water depth and other field
notes (i.e., descriptions of sediment type and conspicuous fauna) were made during
the surveys and are presented in Appendix A. After collection, the samples were
appropriately preserved and analysed using laboratory facilities for physical and
biological properties. The parameters measured included:


PSA;



Benthic infauna and epifauna analysis including identification, enumeration and
biomass; and



Sediment chemical analysis.

2.3.20

Particle size analysis
2.3.16

Sediment samples collected in the field were analysed for particle size distribution at
EMU's sediment laboratory, which is United Kingdom Accreditation Service (UKAS)
accredited. Representative sub-samples of each sediment sample were oven dried to
a constant weight and sieved through a series of mesh apertures over the range
64 mm to 63 µm (0.063 mm) on the Wentworth scale. The weight of the sediment
fraction retained on each mesh was measured and recorded. This method was based
on EMU Ltd.'s in-house procedures which were in accordance with BS 1377 (Part 2:
9.2/9.4) and CEFAS guidance (Ware and Kenny, 2011). Laser diffraction techniques
were also used for samples where sediments of less than 63 µm accounted for more
than 5% by weight of the sample.

2.3.21

Benthic infauna analysis
2.3.17

2.3.18

Sediment samples for benthic infauna analysis were processed through a 1 mm sieve
and the retained material transferred to an appropriate container and preserved
immediately in 4% buffered saline formalin solution. The samples were analysed at
EMU’s benthic laboratory (which participates in the National Marine Biological
Analytical Quality Control (NMBAQC) scheme) for identification (to species level),
enumeration and biomass determination. Biomass of the infaunal component was
recorded in grams (g) ash free dry weight (AFDW) (weight to 0.0001 g) derived from
the blotted wet weights using published conversion factors (Eleftheriou and Basford,
1989). The retained infauna was separated into the following phyla: polychaeta;
crustacea; echinodermata; mollusca; and others.

These samples were frozen following collection and transferred to a specialist UKAS
accredited chemistry laboratory for testing. The samples were analysed for the
following determinands:


Metals: arsenic, cadmium, chromium, copper, lead, mercury, nickel and zinc;



Hydrocarbons (total petroleum hydrocarbons (TPH));



Polyaromatic hydrocarbons (PAHs) (Environmental Protection Agency (EPA) 16
and 2-6 ring analysis); and



Organotins (dibutyltin (DBT), tributyltin (TBT) and triphenyltin (TPT)).

Site-specific Project Two samples taken in Subzone 2 and the export cable route
corridor were also analysed for total organic carbon (TOC). The samples collected in
the wider Project Two benthic ecology study area during the Project One and ZoC
surveys were analysed for organochlorine pesticides.
Drop Down Video (DDV) Survey

2.3.22

The DDV surveys were undertaken using a Kongsberg new generation digital stills
colour camera and video camera mounted to a DDV frame (Figure 2.5). At each
sampling location a minimum of five minutes of video footage and a minimum of five
seabed still images were obtained. Video images were digitally overlaid with dGPS
positions and recorded in a digital format to 5 MB or better.

The epifaunal component of each sample was analysed separately with identification
to species level. Where possible each component was enumerated and presented as
discrete counts or in the case of colonies, recorded as present and given a P
(present) value.
Sediment chemistry analysis

2.3.19

Additional samples for sediment chemistry analysis were collected using a stainless
steel Shipek or Day grab. Data was available from a total of 67 locations within the
Project Two benthic ecology study area (17 sites within Subzone 2, eight of which
were sampled during the site-specific Project Two surveys). Included in these 64
samples are those which were taken in wider Project Two benthic ecology study area
during Project One and the ZoC surveys, nine of which coincided with Subzone 2; the
results of these surveys were also used to inform the Project Two characterisation.
An additional seven locations on the export cable route corridor, within an historic
disposal site, were also attempted during the Project Two site-specific surveys,
however, only three were successfully sampled.

Figure 2.5
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Drop down video camera system with freshwater housing.

2.3.23

DDV footage was undertaken prior to grab sampling at all locations. This was in line
with relevant guidance notes (DEFRA, 2005; Limpenny et al., 2010) that state that
grab samples are to be avoided in areas where Annex I habitat features, (e.g.,
biogenic reefs such as Sabellaria reef, mussel beds/reef and cobble reefs), might be
present in order to avoid unnecessary damage to such features.

2.3.24

Areas along the export cable route corridor had been identified as potential Annex I
habitats from the geophysical data, and these were subsequently ground truthed
using DDV transects during the site-specific surveys. The DDV footage was reviewed
in real time during the surveys by a suitably qualified marine ecologist fully trained
and experienced in Annex I reef assessment and following the appropriate JNCC
guidance notes (Gubbay, 2007; Irving, 2009; Limpenny et al., 2010). If following onboard review of the DDV footage, an Annex I habitat was confirmed at a location,
sampling was limited to DDV only, rather than a combination of benthic grab
sampling and DDV. A log of each DDV sample position, time, sample type, water
depth, habitat features and species observed was made to assist with the data
analysis (Appendix A).

2.3.25

2.3.26

Figure 2.6

Following the surveys the video records were reviewed and analysed in more detail
by marine ecologists. Initially, using image manipulation software (which allows the
use of grid overlays for area estimates), static images were analysed in order to
identify conspicuous fauna within the images from each transect. The second stage
of the analysis was carried out by reviewing video footage from each transect,
identifying conspicuous species. The video footage provided a more complete and
detailed description of the communities observed, as the less frequently occurring
species would have been under-represented from static image analysis alone. The
resulting data (from video footage and static image analysis) were merged. The
quality control (QC) procedure was carried out on 10% of the still images; in addition,
problematic issues/species identification where discussed between senior ecologists
experienced in this type of analysis. Both analysis and data QC checks were carried
out by ecologists experienced in this type of analysis.

Species recorded during DDV surveys to inform the Project Two subtidal
benthic characterisation included the echinoderm Asterias rubens (left)
and dead man's fingers Alcyonium digitatum (right).

Epibenthic Beam Trawl Survey
2.3.27

Species were identified and their abundance or percentage cover quantified
estimated using the Superabundant, Abundant, Common, Frequent, Occasional or
Rare (SACFOR) scale. This scale is based on that devised by the JNCC (Connor and
Hiscock, 1996) and uses the average species size to classify the population. Sample
pictures of species recorded during the DDV analysis are presented in Figure 2.6;
digital stills indicative of each sampling location are presented in Appendix B.
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Epibenthic sampling using a standard 2 m scientific beam trawl (Lowestoft design)
fitted with a knotless 5 mm cod end liner was also undertaken to collect information
on epibenthic invertebrate species, as well as small demersal and juvenile fish to
supplement the data collected by grab (predominantly infaunal species focused) and
DDV sampling (Figure 2.7). A total of 21 site-specific trawls were undertaken within
Subzone 2 (Figure 2.1). These data were supplemented with data from 109 trawls
undertaken within the wider Project Two benthic ecology study area, including the
export cable route corridor (Figure 2.2). The length of the tow was established at
approximately 500 m (five to ten minutes duration), although the exact actual length
of the tow was determined by ground conditions, with a tolerance of plus or minus
300 m being accepted. The trawl tow speed was approximately 1.5 knots. Proposed
trawl locations were selected to provide a representative sample of each of the
previously identified broadscale sediment types identified from the geophysical data
in order to characterise the epifaunal communities. As with benthic sampling, trawl
sites were informed by the outputs of the geophysical survey, to reduce the likelihood
of damaging any Annex I habitats occurring in the vicinity of the Project Two benthic
ecology study area. Full epibenthic beam trawl logs, including timings, trawl depths
and locations are presented in Appendix A.

following the winter storms of later 2013/early 2014, and to update the biotope maps
as necessary.

Figure 2.7

2.3.28

2.3.31

During the 2011 and 2014 intertidal surveys, notes were made on the shore type,
wave exposure, sediments/substrates present, descriptions of species/biotopes
present and the spatial relationships between these. All biotopes present were
identified and their extents mapped with the aid of aerial photography and using hand
held GPS recorders. Biotopes extending over an area of less than 25 m2 did not have
their extents mapped but instead were labelled on the biotope map as target notes.
Additional pre-survey determined waypoints were designated as dig-over sites at
which two 0.1 m2 samples were taken to a depth of approximately 15 cm, and the
sediment sieved on site using a 1 mm mesh. The sediment type and dominant
infauna visible to the naked eye were recorded. Additional dig-over sites were added
during the survey, where appropriate, to further characterise a biotope (Figure 2.8).

2.3.32

A series of intertidal core samples were also collected during the 2011 survey at predetermined locations, corresponding to high, mid and low tide levels (Figure 2.8).
Three replicate 11.3 cm diameter core samples were collected to a depth of 20 cm at
six sites and single samples were collected from an additional two sites. These
samples were analysed for infaunal content, both species identification and
enumeration, and PSA (following methods outlined in paragraphs 2.3.16 to 2.3.17) to
further inform the characterisation of the intertidal area at the proposed landfall site.
The sample collected for PSA analysis was also assessed for organic matter content
using the loss on ignition (440°C for 4 hours) method.

2.3.33

Samples for sediment chemistry analysis were collected at six locations within the
intertidal area of the Project Two benthic ecology study area during the 2011 survey
and analysed for the following determinands:

2 m scientific beam trawl.

Once recovered to the deck, the catch was sorted over a 5 mm mesh and all species
from each trawl were identified using appropriate keys. The entire catch was then
enumerated and measured on a species-by-species basis. Colonial species were
recorded as present and, for the most abundant species which included the soft coral
Alcyonium digitatum and the bryozoans Flustra foliacea and Alcyonidium diaphanum,
the total weight of each species for the trawl recorded in grams.
Intertidal Survey

2.3.29

2.3.30

To inform the intertidal benthic characterisation, a modified Phase I walkover survey
was conducted at the proposed landfall site at Horseshoe Point in 2011, following
guidance set out in the JNCC Marine Monitoring Handbook (Davies et al., 2001; i.e.,
Procedural Guideline No. 3-1 In situ intertidal biotope recording) and in the Handbook
for Marine Intertidal Phase I Biotope Mapping Survey (Wyn et al., 2006). At the time
of conducting the survey, two potential cable route landfalls had been proposed at
Horseshoe Point and as such the survey area encompassed the area extending
500 m either side of both landfalls. The initial survey was conducted over two days
between the 14 and 15 August 2011 by EMU Limited. The survey was also timed to
coincide with spring tides and was undertaken two hours either side of low water to
ensure that as much of the intertidal zone as possible was surveyed.

2.3.34

A subsequent intertidal Phase I walkover survey was undertaken at the proposed
landfall site by RPS in June 2014 (see Annex 6.3.2: Phase 1 Intertidal, Sand Dune
and Saltmarsh Habitat Survey). This survey was undertaken primarily to determine
whether there have been significant changes to the presence and distribution of
intertidal habitats and biotopes at the landfall site since the 2011 surveys, particularly
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Metals: arsenic, cadmium, chromium,
magnesium, titanium, tin and zinc;



Polyaromatic hydrocarbons (EPA 16); and



Organotins (DBT, TBT and TPT).

copper,

lead,

mercury,

nickel,

An intertidal terrestrial habitat survey, including a saltmarsh and sand dune survey,
was conducted by an experienced coastal botanist from RPS on 5 and 6 July 2011.
The intertidal survey was undertaken during the optimal survey period for saltmarsh
biotope mapping surveys of April to October (Wyn et al., 2006) to allow for
macroalgal and plant spring growth. These habitats were resurveyed during the June
2014 Phase I habitat survey, the full results of which are presented in Annex 6.3.2:
Phase 1 Intertidal, Sand Dune and Saltmarsh Habitat Survey. The assessment of
impacts on habitats landward of MHWS (i.e., sand dunes, saline lagoons and
saltmarsh) is fully considered in Volume 3, Chapter 3: Ecology and Nature
Conservation, however habitats landward of MHWS have been presented in the
intertidal biotope map within this chapter for completeness.

Figure 2.8

Intertidal benthic survey locations at the proposed landfall site at Horseshoe Point, located within the Project Two benthic ecology study area.
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2.4

2.4.5

Data Handling and Analysis
Sediment Chemistry Analysis

2.4.1

There are currently no UK Environmental Quality Standards (EQSs) for in situ
sediments. In the absence of any standards an initial assessment of whether
organisms are at risk from concentrations of toxic contaminants can be undertaken
by comparing data with the CEFAS Guideline Action Levels for the disposal of
dredged material and, where appropriate, with the Canadian Sediment Quality
Guidelines (CSQG).

2.4.2

The CEFAS Guideline Action Levels for the disposal of dredged material are not
statutory contaminant standards for dredged material but are used as part of a weight
of evidence approach to decision-making on the disposal of dredged material to sea.
Although these guidelines relate to the disposal of dredged material, their primary
purpose is to ascertain whether contaminated sediments will result in adverse
impacts on the marine environment. Sediments with contamination levels below
CEFAS Action Level 1 (AL1) would be unlikely to be refused a sea disposal licence
on the grounds of contamination. Materials with contamination levels above CEFAS
Action Level 2 (AL2) are likely to be deemed unacceptable for sea disposal. The
CEFAS ALs are also used as a screening trigger for the assessment of marine
dredging activities under the Water Framework Directive (see Annex 5.2.2: Water
Framework Directive Assessment).

2.4.3

The CSQG were developed by the Canadian Council of Ministers of the Environment
as broadly protective tools to support the functioning of healthy aquatic ecosystems
(CCME, 2001). They are based on field research programmes that have
demonstrated associations between chemicals and biological effects by establishing
cause and effect relationships in particular organisms. The CSQG consist of
Threshold Effect Levels (TELs) and Probable Effect Levels (PELs): values below the
TEL are within the minimal effect range within which adverse effects rarely occur;
values above the PEL are within the probable effect range within which adverse
effects frequently occur; and values between the TEL and PEL fall within the possible
effect range where adverse effects occasionally occur.

In order to assign biotopes to the benthic infauna (from grab sampling) and
epibenthic (from DDV sampling) datasets the results of the combined PSA data were
initially simplified, using a simplified Folk Classification, into one of four sediment
categories (see Figure 2.9) according to published guidelines (Long, 2006). The
approach used is consistent with those used during the UKSeaMap and MESH
projects (Long, 2006) and follows advice previously provided by the Marine and
Fisheries Agency (now MMO) on biotope mapping for other offshore wind farm
projects.

Benthic Infaunal and Epifaunal Biotope Mapping
2.4.4

To characterise the Project Two benthic ecology study area, as defined in paragraph
2.1.1, all of the data collected during the site-specific Project Two benthic surveys
was combined with data collected from the wider Project Two benthic ecology study
area during the Project One benthic surveys and treated as a single dataset to
produce one single biotope map for the Project Two benthic ecology study area.

Figure 2.9
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Simplified Folk Sediment classifications (from Long, 2006).

2.4.6

2.4.7

These sediment/substrate classifications were then assigned as factors to both
infaunal and epifaunal datasets and used as a basis for the statistical analyses (i.e.,
separate cluster analyses were conducted on each simplified folk classification (see
below)). This also assisted in reducing the size of the dataset in each analysis as
many of the statistical tests outlined below could not readily be performed on the
single combined dataset due to its size (399 sites). The benthic infaunal dataset was
fourth root transformed in order to down-weight the species with the highest
abundances (over 900 individuals of a particular species) which occurred in several
of the samples for multivariate community analysis using the PRIMER v6 software
(Clark and Gorley, 2008).
The epifaunal data from the DDV analysis and the epifaunal data from the grab
samples were combined into a single epifaunal dataset. The epibenthic beam trawl
dataset was analysed separately (see paragraph 2.4.13) from the DDV and grab
epifaunal data, but the results were used to inform the final epibenthic biotope
classifications (see paragraph 2.4.16). Since the species abundances from DDV
footage (i.e., the epifauna dataset) were estimated using the SACFOR scale, these
abundances were converted to a 1 to 6 scale, so that rare abundances scored 1,
occasional scored 2, frequent scored 3, etc. The epifaunal species recorded in the
grab samples were typically recorded in very low abundances and as such were
classified as present and assigned a nominal abundance of 0.1 for the purposes of
the multivariate analyses.

2.4.8

Newly settled juveniles of benthic species may at times dominate the macrofauna,
but due to heavy natural post-settlement mortality, they should be considered an
ephemeral component and not representative of prevailing bottom conditions
(OSPAR Commission, 2004). Subsequent analysis was, therefore, undertaken on
epifaunal data that excluded juveniles.

2.4.9

The benthic infaunal and epifaunal datasets were each analysed separately, although
the statistical analyses conducted on each dataset were identical. The next step in
assigning benthic infaunal and epifaunal biotopes was to analyse the
macroinvertebrate community structure to determine the relative similarities between
sites. Benthic infaunal and epifaunal community structure was investigated through
the use of CLUSTER analysis (hierarchical agglomerative clustering) using the
PRIMER 6 statistical analysis program (Clarke and Gorley, 2003). This uses the Bray
Curtis similarity coefficient to assess the similarity of sites based on the faunal
components. The procedure produces a dendrogram indicating the relationships
between sites based on the similarity matrix and uses a Similarity Profile (SIMPROF)
test (at a 5% significance level) to test whether the differences between the clusters
are significant. For the infaunal community cluster analysis, 20 clusters were
identified for coarse sediments, 17 clusters for mixed sediments and 24 clusters were
identified for sand and muddy sand sediments. For the epifaunal analysis (DDV data
and epifaunal component of grab samples), 20 clusters were identified for coarse
sediment, 17 for sand and muddy sand sediments and 15 for mixed sediments.
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2.4.10

Similarity Percentages (SIMPER) analyses were subsequently undertaken on these
datasets to identify which species best explained the similarity within groups and the
dissimilarity between groups identified in the cluster analysis. The similarity matrix
was also used to produce a multi-dimensional scaling (MDS) ordination plot which
shows, on a two or three dimensional representation, the relatedness of the
communities (at each site) to one another. Full methods for the application of both the
hierarchical clustering and the MDS analysis are given in Clarke and Warwick (2001).

2.4.11

The results of the cluster analyses and associated SIMPER were reviewed alongside
the raw, untransformed data in order to assign preliminary biotopes (Connor et al.,
2004). Using the clusters identified, a number of sites within a particular cluster were
assigned to a single biotope based on relatedness and presence/absence of key
indicator species for a particular biotope. The preliminary biotopes were plotted using
GIS and the biotopes assigned to each site then reviewed while referring to the
geophysical data collected for the Project Two benthic ecology study area. Biotope
codes were also reviewed according to those biotopes surrounding each sampling
location and where necessary biotopes at certain sites were reassigned. Following
this review, biotopes were re-plotted to produce biotope maps.

2.4.12

The benthic infaunal and epifaunal biotope extents and boundaries were mapped
using the outputs of the geophysical surveys for the Project Two benthic ecology
study area (i.e., seabed topography and sediment types identified by multibeam
bathymetry and side scan sonar; see Figure 2.10). Where two biotopes were present
on the same sediment type, without a clear boundary from the aforementioned data
sources, either a mosaic biotope was described or buffer zones were created
between sites to create boundaries between the biotopes. It is therefore important to
recognise that there is a degree of interpolation between sampling point data and the
resulting biotopes mapped.

2.4.13

Epibenthic trawl data were also analysed using hierarchical agglomerative clustering
to identify similarities and dissimilarities between trawl sites. Prior to analysis, the
data, which was a matrix of discrete counts and weights of encrusting/colonial
species was modified such that those species recorded as weights were classified as
present and given a nominal score of 0.1 for the purposes of the analyses. In
addition, the fish species recorded during the epibenthic trawls were removed from
the dataset as it was deemed that these species were present in such high numbers
that they would dominate the dataset and obscure the patterns in the benthic
epifauna. It is important to note however, that the results of the cluster analysis were
not reviewed in isolation when assigning the final biotope codes, the biomass data
associated with the encrusting/colonial species, and also the complete raw data set,
including fish species present were taken into account.

Figure 2.10

Geophysical survey seabed interpretation for the Project Two benthic ecology study area.
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2.4.14

2.4.15

2.4.16

2.4.17

The data were then standardised by total abundance per sample across all variables
(species). This was necessary to ensure that the samples were comparable as it was
not possible to ensure the sampling effort was consistent across all samples. Prior to
generating a Bray Curtis similarity matrix, the data were fourth root transformed, in
order to down weight the contributions of quantitatively dominant species (e.g., over
1,000 individuals of certain species such as common brittlestar Ophiothrix fragilis)
and to allow the assessment of similarity to incorporate less abundant species (i.e.,
focus on species assembly rather than the key dominating species). The matrix was
used to conduct a cluster analysis using the SIMPROF test, to test whether the
dissimilarities between groups were significant. As with the infaunal (grab) and
epifaunal (DDV) datasets, a SIMPER analysis was conducted to identify which
species best explained the similarity within and dissimilarity between the groups. The
results of these analyses were also used to assign preliminary biotopes to each of the
epibenthic trawls.

Univariate Statistical Analysis

Following assignment of biotope codes to benthic grab, DDV and epibenthic trawl
sample sites and following the associated mapping (using the methods outlined
above in paragraph 2.4.12), the infaunal and epifaunal datasets were combined to
produce a final, holistic biotope map of the Project Two benthic ecology study area.
This was achieved by identifying the characteristic species in each of the draft
biotopes and, where (infaunal/epifaunal) datasets overlap, these characteristic
species were compared to identify possible overlap between the communities. Where
possible, the datasets were consolidated into one biotope code or a biotope mosaic
which appropriately describes the infaunal and epifaunal communities present at
each site, while also taking into account other environmental variables (e.g., depth,
sediment type etc.). These biotope mosaics were usually in the form of an infaunal
biotope with an overlaying epifaunal biotope.

2.4.18

As well as utilising the raw species data to characterise the benthic communities
present within subzone 2, a number of indices were also calculated. These included:
Margalef’s Index of Richness (d); Pielou’s Evenness index (J’); the Shannon-Wiener
Diversity index (H’); and Simpson’s index of dominance (λ) (Clarke and Warwick,
2001). Such indices are useful in reducing large faunal datasets to a single figure,
which may be used in comparison to other sites in assessing community structure.
These indices were calculated for each biotope in order to allow for comparisons to
be made between the biotopes identified. This was done by calculating the diversity
indices for each site, then calculating the mean (± standard deviation) for each
biotope. The epibenthic trawl data were standardised by total abundance per sample
across all variables (species) prior to calculating the univariate indices. Since
Margalef’s Index of Richness (d) is dependent on the total number of individuals
(which was standardised) this index was not calculated for the epibenthic trawl
dataset. As discussed previously in paragraph 2.4.15, weights of colonial/encrusting
species were assigned a nominal score for the purposes of the analyses.

2.4.19

Comparisons were also made between numbers of species (S), total abundance (N)
and biomass (B) for the main faunal groups. For the benthic infaunal dataset these
were divided into annelida, crustacea, echinodermata, mollusca and others (includes
all other faunal groups (e.g., tunicata, cnidaria, bryozoa) while for the epibenthic trawl
dataset the main faunal groups were crustacea, echinodermata, mollusca, pisces and
others (e.g., cnidaria, annelida and bryozoa). This univariate analysis provides further
detail on the composition of the benthic infaunal and epifaunal biotopes present in the
Project Two benthic ecology study area.
Annex I Habitat Assessment

As the most standardised dataset with the most quantitative data, the grab data was
the starting point for this process, (i.e., grab data was prioritised and DDV/trawl data
used to identify the subtle differences between the epifaunal communities). Where
two distinct epibenthic biotopes overlap a single infaunal biotope, this difference in
the epifaunal communities was appropriately represented in the final biotope code
and resultant biotope map.

2.4.20

The biotope coding used in the benthic and epibenthic ecology characterisation of the
Project Two benthic ecology study area has used the Marine Habitat Classification for
Britain and Ireland (Connor et al., 2004). These biotope classifications are directly
comparable to those described by the EUNIS classification, which has been used to
describe some of the desktop data (e.g., the Humber REC data). To ensure the
historical and characterisation biotopes can be compared, both codes are presented
in the biotope summary tables (Table 3.4, Table 3.5 and Table 3.6) within Section 3.
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An Annex I habitat assessment was undertaken on any sampling locations where
potential Annex I habitats were identified. In addition, the Project Two survey scope
included six sites within the export cable route corridor which had previously been
surveyed during the Project One surveys in October 2011. During the Project One
surveys potential Annex I Sabellaria reef was identified at these sites (SMart Wind,
2013b) and, as such, they were revisited as part of the site-specific Project Two
surveys in order to assess the presence and the extent of the Sabellaria reef and
compare them to the previous survey. These habitats were identified firstly from the
site-specific geophysical data and then from other data sources including video
records, seabed stills and logs (see paragraph 2.3.23). The Annex I reef
assessments were undertaken with reference to the relevant guidance with details of
the assessment criteria outlined below.

DDV footage, in line with the methodologies proposed by Gubbay (2007) and
Limpenny et al. (2010).

Sabellaria spinulosa reefs
2.4.21

Where S. spinulosa was observed in the DDV footage, a comprehensive analysis,
with reference to all relevant guidance documents (i.e., Hendrick and Foster-Smith,
2006; Gubbay, 2007; Limpenny et al., 2010), was undertaken. The analysis covered
all aspects of these proposed methodologies, to determine whether or not an Annex I
Sabellaria reef was present. To ensure that the assessment was comprehensive and
transparent it comprised three stages with each stage drawing on different aspects of
the guidance documents outlined above for assessing characteristics of Annex I S.
spinulosa reefs, so that when the outcomes of each stage were drawn together they
provided a full assessment of ‘reefiness’ as follows:


Stage One: the initial stage involved a review of the video footage and stills to
classify the presence of S. spinulosa into the following categories, where
possible: absent, moribund loose tubes; crusts; clumps; and potential reef;



Stage Two: following the guidance proposed by Hendrick and Foster-Smith
(2006), this stage of the assessment was designed to give an overview of the
various characteristics considered important to the ‘reefiness’ of S. spinulosa
aggregations. Hendrick and Foster Smith (2006) suggested (Hendrick and
Foster Smith, 2006) that each of the characteristics can be scored as Low,
Medium or High, and be weighted according to the perceived importance of that
characteristic. Whilst an overall score of these characteristics is an
oversimplification, the approach attempts to encourage a structured
consideration of each characteristic. For the purpose of the survey, where areas
of reef were identified, the characteristics specified in Table 2.2 were scored as
also described in Table 2.2, where possible. In addition, notes were be made on
other conspicuous species recorded by the images and video footage.



Table 2.2

Summary of the analysis and scoring of Sabellaria spinulosa reef
characteristics.

Characteristic

Analysis of characteristics

Elevation

A rough estimate of the height of the reef from the video footage, and
placement within the following size categories of >10 cm, 5 to 10 cm, 2 to
5 cm and <2 cm high.

Patchiness

Estimated from the video footage as a continuous video if conditions allow,
or as a series of camera drops along a transect. Where the latter technique
is employed patchiness determined on a site by site basis from the following
calculation:
Total percentage of Sabellaria cover over the whole site
x 100
Total number of video drops for the site (i.e., the total area surveyed)

Consolidation

Qualitative description of the nature of consolidation of the reef derived from
the video footage and supported by grab sampling where appropriate.

Density

Qualitative description of the nature of the density derived from the video
footage and supported by grab sampling 1.

Table 2.3

Range of figures which could be used as a measure of ‘reefiness’ (based
on Gubbay, 2007 and Limpenny et al., 2010).

Measure of ‘reefiness’

NOT a reef

Low

Medium

High

This included an assessment of elevation, patchiness and a brief description of
the reef (including the nature of the S. spinulosa present and other conspicuous
species present). Additional characteristics proposed for assessment in the
Hendrick and Foster-Smith (2006) guidance (e.g., density, consolidation and
extent) were fully covered in the subsequent stage; and

Elevation (average tube
height, cm)

<2

2 to 5

5 to 10

>10

Patchiness (% cover)

<10

10 to 20

20 to 30

>30

Stage Three: whilst the previous stages identified above provided a starting
point for evaluating reefiness, the scoring system proposed by Gubbay (2007)
was used to draw all the information to interpret the ‘reefiness’ of Sabellaria
aggregations (Table 2.3). Recent discussions have suggested that a reef should
be elevated above the sea floor by at least 2 cm, have an area of at least 25 m2
and have a patchiness of no less than 10% (Gubbay, 2007). The parameters
summarised in Table 2.3 were measured, where possible, using the broad (i.e.,
geophysical survey data) and fine scale (DDV and grab) survey data collated
during the surveys. Each of the characteristics shown in Table 2.3 was scored
as Low, Medium or High. This assessment was further supplemented by an
assessment of the associated biodiversity and characterising species from the

Consolidation

<5 on
Limpenny
scale

Upright
5 on Limpenny
Sabellaria
scale. Stones
including
joined by tubes
concretion of
which overlap
substrata

1

Intertwined
matrix of
upright
Sabellaria
tubes

If following on-board review of the DDV footage, an Annex I habitat could be confirmed at a
location, sampling was limited to DDV only, and a representative benthic grab sampling was
not taken.
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Measure of ‘reefiness’

NOT a reef

Low

Medium

Intertidal Biotope Mapping

High

Density
(maximum per m2)

<500

500-1,700

1,700-3,500

>3,500

Area (m2)

<25

25 to 10,000

10,000 to
1,000,000

>1,000,000

2.4.23

The infaunal dataset from the intertidal core samples taken during the 2011 intertidal
survey was square root transformed in order to down-weight the species with the
highest abundances for subsequent multivariate community analysis using PRIMER
(Clark and Warwick, 2001). The benthic infaunal community structure was
investigated through the use of classification analysis (hierarchical agglomerative
clustering) using the PRIMER 6 statistical analysis program (Clarke and Gorley,
2003). A SIMPROF test (at a 5% significance level) was used to test whether the
differences between the clusters were significant. For the infaunal community cluster
analysis, six clusters were identified and SIMPER analysis undertaken to identify
which species best explained the similarity within groups and the dissimilarity
between groups identified in the cluster analysis. An MDS ordination plot was also
generated to show the relatedness of the communities (at each site) to one another.
Further detail on the statistical routines used is provided in paragraphs 2.4.8 to
2.4.11, and full methods for the application of both the hierarchical clustering and the
MDS analysis are given in Clarke and Warwick (2001). The results of the cluster
analyses and associated SIMPER were reviewed alongside the raw, untransformed
data, and the field notes made during the walkover surveys in order to assign
preliminary biotopes (Connor et al., 2004).

2.4.24

The intertidal biotopes were then mapped using GIS using a combination of the
results of the intertidal core infaunal dataset together with the field notes made during
the 2011 walkover survey, as updated in the June 2014 walkover survey, and aerial
photography.

Rocky (i.e., cobble, boulder and bedrock) reefs
2.4.22

Where potential Annex I cobble reefs were identified from the DDV footage a similar
scoring system to that outlined above for S. spinulosa proposed by Irving (2009) was
used to assess the likelihood that an Annex I feature was present. According to this
scoring system, cobble reefs should be elevated by at least 64 mm, be composed of
at least 10% cobbles, cover an area of at least 25 m2 and have an associated
community of largely epifaunal species. The parameters used for the Annex I cobble
reef assessment are presented in Table 2.4.

Table 2.4
Measure of
‘reefiness’

Range of figures used to assess the ‘reefiness’ of rocky (i.e., cobble,
boulder and bedrock) reefs (Irving, 2009).
NOT a cobble
reef

Low

Medium

High

Composition
(%cobble)

<10

10 to 40 Matrix
supported

40 to 95

>95 clast
supported

Elevation

Flat seabed

<64 mm

64 mm to 5 m

>5 m

Extent m
Biota

2

<25
Dominated by
infaunal species

>25
-

-

>80% of species
present
composed of
epifaunal species
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3

RESULTS

3.1

Desktop Review

3.1.1

As discussed in paragraph 2.1.1, two study areas were defined for both the desktop
study and the site-specific surveys; the southern North Sea benthic ecology study
area (Figure 1.1) and the Project Two benthic ecology study area (Figure 2.1).

3.1.2

There has been a long history of broadscale benthic studies in the southern North
Sea benthic ecology study area, and the relationships between sea temperature,
primary productivity, hydrographic and sediment conditions with the benthic faunal
communities are well understood. Broadscale predictive mapping of seabed habitats
undertaken by the UKSeaMap 2010 project also covers the southern North Sea
benthic ecology study area; this dataset draws on a variety of benthic and water
column environmental datasets, including sediment types, depth, turbidity and tidal
current flow to classify and map the dominant seabed and water column features.
However, site-specific historic benthic data for the Project Two benthic ecology study
area is sparse and limited to the Humber REC and HADA MAREA data and biotope
maps, both of which predominantly cover the export cable route corridor.

and circalittoral coarse sediments and infralittoral fine sand/muddy sand. The export
cable route corridor corresponds with areas of infralittoral coarse sediment (i.e., a
changing sediment landscape with gravel as a component of each sediment type).
3.1.4

The community assemblages of the southern North Sea benthic ecology study area
correspond to the shallow water, southern North Sea ‘infralittoral étage’ as described
by Glémarec (1973), which extends from the inflows of the English Channel to the
northern flanks of the Dogger Bank. The shallow, well-mixed waters of the southern
North Sea benthic ecology study area, allow for the majority of the products of
primary (phytoplankton) production to reach the sea floor for consumption by benthic
assemblages, leading to comparatively high benthic biomass (Künitzer et al., 1992).
Künitzer et al. (1992) described the northern part of the southern North Sea benthic
ecology study area (i.e., the surrounds of the Project Two benthic ecology study area)
as a transitory area between two distinctive infaunal community assemblages
corresponding to the southern and central North Sea. The shallow (<30 m), coarse
sediments of the southern North Sea assemblage (coinciding with the southern part
of the Project Two benthic ecology study area) were found to be characterised by
white catworm Nephtys cirrosa, the sea potato Echinocardium cordatum and the
amphipod Urothoe poseidonis. The other principle assemblage of infauna, which was
found to be associated with deep water (50 to 70 m; coinciding within the northern
part of the Project Two benthic ecology study area) and fine sand substrates,
supported communities of the polychaetes Ophelia borealis and Nephtys longosetosa
(Rees et al., 1999).

3.1.5

The epibenthic components of the southern North Sea benthic assemblage have
been historically sampled by trawl and camera surveys (Dyer et al., 1982; Jennings et
al., 1999; Rees et al., 1999; Callaway et al., 2002). Detailed analyses of NSBP data
(Rees et al., 2007) identified that the northern part of the southern North Sea benthic
ecology study area (i.e., the area encompassing the Project Two benthic ecology
study area) corresponds with a transitional area encompassing three or four different
mobile epibenthic groupings which are typical of southern North Sea assemblages.
Common species included brown shrimps Crangon crangon and C. allmani, hermit
crab Pagurus bernhardus, flying crab Liocarcinus holsatus, masked crab Corytes
cassivelaunus, common starfish Asterias rubens, burrowing starfish Astropecten
irregularis, brittlestars Ophiura ophiura and O. albida, and the green urchin
Psammechinus miliaris; together with non-commercial fish species such as solenette
Buglossidium luteum, dab Limanda limanda and dragonet.

Southern North Sea Benthic Ecology Study Area
Subtidal benthic ecology
3.1.3

The SeaZone HydroSpatial data indicate a broadly homogeneous area of sand in the
westernmost half of the Hornsea Zone grading into slightly gravelly sand and gravelly
sand in the southern and north eastern parts of Subzone 2, respectively (Figure 3.1),
and also throughout the area to the east of Subzone 2 and in the east of the Hornsea
Zone. In the deeper water, immediately to the north of the Hornsea Zone boundary, is
an area of sediment dominated by muddy sand. In comparison, the export cable
route corridor is dominated by much coarser sediments (i.e., gravels and sandy
gravels), particularly towards the westernmost and landward end as well as the north
east end at the southern boundary of Subzone 2. Similar patterns of substrate
distribution in the Project Two benthic ecology study area were provided by the
UKSeaMap data (JNCC, 2010b) which draws on a variety of benthic and water
column environmental datasets, including sediment types, depth, turbidity and tidal
current flow to classify and map the dominant seabed and water column features. As
shown in Figure 3.2 this data indicates that the wider Project Two benthic ecology
study area to the west of Subzone 2, as well as the area encompassed by the
western half of Subzone 2, comprises predominantly circalittoral fine sand or
circalittoral muddy sand. The southernmost boundary of Subzone 2 and the north
eastern section are more typically characterised by circalittoral coarse sediment. To
the east of Subzone 2 the sediments are characterised by predominantly infralittoral
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Figure 3.1

Project Two subtidal benthic survey locations and SeaZone HydroSpatial sediment data for the southern North Sea benthic ecology study area.
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Figure 3.2

Project Two subtidal benthic survey locations and UKSeaMap (2010) predicted EUNIS habitats for the southern North Sea benthic ecology study area.
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3.1.6

3.1.7

Table 3.1

Sessile colonial fauna have been found to play only a minor role in the southern
North Sea benthic ecology study area. Both Rees et al. (1999) and Jennings et al.
(1999) distinguished a ‘southern’ group of relatively sparse sessile epifauna
characteristic of sandy substrata, with limited scope for the establishment of attaching
and encrusting species. Sessile epifauna characterising the ‘southern’ North Sea
included the hydroids Hydractinia echinata, Hydrallmania falcata and Sertularia
argentea, the bryozoans F. foliacea and Electra pilosa and the soft coral A. digitatum
(Jennings et al., 1999). Within inshore areas the diversity of epifauna is similarly low
with the area characterised by very few species of echinoderms, which together with
crustaceans, were found to account for 39% of 40%, respectively, of the overall
abundance of epibenthic species (from epibenthic beam trawls) in the REC area
(Tappin et al., 2011). The biomass of fauna from the REC epibenthic trawls was also
dominated by echinoderms and miscellaneous taxa (mostly the bryozoans A.
diaphanum and F. foliacea and the soft coral A. digitatum).

Principal EUNIS Habitat Type –
UKSeaMap (JNCC, 2010)

The UK Benthos Database provides data from benthic studies of the North Sea
oil/gas fields within the southern North Sea benthic ecology study area (to the north
of the Project Two benthic ecology study area). Analysis of these data and the
allocation of biotope codes, based on the UK Marine Habitat Classification (Connor et
al., 2004), gives an overview of biotopes occurring in the sediments characteristic of
the area to the north of the Project Two benthic ecology study area (EMU, 2012a).
The main habitats identified and associated assigned biotopes are presented in Table
3.1.

3.1.8

Data from benthic sampling programmes coordinated under the NSBP and the site
assessments for the North Norfolk Sandbanks and Saturn Reef SCI and the UK
Dogger Bank SCI confirm the widespread nature of the habitat types presented in
Table 3.1 in the southern North Sea benthic ecology study area (EMU, 2012a).
Similar biotopes have also been previously found in the region during benthic studies
at aggregate production Area 408 located approximately 10 km to the south of
Project Two (Newell et al., 2002). This study identified an assemblage of species
generally conforming to shallow water mobile sand biotopes although some species
were more typical of circalittoral mixed sediments. Conspicuous taxa included the
polychaetes O. borealis, Lagis koreni, S. bombyx, Exogone hebes, Pisione remota,
Phyllodoce maculata, Eteone longa, Notomastus spp., Pholoe inornata and S.
armiger together with the amphipods Bathyporeia spp. and the brittlestar Ophiura
affinis. The acorn barnacle Balanus crenatus was found attached to gravel and larger
stones.

3.1.9

Other benthic surveys to the south of the Hornsea Zone for the North Sea strategic
environmental survey (DTI 2001a; 2001b) found well-sorted medium or fine sands
with a variety of ripple features, with quantities of eroded shell in some areas. Mobile
epibenthic fauna were sparse and included hermit crabs (Paguridae) and brittlestars
together with dab and gobies.

Principle EUNIS habitats and the corresponding UK Marine Habitat
Classification biotopes.

High level biotope code derived from
Connor et al. (2004)

A5.27: Deep Circalittoral Sand

SS.SSa.CFiSa.EpusOborApri
SS.SSa.IMuSa.FfabMag
SS.SSa.IMuSa.EcorEns

A5.25: Circalittoral fine sand or
A5.26: Circalittoral muddy sand

SS.SSa.IMuSa.FfabMag
SS.SSa.CFiSa.EpusOborApri
SS.SSa.CMuSa

A5.14: Circalittoral coarse sediment

SS.SCS.ICS
SS.SCS.ICS.MoeVen
SS.SCS.ICS.CumCset
SS.SSa.IMuSa.FfabMag

A5.15: Deep circalittoral coarse sediment

SS.SMx.OMx.PoVen

3.1.10
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UK Benthos Database

Surveys conducted to inform the Environmental Statement for the aggregate
extraction Application Area 506 (EMU, 2012b), located less than 15 km to the south
of Project Two, identified seven, typically muddy sand and fine sand biotopes in the
area which were considered to be typical of the southern North Sea region. Coarser
habitats were characterised by the soft coral A. digitatum, various sponges, and the
Dahlia anemone Urticina felina. Species such as the common starfish A. rubens,
hornwrack F. foliacea were widespread across the survey area. In muddy sands,
polychaete tubes and burrows, together with infaunal siphon holes, were observed.
At these sites, the grab sample data revealed species such as the common basket
shell Corbula gibba, the bean-like tellin Fabulina fabula, the transparent razor shell
Phaxas pellucidus, nut shells such as Nucula nitidosa, and the thin tellin Abra alba.
The predominant biotopes present during the benthic characterisation of Area 506
were SS.SSa.IMuSa.FfabMag (Fabulina fabula and Magelona mirabilis with venerid
bivalves and amphipods in infralittoral compacted fine muddy sand),
SS.SCS.CCS.MedLumVen (Mediomastus fragilis, Lumbrineris spp. and venerid
bivalves in circalittoral coarse sand or gravel) (hereafter referred to as MedLumVen)
and SS.SSa.CMuSa.AalbNuc (Abra alba and Nucula nitidosa in circalittoral muddy
sand or slightly mixed sediment) (hereafter referred to as AalbNuc).

3.1.11

Surveys conducted in support of the Humber Gateway offshore wind farm (Figure
1.1) to the north of the export cable route corridor, found that the area comprised
mainly rough ground with a mixture of cobbles/pebbles and boulders on sand/gravel
with the range of biotopes present reflecting this. Much of the area was characterised
by a mosaic of mixed sediment biotopes including SS.SMx.CMx.FluHyd ‘Flustra
foliacea and Hydrallmania falcata on tide swept circalittoral mixed sediment’ biotope
and within these areas examples of Sabellaria spinulosa biotopes, in encrusting
rather than reef forms, were also found (IECS, 2006 and 2008).

3.1.12

Within the outer Humber Estuary subtidal sandbanks are dominated by polychaetes,
mysid shrimp and gammarid amphipods and the general pattern is for an increase in
diversity towards the mouth of the estuary. On the southern side of the outer estuary,
the sheltered marine sands are characterised by the polychaetes S. bombyx and
Spio filicornis. Off the mouth of the Humber, the seabed is composed largely of
gravels and is characterised by species such as the bryozoan, F. foliacea, the
common whelk Buccinum undatum, the horse mussel Modiolus modiolus with S.
spinulosa (English Nature, 2003). Subtidal muddy sands are also found
predominantly in the middle and outer estuary and are characterised by polychaete
worms, Scoloplos armiger, Nephtys hombergii and Polydora species, along with the
phoronid, Phoronis muelleri and the bivalve, the Baltic tellin Macoma balthica.
Annex I habitats

3.1.13

Sabellaria spinulosa biotopes have been found across a broad area within the
southern North Sea benthic ecology study area, as shown by the Humber REC data
(Tappin et al., 2011; Figure 3.3). The Humber REC data, which is discussed in full in
paragraph 3.1.20, indicated that areas of S. spinulosa biotope occur across the
western half of the export cable route corridor, and as Figure 3.3 shows, this biotope
was also distributed extensively to the south of the western half of the export cable
route corridor, particularly offshore of the Wash (Tappin et al., 2011). Surveys
undertaken for other offshore wind farms in the vicinity of Project Two, namely Triton
Knoll offshore wind farm and the Humber Gateway offshore wind farm (Figure 1.1),
also identified aggregations of S. spinulosa at numerous locations, although generally
these were not identified as having potential for Annex I S. spinulosa reefs (EMU,
2005; RPS, 2011).
Intertidal benthic ecology

3.1.14

The intertidal habitats of the southern North Sea benthic ecology study area are
characterised by both sandy sediment and rocky shores. The shores along the North
Yorkshire coast are characterised by intertidal rock platforms and boulders dominated
by mussels Mytilus edulis, barnacles or fucoid seaweeds. Boulder beaches also
provide overhangs, and in the deeper channels between boulders, where sand and
silt accumulates, the tube worm S. spinulosa is commonly found (DTi, 2002).
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3.1.15

The intertidal flats of the Humber Estuary represent 4.5% of the total British resource
of this habitat type and range from gravels and sands, to muddy sands and mud. In
the mid and outer estuary, particularly inside Spurn Bight and Cherry Cobb, there are
extensive areas of highly productive mudflats supporting communities that are often
highly abundant, typically dominated by polychaete worms such as Arenicola marina
and Manayunkia aestuarina and bivalve molluscs. These mudflats may also support
very high densities of the mud snail Hydrobia ulvae which are fundamental to the
ecology of the estuary, providing an important food source for internationally
important numbers of waders and wildfowl and commercial fish species (English
Nature, 2003). Areas of muddy intertidal sand occur in the more sheltered areas
including the south bank of the outer estuary. These areas are colonised by a wide
range of species, particularly the lugworm A. marina (English Nature, 2003). Intertidal
areas of gravel and sand are also common in the higher energy environment of the
outer estuary. These are highly mobile areas that support high numbers of robust
polychaetes, amphipods and crustaceans that can tolerate abrasion. The sand flats
support cockle beds and are an important source of material for the mature sand
dunes behind them (English Nature, 2003).

3.1.16

Saltmarsh is found fringing much of the Humber Estuary but overall cover is atypically
low (less than 1% of the total estuarine area) for an estuary of this size, due to
historic losses from land claim (Hemingway et al., 2008). Saltmarsh is found in
predominantly sheltered areas in the estuary, including those at Tetney near the
proposed landfall site. The intertidal saltmarsh composition within the Humber is quite
distinct with an estimated total area of 1,643.61 ha comprising of Salicornia and other
annuals colonising mud and sand (61.48 ha), Atlantic salt meadows (899.42 ha),
Mediterranean and thermo-Atlantic halophilous scrub and associated intertidal marsh
(0.04 ha), and other National Vegetation Classification (NVC) communities
(511.08 ha) (Allen et al., 2003). Although the coastal saltmarsh extent referenced in
the conservation objectives for the Humber Estuary SAC was 1,643.61 ha this was
based on a 2001 estimate and more recent mapping by the Environment Agency
(EA, 2009) has estimated that coastal saltmarsh covers an area of approximately
1,840 ha. The Salicornia communities typically comprise a very small number of
species and are dominated by open stands of Salicornia or annual sea-blite Suaeda
martima, and as is usual for such communities, are found in the outer estuary in the
Humber. The Atlantic salt meadows of the Humber are notable as being ungrazed
and subsequently support a range of communities dominated by sea purslane
Atriplex portulacoides and Puccinellia maritima with frequent sea aster Aster tripolium
and sea lavender Limonium vulgare (Hemingway et al., 2008).

Figure 3.3

Project Two and the Humber Regional Environmental Characterisation (REC) recorded EUNIS biotopes, and locations where Sabellaria was noted during REC survey.
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3.1.17

3.1.18

3.1.19

Nationally important coastal lagoons have developed in the Humber region behind
dune-capped barrier islands where there were formerly saltmarshes. Within the
Humber Estuary, 26 coastal lagoons have been identified. The Northcoates coastal
lagoon is located approximately 450 m to the north of the landfall site. This is a
complex system consisting of a high salinity silled lagoon and a moderate salinity
percolation lagoon (Hemingway et al., 2008). The lagoons in the Humber Estuary are
host to three nationally scarce invertebrate species: the lagoon sand shrimp
Gammarus insensibilis, the tentacled lagoon worm Alkmaria romijni and the starlet
sea anemone Nematostella vectensis. The nationally scarce stonewort Tolypella
glomerata is also found. Also notable in this region’s lagoons are the opossum shrimp
Paramysis nouveli, the lagoonal cockle Cerastoderma glaucum, the lagoonal
periwinkle Littorina saxatilis var. lagunae, the lagoonal mud snails Hydrobia ventrosa
and H. neglecta, together with a significant marine component including the mud snail
Hydrobia ulvae (English Nature, 2003).

sparser benthic fauna than the mixed sediments located in the more western areas
(Tappin et al., 2011).

The Humber Estuary is considered to support a significant presence of embryonic
shifting dunes. The total extent within the Humber Estuary is approximately 27.34 ha
and in the UK less than 1000 ha (Hemingway et al., 2008). Embryonic shifting dunes
are inherently species poor with little floral variation. Strandline species are
commonly found including sea rocket Cakile maritima, lyme-grass Leymus arenarius
and sand couch Elytrigia juncea. The existence of this community is highly dependent
on the continuous supply of new sand from the beach into the dune system.
Shifting dunes along the shoreline with Ammophila arenaria (‘white dunes’) are also
found within the Humber Estuary, the extent of which is estimated at 30.67 ha. These
dunes encompass most of the vegetation of unstable dunes in the Humber Estuary
where there is active sand movement and where the sand-binding marram A.
arenaria is a prominent feature.
Project Two Benthic Ecology Study Area
Subtidal benthic ecology

3.1.20

As discussed in paragraphs 2.2.1 and 3.1.2, the Humber REC and the HADA
MAREA data are key studies for site-specific data on the Project Two benthic ecology
study area. The data and associated biotope maps coincide with the export cable
route corridor (with the exception of the inshore sections within the Humber Estuary)
and, in the case of the Humber REC, also the southern edge of Subzone 2 and a
limited area to the east in the wider Project Two benthic ecology study area (see
Figure 3.3).

3.1.21

The subtidal inshore benthic communities in the Project Two benthic ecology study
area (i.e., those within the export cable route corridor) have been shown to
demonstrate a general gradient with distance from the shore with higher diversity,
abundance and biomass of benthic fauna closer to the shore in the more gravelly,
mixed sediments. The sand sediments located further offshore supporting a much
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3.1.22

Four main functional groups within the REC study area were identified (Tappin et al.,
2011): ‘Barnacles, ascidians, and tubiculous polychaetes’; ‘Infaunal polychaetes with
burrowing bivalves and amphipods’; ‘Sabellaria spinulosa reefs’; and ‘Sparse fauna’.
The biotope map produced for the REC, as shown in Figure 3.3, recorded the EUNIS
habitat A5.25(4) SS.SSa.CFiSa.PoBivAmp ‘Infaunal polychaetes with burrowing
bivalves and amphipods in circalittoral fine sand’ across much of the east of the REC
study area, coinciding with the area encompassing the southern part of Subzone 2
and to the east of Subzone 2 as well as the central and northeast parts of the export
cable route corridor. The REC data recorded more mixed sediment to the southeast
of Subzone 2, dominated in parts by a very similar biotope A5.44(7)
SS.SMx.CMx.PoBivAmp ‘Infaunal polychaetes with burrowing bivalves and
amphipods in circalittoral mixed sediments’ (Figure 3.3). Deeper waters, such as
those found in the far north of the REC study area (to the east of Subzone 2 in the
wider Hornsea Zone) and along the export cable route corridor coinciding with the
tunnel valleys Sole Pit and Well Hole also recorded a similar biotope A5.27(4)
SS.SSa.OSa.PoBivAmp ‘Infaunal polychaetes with burrowing bivalves and
amphipods in deep circalittoral sand’ (Figure 3.3).

3.1.23

The HADA MAREA shows that sediments in the vicinity of the western end of the
export cable route corridor are dominated by gravels and small amounts of sand
(ERM, 2012). Figure 3.3 shows that the distribution of biotopes in this area of mixed
sediment was more complex. The mixed sediment biotopes typically comprised
sands with occasional gravels and pebbles and in parts often supported diverse
communities interspersed with area of more sparse faunal assemblages (e.g.,
A5.44(A) SS.SMx.CMx.SpF ‘Sparse fauna in circalittoral mixed sediment’). Most
notably, in several locations in the western half of the export cable route corridor, the
A5.61(1) SS.SBR.Sabspin ‘Sabellaria spinulosa on stable circalittoral mixed
sediment’ biotope was recorded. This was also recorded near the eastern boundary
of the REC study area, to the east of Subzone 2 (Figure 3.3). Many of the
aggregations of S. spinulosa in these areas were relatively patchy, but did appear to
consolidate the sediment (Tappin et al., 2011). Video stills for these areas also
showed that several mobile epifaunal species were associated with this biotope,
including the queen scallop Aequipecten opercularis, the squat lobster Galathea and
the pink shrimp Pandalus montagui (Tappin et al., 2011). The HADA MAREA data
characterised the area in the vicinity of the innermost part of the export cable route
corridor, to the west of Silver Pit, as the SS.SBR.PoR.SspiMx biotope (Sabellaria
spinulosa on stable circalittoral mixed sediment; hereafter referred to as SspiMx;
ERM, 2012). This biotope was also identified throughout the outer Humber region, to
the north and south of the export cable route corridor. As with the Humber REC data,
the density of S. spinulosa was variable, with the highest numbers (up to 29,930
per m²) about 30 km off the Lincolnshire coast (ERM, 2012). The MAREA

assessment mapped the corresponding 'likely areas of reef' in discrete areas along
the western edge of Silver Pit but predominantly to the south of Silver Pit. The
locations differed slightly from those predicted by the Humber REC data due to
differences in the methods. The other most widespread biotope identified from the
MREA was SS.SCS.CCS.PomB (Pomatoceros triqueter with barnacles and bryozoan
crusts on unstable circalittoral cobbles and pebbles). The same dataset also showed
that sites located at the mouth of the Humber Estuary were low in infaunal diversity
and where characterised by the SS.SSa.IFiSa.IMoSa (Infralittoral mobile clean sand
with sparse fauna) biotope (hereafter referred to as IMoSa).
3.1.24

3.1.25

3.1.26

Sabellaria present was usually in the form of moribund tubes and therefore reinforced
the assessment of the area constituting ‘not reef’.
3.1.27

As outlined in paragraph 2.4.20, these six sites identified during the Project One
surveys were revisited as part of the site-specific Project Two surveys in order to
assess the presence and the extent of the Sabellaria reef and compare them to the
previous survey; the full results of which are discussed in paragraphs 3.2.108 to
3.2.113.
Intertidal benthic ecology

Although the HADA MAREA biotope map showed that, on the whole, Silver Pit was
characterised by the SspiMx biotope, the deeper part of the central and northern
parts of this seafloor feature were characterised by the bivalve dominated AalbNuc
and MedLumVen biotopes. Further east of Silver Pit, where the sediments were
found to be sandier with a lower proportion of gravel, biotopes such as
SS.SCS.ICS.MoeVen (Moerella spp. with venerid bivalves in infralittoral gravelly
sand) (hereafter referred to as MoeVen) and NcirBat (Nephtys cirrosa and
Bathyporeia spp. in infralittoral sand) (hereafter referred to as NcirBat) were more
prevalent.
The Humber REC surveys recorded two species classified as nationally rare, the
colonial hydroid Obelia bidentata and the polychaete Ophelia bicornis, and two
nationally scarce species of amphipod Apherusa ovalipes and Harpinia laevis. The
only invertebrate listed as ‘under threat or decline’ by the Convention for the
Protection of the Marine Environment of the North-East Atlantic (OSPAR) found
within the REC study area was the ocean quahog Arctica islandica. Four established
alien species were identified, the most abundant of these being the American slipper
limpet Crepidula fornicata. The bivalve Mya arenaria, the acorn barnacle Elminius
modestus and the amphipod Monocorophium sextonae were also observed but were
not particularly widespread or abundant (Tappin et al., 2011).
Surveys used to inform the EIA for Project One (SMart Wind, 2013b), identified six
sites (within two clusters) in the northeast part of the export cable route corridor for
which a full Annex I S. spinulosa reef assessment was required. For the sites within
Cluster 1 the majority of the scores assigned for ‘reefiness’ in the three categories for
assessment (elevation, patchiness and consolidation) were either high or medium. In
line with the guidance (Gubbay, 2007) these sites were assessed as having medium
to high potential for Annex I S. spinulosa reef. The approximate area over which
these areas of reef were estimated to extend was 0.213 km2. For many of the sites
within Cluster 2 the criteria of consolidation was scored medium, however, the
majority of the assessments for elevation and patchiness were ‘not reef’ and as such
this area was assessed as not constituting an Annex I S. spinulosa reef. One small
patch to the north of this cluster and two more to the south of this cluster scored as
low potential Annex I S. spinulosa reef, however, each of these patches covered a
very small area of less 0.005 km2, elevation was typically less than 2 cm and any
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3.1.28

Site specific information relating to habitats present at the intertidal landfall site at
Horseshoe Point is sparse and generally limited to information describing the general
intertidal habitats present in the Humber Estuary SAC, within which the landfall site
falls (see paragraph 3.1.15).

3.1.29

There are three cockle beds at Horseshoe Point between Tetney Haven and Donna
Nook: Horseshoe Point, Grainthorpe Haven East and Grainthorpe Haven West.
Historically, the Horseshoe Point cockle beds have supported a commercial fishery,
though this has been reduced considerably in recent years (see Annex 5.6.1:
Commercial Fisheries Technical Report). The cockle beds are however, currently
closed as a result of significant damage that was caused to the saltmarsh and the
intertidal flats by quad bikes and tractors (English Nature, 2004).

3.1.30

More recent surveys carried out by the Eastern IFCA between January 2011 and
January 2012, showed that the beds at Horseshoe Point had received relatively high
spat falls but then suffered from high juvenile and adult mortalities. In general, the
Horseshoe Point bed was found to cover the largest area and have the greatest
density of spat, juvenile cockles and adult cockle when compared to the Grainthorpe
Haven East and Grainthorpe Haven West beds in the 2011 surveys (Jessop and
Maxwell, 2011). A loss of more than 90% of the year one and older cockles between
August 2011 and January 2012, and observations of unburied cockles gaping on the
surface, suggests the cockle beds in the area are suffering the same atypical
mortalities experienced in The Wash. A wider survey by the Eastern IFCA of 120
sample locations was planned for October 2012 between Haile Sand Fort and
Grainthorpe East (Jessop et al., 2012). However, due to logistical constraints only 22
stations were sampled and, of these, only three were found to have cockles.
Furthermore the density of cockles at these sites was low (10 to 20 cockles m-2).

3.1.31

Eelgrass bed communities are a sub-feature of the Annex I habitat 'intertidal mudflats
and sandflats' which is a designated feature of the Humber Estuary SAC (see
paragraph 3.1.36). In 2013 the Eastern IFCA conducted a desk study to find records
of eelgrass (Zostera spp.) on the south bank of the Humber Estuary. A total of eight
records were identified between Horseshoe Point and Northcoates Point at high, mid
and lower shore positions. These records ranged from observations of a few
scattered sparse shoots to a few plants scattered over an area of 10 m2 (Judith

Stoutt, Eastern IFCA, 2013, pers. comm. 16 July). In summer 2013 the Eastern IFCA,
Natural England and the Lincolnshire Wildlife Trust (LWT) conducted dedicated
eelgrass surveys at Horseshoe Point to map the extent of eelgrass beds in the area.
In particular, the three areas where previous occurrences had been reported were
revisited by the LWT on 1 August 2013, but no eelgrass was found on this occasion
(Eastern IFCA, 2013). A subsequent survey was conducted on 9 August 2013 which
provided coverage of approximately 300,000 m2 of the intertidal at Horseshoe Point.
During this survey a single, small patch of dwarf eelgrass (Zostera noltei) was found
in the upper shore region (see Figure 3.42). The plant was found in two clumps, both
of which covered approximately 40 cm x 20 cm and the leaves were approximately
10 to 20 cm in length. The eelgrass was recorded within a shallow wide run
containing shallow (5 cm), slow-flowing water (Eastern IFCA, 2013). No other
eelgrass was found on the survey and, as concluded by the Eastern IFCA, it is not
likely that any significant beds of eelgrass are present at Horseshoe Point. However,
in order to protect high-risk features of European Marine Sites from potential damage
by fishing activities, this limited eelgrass sub-feature extent has received formal
protection through Regulatory Notice 4 of Eastern IFCA’s Protected Areas byelaw.
The byelaw closes an area covering 170.8 ha at Horseshoe Point, to fishing with
bottom towed gear, all fishing by handwork and fishing by crab tiling (Eastern IFCA,
2014).

3.1.35

3.1.33

International designations - Natura 2000 designations (i.e., SACs and SCIs; see
Figure 3.4) and Ramsar Sites;



National designations - SSSIs and NNRs (Figure 3.5);



Regional designations (proposed) - rMCZs (Figure 3.5); and



Local designations - LNRs (Figure 3.5).

The sites which are designated at an international level for benthic ecology, which fall
within close proximity to Project Two, are shown in Figure 3.4, whereas nationally,
regionally and locally designated sites are shown in Figure 3.5.
International designations
Natura 2000 sites

3.1.34



North Norfolk Sandbanks and Saturn Reef SCI; and



Inner Dowsing, Race Bank and North Ridge SCI.

There are nine other Natura 2000 sites further afield within the southern North Sea
benthic ecology study area which are designated (or proposed for designation) for
benthic features seaward of MHWS. However, due to the distance between these
sites and Project Two (more than 30 km in all cases), they are considered unlikely to
be affected by activities associated with Project Two.

3.1.36

The proposed export cable landfall site, and a proportion of the inshore subtidal part
of the export cable route corridor, are located within the Humber Estuary SAC (Figure
3.4). The features which are a primary reason for site selection (and which are found
within the Project Two benthic ecology study area) are 'estuaries' and 'mudflats and
sandflats not covered by seawater at low tide'. Based on data provided by Natural
England in July 2014 to inform The Humber Management Scheme Action Plan, these
SAC features are currently in unfavourable recovering condition (Humber Nature
Partnership, 2014). Annex I habitats which are present as a qualifying feature, but not
primary reason for site selection include the following benthic habitats which were
also recorded within the Project Two benthic ecology study area: 'sandbanks which
are slightly covered by sea water all the time' and ‘Salicornia and other annuals
colonising mud and sand’. The Annex I 'sandbanks which are slightly covered by sea
water all the time' within the Humber Estuary SAC are in favourable condition
whereas, to date, an assessment of Annex I pioneer saltmarsh features at site level
has not been recorded (Humber Nature Partnership, 2014).

3.1.37

The following intertidal terrestrial habitats which are also qualifying features of the
Humber Estuary SAC, and were present at the proposed export cable landfall site,
are considered in full in the onshore assessment in Volume 3, Chapter 3: Ecology
and Nature Conservation: ‘coastal lagoons'; ‘Atlantic salt meadows’; ‘embryonic
shifting dunes’; and 'shifting dunes along the shoreline with Ammophila arenaria
(‘white dunes’)’. The Annex I coastal lagoons have been identified as a priority
feature under the EU Habitats Directive and this SAC feature is in favourable
condition (Humber Nature Partnership, 2014); this is the only priority habitat that was
identified in the Project Two benthic ecology study area. Annex I 'fixed coastal dunes
with herbaceous vegetation ('grey dunes')' are a qualifying feature of the Humber
Estuary SAC and are also a priority feature, however, they were not recorded at the
proposed export cable landfall site within the Project Two benthic ecology study area.
Such habitats are defined as being 'priority' when they are considered to be
particularly vulnerable and are mainly, or exclusively, found within the European
Union. The Annex I habitats present within the intertidal part of the Project Two
benthic ecology study area are described in full in paragraphs 3.1.15 to 3.1.19.

The marine nature conservation designations which fall within the southern North Sea
benthic ecology study area, as defined in paragraph 2.1.1, comprise:


Humber Estuary SAC;

Humber Estuary SAC

Nature Conservation Designations
3.1.32



Of the Natura 2000 sites and associated benthic habitats which are within the
southern North Sea benthic ecology study area, three SACs/SCIs are in close
proximity (i.e., less than 12 km) to Project Two and are therefore considered most
likely to be affected. As such, these site are listed and described in full below:
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Figure 3.4

Project Two and international nature conservation designations (with benthic habitat features) in close proximity to Project Two.
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3.1.41

North Norfolk Sandbanks and Saturn reef SCI
3.1.38

The North Norfolk Sandbanks and Saturn Reef SCI is located to the 1.84 km to the
south of the eastern part export cable route corridor (Figure 3.4) and has been
proposed for designation for the following Annex I habitats which are primary reasons
for the designation of the site: 'sandbanks which are slightly covered by sea water all
the time’ and 'reefs'. The presence of the Saturn S. spinulosa biogenic reef within this
site was first recorded in 2002 (JNCC, 2008) approximately 40 km from the Project
Two benthic ecology study area. In 2003 the Saturn reef covered an area of
approximately 750 m by 500 m and was located between Swarte and Broken Banks
on the edge of a small sandbank approximately 40 km south of the edge of the
Hornsea Zone (BMT Cordah, 2003). Subsequent surveys, however, have failed to
locate the same reef structure at this location, with bottom trawling or the natural
ephemeral nature of the S. spinulosa reef proposed as possible factors associated
with its apparent disappearance (JNCC, 2010a).

3.1.39

The North Norfolk Sandbanks are the most extensive example of the offshore linear
ridge sandbank type in UK waters (JNCC, 2010a). The best estimate for the relative
surface area is approximately 7,331 km2. The outer banks are the best example of
open sea, tidal sandbanks in a moderate current strength in UK waters. Sandwaves
are present, being best developed on the inner banks with the outer banks having
small or no sandwaves associated with them. The sandy sediments support sparse
infaunal communities of polychaete worms, isopods, crabs and starfish which are
typical of the biotope 'infralittoral mobile clean sand with sparse fauna' (Connor et al.,
2004).
Inner Dowsing, Race Bank and North Ridge SCI

3.1.40

The Inner Dowsing, Race Bank and North Ridge SCI is located 12 km to the south of
the export cable route (Figure 3.4). The site is proposed for designation for the
following Annex I habitats which are primary reasons for the designation of the site:
‘sandbanks which are slightly covered by sea water all the time’ and 'reefs' (JNCC,
2010c). Abundant S. spinulosa agglomerations have consistently been recorded
within the boundary of the site (Foster-Smith and Hendrick, 2003). Survey data
indicate that reef structures are concentrated in certain areas of the site, with a
patchy distribution of crust-forming aggregations across the site. The main areas of
S. spinulosa reef within the site are found along the Lincolnshire coast south of
Skegness at Lynn Knock and at the Skegness Middle Ground (in the southeast part
of the site) just north of Docking Shoal bank, and associated with the southern edge
of Silver Pit (in the northern area of the site) (Foster-Smith and Hendrick, 2003;
Limpenny et al., 2010).
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The Inner Dowsing, Race Bank and North Ridge Annex I sandbank habitat within the
site covers an area of approximately 218.26 km2. The majority of this habitat is in
waters shallower than 20 m (JNCC, 2010c). The habitat area encompasses a wide
range of sandbank types which are largely composed of gravelly sand with areas of
sandier and muddier sediments also present. In the west and east of the site, the
sediments are predominantly sandy gravel containing moderate to low diversity
communities; the sediments throughout the remainder of the site are sandier (JNCC,
2010c).

Figure 3.5

Project Two and national, regional and local nature conservation designations (with benthic habitat features) in close proximity to Project Two.

30

Ramsar Sites
3.1.42

Ramsar sites are designated under the Ramsar Convention (The Convention on
Wetlands of International Importance) and UK Government policy is to afford Ramsar
sites the same level of protection as that provided for Natura 2000 sites. In the UK,
many Ramsar sites have statutory underpinning as SSSIs.

3.1.43

Within the southern North Sea benthic ecology study area a total of 18 Ramsar sites
have been identified, however, of these only the Humber Estuary Ramsar sites is
within the Project Two benthic ecology study area. Ramsar Criterion 1 for the Humber
Estuary Ramsar site applies to the designation for benthic ecological features as the
site is a representative example of a near-natural estuary with the following
component habitats: dune systems and humid dune slacks, estuarine waters,
intertidal mud and sand flats, saltmarshes, and coastal brackish/saline lagoons (i.e.,
the same intertidal habitats described above in paragraph 3.1.36 for the Humber
Estuary SAC). The habitats located landward of MHWS (i.e., the saltmarsh, saline
lagoons and sand dunes) are fully considered in Volume 3, Chapter 4: Ecology and
Nature Conservation.

3.1.46

The Humber Estuary SSSI (Figure 3.5) is fully encompassed within the Humber
Estuary SAC boundary, which is described in paragraph 3.1.36. The citation report
indicates that as with the SAC, the site supports a series of nationally important
habitats which include the estuary itself (with its component habitats of intertidal
mudflats and sandflats and coastal saltmarsh) which support a range of benthic
communities, and in turn are an important feeding resource for birds and fish.

3.1.47

The Saltfleetby – Theddlethorpe Dune SSSI is located at the southernmost end of the
Humber SAC, south of the proposed export cable landfall site (Figure 3.5). The
citation report highlights that this nationally important site includes intertidal sands
and muds which provide extensive feeding and roosting grounds for wildfowl and
waders including brent geese, shelduck and dunlin.
NNRs

3.1.48

National designations

3.1.44

3.1.45

A total of 21 NNRs with benthic components (predominantly intertidal features) are
located within the southern North Sea benthic ecology study area. However, only
three of these (Figure 3.5) are considered to be in close proximity to Project Two (in
particular the landfall of the export cable route corridor). As such, it is only these
NNRs which are considered potentially likely to be affected by Project Two. These
NNRS are presented below with their distances from Project Two:

SSSIs



Spurn (4.7 km from the export cable route corridor);

Under the Wildlife and Countryside Act 1981 (amended 1985) the UK government
has a duty to notify as an SSSI any land which in its opinion is of special interest by
reason of any of its flora, fauna, geological or physiographical features. Natural
England has responsibility for identifying and protecting the SSSIs in England.



Donna Nook (1.84 km from the export cable route corridor); and



Saltfleetby - Theddlethorpe Dunes (9.6 km from the export cable route corridor).

3.1.49

A total of 58 SSSIs are located within the southern North Sea benthic ecology study
area, however, only 23 have marine components seaward of MHWS listed in their
citations). The remainder are either important for habitats such as sand dunes and
saltmarsh located landward of MHWS or are important in geological terms and are
therefore not considered within this benthic ecology characterisation. Of the SSSIs
with marine components, only two are considered to be in close proximity to Project
Two and are therefore considered potentially likely to be affected by Project Two
(Figure 3.5). The remaining 21 SSSIs lie further afield and due to the distance
between these sites and Project Two, they are considered unlikely to be affected by
activities associated with the development. The two SSSIs of relevance for benthic
ecology are:


Humber Estuary (0 km from Project Two); and



Saltfleetby – Theddlethorpe Dunes (9.55 km to the south of the proposed export
cable landfall site).

All of these NNRs are coastal reserves which are important for a variety of intertidal
and intertidal terrestrial habitats including sand and mud flats and dunes. Spurn NNR
and Donna Nook NNR also both fall within the boundary of the Humber Estuary SAC.
Proposed Regional Designations

3.1.50
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The Net Gain project which represented the North Sea and the Balanced Seas
project which represented the waters of the southeast of England, submitted their
final recommendations for MCZs to JNCC and Natural England in September 2011.
Subsequently a total of 33 sites from around the coast of England were designated in
the first tranche of designations in 2013. Four sites from within the southern North
Sea benthic ecology study area were included in this first tranche but all of these
sites are located over 150 km away from Project Two.

3.1.51

Four of the Net Gain rMCZs are in close proximity to Project Two and specifically to
the export cable route corridor (see Figure 3.5) and are therefore considered most
likely to be affected by Project Two. It is important to note, however, that none of
these rMCZs were designated in the first tranche of designations in 2013 (DEFRA,
2013). In February 2014, DEFRA announced a shortlist of a further 37 rMCZs to be
considered in the second tranche of MCZ designation, with public consultation
planned for early 2015 (DEFRA, 2014). Of the rMCZs in close proximity to Project
Two, only Holderness Inshore rMCZ is included in this second tranche. All remaining
sites will be considered for inclusion within a third tranche in 2016 (DEFRA, 2014).
The sites which have not been formally designated to date do, however, remain
recommended sites. Therefore, habitats and species which are listed as conservation
priorities in the regional plans for the following rMCZs have been considered in this
characterisation:


Silver Pit rMCZ (0 km from the export cable route corridor);



Lincs Belt rMCZ (0 km from the export cable route corridor);



Holderness Inshore rMCZ (3.7 km from the export cable route corridor); and



Holderness Offshore rMCZ (1.19 km from the export cable route corridor).

Lincs Belt rMCZ
3.1.54

The western part of the export cable route corridor also crosses the north-eastern
part of the Lincs Belt rMCZ (Figure 3.5) which was proposed as a rMCZ for the
presence of the seafloor features: subtidal coarse sediment; subtidal sand; and
subtidal mixed sediment. Subtidal sands and gravels is also listed as a habitat of
conservation importance, together with peat and clay exposure (Net Gain, 2011c),
the latter of which are located inshore in the south of the rMCZ.

3.1.55

The two broad habitat types (i.e., subtidal sand and subtidal coarse sediment), which
are present within the Lincs belt rMCZ, constitute the UK BAP priority habitat 'subtidal
sands and gravels'.
Holderness Inshore rMCZ

3.1.56

The Holderness Inshore rMCZ (see Figure 3.5) is located 3.7 km to the north of the
Project Two boundary and was identified as a rMCZ for the presence of the seafloor
features subtidal coarse sediment and subtidal sand. This site also contains four
habitats of conservation importance: peat and clay exposures; subtidal chalk; subtidal
sands and gravels; and S. spinulosa reefs (Net Gain, 2011d). These four habitat
features are however, found close inshore to the north of the Humber Estuary, over
10 km from the Project Two benthic ecology study area.

3.1.57

The broad habitat types (i.e., subtidal sand and subtidal coarse sediment) and the
habitat of conservation importance (i.e., S. spinulosa reefs) which are present within
the Holderness Inshore rMCZ, constitute the UK BAP priority habitats 'subtidal sands
and gravels', 'S. spinulosa reefs' and 'subtidal chalk'. This site has been shortlisted
for consideration in the second tranche of MCZ designations, with public consultation
planned for early 2015 (DEFRA, 2014).

Silver Pit rMCZ
3.1.52

3.1.53

The export cable route corridor crosses the Silver Pit rMCZ (Figure 3.5) which has
been recommended for seafloor features including: subtidal sands; subtidal mixed
sediments; and S. spinulosa reefs. S. spinulosa reef which is estimated to cover an
area of approximately 0.05 km2 within the site (Net Gain, 2011b). Using Tappin et al.
(2011) nine locations were identified by the Net Gain project where S. spinulosa reef
was found within the Silver Pit rMCZ. All of these locations are south of the line of the
proposed cable route corridor with the closest site approximately 1 km away and the
remaining eight sites approximately 3 to 6 km away (see Figure 3.5). The channel
floor of the Silver Pit rMCZ supports a benthic community of high biodiversity
comprising extensive reef complexes S. spinulosa as well as aggregations of the
brittle stars (Ophiothrix fragilis and Ophiura albida) (Tappin et al., 2011). The western
slopes of this geological feature are also dominated by S. spinulosa; however this
was virtually absent from the eastern slopes and was replaced by other epifaunal
species including ascidians and hydroids (Tappin et al., 2011).

Holderness Offshore rMCZ
3.1.58

The two broad habitat types: subtidal sands and S. spinulosa reefs, which are
present within the Silver Pit rMCZ, are examples of the UK BAP priority habitats
'subtidal sands and gravels' and 'S. spinulosa reefs'.
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The Holderness Offshore rMCZ (see Figure 3.5) is located 1.19 km to the north of the
export cable route corridor and was identified as a rMCZ for the presence of the
broadscale habitats subtidal mixed sediment found throughout the southern section
of the site and subtidal coarse sediment found predominantly in the northern half of
the site (Net Gain, 2011e). Subtidal coarse sediment habitats constitute UK BAP
priority habitat 'subtidal sands and gravels'.



Local designations
3.1.59

3.2

The majority of LNRs are onshore and encompass solely terrestrial habitats.
However, of those with coastal features, only one site within the southern North Sea
benthic ecology study area, Cleethorpes LNR, is considered to be in close proximity
to Project Two (4.15 km from the export cable route corridor; Figure 3.5) and are
therefore considered potentially likely to be affected by Project Two. The site is fully
encompassed within the Humber Estuary SAC boundary and habitats present in the
site include saltmarshes, mud flats, sand dunes and sand banks; habitats located
landward of MHWS are fully considered in Volume 3, Chapter 4: Ecology and Nature
Conservation.

3.2.3

Site Specific Surveys
Physical Sediment Characteristics
Subtidal Project Two benthic ecology study area

3.2.1

3.2.2

The subtidal benthic sediments across the Project Two benthic ecology study area
were classified into three main sediment types according to the Simplified Folk
Classification as described in paragraph 2.4.5: sand and muddy sand (SS.SSA:
Sublittoral Sands and Muddy Sands), coarse sediments (SS.SCS: Sublittoral Coarse
Sediment), and mixed sediments (SS.SMX: Sublittoral Mixed Sediment). As only a
few sites were classified in the mud and sandy mud category these sites were
included within the sand and muddy sand category.



The mean percentage gravel, sand and mud in each of the three sediment categories
are presented in Table 3.2. The sand and muddy sand sediments comprised mainly
slightly gravelly sands (0.75 ± 1.16% gravel; Table 3.2) with varying degrees of
sorting depending on location within the Project Two benthic ecology study area. The
sediments near the southern boundary of the western half of Subzone 2 were
typically poorly sorted whereas those in the northwest corner of Subzone 2 and
throughout the wider Project Two benthic ecology study area were moderately to well
sorted. The sand and muddy sand sediments present along the eastern end of the
cable route corridor generally ranged from poorly to very poorly sorted. The coarse
sediments within Subzone 2, and those present in the wider Project Two benthic
ecology study area, were typically poorly to very poorly sorted gravelly sands and
sandy gravels (31.69 ± 18.94% gravel; Table 3.2). The mixed sediments recorded in
the north-eastern part of Subzone 2, to the southeast of Subzone 2 and in two
sections along the export cable route, comprised typically very poorly sorted muddy
sandy gravel and gravelly muddy sand with a mud component of typically less than
9% (8.70 ± 3.83; Table 3.2).

Table 3.2

Mean (± standard deviation) percentage gravel, sand and mud in each of
the broad sediment types identified across the Project Two benthic
ecology study area.

Broad sediment type

The percentage sediment composition at each grab location is presented in Figure
3.6 (mud ≤0.63 mm; sand <2 mm; gravel ≥2 mm; see Appendix C for the full PSA
results and the sediment category assigned to each site) and the simplified sediment
types are geographically represented in Figure 3.7. The distribution of sediments
throughout the survey area was as follows:


Mixed sediments were recorded primarily in the north-eastern part of Subzone
2, to the southeast of Subzone 2 and in two sections along the export cable
route corridor.

Sand and muddy sand sediments were found throughout the Project Two
benthic ecology study area. They dominated the westernmost part of Subzone
2, the majority of the wider Project Two benthic ecology study area both to the
east and west of the Subzone 2 boundary and also at the most westerly end of
the export cable route corridor;
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% sand (±
standard
deviation)

% mud (±
standard
deviation)

Sand and muddy sand.

0.75 ± 1.16

96.1 ± 5.39

3.14 ± 5.46

Coarse sediment.

31.69 ± 18.94

66.53 ± 19.07

1.74 ± 1.74

Mixed sediment.

40.27 ± 16.69

51.01 ± 14.42

8.70 ± 3.83

3.2.4

Coarse sediments were found in the eastern section of Subzone 2 and in the
area to the south of this, in the north-eastern section of the export cable route
corridor near the boundary with Subzone 2, the central section of the export
cable route corridor to the northeast of Silver Pit; and

% gravel (±
standard
deviation)

The full PSA results are presented in Appendix C together with the Folk
Classifications and Simplified Folk Classifications assigned to each site.

Figure 3.6

Sediment compositions (from particle size analysis) at each benthic grab sampling location within the Project Two benthic ecology study area.

34

Figure 3.7

Simplified Folk Sediment Classifications for each benthic grab sample location within the Project Two benthic ecology study area.
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Intertidal Project Two benthic ecology study area
3.2.5

3.2.9

Historical samples collected during various surveys in the North Sea between 1991
and 1995 have demonstrated several areas of high raw arsenic concentrations in
areas off north Yorkshire and the Humber (Whalley et al., 1999). The levels of arsenic
present in the historical samples from the Humber and west North Sea were in the
range of approximately 14 to 70 mg/kg which are comparable to those reported for
the Project Two benthic ecology study area. Arsenic is known to have a high afinity
with iron (oxy-) hydroxide coatings on sediment particles and this was confirmed in
the sediments of the Humber and the west North Sea where arsenic was
demonstrated to have a strong association with iron. Whalley et al. (1999)
demonstrated that after normalisation against iron the levels of arsenic in the
historical samples, including those offshore in the west North Sea, were much
reduced in significance. The low residual values observed in the Humber and its
plume area were of particular interest as the Humber Estuary has been assumed to
be a significant source of arsenic to the North Sea. Whalley et al. (1999) suggest that
these surprising low residual values might be explained by dilution into the Humber
Estuary’s high suspension load, or by particulate transport away from the region
(Whalley et al., 1999). The Humber Estuary also receives a large amount of iron
waste (Millward and Glegg, 1997) providing a considerable pool of material to which
arsenic may sorb (CEFAS, 2000).

3.2.10

The level of cadmium marginally exceeded the Canadian TEL and CEFAS AL1 at
one site to the east of the eastern boundary of Subzone 2 (S136; see Figure 3.8) but
was well within the CEFAS AL2 and the Canadian PEL. The concentration of nickel
was also marginally above the Canadian TEL (15.9 mg/kg) at three sites: C015 in the
centre of the export cable route corridor; C003 to the east of the northern end of the
export cable route corridor; and S140 in the wider Project Two benthic ecology study
area to the southeast of Subzone 2 (see Figure 3.8). The concentration of nickel was,
however, below the CEFAS AL1 (20 mg/kg) at all stations except C003, where the
level marginally exceeded CEFAS AL1 (C003; 20.8 mg/kg). The only other metal
which marginally exceeded the Canadian TEL was copper which was recorded at
22.1 mg/kg at site C011 on the export cable route corridor. The recorded value was,
however, well within the CEFAS AL1 and the Canadian PEL.

3.2.11

The level of contamination in the three samples taken from within the historic disposal
site on the export cable route corridor was generally comparable to, and no higher
than samples from the wider Project Two benthic ecology study area. The only
exception to this was at site DC4 where the concentration of chromium (301 mg/kg)
was above the CEFAS AL1 of 40 mg/kg, however, within the CEFAS AL2 of
400 mg/kg. The full results of the metals analyses are presented in Appendix D.

The results of the PSA samples collected from the intertidal benthic ecology survey
area showed that the landfall site is characterised by sands with a low proportion of
silt ranging from 1.0% to 7.8%. The sand fraction was in excess of 95% at most sites
with a very low to non-existent proportion of gravel. According to the Folk
Classification the majority of sediments were categorised as sands or slightly gravelly
sands. The full intertidal sediment PSA results are presented in Appendix C.
Sediment Contamination
Subtidal Project Two benthic ecology study area

3.2.6

As discussed in paragraph 2.3.19, the results of sediment chemistry samples were
available from a total of 67 sampling locations within the Project Two study area. A
total of 16 of these were from within Subzone 2 and three of the sites on the cable
route corridor (DC4, DC5 and DC6) had been sampled in a historic sewage sludge
disposal site (old Spurn Head; see Figure 2.2). The sediment chemistry sampling
sites were separately sampled for PSA (with the exception of sites within the historic
sewage sludge disposal site), the results of which are also presented in Figure 3.8.
The sediment chemistry sites were characterised by predominantly sandy sediments
with varying amounts of gravel and mud, although, on the whole the proportion of
mud was small.
Metals analysis

3.2.7

The results of the metals analyses showed that, with the exception of arsenic,
cadmium, chromium, nickel and copper, all metals recorded in sediments within the
Project Two benthic ecology study area were present at concentrations below the
CEFAS AL1 and the more stringent Canadian TEL, and were therefore at levels
below which biological effects in benthic organisms would be expected.

3.2.8

Arsenic exceeded the Canadian TEL at all but six sites (T028, T036 and T040 within
Subzone 2, C010 along the export cable route corridor and S027 and S158 within the
wider Hornsea Zone) within the Project Two benthic ecology study area (Figure 3.9).
Of the sites with elevated levels of arsenic, five recorded concentrations above the
Canadian PEL (only one of which was in Subzone 2), the levels at which toxicity
effect would be evident (sites T022, Z064, S013, S030 and S065; see Figure 3.9 and
Figure 3.8 for sample locations). The levels of arsenic in sediments exceeded the
CEFAS AL1 of 20 mg/kg at 33 sites, however all sites were well within the CEFAS
AL2 of 100 mg/kg (see Figure 3.9). Within Subzone 2 specifically, the levels of
arsenic exceeded the CEFAS AL1 at three of the eight sites sampled.
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Figure 3.8

Sediment chemistry sample locations within the Project Two benthic ecology study area and associated sediment composition (particle size analysis).
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Figure 3.9

Concentrations of arsenic (As) from 67 samples within the Project Two benthic ecology study area with CEFAS Action Levels (AL1 and AL2 in red) and Canadian
Threshold Effect Levels (TEL and PEL in green) indicated.
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Polycyclic aromatic hydrocarbons (PAHs)

Organotins
3.2.12

Levels of TBT and TPT in the Project Two benthic ecology study area subtidal
sediments, including those from the historic disposal site, were below the limits of
detection of the analysis used at all sites (i.e., <5 µg/kg for TBT and <50 µg/kg for
TPT). Although for the majority of the Project Two benthic ecology study area the
levels of DBT were also below the limit of detection of the analysis used (i.e.,
<5 µg/kg), where they were above this (such as within Subzone 2), the recorded
concentrations were all well within the CEFAS AL1 for DBT of 0.1 mg/kg.

3.2.15

Offshore, the most common type of Polyaromatic Hydrocarbons (PAHs) are
naphthalene, phenanthrene, chrysene and benzo[a]pyrene with total PAH
concentrations that generally vary between 0.028 and 0.2 mg/kg (OSPAR
Commission, 2000, as cited in CEFAS, 2001a). The typical range of values recorded
for surface sediments from the North Sea offshore area for total PAH is 0.7 to
2.7 mg/kg (CEFAS, 2001b). The results for total PAH (i.e., the summed total of the
EPA 16 including dibenzothiophene) ranged between <0.017 and 0.329 mg/kg
although the majority of sites (all except two sites; T018 in Subzone 2 and DC5 in the
historic disposal site on the export cable route corridor) were below 0.202 mg/kg and
so within the range of typical sediments for the North Sea. The results can also be
compared to data from the Clean Seas Environmental Monitoring Programme
(CSEMP), previously known as the National Marine Monitoring Programme (NMMP).
Station 345 (offshore of the Humber/Wash) from that programme is within the Project
Two benthic ecology study area approximately 8.5 km NNE of sample site Z037
(Figure 3.8). CEFAS (2001b) report total PAH results for that station range from
0.097 to 0.202 mg/kg (the average result being 0.171 mg/kg). The sites with higher
levels of total PAHs were generally located at the western end of the export cable
route corridor (C016, C026, C027 and C028), predominantly in shallow water,
although there was also high levels recorded at site T040 in Subzone 2; values
typically ranged between approximately 0.1 and 0.2 mg/kg which were, on the whole,
higher than values recorded in the offshore sediments. However, this is common for
this area as low molecular weight PAHs have been shown to demonstrate a trend of
increasing levels towards inshore/coastal areas of the North Sea, in particular the
Humber Estuary (CEFAS, 2001b). As mentioned previously, the highest levels of total
PAH were recorded from site T018 in the western half of Subzone 2 and DC5 in the
historic disposal site (0.33 and 0.30 mg/kg, respectively).

3.2.16

From the DTI analysis the predominantly low NPD/4-6 ring PAH ratios indicate that
these compounds are likely to be from pyrolytic (i.e., from the incomplete combustion
of organic material), rather than petrogenic, sources.

3.2.17

All values of the US EPA 16 listed PAHs were well below the CEFAS AL1
concentrations for individual PAHs and also the Canadian TEL levels throughout the
Project Two benthic ecology study area. In addition to the EPA 16, dibenzothiophene
was also measured and was found to be above the typical background concentration
of 0.6 μg/kg but well below the effects range low (ERL) (190 μg/kg) (OSPAR, 2009)
and are unlikely to cause significant effects on benthic macrofauna.

Hydrocarbon analysis
3.2.13

The results for total petroleum hydrocarbons (TPH) within the Project Two benthic
ecology study area ranged from 0.76 mg/kg at site S121 to 18.52 mg/kg at site T018
in Subzone 2 (see Figure 3.8). The TPH values from the samples taken within the
historic disposal site were also within this range, with the exception of site DC5 where
the recorded TPH was 25.28 mg/kg. All recorded TPH values from the Project Two
benthic ecology study area were well below the CEFAS AL1 of 100 mg/kg. The
typical range for Total Hydrocarbon Content in offshore North Sea sediments is 17 to
120 mg/kg (CEFAS, 2001). The values recorded in the Project Two benthic ecology
study area are towards the lower end of this range, supporting the conclusion that
hydrocarbon concentrations within the Project Two benthic ecology study area are
very low. The full TPH results for each sampling locations are presented in
Appendix D.

3.2.14

The Carbon Preference Index (CPI), which can be used to assess the relative
contribution from petrogenic (i.e., from fossil fuels) and biogenic (i.e., generated by
biological processes) sources, was calculated for the sediment chemistry samples on
the export cable route corridor and within Subzone 2. Crude oil or refined products
show no preference for odd or even n-alkanes and therefore have a CPI close to 1.
Clean sediments show a predominance of odd number biogenic alkanes and
therefore have a CPI value greater than 2. The mean CPI value within Subzone 2
and the export cable route was 1.45 ± 0.32 indicating that n-alkanes present in the
sediments were primarily from biogenic sources. Data published for the North Sea
showed that background uncontaminated levels in the southern North Sea benthic
ecology study area typically had a CPI of 1.44 (UKOOA, 2001); the mean value for
Subzone 2 and the cable route corridor was therefore comparable to this.
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Metals analysis

Organochlorine pesticides
3.2.18

3.2.22

All results for organochlorine pesticide concentrations, recorded from samples in the
wider Project Two benthic ecology study area (i.e., from Project One and ZoC
surveys) were below the limits of detection of the analyses used (i.e., <1 µg/kg). No
assessment against the available CEFAS AL1s and the Canadian TELs was possible
(where values are available) as these are also below the limit of detection of the
analyses.
Total organic carbon

3.2.19

As discussed in paragraph 2.3.21, total organic carbon (TOC) was recorded for
sediment chemistry samples taken from within Subzone 2 and from within the historic
disposal site on the export cable route corridor. At all sites within Subzone 2 the
levels of TOC were low at less than 0.2%, they were however marginally higher at
sites DC5 and DC6 in the historic disposal site at 0.5% and 0.54% respectively.
Intertidal Project Two benthic ecology study area

3.2.20

3.2.21

As discussed in paragraph 2.3.33, sediment chemistry sampling was undertaken at
six intertidal core sample locations at the proposed export cable route landfall site at
Horseshoe Point (Figure 2.8). The sample locations were characterised by generally
sandy or slightly gravelly sand sediments (see paragraph 3.2.5).

The metals concentrations in the intertidal sediments were compared to the CEFAS
AL1 and AL2, and the Canadian TEL and PEL, where available (Table 3.3).
Concentrations of metals contaminants in the intertidal sediments were, on the whole,
higher than those recorded in the subtidal sediments. Only mercury was below both
the CEFAS levels and the Canadian levels at all sites and the level of cadmium only
exceeded the CEFAS AL1 at a single site. Arsenic exceeded the Canadian TEL at
three sites in the mid to upper shore and the CEFAS AL1 at the remaining sites in the
mid to lower shore, but was within the PEL and CEFAS AL2 at all sites.
Concentrations of chromium exceeded the Canadian PEL at three sites in the mid to
lower shore and were above the CEFAS AL1 at the remaining sites. Concentrations
of copper exceeded the Canadian PEL of 108 mg/kg at all sites and was also above
the higher CEFAS AL2 of 400 mg/kg at three of these sites in the mid to lower shore.
Nickel concentrations exceeded the CEFAS AL1 at all sites and marginally exceeded
the CEFAS AL2 at a single site in the mid shore. Lead concentration was above the
Canadian TEL but within the PEL at four sites. Zinc was above the Canadian TEL at
three sites. Full results of the metals analysis are presented in Appendix D but the
results indicate generally high levels of metal contamination in the intertidal
sediments.
Organotins

The PSA samples were also analysed for sediment organic content (as described in
paragraph 2.3.32) which was found to be low across all of the sample locations,
varying between 0.75 and 1.21%.

3.2.23

Tributyltin (TBT) and Dibutyltin (DBT) were assessed against CEFAS Action Levels
and were found to be well below CEFAS AL1 (100 mg/kg) at all sites. The lower
Ecotoxicological Assessment Criteria (EAC) for TBT in sediments is set by OSPAR
(and also proposed for the Water Framework Directive environmental quality
standard) is 0.01 μg/kg dry weight (OSPAR, 2009; OSPAR, 2004). This is lower than
the detection limit available from the current analysis (<3 μg/kg) and substantially
lower than the CEFAS AL1 of 100 μg/kg. OSPAR (2009) has a six class assessment
scheme (A-F) for TBT-specific biological effects in five species of gastropod. The
large majority of the concentrations, from both coastal and offshore locations, fall into
assessment classes B and C, and are therefore not expected to affect the
reproductive capability of sensitive gastropod species (OSPAR, 2009). Class C
concentrations of TBT in sediments are in the range of 2 μg/kg to <50 μg/kg and
therefore the concentrations from the intertidal samples (<3 μg/kg) do not present a
problem in this respect (OSPAR, 2009).
Polycyclic aromatic hydrocarbons (PAHs) – EPA 16

3.2.24
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All recorded PAH concentrations in the intertidal core samples were below the
Canadian TEL and CEFAS AL1 assessment criteria where available.

Tributyltin

Dibutyltin

Zinc

Tin

Nickel

Lead

Copper

Cadmium

Arsenic

Mercury

Titanium

Site

Chromium

Metal and organotin concentrations in intertidal benthic sediments at the export cable landfall site (see Figure 2.8 for sample locations). Concentrations expressed in
mg/kg (dry weight) for metals and µg/kg for organotins.
Magnesium

Table 3.3

RCS1

4910

314

0.003

14.7

0.133

126

152

33.9

65.5

5.73

103

<3

<3

RCS2

4770

182

0.002

18.6

0.086

151

217

22.2

105

5.31

78.6

<3

<3

RCS3

3660

113

0.002

16.2

0.591

337

611

24.6

193

5.62

113

<4

<4

RCS4

4770

211

0.025

22.7

0.156

85.5

42.6

49.7

37.3

5.57

128

<3

<3

RCS5

3730

153

0.003

29.8

0.17

313

1410

43.8

217

11.4

169

<3

<3

RCS6

4030

252

0.005

20.4

0.178

370

724

36.9

174

3.46

146

<4

<4

CEFAS AL1

-

-

0.3

20

0.4

40

40

50

20

-

130

100

100

CEFAS AL2

-

-

3

100

5

400

400

500

200

-

800

1000

1000

Canadian TEL

-

-

0.13

7.24

0.676

52.3

18.7

30.2

15.9

-

124

-

-

Canadian PEL

-

-

0.7

41.6

4.2

160

108

112

-

-

271

-

-

Coloured cells indicate where the recorded concentration of metal exceeds either the CEFAS AL1/AL2 and/or the Canadian TEL/PEL.
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Benthic Ecological Characterisation

3.2.27

The combined 3-D MDS plot (subset) for all sites and sediment types, with biotope as
a factor, are presented in Figure 3.10. The 3-D MDS plots for each of the three
sediment type groups, sand and muddy sand, coarse sediments and mixed
sediments, with biotopes as factors, are presented Figure 3.11, Figure 3.12 and
Figure 3.13, respectively (sites with no fauna recorded were excluded from the
analyses and are not represented in the MDS plots). The combined 2-D MDS plots
have not been presented due to the high stress values observed (> 0.2 for all except
mixed sediments). Such high stress levels are to be expected given the large number
of data points being analysed (i.e., 399 separate grab sites) and it should be noted
that the stress values given in the 3-D plots are still considered to be relatively high
and therefore not an excellent representation of the data. However, it is important to
note that the MDS plots have not been used in isolation and have been interpreted
together with the results of the cluster and SIMPROF analyses and in light of the raw
transformed data. Figure 3.14, Figure 3.15 and Figure 3.15 present the results of the
cluster analyses for the same data; the cluster analysis for all sites and sediment
types combined is presented in Appendix E.

3.2.28

The data presented in Figure 3.10 to Figure 3.13 show that sites assigned to the
same biotope generally clustered together relatively loosely based on infaunal
assemblages and a high degree of overlap was observed between groups in all three
sediment groups. This was especially true for the sandy sediment sites (Figure 3.11).
This is unsurprising given the relatively homogeneous nature of the seabed,
particularly within the sandy sediment areas of the Project Two benthic ecology study
area and the fact that generally similar species were observed at all sites with
changes in only a few key species accounting for the main differences. For example,
Figure 3.11 shows the similar infaunal communities of the NcirBat biotope and the
FfabMag biotope. This 3-D MDS plot for sand and muddy sand sediments also shows
a commonly observed pattern representing the transition from the fine sand
communities of the SS.SSa.CFiSa.EpusOborApri (Echinocyamus pusillus, Ophelia
borealis and Abra prismata in circalittoral fine sand) biotope (hereafter referred to as
EpusOborApri; pink symbols) and the NcirBat biotope (green symbols) through the
muddier sand sediments of the FfabMag biotope (purple symbols) in areas of lower
sediment disturbance where the silt fraction can settle out to the deeper cohesive
sandy mud communities of the SS.SMu.AfilMysAnit (Amphiura filiformis, Mysella
bidentata and Abra nitida in circalittoral sandy mud) biotope (hereafter referred to as
AfilMysAnit; green/blue symbols) (Connor et al., 2004).

Benthic infauna biotope mapping
3.2.25

3.2.26

The results of the cluster analyses, SIMPROF tests and SIMPER analyses (see
Appendix E and G) were used, together with the raw untransformed data (see
Appendix F), to assign preliminary biotopes to each sample location in each of the
three simplified sediment types described in paragraphs 3.2.1 to 3.2.3 (i.e., sandy,
coarse and mixed sediments). In several instances, clusters that were identified as
significantly different from each other in the SIMPROF tests were assigned the same
biotope code. This was because a review of the SIMPER results identified that the
differences between the groups could be explained by differences in abundances of
characterising species rather than the presence/absence of key species. For
example, for one of the clusters identified in the sandy sediment analysis (cluster r,
see Appendix E for sites within this cluster), the SIMPER output identified Magelona
johnstoni, Tellina (Fabulina) fabula, Bathyporeia elegans and Bathyporeia tenuipes
as the top four species contributing to the cumulative similarity within the cluster. For
a separate cluster within the same sandy sediment analysis (cluster m, see Appendix
E for a list of sites within that cluster) the four species contributing to the cumulative
similarity within that cluster were identified from the SIMPER as C. gibba,
Bathyporeia elegans, Tellina (Fabulina) fabula and Magelona johnstoni. However, the
SIMPER analysis of dissimilarity between these two clusters identified that the
majority of the dissimilarity could be attributed to differences in abundances of key
species rather than the presence/absence of key species and as such both clusters
were assigned to the SS.SSa.IMuSa.FfabMag (Fabulina fabula and Magelona
mirabilis with venerid bivalves and amphipods in infralittoral compacted fine muddy
sand) biotope (hereafter referred to as FfabMag).
Due to the patchy nature of the distribution of the sediments and communities and
the often similar species present, albeit in differing abundances, across the Project
Two benthic ecology study area, in some instances it was necessary to assign a
different biotope code to sites within a larger homogenous cluster. This was
especially true for several of the coarse sediment sites where distinctions between
several of the biotopes were often attributable to subtle differences in the overall
diversity of polychaete species as well as the location of the sample site with respect
to factors such as water depth.
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3.2.29

Similarly, the subset MDS for the coarse sediments (Figure 3.12) shows a weak
grading of the gravelly sand sediment communities of the SS.SMx.OMx.PoVen
(Polychaete-rich deep Venus community in offshore mixed sediments) biotope
(hereafter
referred
to
as
PoVen;
red
symbols)
into
the
mosaicMedLumVen/EpusOborApri
biotope
(hereafter
referred
to
as
MedLumVen/EpusOborApri; green cross symbols). The MedLumVen/EpusOborApri
mosaic biotope, which has a similar but less diverse polychaete and venerid bivalve
community and high numbers of the pea urchin Echinocyamus pusillus and the
polychaete Ophelia borealis, grades into the MoeVen biotope (orange symbols) in
shallower waters with fewer polychaetes but high numbers of venerid bivalves.

3.2.30

In comparison, the mixed sediment 3-D MDS demonstrates a good degree of
separation between the truly mixed sediments of the SspiMx and
SS.SMx.CMx.MysThyMx (Mysella bidentata and Thyasira spp. in circalittoral muddy
mixed sediment) (hereafter referred to as MysThyMx) biotopes and the PoVen
biotope. The SspiMx biotope was found exclusively within the export cable route
corridor (with the exception of one site to the southeast of Subzone 2) and the
MysThyMx biotope was found predominantly to the northeast of Subzone 2. The
PoVen biotope was typically associated with the coarse/mixed sediments identified
further offshore within the wider Project Two benthic ecology study area. Full
descriptions of these biotopes, including their distribution across the survey area, are
presented below in paragraphs 3.2.38 to 3.2.42.
Figure 3.10
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Subset 3-D MDS plot for benthic infaunal communities (biotopes) in all
sediment types for the Project Two benthic ecology study area.

Figure 3.11

Figure 3.12

Subset 3-D MDS plot for benthic infaunal communities (biotopes) in sandy
and muddy sand sediments within the Project Two benthic ecology study
area.
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Subset 3-D MDS plot for benthic infaunal communities (biotopes) in coarse
sediments within the Project Two benthic ecology study area.

Figure 3.13

3.2.31

3-D MDS plot for benthic infaunal communities (biotopes) in mixed
sediments within the Project Two benthic ecology study area.

It is noted from Figure 3.14, Figure 3.15 and Figure 3.15 that in some cases the same
biotopes were assigned across the three broad sediment types identified using the
Simplified Folk Classification. Biotopes typically found in sand dominated sediments
(e.g., FfabMag; purple diamond symbol) were assigned to sites classified as coarse
sediment using the Simplified Folk Classification, based on the infaunal communities
present, thus highlighting the importance of revisiting the raw untransformed data
when assigning the final biotopes. For example, although sites falling within Group y
of the coarse sediment cluster analysis (see Appendix E for a list of sites within this
cluster) were classified according the Simplified Folk Classification as coarse
sediment, SIMPER analysis identified that these sites were characterised, albeit in
low numbers, by amphipods Bathyporeia spp. the polychaete Magelona johnstoni
and the venerid bivalve Tellina (Fabulina) fabula. As such the sandy sediment
FfabMag biotope was deemed more accurate to describe these sites than a coarse
sediment biotope.
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3.2.32

Another example of where the final biotope assigned to the sites did not strictly match
the underlying sediment type was the PoVen biotope which was assigned to a large
number of sites falling within the coarse sediment class (Figure 3.15). Although the
PoVen biotope is predominantly associated with offshore mixed sediments the
classification for this biotope includes gravelly sand sediments (Connor et al., 2004),
which matches the Folk sediment classification that was assigned to many of the
coarse sediment sites. This, together with the diverse community of polychaetes (i.e.,
more species and different species than would expected in other coarse sediment
biotopes such as MedLumVen or MoeVen) and venerid bivalves present, suggested
that the PoVen biotope best described the data. Full descriptions of these biotopes,
including their distribution across the Project Two benthic ecology study area, are
presented below in paragraphs 3.2.38 to 3.2.42.

3.2.33

These examples highlight the importance of the approach adopted to interpretation of
the infaunal dataset, which involved an initial examination of the results of the cluster
and SIMPER analyses to identify broadscale patterns in a large dataset together with
an examination of the raw untransformed data and the geographical context of the
sites (i.e., geophysical data, bathymetry, particle size analysis and surrounding
biotopes).

3.2.34

Figure 3.17 shows the geographic extents of the draft benthic infaunal biotopes
present throughout the Project Two benthic ecology study area. Fourteen infaunal
biotopes were identified, one of which was a mosaic biotope where the infaunal data
was strongly represented by the characterising species of more than one biotope,
and these are presented and described in Table 3.4. The apparent distribution of
biotopes is strongly affected by sample density. Areas with very high sample density
had high variability of biotopes within small areas. Low sample density areas give an
artificial impression of uniformity but broad biotope distributions can be seen. It is also
important to remember that the choice of biotope assignment for particular cluster
groups can be subjective and the addition of new data to a cluster analysis (such as
occurred with the addition of Project Two data to the existing Project One and ZoC
datasets) can result in the reassignment of samples.

3.2.35

The majority of the area encompassing the west of Subzone 2 was dominated by
sandy sediments. The communities in the southeast of Subzone 2 were
characterised by the EpusOborApri biotope and those in the north/north-west by the
FfabMag biotope. The majority of the area to the west of the Subzone 2 boundary, in
the wider Project Two benthic ecology study area, as well as much of the area in the
north-east corner of the cable route corridor were also characterised by muddy sand
sediments and the FfabMag biotope. These areas corresponded well with the
predicted distribution of circalittoral fine sand or circalittoral muddy sand from the UK
SEAMAP data (JNCC, 2010) and MESH predicted EUNIS data (see Table 3.4 for
corresponding EUNIS biotopes). The FfabMag biotope was characterised by the
polychaete Magelona johnstoni and the venerid bivalve Tellina (Fabulina) fabula in
relatively high abundances together with a number of other polychaetes and sand
dwelling amphipods Bathyporeia spp. (Table 3.4). The EpusOborApri biotope was
also identified in the north-west corner of the Hornsea Zone and the northern part of
the cable route corridor. This biotope was characterised by the polychaetes O.
borealis, N. cirrosa, S. bombyx, the pea urchin E. pusillus and the bivalve mollusc A.
prismatica (Table 3.4).

3.2.36

In the deeper waters located to the northeast of Subzone 2 and across much of the
northern part of the Project Two benthic ecology study area the FfabMag biotope
graded into the slightly muddier AfilMysAnit biotope in the deeper circalittoral sand.
This biotope was characterised by high abundances of the brittlestar Amphiura
filiformis and often high numbers of the venerid bivalve mollusc Kurtiella (Mysella)
bidentata and other taxa, notably the burrowing ghost shrimp Callianassa
subterranea (Table 3.4).

3.2.37

The coarser sediments in the northeast of Subzone 2 and those found throughout
much of the area to the south of Subzone 2 were found to be broadly characterised
by the PoVen biotope, which was also identified in a narrow band extending though
the southwest part of Subzone 2. This biotope was also associated with the coarse
sediments present in the northern part of the cable route corridor. The mixed
sediments, found in the northeast part of Subzone 2 were broadly characterised by
the MysThyMx biotope. The MysThyMx biotope was characterised by the brittlestar
A. filiformis, the mollusc Kurtiella (Mysella) bidentata and an array of polychaetes
(Table 3.4).
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3.2.38

The majority of the remaining areas of sandy sediment, predominantly in the centre of
the Hornsea Zone, supported typically species poor communities represented by the
NcirBat biotope and the IMoSa biotope. The NcirBat biotope was often found
distributed in areas adjacent to the FfabMag biotope which is consistent with
evidence that FfabMag may grade into the sandier biotope NcirBat in areas of
increased sediment disturbance where the finer silt fraction is unable to settle out of
the water column (paragraph 3.2.28; Connor et al., 2004). The main area of the
IMoSa biotope was at the western end of the export cable route corridor. This biotope
is found on exposed or tide-swept coasts, which is consistent with its location within
the Project Two benthic ecology study area at the mouth of the Humber Estuary and
was characterised by a lack of infauna, with the substratum supporting sparse
populations of amphipods and the mysid Gastrosaccus spinifer (Table 3.4).

3.2.39

Much of the rest of the wider Hornsea Zone within the Project Two benthic ecology
study area was characterised by the relatively diverse PoVen biotope. This biotope
dominated much of the area in the vicinity of the southern boundary of Subzone 2.
The gravelly sand sediments in these areas were characterised by a diverse infaunal
community of polychaetes, bivalves, nemerteans and echinoderms (Table 3.4). The
infaunal communities assigned to the PoVen biotope closely resembled the
MedLumVen, which was recorded in the southwest of Subzone 2. However, the
decision to classify these communities as PoVen was made based on the high
diversity of polychaetes present and the generally low abundances of key species
such as M. fragilis and Lumbrineris spp. which would be expected in the MedLumVen
biotope. A mosaic biotope was however identified consisting of the MedLumVen
biotope together with the EpusOborApri biotope). The MedLumVen/EpusOborApri
mosaic was generally found in the circalittoral coarse sediments near the western
part of Subzone 2 and the northern end of the export cable route corridor. The
mosaic was characterised by the polychaete Ophelia borealis and the pea urchin
Echinocyamus pusillus, typical of the EpusOborApri biotope together with a more
diverse array of polychaetes and bivalves typical of the coarser sediment biotope
MedLumVen (Table 3.4).

3.2.40

Small areas of the infralittoral coarse sediment biotope MoeVen were located in the
vicinity of the north-eastern part of the cable route corridor and along the central
section of the export cable route corridor. The infaunal community in this biotope was
similar to that of the PoVen biotope identified in deeper water, but was characterised
by fewer polychaetes and higher abundances of venerid bivalve molluscs including
Goodalia triangularis and Spisula eliptica. One of the main characterising venerid
bivalves of this biotope, Moerella pygmaea, was also present in low numbers at a few
sites within this biotope (Table 3.4).

3.2.41

At several discrete locations within the export cable route corridor, grab samples
were assigned to the SspiMx biotope. This biotope was identified using the benthic
infaunal grab data, however it is predominantly characterised by epifaunal species,
and as such the results of the DDV analysis were used to inform and confirm the
assessments. The communities were dominated by particularly high numbers of the
tube building polychaete S. spinulosa, the bivalve mollusc A. alba and a diverse array
of polychaetes including Scalibregma inflatum and Polycirrus spp. (Table 3.4). This
biotope was also recorded at one site located to the southeast of Subzone 2 (Z081).

3.2.42

One site at the western end of the export cable route corridor, in the mouth of the
Humber estuary, was assigned the SS.SSa.IMuSa (Infralittoral muddy sand) biotope
(hereafter referred to as IMuSa) and was characterised by muddy sand sediments
and a community dominated by the polychaetes Spiophanes bombyx and Nephtys
cirrosa and the bivalves A. alba and Ensis arcuatus (Table 3.4).

3.2.43

The only benthic species of conservation interest identified in the Project Two benthic
ecology study area was the ocean quahog Arctica islandica. This species is listed by
OSPAR as a threatened and/or declining species for the Greater North Sea (OSPAR
Region II) and was recorded from seven sites within Subzone 2 (from six sites as
single specimens, and one site where two individuals were recorded) and two sites in
the wider Project Two benthic ecology study area. All records from within Subzone 2
together with the single record from the export cable route corridor were of juvenile A.
islandica. The single record to the south-east of Subzone 2 measured less than
10 mm indicating it was a spat rather than a juvenile of the species (Witbaard and
Bergman, 2003). These sites are shown as target notes (TN) on Figure 3.17. Within
Subzone 2, the records were typically from sandy sediment substrates, in particular
the EpusOborApri biotope. However, several records were also made from the
coarser sediments associated with the PoVen biotope; see Figure 3.17 for locations.

3.2.44

A full species list, including abundances and biomass, as recorded from the benthic
grab samples is presented in Appendix F (available on the SMart Wind website
www.smartwind.co.uk). This full list of infaunal biotopes assigned to each sampling
site and the groups identified during the cluster analyses (and tested using
SIMPROF) is presented in Appendix E. The full list of SIMPER outputs, with the draft
infaunal biotopes as factors is presented in Appendix G.
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Figure 3.14

Cluster analysis for benthic infaunal communities (biotopes) in sandy and muddy sand sediments within the Project Two benthic ecology study area.
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Figure 3.15

Cluster analysis for benthic infaunal communities (biotopes) in coarse sediments within the Project Two benthic ecology study area.
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Figure 3.16

Cluster analysis for benthic communities (biotopes) in mixed sediments within the Project Two benthic ecology study area.
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Figure 3.17

Benthic infauna biotopes of the Project Two benthic ecology study area.
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Table 3.4

Benthic infauna biotopes identified in the Project Two benthic ecology study area, including a summary of the SIMPER results and geographic locations (see Figure
3.17).

Biotope Code
(Conner et al., 2004)

EUNIS code
(2007-11)

Simplified Folk
Sediment
Classification

Biotope Name

Project Two Biotope Description

Characterising species
accounting for up to 75% of
cumulative similarity (SIMPER)

Geographic
Location

SS.SSa.IFiSa.IMoSa (IMoSa)

A5.231

Sand and muddy
sand (4 sites);
coarse
sediments (2
sites).

Infralittoral mobile
clean sand with
sparse fauna.

Medium to fine sandy sediment in
shallow water, often formed into
dunes, on tide swept coasts containing
very little fauna due to the mobility of
the substratum. Characterised by low
numbers of amphipods such as
Bathyporeia spp., the mysid
Gastrosaccus spinifer and the venerid
bivalve Ensis siliqua.

Gastrosaccus spinifer.

This biotope was
located at the western
end of the export
cable route corridor at
the mouth of the
Humber Estuary.

SS.SSa.IFiSa.NcirBat
(NcirBat)

A5.233

Sand and muddy
sand (36 sites).

Nephtys cirrosa and
Bathyporeia spp. in
infralittoral sand.

This biotope occurred in well sorted
medium and fine sands and was
characterised by the polychaetes
Nephtys cirrosa and Spiophanes
bombyx, the amphipod Bathyporeia
elegans and the opossum shrimp
Gastrosaccus spinifer.

Nephtys cirrosa, Ophelia borealis,
Bathyporeia elegans,
Echinocyamus pusillus, Corbula
gibba, Spiophanes bombyx,
Cochlodesma praetenue, Scoloplos
armiger, Abra prismatica, Magelona
johnstoni.

This biotope was
located in the central
part of the Hornsea
Zone to the south of
Subzone 2.

SS.SSA.CFiSa.ApriBatPo
(ApriBatPo)

A5.252

Sand and muddy
sand (4 sites).

Abra prismatica,
Bathyporeia elegans
and polychaetes in
circalittoral fine sand.

Occurring in circalittoral and offshore
medium to fine sands with a
community characterised by the
bivalve Abra prismatica, the amphipod
Bathyporeia elegans and polychaetes
including Scoloplos armiger,
Spiophanes bombyx, Aonides
paucibranchiata, Chaetozone setosa,
Ophelia borealis and Nephtys
longosetosa. The brittlestar Amphiura
filiformis was also common at some
sites.

Scalibregma inflatum, Corbula
gibba, Abra prismatica, Nephtys
cirrosa, Mactra stultorum, Paraspio
decorata.

This biotope was
located at discrete
locations in the wider
Project Two benthic
ecology study area to
the southeast of
Subzone 2.

SS.SSa.CFiSa.EpusOborApri
(EpusOborApri)

A5.251

Sand and muddy
sand (35 sites);
coarse
sediments (14
sites); mixed
sediments (2
sites).

Echinocyamus
pusillus, Ophelia
borealis and Abra
prismatica in
circalittoral fine sand.

Offshore sediments dominated by
medium to fine sands and
characterised by the polychaetes
Ophelia borealis and Nephtys cirrosa,
high abundances of the pea urchin
Echinocyamus pusillus and by the
venerid bivalve Abra prismatica.

Ophelia borealis, Nephtys cirrosa,
Spiophanes bombyx,
Echinocyamus pusillus, Scoloplos
armiger, Nemertea spp., Abra
prismatica, Bathyporeia elegans,
Dosinia (juv).

This biotope was
recorded in the
southwest of Subzone
2, in the northwest
corner of the Project
Two benthic ecology
study area and the
northern end of the
export cable route
corridor.
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Biotope Code
(Conner et al., 2004)

EUNIS code
(2007-11)

Simplified Folk
Sediment
Classification

Biotope Name

Project Two Biotope Description

Characterising species
accounting for up to 75% of
cumulative similarity (SIMPER)

Geographic
Location

SS.SSa.IMuSa (IMuSa)

A5.24

Sand and muddy
sand (1 site).

Infralittoral muddy
sand.

Non-cohesive muddy sand
characterised by the bivalve molluscs
Abra alba and Ensis arcuatus and the
polychaetes Spiophanes bombyx,
Nephtys hombergii and Scoloplos
armiger.

N/A: Less than 2 sites in the group.
Species recorded at sites assigned
this biotope included:
Abra alba, Ensis arcuatus,
Spiophanes bombyx, Nephtys
hombergii, Scoloplos armiger,
Notomastus, Mysella bidentata.

This biotope was
recorded at one
location at the
westward end of the
export cable route
corridor at the mouth
of the Humber
Estuary.

SS.SSa.IMuSa.FfabMag
(FfabMag)

A5.252

Sand and muddy
sand (92 sites);
coarse
sediments (7
sites).

Fabulina fabula and
Magelona mirabilis
with venerid bivalves
and amphipods in
infralittoral
compacted fine
muddy sand.

In stable, fine, compacted and slightly
muddy sands in the infralittoral and
littoral fringe, this community was
characterised by venerid bivalves such
as Tellina (Fabulina) fabula, Chamelea
striatula and Abra prismata,
polychaetes including Magelona
johnstoni and Spiophanes bombyx and
the amphipods Bathyporeia elegans,
Bathyporeia tenuipes and Bathyporeia
guilliamsoniana.

Tellina fabula, Magelona johnstoni,
Bathyporeia elegans, Spiophanes
bombyx, Magelona filiformis,
Corbula gibba, Bathyporeia
tenuipes, Goniada maculata,
Bathyporeia guilliamsoniana. Abra
prismatica, Chamelea striatula,
Scoloplos armiger.

The biotope was the
predominant in the
northwest of Subzone
2, throughout the west
of the Hornsea Zone
(i.e., to the west of the
Subzone 2 boundary).
It was also recorded
patchily throughout the
central section of the
Hornsea Zone to the
south of Subzone 2.

SS.SMu.CSaMu.AfilMysAnit
(AfilMysAnit)

A5.351

Sand and muddy
sand (17 sites);
coarse
sediments (2
sites).

Amphiura filiformis,
Mysella bidentata
and Abra nitida in
circalittoral sandy
mud.

Poorly sorted cohesive muddy sands
in moderately deep water with an
infaunal community dominated by high
abundances of the echinoderm
Amphiura filiformis, the bivalve
Kurtiella (Mysella) bidentata,
polychaetes and nemerteans.

Amphiura filiformis, Callianassa
subterranea, Kurtiella bidentata,
Ophiodromus flexuosus, Cylichna
cylindracea, Abra alba, Nemertea
spp., Goniada maculata, Sthenelais
limicola, Nucula nitidosa,
Echinocardium cordatum.

This biotope was
found in the northeast
corner and east edge
of the Project Two
benthic ecology study
area.

SS.SCS.CCS.MedLumVen/
SS.SSa.CFiSa.EpusOborApri
(MedLumVen/EpusOborApri)

A5.142/A5.251 Coarse
sediments
(16 sites); mixed
sediments (2
sites).

Mosaic of
Mediomastus fragilis,
Lumbrineris spp. and
venerid bivalves in
circalittoral coarse
sand or gravel and
Echinocyamus
pusillus, Ophelia
borealis and Abra
prismata in
circalittoral fine sand.

A mosaic biotope with characteristics
of both the circalittoral fine sand
EpusOborApri biotope and the richer
coarser sand MedLumVen biotope
dominated by polychaetes and venerid
bivalves. This biotope was
characterised by the polychaetes
Nephtys cirrosa and Ophelia borealis,
the echinoderm Echinocyamus
pusillus.

Ophelia borealis, Nemertea spp.,
Echinocyamus pusillus, Aonides
paucibranchiata, Scalibregma
inflatum, Scoloplos armiger,
Corbula gibba, Notomastus,
Polycirrus, Glycera lapidum,
Owenia fusiformis, Spiophanes
bombyx, Spiophanes bombyx.

This mosaic biotope
was recorded to the
northeast of the end of
the export cable route
corridor and also in
patches in the
northeast of Subzone
2.
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Biotope Code
(Conner et al., 2004)

EUNIS code
(2007-11)

Simplified Folk
Sediment
Classification

Biotope Name

Project Two Biotope Description

Characterising species
accounting for up to 75% of
cumulative similarity (SIMPER)

Geographic
Location

SS.SCS.ICS.MoeVen
(MoeVen)

A5.133

Sand and muddy
sand (7 sites);
coarse
sediments (16
site).

Moerella spp. with
venerid bivalves in
infralittoral gravely
sand.

This biotope occurred in infralittoral
medium to coarse sand which is
subject to moderately strong water
movement from tidal streams with
communities characterised by high
abundances of the venerid bivalve
mollusc Goodallia triangularis and to a
lesser extent Timoclea ovata and a
relatively diverse assemblage of
polychaetes including Nephtys cirrosa
and Ophelia borealis.

Ophelia borealis, Goodallia
triangularis, Nemertea, Pisione
remota, Glycera lapidum, Aonides
paucibranchiata, Echinocyamus
pusillus, Nephtys cirrosa, Polycirrus,
Corbula gibba.

This biotope was
found in discrete
patches in shallower
water along the central
section of the export
cable route corridor.

SS.SCS.CCS.MedLumVen
(MedLumVen)

A5.142

Coarse
sediments (6
sites); mixed
sediments (1
site).

Mediomastus fragilis,
Lumbrineris spp. and
venerid bivalves in
circalittoral coarse
sand or gravel.

Circalittoral gravels, coarse to medium
sands, and shell gravels, sometimes
with a small amount of silt
characterised by polychaetes including
Spiophanes bombyx, Ophelia borealis,
Mediomastus fragilis and Glycera
lapidum with the pea urchin
Echinocyamus pusillus. Communities
also including Nemertea spp. and
venerid bivalves such as Dosinia sp.
which although in low numbers are
likely to have been under-sampled in
the grab surveys.

Spiophanes bombyx, Ophelia
borealis, Nemertea, Lagis koreni,
Scoloplos armiger, Mediomastus
fragilis, Dosinia (juv), Pholoe
baltica, Euspira pulchella, Glycera
lapidum, Glycinde nordmanni,
Scalibregma inflatum,
Echinocyamus pusillus, Aonides
paucibranchiata.

This biotope was
recorded along the
southwestern edge of
Subzone 2 and at the
northeast end of the
export cable route
corridor.

SS.SCS.CCS.Pkef (Pkef)

A5.143

Mixed sediments
(1 site).

Protodorvillea
kefersteini and other
polychaetes in
impoverished
circalittoral mixed
gravelly sand.

In coarse gravelly or shelly sand, along
open coasts in depths of 10 to 30 m,
an impoverished community
characterised by low numbers of
polychaetes and amphipods.

N/A: Less than 2 sites in the group.
Species recorded at the site
assigned this biotope included:
Leptocheirus hirsutimanus, Rissoa
interrupta, Polycirrus, Bodotria
scorpioides, Cheirocratus assimilis,
Gibbula cineraria, Glycera lapidum.

This biotope was
recorded from a single
site at the western end
of the export cable
route corridor.

SS.SMx.OMx.PoVen (PoVen)

A5.451

Sand and muddy
sand (5 sites);
coarse
sediments (76
sites); mixed
sediments (15
site).

Polychaete-rich deep
Venus community in
offshore mixed
sediments.

In offshore gravelly sands an infaunal
community characterised by a
particularly rich community of
polychaetes including Notomastus
spp., Pista cristata, Scalibregma
inflatum and Protodorvillea kefersteini,
ribbon worms Nemertea spp., the pea
urchin Echinocyamus pusillus and low
numbers of venerid bivalves including
Timoclea ovata.

Nemertea spp., Notomastus,
Glycera lapidum, Aonides
paucibranchiata, Echinocyamus
pusillus, Scalibregma inflatum,
Corbula gibba, Euspira pulchella,
Protodorvillea kefersteini, Polycirrus
spp., Urothoe marina, Mediomastus
fragilis, Pholoe baltica, Syllis sp.,
Eunereis longissima, Ophelia
borealis, Pista cristata, Eulalia
mustela, Upogebia deltaura,
Goniadella gracilis, Glycinde
nordmanni.

This biotope was
distributed extensively
throughout the Project
Two benthic ecology
study area particularly
to the south and
southeast of Subzone
2 within the wider
Project Two benthic
ecology study area.
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Biotope Code
(Conner et al., 2004)
SS.SMX.CMx.MysThyMx
(MysThyMx)

EUNIS code
(2007-11)
A5.443

SS.SBR.PoR.SspiMx (SspiMx) A5.611

Simplified Folk
Sediment
Classification

Characterising species
accounting for up to 75% of
cumulative similarity (SIMPER)

Geographic
Location

Biotope Name

Project Two Biotope Description

Coarse
sediments (1
site); Mixed
sediments
(20 sites).

Mysella bidentata
and Thyasira spp. in
circalittoral muddy
mixed sediment.

Moderately exposed or sheltered,
circalittoral muddy sands and gravels
characterised by communities of the
bivalve Mysella bidentata, polychaetes
such as Glycera alba, Mediomastus
fragilis and Goniada maculata. The
brittlestar Amphiura filiformis was also
abundant at some sites.

Amphiura filiformis, Pholoe baltica,
Kurtiella bidentata, Notomastus,
Nemertea, Glycera alba,
Mediomastus fragilis, Goniada
maculata, Cylichna cylindracea,
Spiophanes bombyx, Phoronis,
Magelona alleni, Gattyana cirrhosa,
Lumbrineris gracilis, Owenia
fusiformis, Corbula gibba,
Spiophanes kroyeri, Atherospio
guillei, Anobothrus gracilis.

This biotope was
recorded from the
mixed sediments
found in the central
northern parts of
Subzone 2 and from a
couple of sites in the
wider Project Two
benthic ecology study
area to the northwest
and east of Subzone
2.

Coarse
sediments
(8 sites); mixed
sediments
(9 sites).

Sabellaria spinulosa
on stable circalittoral
mixed sediment.

This biotope occurred on mixed
sediments and was characterised by
high abundances of the tube-building
polychaete Sabellaria spinulosa and a
diverse community of infaunal
polychaetes including Polycirrus,
Scalibregma inflatum, Mediomastus
fragilis and Pholoe baltica together
with the bivalve mollusc Abra alba.

Sabellaria spinulosa, Polycirrus,
Nemertea spp., Mediomastus
fragilis, Abra alba, Pisidia
longicornis, Lumbrineris cingulata,
Glycera lapidum, Scalibregma
inflatum, Hiatella arctica, Eumida
sanguinea, Polydora caulleryi,
Gibbula tumida, Eunereis
longissima, Harmothoe, Mya
arenaria, Pholoe baltica, Gnathia
oxyuraea, Mysella bidentata,
Galathea intermedia, Caulleriella
alata, Spio armata, Syllis armillaris,
Protodorvillea kefersteini,
Amphipholis squamata, Sipuncula
(juv), Notomastus, Syllis sp.,
Lepidonotus squamatus,
Scalibregma celticum, Anobothrus
gracilis, Aonides paucibranchiata,
Phoronis.

This biotope was
found predominantly
along the westernmost
section of the export
cable route corridor. It
was also recorded at a
further three patches
in the northeast
section of the cable
route corridor and at
one site to the
southeast of Subzone
2.
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SS.SSa.CMuSa.Abra.Airr (Amphiura brachiata with Astropecten irregularis and other
echinoderms in circalittoral muddy sand) for example.

Epibenthic biotope mapping
3.2.45

As discussed in paragraph 2.4.7, the epifaunal and epifloral data collected from the
DDV analysis and also from the laboratory analysis of the epibenthic component of
the grab samples were combined, and analysed using cluster analysis to group sites
with a similar epibenthic composition. As with the infaunal analysis, the cluster
analyses were undertaken following prior grouping of the dataset according to the
Simplified Folk Classification sediment classes (i.e., sand and muddy sediment,
coarse sediments and mixed sediment); SIMPROF was used to test whether these
groupings were significantly different. The results of the cluster analyses and the
combined dendrogram plot for all the sediment groupings are presented in Appendix
H and the full results of the DDV analysis are presented in Appendix I.

3.2.46

Preliminary biotopes were assigned to the data using the results of the cluster
analyses and the associated SIMPER outputs. These initial classifications were
reviewed alongside the raw untransformed benthic epifauna data before final
biotopes were assigned (Connor et al., 2004).

3.2.47

More so than in the infaunal analysis, clusters were often combined under one
biotope code when differences between the clusters identified were due to
differences in abundances of species rather than the presence/absence of key
species. For example, the cluster analysis of the mixed sediment data identified two
clusters (Group j and Group l; see Appendix H for sites within these clusters). Group j
had Urticina sp., A. rubens, Ascidiidae and S. spinulosa as the top four characterising
species while Group l had S. spinulosa, A. rubens and Caridea as the top three
characterising species. The SIMPER analysis further showed that that the
dissimilarity between these two groups was primarily due to differences in
abundances of a small number of species, with several species common to both
groups. The sites within these clusters were assigned the SspiMx biotope code (see
paragraph 3.2.59 and Table 3.5 for a more detailed description of this biotope).

3.2.48

In many instances the presence/absence of key species was responsible for the
majority of the dissimilarity between the clusters, but due to the nature of the species
recorded the sites were assigned the same biotope. For example, the cluster analysis
for sandy sediments identified two clusters (Group m and Group k; see Appendix H
for sites within these clusters) one of which (group m) had the echinoderm A. rubens
as the only characterising species while the other group (group k) had A. rubens and
A. irregularis as the only characterising species. The SIMPER showed that
approximately 36% of the dissimilarity between groups was due to the almost
complete absence of A. irregularis from Group m. However, as the community has
similarly low abundances of all other species observed, and as the two characterising
species were echinoderms with similar habitat preferences, both clusters were
assigned to the IMoSa biotope (Table 3.5); populations of brittlestars such as
Amphiura brachiata were not high enough, and the sediment not considered muddy
enough to classify Group k as an alternative biotope such as
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3.2.49

The combined 2-D MDS plot for all sites and sediment types, with biotopes as factors
is presented in Figure 3.18. Figure 3.18 shows the sites which were completely
devoid of fauna as outliers with all the remaining sites densely clustered together.
Figure 3.19 shows a subset of the combined epifauna MDS plot excluding those sites
devoid of fauna and shows a high degree of overlap between sites, although some of
the more distinct biotopes such as the SspiMx (green cross symbol) on mixed
sediments (Table 3.4) do cluster together away from the majority of the data. The
high degree of overlap between the IMoSa biotope and SS.SCS.ICS.SSh (Sparse
fauna on highly mobile sublittoral shingle (cobbles and pebbles)) biotope (hereafter
referred to as SSh) is not surprising given that, although the underlying sediment type
differs, these are essentially both characterised by extremely sparse populations with
the most conspicuous epifaunal species present being echinoderms. They were only
assigned different biotope codes due to the nature of the sediments with the IMoSa
biotope typical of mobile fine sands and the SSh biotope typical of coarser sediments
with a higher proportion of shell and gravel and similarly devoid of epifauna. The 2-D
MDS plots (subset MDSs for sand and muddy sand and coarse sediment groups with
outliers not shown) for each of the three sediment type groups, sand and muddy
sand, coarse sediments and mixed sediments, with biotopes as factors, are
presented Figure 3.20, Figure 3.21 and Figure 3.22 respectively. Figure 3.23, Figure
3.24 and Figure 3.25 present the results of the cluster analyses for the same data;
the cluster analysis for all sites and sediment types is presented in Appendix H.

3.2.50

As shown in Figure 3.20, the majority of the sand and muddy sand sediment sites
were assigned the IMoSa biotope and generally exhibited a dense clustering in the
MDS plot, indicating a high degree of similarity between sites. However, it is possible
to see from Figure 3.20, that within the IMoSa cluster there were two main groups of
sites which represent the clusters discussed previously in paragraph 3.2.48 (Group m
and Group k); those sites characterised by A. rubens alone and those characterised
by both A. rubens and A. irregularis.

3.2.51

Ten sites associated with the sand and muddy sand sediments clustered away from
the dominant IMoSa biotope and were assigned the broad SS.SMU (Sublittoral
cohesive mud and sandy mud communities) biotope due to the high abundances of
Norway lobster Nephrops norvegicus. Figure 3.20 shows a single anomalous site
(C050) characterised as sand and muddy sand on the export cable route corridor was
assigned the mixed sediment biotope SspiMx. This was because although much of
the DDV footage suggested gravelly coarse rippled sand, approximately 50% of the
DDV footage revealed pebbly gravel substrate. So although the PSA taken from the
grab sample indicated sandy sediment, the DDV footage showed this to be a more
heterogeneous environment with a diverse community than typically sandy substrate
and patchy occurrence of S. spinulosa. Two further anomalous sites, located within
Subzone 2, were assigned to the SS.SSa.IFiSa.ScupHyd (Sertularia cupressina and

Hydrallmania falcata on tide-swept sublittoral sand with cobbles or pebbles) biotope
(hereafter referred to as ScupHyd; green cross symbols) due to the prevalence of
cobbles at these sites with associated epibenthic communities.
3.2.52

Similarly, the 2-D MDS plot for coarse sediments (Figure 3.21) shows typically dense
clustering, indicating little differences in the epibenthic communities observed at
these sites. There was overlap between the SSh biotope (blue triangle symbols) and
the ScupHyd biotope (green cross symbols) with the differences between the two
being a higher abundance of hydroids in the ScupHyd biotope. The subset MDS also
shows a typical pattern of gradation from relatively species poor epibenthic
communities associated with the SSh biotope, through the sand sediments
dominated by cobbles and pebbles and the ScupHyd biotope to the FluHyd biotope
associated with the deeper more mixed sediments with less sand.

3.2.53

The subset MDS plot in Figure 3.21 and the dendrogram in Figure 3.24 also show
that seven sites were assigned a mixed sediment biotope not usually associated with
coarse sediments. Three sites were assigned the SspiMx biotope and six sites were
assigned the CR.MCR.CSab.Sspi.ByB (Sabellaria spinulosa with a bryozoan turf and
barnacles on silty turbid circalittoral rock) biotope (hereafter referred to as Sspi.ByB;
gold triangle symbols). The sites that were assigned to one of the S. spinulosa
biotopes, as shown in Figure 3.24, had high dissimilarity to the majority of the other
coarse sediment sites. They were also typically much more diverse than the other
coarse sediment sites with, in places, high abundances of S. spinulosa as well as
other epifaunal species including ascidians, crabs and hydroids/bryozoans.

3.2.54

Figure 3.18

2-D MDS plot for epibenthic communities (biotopes) in all sediment types
for the Project Two benthic ecology study area.

Figure 3.19

Subset of a 2-D MDS plot for the epibenthic communities (biotopes) in all
sediment types for the Project Two benthic ecology study area (note
subset; 9 outlying sites not shown).

The subset 2-D MDS plot for mixed sediments (Figure 3.22) showed loose clustering
of sites due in part of the fewer number of sites but also to the diverse complement of
species in these sites. There was however some overlap in the sites assigned the
ScupHyd and FluHyd biotopes, as was observed in the coarse sediments (see
paragraph 3.2.52). Figure 3.22 also shows a general pattern of increasing epibenthic
community complexity and diversity moving from the left hand side of the MDS plot to
the right with the Sspi.ByB biotope clustering to the right of the MDS plot. Figure 3.25
shows that the sites assigned the SSh biotope clustered together in the centre of the
dendrogram, sharing similarly sparse epifaunal assemblages.

57

Figure 3.20

Figure 3.21

Subset of a 2-D MDS plot for epibenthic communities (biotopes) in sand
and muddy sand sediments within the Project Two benthic ecology study
area.

Figure 3.22

Subset of a 2-D MDS plot for epibenthic communities (biotopes) in coarse
sediments within the Project Two benthic ecology study area (note subset;
3 outlying sites not shown).
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2-D plot for epibenthic communities (biotopes) in mixed sediments within
the Project Two benthic ecology study area.

Figure 3.23

Cluster analysis for epibenthic communities (biotopes) in sandy and muddy sand sediments within the Project Two benthic ecology study area.
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Figure 3.24

Cluster analysis for epibenthic communities (biotopes) in coarse sediments within the Project Two benthic ecology study area.
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Figure 3.25

Cluster analysis for epibenthic communities (biotopes) in mixed sediments within the Project Two benthic ecology study area.
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3.2.55

Figure 3.26 shows the extents of the epibenthic biotopes present throughout the
Project Two benthic ecology study area. Seven epifaunal biotopes were identified
following the analysis of the DDV data and the epibenthic component of the grabs
and these are presented in Table 3.5.

3.2.56

The majority of the sand and muddy sand sediment sites across the western half of
Subzone 2 and the wider Project Two benthic ecology study area were assigned the
IMoSa biotope code due to the lack of epifaunal and epifloral species present, as is
characteristic of this biotope. The most conspicuous epifaunal species present were
the echinoderms A. rubens and A. irregularis which characterised this biotope.
Although, turfs of hydroids were occasionally recorded in association with cobbles
and pebbles these were typically restricted in distribution and not considered
prevalent enough to justify an epifaunal overlay biotope such as ScupHyd. The
majority of the substrate was characterised by sand and, as such, these cobbles
were not considered to form part of a more diverse biotope than IMoSa. Several
sites, mainly to the north-east of Subzone 2 were characterised by N. norvegicus
which is common at deeper depths and in muddier sediments, as such these sites
were assigned the SMU biotope.

3.2.57

The majority of the coarse sediment sites supported similarly sparse epifaunal
communities characterised by the same echinoderms identified in the IMoSa biotope
(i.e., A. rubens and A. irregularis) and as such were assigned to the coarse sediment
equivalent of IMoSa, the SSh biotope. As with the sandy sediment, the majority of the
coarse substratum was dominated by gravelly sands with only occasional cobbles or
boulder, providing substrate for the attachment of hydroids or bryozoans.

3.2.58

The majority of sites along the export cable route corridor were characterised by the
following epifaunal biotopes: IMoSa and ScupHyd in areas of predominantly sandy
sediment with cobbles and pebbles at both the eastern and western ends; the FluHyd
biotope in more mixed sediments in the central region of the export cable route
corridor; and the Sabellaria biotopes (i.e., SspiMx and Sspi.ByB) in the vicinity of
Silver Pit, Sole Pit and Well Hole (Figure 3.26).

3.2.59

Sites assigned to the ScupHyd biotope were dominated primarily by the echinoderm
A. rubens in the areas of coarse sandy sediment with mixed turfs of hydroids and
bryozoans on the cobbles and pebbles found throughout this biotope. The areas of
FluHyd were typically found in areas of more mixed sediments and were dominated
by hydroids and bryozoans, notably F. foliacea, the soft coral A. digitatum as well as
the echinoderm A. rubens which was found throughout the Project Two benthic
ecology study area. The FluHyd biotope represents a transition between the
epifaunally diverse rocky substrates, such as those of the SspiMx biotope, and the
epifaunally and epiflorally impoverished sediment dominated biotopes (IMoSa) and is
typical of the mixed gravelly sediments recorded (Table 3.5).
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3.2.60

The SspiMx biotope was recorded in two discrete locations along the north-eastern
part of the export cable route corridor, and one location to the south-east of
Subzone 2, which is in agreement with the benthic infaunal data (see section 3.2.41).
These areas were epifaunally rich and characterised by a crust of S. spinulosa,
echinoderms, crabs, sponges and anemones. The Sspi.ByB biotope was recorded at
eleven sites on the export cable route corridor in the vicinity of, and in the area to the
west of, Silver Pit. This biotope was characterised by a crust of S. spinulosa,
ascidians including Dendrodoa grossularia, anemones such as Urticina sp. and a
mixed turf of hydroids and bryozoans.

3.2.61

A full epifaunal species list including SACFOR abundances, as recorded in the DDV
footage, seabed photography and in the epifaunal component of the grab samples is
presented in Appendix I. The full list of epifaunal biotopes for each sampling location
and groups identified during cluster analyses (and tested using SIMPROF) is
presented in Appendix H and a full list of the SIMPER results, with biotopes as
factors, is presented in Appendix J.

Figure 3.26

Epibenthic biotopes in the Project Two benthic ecology study area.
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Table 3.5

Benthic epibenthic biotopes identified from DDV and grab analysis in the Project Two benthic ecology study area, including a summary of the SIMPER results and
geographic locations (see Figure 3.26).
EUNIS
code
(2007-11)

Simplified
Folk Sediment
Classification

SS.SSa.IFiSa.IMoSa
(IMoSa)

A5.231

SS.SSa.IFiSa.ScupHyd
(ScupHyd)

SS.SMU (SMU)

Biotope Code (Connor
et al., 2004)

Characterising species
accounting for up to
75% of cumulative
similarity (SIMPER)

Biotope Name

Biotope Description

Sand and
muddy sand
(189 sites),
coarse
sediment (3
sites).

Infralittoral mobile clean
sand with sparse fauna.

Medium to fine sandy sediment on exposed
coasts that often contains very little
epifauna due to the mobility of the
substratum. Very few epifaunal species
were recorded and, with the exception of
the echinoderms including Asterias rubens
and Astropecten irregularis, generally
occurred at low abundances including
flatfish and sandeels. In areas where
localised cobbles and pebbles provided
substrate for epifaunal species in an
otherwise featureless habitat, hydroid turfs
and bryozoan crusts were observed on the
pebbles and cobbles.

Asterias rubens.

This biotope was distributed
extensively throughout the Project
Two benthic ecology study area,
particularly in the western half of
Subzone 2 and to the west of this,
and in the eastern part of the
Project Two benthic ecology study
area.

A5.232

Sand and
muddy sand (2
sites), coarse
sediment (37
sites), mixed
sediment (7
sites).

Sertularia cupressina and
Hydrallmania falcata on
tide-swept sublittoral
sand with cobbles.

Sand sediment with cobbles and pebbles,
exposed to strong tidal stream, this biotope
is characterised by the echinoderm Asterias
rubens, conspicuous mixed hydroid and
bryozoan turfs and the sand mason Lanice
conchilega in the surrounding sand.

Asterias rubens,
hydroid/bryozoan mixed
turf, Lanice conchilega,
Flustra foliacea.

This biotope was recorded along
the central and northeast sections
of the export cable route corridor.

A5.3

Sand and
muddy sand (10
sites).

Sublittoral cohesive mud
and sandy mud
communities.

Sublittoral mud and cohesive sandy mud
found in offshore areas of deeper water this
biotope is characterised by epifaunal
communities of brittlestars, echinoderms
Asterias rubens and burrowing megafauna
including Nephrops norvegicus.

Nephrops norvegicus.

This biotope was found in the
deeper waters to the northeast of
Subzone 2 in the northeast corner
of the Project Two benthic ecology
study area.
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Geographic Location

Biotope Code (Connor
et al., 2004)

EUNIS
code
(2007-11)

Simplified
Folk Sediment
Classification

SS.SCS.ICS.SSh (SSh)

A5.131

SS.SMx.CMx.FluHyd
(FluHyd)

SS.SBR.PoR.SspiMx
(SspiMx)

Characterising species
accounting for up to
75% of cumulative
similarity (SIMPER)

Biotope Name

Biotope Description

Coarse
sediment (104
sites), mixed
sediment (32
sites).

Sparse fauna on highly
mobile sublittoral shingle
(cobbles and pebbles).

Sublittoral clean shingle and pebbles with a
lack of conspicuous fauna. Although the
majority of the sites assigned to this biotope
constituted predominantly coarse gravelly
sand, rather than pebbles, the distinct lack
of epifauna matched this biotope. This
biotope was characterised by a lack of
epifauna and the presence of similar
epifauna to the IMoSa biotope in sandy
sediment including the echinoderms
Asterias rubens, Astropecten irregularis,
sandeels and locally abundant hydroid turfs
and soft coral Alcyonium digitatum on
cobbles and pebbles.

Asterias rubens,
Astropecten irregularis.

This biotope was distributed in the
northeast of Subzone 2, at the
northern end of the export cable
route corridor and throughout the
wider Project Two benthic ecology
study area to the south of
Subzone 2.

A5.444

Coarse
sediment (5
sites), mixed
sediment (4
sites).

Flustra foliacea and
Hydrallmania falcata on
tide swept circalittoral
mixed sediment.

This biotope is best considered as an
epifaunal overlay on a substratum of
boulder, cobbles or pebbles with gravel and
sand. The epifaunal community was
characterised by mixed turfs of hydroids and
bryozoans including Flustra foliacea,
barnacles Balanus crenatus, the ascidian
Dendrodoa grossularia, keelworms
Pomatoceros sp. and anemones including
Urticina sp. on scattered pebbles and
cobbles.

Asterias rubens,
Actiniaria spp.,
Liocarcinus sp.,
Alcyonium digitatum,
Pomatoceros sp., Flustra
foliacea, hydroid sp.

This biotope was found almost
exclusively in the central and
north-eastern sections of the
export cable route corridor, and
particularly in areas in the vicinity
of Sabellaria biotopes.

A5.611

Sand and
muddy sand (1
site), coarse
sediment (2
sites), mixed
sediment (15
sites).

Sabellaria spinulosa on
stable infralittoral mixed
sediment.

High abundances of the tube building
polychaete Sabellaria spinulosa on coarse
and mixed sediments with an diverse
associated epifaunal community
characterised by a variety of hydroids and
bryozoans including Flustra foliacea,
ascidians including Dendrodoa grossularia,
anemones, shrimps Caridea spp. and crabs
including Liocarcinus spp.

Asterias rubens,
Sabellaria spinulosa,
Urticina sp.,
hydroid/bryozoan mixed
turf, Liocarcinus sp.

This biotope was recorded at the
north-eastern end of the export
cable route corridor in the vicinity
of the seabed features Sole pit
and Well Hole.

Coarse
sediment (6
sites), mixed
sediment (7
sites).

Sabellaria spinulosa with
a bryozoan turf and
barnacles on silty turbid
circalittoral rock.

Found encrusting the upper faces of mixed
substrata, this biotope was characterised by
crusts of Sabellaria spinulosa and a diverse
array of associated fauna including a
bryozoan turf, and other scour-tolerant
species such as Urticina sp. and robust
hydroids as well as barnacles, sponges and
ascidians.

Dendrodoa grossularia,
hydroid/bryozoan mixed
turf, Urticina sp., Verruca
stroemia, Flustra foliacea,
Crossaster papposus,
Caridea sp., Sabellaria
spinulosa, Porifera,
Sycon ciliatum, Cancer
pagurus, Henricia sp.

This biotope was recorded from
the western end of the export
cable route corridor in the vicinity
of Silver Pit.

CR.MCR.CSab.Sspi.ByB A4.2211
(Sspi.ByB)
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Geographic Location

Epibenthic trawl data
3.2.62

Data from the epibenthic trawl survey were also used to inform the benthic epifaunal
biotope mapping. These data are presented in Appendix K. Cluster analysis was
conducted on the standardised, fourth root transformed data (using SIMPER to test
for whether the dissimilarities between groups were significant). Analyses were
conducted on the trawl dataset with fish species excluded, due to the high
abundance of fish species present in the trawls which, if included, would have
obscured the benthic epifaunal data. The dendrogram produced as part of the cluster
analysis of the epibenthic trawl data is presented in Figure 3.27 and the
corresponding 3-D MDS is presented in Figure 3.28 (both with biotopes as factors).
The cluster analysis identified 21 significantly different clusters in the epibenthic trawl
dataset, though following review of the SIMPER results together with the raw
untransformed data, it was concluded that the communities of many clusters were
sufficiently similar such that they could be combined resulting in the identification of
seven epifaunal biotopes (descriptions based on Connor et al., 2004) and these are
described in Table 3.6. The results of the cluster analyses groupings, together with
the assigned biotopes, are presented in Appendix L.

3.2.63

Figure 3.27 and Figure 3.28 show that two biotopes that had been previously
identified from the epibenthic data were recorded in the epibenthic beam trawls:
ScupHyd and FluHyd. Approximately 76% of the trawls were assigned to the
ScupHyd biotope which demonstrated good clustering to distinguish them from the
other sites (turquoise square symbols; Figure 3.28). The remaining sites were
assigned to higher level biotopes as it was not possible to assign a more specific
biotope based on the species composition of the trawls. These biotopes were:
SS.SCS.ICS (Infralittoral coarse sediment) biotope (hereafter referred to as ICS), the
SS.SMx.IMx (Infralittoral mixed sediment) biotope (hereafter referred to as IMx);
SS.SMx.CMx (circalittoral mixed sediment) biotope (hereafter referred to as CMx);
and the SS.SSa.CMuSa (circalittoral muddy sediment) biotope (hereafter referred to
as CMuSa).

3.2.64

Figure 3.29 shows the location of the epibenthic trawl locations and the epifaunal
biotopes assigned based on the trawl data. The majority of the trawl sites within the
Project Two benthic ecology study area were described as the ScupHyd biotope
(Table 3.6) and this biotope was recorded throughout both sandy and muddy sand
sediments and coarser sediments within these areas. The communities were
characterised by mobile epifaunal species typical of sand substrates such as
echinoderms A. rubens and A. irregularis but also conspicuous colonies of scour
tolerant hydroids including H. falcata, bryozoans and crabs on cobbles and pebbles.
This confirms the findings of the infaunal grab data and the DDV analysis, and
suggests that the majority of the sediment across Project Two benthic ecology study
area is gravelly sand and sandy gravel with occasional pebbles and cobble which,
where present, provided substrate for the attachment of sessile epifauna and epiflora.
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Figure 3.27

Cluster analysis of epibenthic beam trawl data (excluding fish) for the Project Two benthic ecology study area.
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Figure 3.28

3-D MDS plot of epibenthic beam trawl data for the Project Two benthic
ecology study area.

3.2.65

Although fish were removed from the epibenthic trawl data prior to analysis, the raw
data did show that the trawl sites within the ScupHyd biotope supported significant
populations of flatfish typically associated with sandy sediments, including solenette
Buglossidium luteum, dab Limanda limanda, plaice Pleuronectes platessa and also
sandeels Ammodytes sp. The fish assemblage in the Project Two benthic ecology
study area is fully assessed in Annex 5.3.1: Fish and Shellfish Technical Report,
however, it was noted that the abundance of sandeels in Subzone 2 was, on the
whole, lower than that recorded to the east of Subzone 2 (i.e., in the area coinciding
with Subzone 1 (Project One)).

3.2.66

Two trawl locations to the northwest of Subzone 2 were classified as the CMx
biotope. These trawls were dominated by high abundances of the brittlestar
Ophiothrix fragilis and the starfish A. rubens (Table 3.6). Seven trawls located in the
east of the Project Two study area were characterised by typically muddy sediment
species including the shrimp Crangon allmanni, a variety of crab species including L.
holsatus, L. depurator and P. bernhardus and also low abundances of N. norvegicus;
these sites were assigned the CMuSa biotope (see Table 3.6).
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3.2.67

The majority of trawl locations along the export cable route corridor were assigned
the ICS biotope or the IMx biotope depending on the nature of the sediment. The ICS
trawls were characterised by diverse communities of crabs, echinoderms and
bryozoans; typically more diverse than those observed within the rest of the Project
Two benthic ecology study area. The IMx trawls, which were predominantly recorded
at the western end of the export cable route corridor, were similarly diverse but were
characterised by a greater number of mobile species associated with hard substrate.
The shrimp Pandalina spp. was also present in super-abundant numbers (i.e., 1000s
and were sub-sampled) for which the increased hard substrate within the mixed
sediments would have provided refuge.

3.2.68

A full species list, including abundances and biomass, as recorded from the
epibenthic trawl data is presented in Appendix K and a full list of the SIMPER results,
with biotopes as factors, is presented in Appendix M.

Figure 3.29

Epibenthic biotopes from the epibenthic beam trawl data in the Project Two benthic ecology study area.
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Table 3.6

Benthic epifaunal biotopes identified from epibenthic beam trawl data in the Project Two benthic ecology study area, including a summary of the SIMPER results and
geographic locations (see Figure 3.29).
EUNIS
code
(2007-11)

Simplified Folk
Sediment
Classification

SS.SSa.IFiSa.ScupHyd
(ScupHyd)

A5.232

Sand and
muddy sand (56
trawls); coarse
sediments (34
trawls) and
mixed sediments
(14 trawls).

SS.SSa.CMuSa (CMuSa)

A5.26

Sand and
Circalittoral muddy sand.
muddy sand (6
trawls) and
mixed sediments
(1 trawl).

Biotope Code
(Connor et al., 2004)

Characterising
species accounting for
up to 75% of
cumulative similarity
(SIMPER)

Biotope Name

Biotope Description

Sertularia cupressina and
Hydrallmania falcata on
tide-swept sublittoral sand
with cobbles or pebbles.

Occurs in generally shallow sands with cobbles and
pebbles, exposed to strong tidal streams. This
biotope was characterised by high abundances of
mobile epifauna such as the echinoderms Asterias
rubens and Astropecten irregularis and the shrimp
Crangon allmani, typical of the predominantly sandy
sediment substrate. This biotope was also
characterised by conspicuous colonies of scour
tolerant hydroids including Hydrallmania falcata and
bryozoans including Flustra foliacea and
Alcyonidium parasiticum on the cobbles and
pebbles. Fish communities in this biotope were
characterised by high abundances of sand dwelling
flatfish species including solenette Buglossidium
luteum, dab Limanda limanda, plaice Pleuronectes
platessa and sandeels Ammodytes sp.

Asterias rubens,
Astropecten irregularis,
Flustra foliacea,
Alcyonidium parasiticum,
Liocarcinus holsatus,
Hydrallmania falcata,
Alcyonidium diaphanum,
Alcyonium digitatum,
Pagurus bernhardus.

This biotope was found
across much of the
Project Two benthic
ecology study area but
was less predominant
on the export cable
route corridor.

Circalittoral non-cohesive muddy sands found
typically at depths over 15 to 20 m, supporting
communities of shrimp Crangon allmanni, a variety
of crab species including L. holsatus, L. depurator
and P. bernhardus and also low abundances of N.
norvegicus.

Crangon allmanni,
Asterias rubens,
Liocarcinus holsatus,
Pagurus bernhardus,
Liocarcinus depurator,
Processa nouveli
holthuisi, Astropecten
irregularis, Processa sp.

This biotope was
recorded from seven
trawl locations in the
eastern parts of the
Project Two benthic
ecology study area.
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Geographic Location

Characterising
species accounting for
up to 75% of
cumulative similarity
(SIMPER)

EUNIS
code
(2007-11)

Simplified Folk
Sediment
Classification

SS.SCS.ICS (ICS)

A5.13

Sand and
muddy sand (2
trawls); coarse
sediment (6
trawls) and
mixed sediment
(1 trawl).

Infralittoral coarse
sediment.

Occurring on moderately exposed coasts in coarse
sand and gravelly sand subject to disturbance by
tidal streams and wave action this biotope was
characterised by mobile epifauna including
echinoderms and crabs including Liocarcinus
depurator and Liocarcinus holsatus and by lower
numbers of hydroids and bryozoans than the
ScupHyd biotope. This biotope also had moderately
high numbers of shrimp Pandalidae spp. which is
typical of gravelly substrate.

Asterias rubens,
Macropodia
parva/rostrata,
iocarcinus depurator,
Sepiola atlantica,
Alcyonidium parasiticum,
Flustra foliacea,
Liocarcinus holstatus,
Hydrallmania falcata,
Crangon crangon,
Vesicularia spinosa ,
Alcyonidium diaphanum,
Crangon allmanni,
Alcyonium digitatum,
Pandalina brevirostris,
Ascidiella scabra, Obelia
sp.

This biotope was
recorded at the northeastern and western
ends of the export
cable route corridor.

SS.SMx.CMx (CMx)

A5.445

Mixed sediment
(2 trawls).

Circalittoral mixed
sediment.

Occurs on circalittoral mixed sediments with
communities dominated by the brittlestar Ophiothrix
fragilis. This biotope was also characterised by high
abundances of the echinoderm Asterias rubens.

Ophiothrix fragilis,
Asterias rubens, Simnia
patula, Astropecten
irregularis, Luidia sarsi,
Macropodia tenuirostris,
Psammechinus miliaris,
Macropodia
parva/rostrata, Inachus
dorsettensis, Actinaria,
Aequipecten opercularis.

This biotope was
recorded from two trawl
sites in the northwest of
the Project Two benthic
ecology study area.

SS.SMX.CMx.FluHyd
(FluHyd)

A5.444

Mixed sediment
(1 trawl).

Flustra foliacea and
Hydrallmania falcata on
tideswept circalittoral
mixed sediment.

Occurs on circalittoral mixed sediments with
communities dominated by high abundances of the
soft coral Alcyonium digitatum and the hydroid
Flustra foliacea, crabs including Liocarcinus
depurator, echinoderms Asterias rubens and
Psammechinus miliaris, the sea squirt Ascidiella
scabra.

N/A: Less than 2 sites in
the group. Species
recorded at the site
assigned this biotope
included:
Alcyonium digitatum,
Flustra foliacea,
Liocarcinus depurator,
Asterias rubens,
Psammechinus miliaris,
Ascidiella scabra,
Crangon crangon,

This biotope was
recorded from a single
trawl site located to the
southwest of
Subzone 2.

Biotope Code
(Connor et al., 2004)

Biotope Name

Biotope Description
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Geographic Location

Biotope Code
(Connor et al., 2004)

SS.SMx.IMx (IMx)

EUNIS
code
(2007-11)

Simplified Folk
Sediment
Classification

A5.43

Coarse
Infralittoral mixed
sediment (3
sediment.
trawls) and
mixed sediments
(5 trawls).

Biotope Name

Biotope Description

Mixed sediments in shallow waters with a high
proportion of hard substrate supporting diverse
epifaunal communities characterised by very high
abundances of the pink shrimp Pandalus montagui
which is common in areas of hard substrate, crabs
including Macropodia sp., echinoderms including
Crossaster papossus, Henricia oculata and
Ophiothrix fragilis.
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Characterising
species accounting for
up to 75% of
cumulative similarity
(SIMPER)
Macropodia
parva/rostrata, Pandalus
montagui, Pisidia
longicornis, Asterias
rubens, Liocarcinus
depurator, Inachus
phalangium ,
Crossaster papossus,
Cancer pagurus,
Hydrallmania falcata,
Flustra foliacea,
Liocarcinus holstatus,
Ophiothrix fragilis,
Henricia oculata,
Pandalina brevirostris,
Necora puber,
Vesicularia spinosa .

Geographic Location

This biotope was
recorded along the
western end of the
export cable route
corridor (to the east of
Silver Pit) and in two
discrete locations at the
eastern end of the
export cable route
corridor coinciding with
Sole Pit and Well Hole.

Univariate statistics

3.2.72

Of the coarse sediment biotopes, PoVen recorded the highest mean number of
species (33.6 ± 10.3), mean abundance (116.5 ± 61.4), and diversity (Table 3.7). This
is typical of this community which is characteristically rich in polychaetes. The other
key coarse sediment biotopes, MoeVen and MedLumVen recorded lower mean
number of species (19.8 ± 8.7 and 29.9 ± 10.2, respectively) and mean abundance
scores (66.7 ± 58.7 and 156.4 ± 111.7, respectively). The univariate statistics for the
MoeVen biotope were comparable to those recorded in the sand sediment biotopes
(see paragraph3.2.70). This may have been due to the shallower nature of the areas
where this biotope was recorded (Figure 3.17) and the potentially less stable
sediments due to stronger water movement in these areas.

3.2.73

The mosaic MedLumVen/EpusOborApri biotope recorded values for mean number of
species and abundance intermediate between those for the individual EpusOborApri
and MedLumVen biotopes (25.6 ± 8.5 species and 57.9 ± 23.0 individuals). This was
a transition biotope between the coarser sediment biotopes such as PoVen and the
sandy sediment biotopes such as NcirBat.

3.2.74

The mixed sediment biotope, MysThyMx, recorded mean number of species and
mean abundances that were higher than the coarse sediment biotopes discussed
above in paragraph 3.2.72 (34.1 ± 8.8 species and 159.5 ± 70.1 individuals; Table
3.7). However, the mixed sediment biotope, SspiMix, recorded the highest mean
number of species and mean abundance over the Project Two benthic ecology study
area (58.6 ± 18.1 species and 657.9 ± 870.0 individuals respectively). These high
numbers are to be expected from a biotope which is characteristically rich, due to
increased habitat complexity resulting from the mixed sediment substrate and the S.
spinulosa encrustations. Together these provide a range of microhabitats for a
diverse array of mobile and sessile species (Connor et al., 2004).

Benthic infauna
3.2.69

3.2.70

3.2.71

The following univariate statistics were calculated for each benthic grab site: species
richness (S), abundance (N), ash free dry weight (AFDW) biomass (Eleftheriou and
Basford, 1989) in grams (g), Margalef’s index of Richness (d), Pielou’s Evenness
index (J’), Shannon-Wiener Diversity index (H’) and Simpson’s index of Dominance
(λ). The mean of each of these indices was then calculated for each of the infaunal
biotopes identified in the Project Two benthic ecology study area and these are
summarised in Table 3.7 with univariate statistics for individual sites presented in
Appendix N. Where a biotope was assigned to a single site, as was the case for the
Pkef and IMuSa biotopes, these statistics have not been calculated due to the lack of
replicate samples from the same biotope from which to calculate a mean.
The univariate statistics shows that the sand sediment biotopes (i.e., IMoSa, NcirBat,
FfabMag, EpusOborApri and ApriBatPo) had comparatively lower mean numbers of
species than the coarser and mixed sediment biotopes (i.e., MoeVen, PoVen,
MedLumVen, MysThyMx and SspiMx). Mean number of species for these sites which
were located predominantly in Subzone 2 and the wider Hornsea Zone to the west
was less than 20 (see Figure 3.30), and although abundances were relatively high,
up to 70 individuals, these were also lower than abundances for the coarser sediment
biotopes, which ranged from approximately 67 individuals to over 650 individuals in
the SspiMx biotope on the export cable route corridor (see Figure 3.30). Figure 3.30
shows the number of taxa recorded per infaunal benthic grab sample and highlights
that sites with the highest number of taxa were typically found along the export cable
route corridor and in the area of coarse sediments to the southeast of Subzone 2.
The IMoSa biotope found at the westernmost end of the export cable route corridor
recorded the lowest mean species richness and abundance (4.9 ± 3.8 species and
13.6 ± 12.9 individuals, respectively) reflecting the species poor nature of this
community. The diversity indices were therefore also lower for the sandy sediment
biotopes (Table 3.7). This is characteristic of these biotopes, which are typically
species poor due to the mobility of the sand sediment.
The sandy mud sediments associated with the AfilMysAnit biotope had marginally
higher mean number of species (21.7 ± 7.9; see Figure 3.30) and mean abundance
(101.8 ± 83.6) than the other sandy sediment biotopes, although still lower than the
coarser sediment biotopes. This may have been due to increased sediment stability
in these sites which were located to the north and northwest of the Project Two
benthic ecology study area (Figure 3.17) in deeper water and lower energy
environments, as demonstrated by the poorly sorted nature of the sediments.
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3.2.75

The differing patterns observed between the sandy, coarse and mixed sediment
communities are reflected in the diversity indices (Margalef’s index of richness and
the Shannon Wiener diversity index) presented in Table 3.7 and Figure 3.31. Figure
3.31 shows that species richness was highly variable even on relatively small scales
within Subzone 2 and the immediate vicinity. Species richness was generally lowest
in areas coinciding with sandy sediments within Subzone 2 and in the west of the
Project Two benthic ecology study area and highest in the mixed sediments on the
export cable route corridor. Both of these diversity indices were smallest for the
species poor IMoSa (d = 2.1 ± 0.7; H’ = 1.1 ± 0.9) and largest for the infaunally rich
PoVen community (d = 6.9 ± 1.5; H’ = 2.9 ± 0.3) and SspiMx community
(d = 9.6 ± 2.1; H’ = 2.7 ± 0.8). In between, the other sand sediment biotopes recorded
intermediate values of diversity (d = 4.7 ± 1.2 and H’ = 2.2 ± 0.4 for AfilMysAnit; d =
4.6 ± 1.4 and H’ = 2.3 ± 0.4 for EpusOborApri; d = 4.6 ± 1 and H’ = 2.4 ± 0.3 for
FfabMag; d = 4.5 ± 0.8 and H’ = 2.5 ± 0.3 for NcirBat) which were generally lower
than the coarser biotopes and mosaic biotopes (d = 4.7 ± 1.7 and H’ = 2.4 ± 0.5 for
MoeVen; d = 6 ± 0.4 and H’ = 2.2 ± 0.8 for MedLumVen; d = 6.1 ± 1.6 and
H’ = 2.8 ± 0.3 for MedLumVen/EpusOborApri). Diversity was, however, highest in the
two mixed sediment biotopes, MysThyMx (d = 6.9 ± 1.5 and H’ = 2.6 ± 0.5) and
SspiMx (d = 9.6 ± 2.1 and H’ = 2.7 ± 0.8).

3.2.76

Pielou’s evenness (J’) and Simpson’s dominance (λ) scores were generally high
(J’ > 0.7) and low (Lambda’ < 0.24), respectively, for all biotopes, indicating that the
communities were not dominated by a small number of species. The exception to this
was the IMoSa biotope, which recorded the highest mean dominance score (λ= 0.3 ±
0.2). This is to be expected of these sites where very few species were recorded and
in very low abundances.

3.2.77

Table 3.7 also shows that the mean biomass was lowest in the sandy sediment
biotopes such as NcirBat and ApriBatPo and higher in the coarse and mixed
sediments of the PoVen, MedLumVen and MysThyMx biotopes. This is also reflected
in Figure 3.32 which shows the total biomass per infaunal benthic grab sample
across the Project Two benthic ecology study area. Sites with the highest total
biomass were clustered in the northeast of Subzone 2, associated with the coarse
and mixed sediments in this area (Figure 3.6), along the boundaries of the southwest
part of Subzone 2 and on the export cable route corridor (Figure 3.32). Biomass was
notably low in the wider Hornsea Zone to the west of Subzone 2 and also, on the
whole, in the area immediately to the south of Subzone 2 (i.e., Subzone 1 for Project
One).

74

Table 3.7

Mean (± standard deviation) univariate statistics for benthic infaunal biotopes within the Project Two benthic ecology study area. S = species richness; N = abundance; d
= Margalef’s index of richness; J’ = Pielou’s evenness index; H’ = Shannon-Wiener diversity index; λ = Simpson’s index of dominance; Biomass = Ash Free Dry Weight
(AFDW) in grams (g).
Biotope

Simplified Folk Sediment
Classification

SS.SSa.IFiSa.IMoSa (IMoSa)

Sand and muddy sand (4 sites);
coarse sediments (2 sites).

SS.SSa.IFiSa.NcirBat
(NcirBat)

No. of
sites
6

S

N

d

J’

H’ (loge)

λ

Biomass (g
AFDW)

4.9 ± 3.8

13.6 ± 12.9

2.1 ± 0.7

0.8 ± 0.2

1.1 ± 0.9

0.3 ± 0.2

0.8 ± 2.1

Sand and muddy sand (36 sites). 36

17.4 ± 3.7

39.4 ± 13.6

4.5 ± 0.8

0.9 ± 0.1

2.54 ± 0.3

0.1 ± 0.1

0.3 ± 0.3

SS.SSa.CFiSa.ApriBatPo
(ApriBatPo)

Sand and muddy sand (4 sites).

18.8 ± 4.3

46.3 ± 17.2

4.7 ± 1.0

0.8 ± 0.1

2.5 ± 0.4

0.1 ± 0.1

0.3 ± 0.4

SS.SSa.CFiSa.EpusOborApri
(EpusOborApri)

Sand and muddy sand (35 sites); 51
coarse sediments (14 sites);
mixed sediments (2 sites).

19.8 ± 8.1

67.8 ± 48.4

4.56 ± 1.4

0.8 ± 0.1

2.3 ± 0.4

0.2 ± 0.1

0.9 ± 1.7

SS.SSa.IMuSa.FfabMag
(FfabMag)

Sand and muddy sand (92 sites); 99
coarse sediments (7 sites).

19.3 ± 5.2

60.4 ± 38.7

4.6 ± 1.0

0.8 ± 0.1

2.4 ± 0.3

0.1 ± 0.1

0.7 ± 1.8

SS.SMu.CSaMu.AfilMysAnit
(AfilMysAnit)

Sand and muddy sand (17 sites); 19
coarse sediments (2 sites).

21.7 ± 7.9

101.8 ± 83.6

4.7 ± 0.2

0.7 ± 0.1

2.2 ± 0.4

0.2 ± 0.1

2.9 ± 6.1

SS.SCS.CCS.MedLumVen/
SS.SSa.CFiSa.EpusOborApri
(MedLumVen/EpusOborApri)

Coarse sediments (16 sites);
mixed sediments (2 sites).

18

25.6 ± 8.5

57.9 ± 23.0

6.1 ± 1.6

0.9 ± 0.1

2.8 ± 0.5

0.1 ± 0.1

0.4 ± 0.5

SS.SCS.ICS.MoeVen
(MoeVen)

Sand and muddy sand (7 sites);
coarse sediments (16 site).

23

19.8 ± 8.7

66.7 ± 58.7

4.7 ± 1.7

0.8 ± 0.1

2.4 ± 0.5

0.2 ± 0.1

0.4 ± 0.7

SS.SCS.CCS.MedLumVen
(MedLumVen)

Coarse sediments (6 sites);
mixed sediments (1 site).

7

29.9 ± 10.2

156.4 ± 111.7

5.8 ± 1.2

0.7 ± 0.1

2.2 ± 0.3

0.2 ± 0.1

4.1 ± 2.6

SS.SMx.OMx.PoVen (PoVen)

Sand and muddy sand (5 sites);
coarse sediments (76 sites);
mixed sediments (15 sites).

96

33.6 ± 10.3

116.5 ± 61.4

6.9 ± 1.5

0.8 ± 0.1

2.9 ± 0.3

0.1 ± 0.1

1.6 ± 3.4

SS.SMX.CMx.MysThyMx
(MysThyMx)

Coarse sediments (1 site); Mixed
sediments (20 sites).

21

34.1 ± 8.8

159.5 ± 70.1

6.6 ± 1.5

0.7 ± 0.1

2.6 ± 0.5

0.2 ± 0.1

2.7 ± 3.6

SS.SBR.PoR.SspiMx
(SspiMx)

Coarse sediments (8 sites);
mixed sediments (9 sites).

17

58.6 ± 18.1

657.9 ± 870.0

9.6 ± 2.1

0.7 ± 0.2

2.7 ± 0.8

0.2 ± 0.2

1.6 ± 1.7

4

75

Figure 3.30

Number of taxa recorded for each benthic infaunal sample in the Project Two benthic ecology study area.
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Figure 3.31

Values of Margalef's index (d: species richness) for each benthic infaunal sample within the Project Two benthic ecology study area.
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Figure 3.32

Biomass (ash free dry weight in grams) for each benthic infaunal sample in the Project Two benthic ecology study area.
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3.2.78

Figure 3.33 to Figure 3.35 show the mean number of species, abundance and
biomass for each of the major faunal groups for each of the infaunal biotopes (and
mosaic biotopes) identified across the Project Two benthic ecology study area from
the infaunal grab sample data. As discussed in paragraphs 3.2.72 to 3.2.74, the
coarse and mixed sediment biotopes (SspiMx, MysThyMx, MedLumVen, PoVen and
MoeVen) showed the highest mean number of species across the Project Two
benthic ecology study area and were dominated by annelid species (Figure 3.33).
The SspiMx biotope showed very high mean abundances of annelids which were
also reflected in the proportion of the total biomass attributed to annelids (Figure
3.35). In comparison, mean abundances of annelids in the sandy sediment biotopes
were somewhat lower. Molluscs and crustaceans were present in similar numbers
and abundances across the coarse sediment biotopes. Although these species were
present in low numbers, they were found to dominate the biomass at these sites, with
the numerically abundant annelids contributing relatively little however to the overall
biomass (Figure 3.35). Molluscs accounted for approximately two thirds of the
biomass at MoeVen sites with this biotope being characterised by the bivalve
molluscs C. gibba and G. triangularis. Notably, over half the biomass associated with
the MedLumVen biotope attributable to molluscs including Dosinia spp.

3.2.79

Figure 3.35 also shows that crustaceans dominated the biomass for the PoVen,
MysThyMx and SspiMx biotopes. This was due to the high abundances of amphipods
Urothoe spp. and decapod crustaceans such as Upogebia deltaura in these biotopes
and also crabs, such as the long clawed porcelain crab Pisidia longicornis, in the
SspiMx biotope. Figure 3.35 does not present the biomass data for the one site
assigned the IMuSa biotope, as the biomass at this site was completely dominated by
the large mollusc Ensis sp. which although present in low numbers due to its large
body size dominated the biomass. Figure 3.35 also does not present the biomass
data for the single site assigned to the Pkef biotope although, in line with the low
species richness at this site, the total biomass was low (0.07 g per 0.1 m2) and, of
this, the majority was attributable to annelids and molluscs.

3.2.80

Figure 3.33

3.2.81

Figure 3.33 demonstrates the lower total number of species present in the sand
biotopes (IMoSa, FfabMag, NcirBat, EpusOborApri and ApriBatPo) and the lower
mean abundances in these areas discussed in paragraph 3.2.70 are illustrated in
Figure 3.34. These sand biotopes show comparable mean numbers of annelid and
mollusc species, with fewer crustacea and echinoderm species. The mean
abundances in the majority of the sandy biotopes were dominated by annelids. With
respect to biomass, however, molluscs contributed to a large proportion of the total
biomass in sandy sediments, which is unsurprising given that each of these biotopes
is characterised by one or more species of bivalve mollusc. Echinoderms contributed
to a significant proportion of the mean abundance in the AfilMysAnit biotope, in
particular, due to the dominance of brittlestars Amphiura spp. in this biotope.
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Mean species richness (number of species per 0.1 m2 grab) per infaunal
biotope for each major faunal group in the Project Two benthic ecology
study area.

Figure 3.35 shows that although present in relatively small numbers, echinoderms
contributed to the majority of the biomass recorded in sandy biotopes due to the
presence of a few large sandy substrate species such as brittlestars and the pea
urchin E. pusillus. This was also true of the muddier sediment biotope AfilMysAnit
where echinoderms accounted for a considerable proportion of the total biomass due
to domination by brittlestars Amphiura spp. as discussed above and reflected in the
abundance figures.

Figure 3.34

Mean abundance (total individuals per 0.1 m2 grab) per infaunal biotope for
each major faunal group in the Project Two benthic ecology study area.

Figure 3.35
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Mean biomass (g per 0.1 m2 AFDW) per infaunal biotope for each major
faunal group in the Project Two benthic ecology study area.

3.2.84

Benthic epifauna
3.2.82

Abundances of epifaunal species at each sampling location were estimated from the
DDV footage using the semi-quantitative SACFOR scale. As such, quantitative
abundances, such as those available for infaunal species, were not available and the
full range of univariate statistics, including diversity indices, could not be calculated
for this dataset. The mean number of species recorded in each of the benthic
epifaunal biotopes identified across the Project Two benthic ecology study area is
presented in Table 3.8.

Table 3.8

Mean (± standard deviation) number of species (S) for benthic epifaunal
biotopes in the Project Two benthic ecology study area identified from
DDV and seabed photography analysis.

Biotope

Simplified Folk Sediment
Classification

No. of DDV
transects

S

SS.SSa.IFiSa.IMoSa

Sand and muddy sand (189
sites), coarse sediment (3 sites).

192

3.9 ± 2.1

SS.SSa.IFiSa.ScupHyd

Sand and muddy sand (2 sites),
coarse sediment (37 sites),
mixed sediment (7 sites).

46

10.1 ± 6.0

SS.SMu

Sand and muddy sand (10
sites).

10

4 ± 1.8

SS.SCS.ICS.SSh

Coarse sediment (104 sites),
mixed sediment (32 sites).

136

5.1 ± 2.2

SS.SMx.CMx.FluHyd

Coarse sediment (5 sites),
mixed sediment (4 sites).

9

15.2 ± 7.4

SS.SBR.PoR.SspiMx

Sand and muddy sand (1 site),
coarse sediment (2 sites), mixed
sediment (15 sites).

18

12.4 ± 8.8

CR.MCR.CSab.Sspi.ByB

Coarse sediment (6 sites),
mixed sediment (7 sites).

13

43.5 ± 9.1

3.2.83

The areas of ScupHyd, in the coarser sand sediments with greater occurrence of
cobbles and pebbles, had a mean species richness of 10.1 ± 6.0 species, higher than
the species poor sandy biotopes but less than the more diverse communities of the
FluHyd and SspiMx biotopes. FluHyd in the coarser and more mixed sediments along
the export cable had a high mean number of species (15.2 ± 7.4) due to the greater
opportunity for attachment of sessile epifauna such as the F. foliacea and other
bryozoans and hydroids. The Sspi.ByB biotope recorded the highest mean species
richness of all the epifaunal biotopes (43.5 ± 9.1), which as discussed in paragraph
3.2.74 is due to the habitat complexity provided by the mixed substrate and the S.
spinulosa encrustations. In addition to S. spinulosa, the sites assigned to the
Sspi.ByB were dominated by epifaunal species ascidians including D. grossularia,
anemones such as Urticina sp. and the barnacle Verruca stroemia. As outlined in in
Table 3.8, the mean number of species associated with the SspiMx biotope was
lower (12.4 ± 8.8) than that associated with the Sspi.ByB biotope. This was because
the Sspi.ByB biotope, which was typically found at the western end of the export
cable route corridor, was associated with the mixed sediments to the west of Silver
Pit where the substrate was generally very coarse, pebbly gravel and cobbles. In
comparison, the SspiMx biotope was associated with typically coarse gravelly
sediments with lower structural complexity than the pebbly gravel and cobbles of the
Sspi.ByB biotope.
Epibenthic trawl data

3.2.85

The sand and muddy sand sediment biotopes IMoSa and SMu had low mean
numbers of species (3.9 ± 2.1 and 4 ± 1.8, respectively) and these were
predominantly echinoderms including A. rubens and A. irregularis. The sediments in
these areas were dominated by large expanses of sand substrate with limited hard
substrate for other epifaunal species to become established on. The epifaunal
biotope that dominated in the coarse sediment areas, SSh, was similarly species
poor (5.1 ± 2.2). As with the IMoSa biotope, other than the occasional pebble or
cobble there was limited stable substrate onto which epifaunal species can become
established.
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The univariate statistics for the epibenthic trawl data have been averaged across
each of the epifaunal biotopes identified across the Project Two benthic ecology
study area and these are presented in Table 3.9. The univariate statistics calculated
for each trawl location are presented in Appendix M. The mean number of species
was lowest for the ScupHyd and CMuSa biotopes (18.4 ± 5.4 and 20.0 ± 3.5 species,
respectively). Mean abundance, standardised over 500 m, was also low for the
ScupHyd biotope (172.1± 106.2 individuals) but was considerably higher for the
CMuSa biotope (2,995.2 ± 6,499.4 individuals). This was due to very high
abundances of the brittlestar Ophiura albida in two of the CMuSa trawls in the north
of the Project Two benthic ecology study area. Mean species richness and total
abundances were higher in the coarse sediment biotope ICS (33.2 ± 5.4 species and
536.3 ± 425.0 individuals, respectively) compared to the sand sediment biotopes.
However, the highest mean species richness and total abundances were recorded in
the mixed sediment biotopes IMx (40.9 ± 14.7 species and 2,316.9 ± 2,062.4
individuals) although the single trawl which was assigned the FluHyd biotope was
also species rich (49 species and 949.7 individuals). For analysis of colonial species
which were not enumerated see paragraph 3.2.89 below.

3.2.86

The diversity indices were typically higher in the coarse and mixed sediment biotopes
where greater hard substrate (i.e., cobbles and pebbles) provided opportunity for
attachment of sessile epifaunal species. The Simpson’s index of dominance was also
low (< 0.5) across all biotopes indicating that on the whole the trawl samples were not
dominated by a small number of species.

Table 3.9

3.2.87

Figure 3.36 presents the mean species richness for each of the main faunal groups
recorded in each of the biotopes identified from the epibenthic trawl dataset. As
discussed in paragraph 3.2.85, the mean species richness is higher for the coarse
(ICS) and mixed sediment (IMx, CMx and FluHyd) biotopes compared to the sand
and muddy sand sediment biotopes (ScupHyd and CMuSa). The epibenthic
assemblages of the ICS, IMx and CMx biotopes were dominated by crustaceans and
other faunal groups comprising hydroids, bryozoans. The FluHyd biotope, which was
assigned to a single trawl to the west of the northern end of the export cable route
corridor, was dominated by similar numbers of crustaceans but more species
assigned to the category 'other', namely ascidians, anemones and soft coral. This
was also reflected in the biomass of 'other' species recorded in the FluHyd trawl (see
Figure 3.38).

3.2.88

Figure 3.37 shows that the mean abundance was considerably higher for the CMuSa
biotope due to the dominance and the super abundance of echinoderms O. albida
(>16,000 individuals at one site) at two trawl locations in the north of the Project Two
benthic ecology study area. Similarly, echinoderms dominated the abundances in the
CMx biotope, again due to high numbers of brittlestars, and also the ScupHyd
biotope which was dominated by starfish A. rubens. The IMx and to a lesser extent
the ICS biotopes were dominated by crustaceans with annelids and molluscs
contributing very little to overall mean abundances across all the biotopes. This is to
be expected given that these fauna typically live buried in the sediment and, as such,
would not typically be expected to be sampled by epibenthic beam trawl.

Mean (± standard deviation) univariate statistics for biotopes identified
from epibenthic trawl data from the Project Two benthic ecology study
area. S = species richness; N = abundance per 500 m; J’ = Pielou’s
Evenness index; H’ = Shannon-Wiener Diversity index; λ = Simpson’s
index of Dominance.
Simplified Folk
Sediment
Classification

No. of
trawls

SS.SSa.IFiSa.
ScupHyd

Sand and muddy
sand. coarse
sediments and
mixed sediments.

SS.SSa.CMuSa

S

N (per
500 m)

104

18.5
± 5.4

172.1 ±
106.2

0.5 ±
0.1

1.5 ±
0.4

0.4 ±
0.1

Sand and muddy
sand and mixed
sediment.

7

20 ±
3.5

2995.2
±
6499.4

0.5 ±
0.3

1.4 ±
0.7

0.5 ±
0.3

SS.SCS.ICS

Sand and muddy
sand and coarse
sediments.

9

33.2
± 5.4

536.3 ±
425.0

0.5 ±
0.2

1.9 ±
0.7

0.3 ±
0.1

SS.SMx.CMx

Mixed sediments.

2

32.5
± 2.1

776.0 ±
338.3

0.5 ±
0.2

1.8 ±
0.8

0.3 ±
0.2

SS.SMx.CMx.
FluHyd

Mixed sediment.

1

49

949.7

0.5

1.8

0.3

SS.SMx.IMx

Coarse sediment
and mixed
sediments.

8

40.9
±
14.7

2316.9
±
2062.4

0.4 ±
0.2

1.5 ±
1.0

0.5 ±
0.3

Biotope

J’

H’

λ
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epifauna. As would be expected, the coarse sediment ICS biotope recorded total
biomass of these species at a level intermediate between the sandy substrate
biotope (ScupHyd) and the mixed sediment biotope IMx, with an even split between
A. digitatum and A. diaphanum dominating, and smaller amounts of F. foliacea.

Figure 3.36

3.2.89

3.2.90

Mean number of species for biotopes identified from epibenthic beam
trawl data of the Project Two benthic ecology study area.

As discussed in paragraph 2.4.13, colonial species were not enumerated in the
trawls, rather total weight was recorded (in grams) for the most notable colonial
species recorded in the epibenthic beam trawls (i.e., those for which discrete counts
could not be made). These species were the bryozoans F. foliacea and A. diaphanum
and the soft coral A. digitatum. Figure 3.38 shows that biomass from these species in
the CMx biotope was high and solely attributable to A digitatum. It also illustrates that
A. digitatum dominated the IMx trawls. The FluHyd biotope was the only other
biotope to have a higher total biomass of these species, a significant contribution to
which also came from A. digitatum, and to a lesser extent F. foliacea. As would be
expected for a site in the FluHyd biotope, one of the largest volumes of F. foliacea
observed across the Project Two benthic ecology study area was recorded from this
site.

Figure 3.37

3.2.91

As would be expected in the muddy sand biotope CMuSa, with little substrate for the
attachment of these species, the biomass of these three species was extremely low.
Those trawls assigned the ScupHyd biotope code recorded low biomass of each of
the three species, reaffirming the conclusion that the substrate is predominantly sand
and coarse gravelly sand with just the occasional cobble and pebble with associated
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Mean abundance (individuals per 500 m) for biotopes identified from
epibenthic beam trawl data of the Project Two benthic ecology study area.

Figure 3.39 presents the combined infaunal and epifaunal biotopes identified across
the Project Two benthic ecology study area. The method of classifying combined,
holistic biotope codes was informed by the draft infaunal and epifaunal biotopes, the
characterising species for these biotopes (as highlighted by the SIMPER analysis)
and environmental variables (e.g., sediment type and water depth) at each site. The
quantitative benthic grab dataset was prioritised when combining the datasets, due to
this being the most standardised dataset. The DDV footage, the results of the
analysis of the epifaunal component of the grabs and the trawl data were then used
to identify subtle differences in epifaunal communities.

Figure 3.38

Mean biomass (g per 500 m) of key epifaunal species identified from
epibenthic beam trawl data of the Project Two benthic ecology study area.

3.2.93

With respect to the SspiMx biotope, at the locations at the northeast end of the export
cable route corridor where this biotope was assigned to the infaunal sample, the
corresponding epifauna data also supported this conclusion. At the single site to the
east of Subzone 2 where SspiMx was recorded from the infaunal sample, this was
not reflected in the epibenthic community, which more closely resembled the
ScupHyd biotope. Where the SspiMx biotope was recorded from infaunal samples at
the western end of the export cable route corridor, in association with the very
coarse, pebbly gravel and cobbles substrate, the epifaunal community more closely
matched the diverse Sspi.ByB biotope.

3.2.94

The combined biotope map shown in Figure 3.39 confirms many of the patterns
described previously for the subtidal communities present in the Project Two benthic
ecology study area:


Predominantly sandy sediments in the western and central parts of the Project
Two benthic ecology study area characterised by the FfabMag, NcirBat and
EpusOborApri biotopes with typically extremely sparse epibenthic communities.
The EpusOborApri biotope was particularly prevalent in the south-west of
Subzone 2 and the northern end of the export cable route corridor, occasionally
in association with the ScupHyd epibenthic biotope;



Muddy sand sediments in the deeper waters to the north of the Project Two
benthic ecology study area characterised by the AfilMysAnit biotope with limited
associated epifloral and epifaunal communities with the exception of the
brittlestars;



Coarse sediments with diverse infaunal communities characterised by the
PoVen biotope in the northeast of Subzone 2 and the central and eastern parts
of the wider Project Two benthic ecology study area. The majority of these
sediments within the Project Two benthic ecology study area had typically
sparse epibenthic communities, however, those at the northern end of the
export cable route were often associated with the FluHyd epibenthic overlay;



Coarse sediments in the shallower areas of the central and western parts of the
export cable route corridor characterised by the MoeVen biotope with, in places,
relatively diverse scour tolerant epifaunal communities colonising cobbles and
pebbles and representative of the ScupHyd and FluHyd biotopes;



Areas of mixed sediments at the northeast of the export cable route corridor
supporting diverse infaunal and epifaunal communities characterised by the
SspiMx biotope; and



Areas of very coarse, pebbly gravel and cobble mixed sediments at the western
end of the export cable route corridor, near Silver Pit, characterised by the
SspiMx infaunal biotope and a Sspi.ByB epibenthic overlay.

Combined infaunal and epifaunal biotopes
3.2.92

For many of the sites within the Project Two benthic ecology study area the infaunal
and epifaunal biotopes have been combined to form one single biotope, due mainly
to the typically sparse epifaunal communities characterising these areas (i.e., IMoSa
and SSh). Where mosaics of biotopes have been identified, these usually
represented infaunal biotopes with an epifaunal overlay. The epifaunal biotopes
ScupHyd and FluHyd are usually considered epifaunal overlays of infaunal biotopes
and this was especially evident within the export cable route corridor and in the
southwest part of Subzone 2. These epifaunal biotopes were recorded as overlays of
infaunal biotopes, particularly those in mixed and coarse sediments, such as PoVen
and MoeVen.
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Figure 3.39

Combined infaunal and epifaunal biotope map of the Project Two benthic ecology study area.

85

3.2.96

Intertidal biotopes
3.2.95

The intertidal biotope map for the proposed export cable landfall site at Horseshoe
Point was informed by the results of the 2011 Phase 1 walkover survey, as updated
by the 2014 walkover survey, and the core samples collected from the intertidal zone
during the 2011 survey. The intertidal benthic infaunal core data was analysed using
cluster analyses and SIMPROF to identify significant groupings within the data. The
results of the cluster analysis, which identified six groups, and the SIMPER output
was used to ground truth the field observations of biotope extents and types made
during the walkover survey. The combined 2-D MDS plot for all intertidal core sites,
with biotopes as factors is presented in Figure 3.40 and Figure 3.41 presents the
results of the cluster analysis for the same data. The MDS plot shows a clear
separation between the four main biotopes identified, with slight overlap in the
composition of the LS.LSa.MuSa (Polychaete/bivalve dominated muddy sand shores)
biotopes (hereafter referred to as MuSa) and the two mosaics of this biotope
(MuSa/MuSa.MacAre and MuSa.MacAre).

Figure 3.40

2-D MDS plot for intertidal benthic infaunal communities (biotopes) at the
proposed landfall at Horseshoe Point, within the Project Two benthic
ecology study area.

Figure 3.42 presents the intertidal biotope map for the proposed export cable landfall
site at Horseshoe Point, with the biotopes identified during the survey described in
Table 3.11. The intertidal zone at Horseshoe Point and the wider intertidal area to the
north was dominated by sandy sediments, exposed to moderate wave energy, with
areas of saltmarsh and sand dune habitats on the landward side of the shore.
Habitats located landward of MHWS (i.e., saline lagoons and sand dunes) are fully
considered in Volume 3, Chapter 4: Ecology and Nature Conservation). Ten intertidal
biotopes were recorded at the landfall site in the Project Two benthic ecology study
area.

Figure 3.41
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Cluster analysis for intertidal benthic infaunal communities (biotopes) at
the proposed landfall at Horseshoe Point, within the Project Two benthic
ecology study area.

3.2.97

(LS.LSa.MoSa) and the polychaetes in littoral fine sand biotope (LS.LSa.FiSa.Po).
The MoSa biotope was present throughout the mid eulittoral on a series of rippled
intertidal sandbanks, typically less than 0.5 m high. The dig over surveys and the
core samples within areas of this biotope indicated that, due to the low water
retention, the sediment supported a sparse infaunal community characterised by
amphipods including Bathyporeia pilosa and Urothoe brevicornis, the isopod Eurydice
affinis and the mollusc H. ulvae. The biomass data confirmed this with crustaceans
and molluscs dominating the biomass of this biotope (see Table 3.10).

Immediately below the sand dune vegetation in the upper eulittoral, was a thin
strandline of coarse to medium wind-blown sand with decomposing vegetation, reeds
and sticks, seaweeds, razor shells, human debris and characterised by talitrid
amphipods including Talitrus saltator (LS.LSa.St.Tal). In the northern half of the study
area, the area immediately below the strandline was characterised by medium and
fine sandy sediments dominated by tube-building polychaetes and amphipods
(LS.LSa.FiSa). In the southern half of the study area slightly muddy fine sand
sediments were present below the strandline which the core sampling and dig overs
identified supported an infaunal community of amphipods including C. arenarium,
polychaetes including Pygospio elegans and Hediste diversicolor, oligochaetes and
molluscs including Hydrobia ulvae and Abra tenuis (LS.LSa.MuSa).

3.2.98

Approximately half of the area of LS.LSa.FiSa biotope in the upper shore, was also
characterised by scattered annual saltmarsh plants, notably glasswort Salicornia sp.
forming a mosaic biotope of LS.LSa.MuSa/LS.LMp.Sm. This habitat is representative
of the Annex I habitat ‘Salicornia and other annuals colonising mud and sand’ which
is a feature of the Humber Estuary SAC.

3.2.99

The mid eulittoral was characterised by medium to fine sands and infaunal
communities were characterised by the lug worm Arenicola marina and the Baltic
tellin Macoma balthica (LS.LSa.MuSa.MacAre). The polychaete Hediste diversicolor
was also present as were low numbers of the thin tellin Angulus tenuis. The biomass
analysis of the core samples collected in 2011 showed that molluscs contributed
most to the biomass of this biotope (0.854 g ± 1.385 g; Table 3.10). The analysis of
the intertidal core replicates from within this biotope showed that the sediments were
also characterised by similar species to those observed in the MuSa biotope as
described in paragraph 3.2.97 (the SIMPER analysis for the cores within this biotope
(Group d in the cluster analysis) are presented in Appendix Q). Towards the
southwest end of the mud eulittoral zone an area of muddy sand dominated by
abundant cockles Cerastoderma edule was described (LS.LSa.MuSa.CerPo). The
core samples collected in this area further characterised the benthic infaunal
community by identifying the polychaetes P. elegans, H. diversicolor and Scoloplos
armiger, the lug worm A. marina and the molluscs A. tenuis and M. balthica (Table
3.11) and confirmed that molluscs contributed to the majority of the biomass of the
biotope (13.58 g ± 2.15 g; Table 3.10). During the 2014 survey, the majority of
cockles noted within the bed were juveniles (spat), typically less than 15 mm. Both
the 2011 and 2014 surveys identified that the densest parts of the cockle bed were
located in the northwest corner and centre of the mapped area in Figure 3.42. As is
typical for the LS.LSa.MuSa.CerPo (Connor et al., 2004), there was a grading in the
density of cockles across the bed with the most dense areas towards the centre and
decreasing towards the edge with increasing empty shells in these areas, particularly
on the western and southern boundaries (i.e., landward edges).

3.2.101 The clean rippled sand found within the damper channels between the MoSa
dominated intertidal sandbanks, and in the lower shore close to mean low water, was
characterised by the FiSa.Po biotope. This sediment, which unlike the MoSa
sediment remains damp throughout the tidal cycle, was found to be characterised by
an infaunal community of polychaetes such as Spiophanes bombyx, Nephtys cirrosa,
Paraonis fulgens and Spio martinensis and amphipod including B. guilliamsoniana.
Polychaetes also contributed to the majority of the biomass in this biotope (Table
3.10). Casts of the lugworm A. marina were observed during the walkover throughout
this biotope. During the 2011 walkover survey, in a small patch at the lowest part of
the shore, the FiSa.Po biotope was found together with the polychaete tube worm
Lanice sp. in sufficiently high densities to assign this area to the LS.LSa.MuSa.Lan
(Lanice conchilega in littoral sand) biotope. A small area of sediment assigned the
LS.LSa.MoSa.AmSco biotope code was also identified during the 2011 survey in the
eastern corner of the survey area which was species poor and characterised by the
polychaetes Scolelepsis squamata and Pygospio elegans, and the amphipod
Urothoe elegans.
Table 3.10

Mean (± standard deviation) biomass of main faunal groups for intertidal
biotopes identified at the landfall site (grams wet weight – blotted dry).
No. of
core
samples

Polychaetes

Mollusca

Crustacea

LS.LSa.MuSa.MacAre

4

0.068 ± 0.021

0.854 ± 1.385

0.047 ± 0.049

0

LS.LSa.MoSa

3

0

0.004 ± 0.002

0.021 ± 0.005

0

LS.LSa.FiSa.Po

3

0.084 ±0.077

0.013

0.001 ± 0.003

0

LS.LSa.MuSa.CerPo

3

0.634 ± 0.826

13.580 ± 2.145

0.005 ± 0.003

0

LS.LSa.MuSa

1

0.135

0.013

0.001

0

Intertidal Biotope

3.2.100 The mid to lower eulittoral zone was characterised by clean sandy sediments and a
combination of the barren or amphipod-dominated mobile sand shore biotope
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Other

3.2.102 As discussed previously in paragraph 3.1.31, eelgrass has been recorded historically,
and also more recently in 2013 by the Eastern IFCA (see Figure 3.42), at the
proposed export cable landfall site, albeit as sparse plants which were not considered
to constitute a bed. However, it is important to note that no eelgrass was recorded
during the site-specific intertidal surveys at the proposed export cable landfall site.

3.2.107 The intertidal terrestrial habitats present at the landfall site (i.e., Annex I Atlantic salt
marsh, Annex I saline lagoons, Annex I embryonic sand dunes and Annex I white
dunes) are located landward of MHWS. As such, they fall outside the benthic ecology
study area as defined in paragraph 2.1.1, and are considered in full in the onshore
assessment presented in Volume 3, Chapter 3: Ecology and Nature Conservation.

3.2.103 Full species lists for each of the intertidal core samples, together with the associated
biomass data, are presented in Appendix P. The full list of intertidal biotopes for each
of the sampling location and groups identified during the cluster analyses (and tested
using SIMPROF) is presented in Appendix Q and a full list of the SIMPER results,
with biotopes as factors, is presented in Appendix Q.
Intertidal terrestrial habitats
3.2.104 The intertidal terrestrial habitats surveys undertaken at the Horseshoe Point landfall
site in 2011 and 2014, as described in paragraph 2.3.34, identified an area in the
south of the landfall site that overlapped with a block of continuous saltmarsh (Figure
3.42). The saltmarsh habitat recorded at the landfall site is representative of the
Annex I habitat ‘Atlantic Salt Meadows’ which is a feature of the Humber Estuary
SAC (see Annex 6.3.2: Phase 1 Intertidal, Sand Dune and Saltmarsh Habitat
Survey).
3.2.105 Saline standing water channels were recorded during the intertidal terrestrial habitat
surveys, running along the northwest edge of the landfall site in the Project Two
benthic ecology study area (Figure 3.42). These channels serve as a feeder channel
for the Northcoates saline lagoon system, a priority feature of the Humber Estuary
SAC (see Annex 6.3.2: Phase 1 Intertidal, Sand Dune and Saltmarsh Habitat
Survey).
3.2.106 During the 2011 survey, white dunes (or semi-fixed sand dune vegetation) were
recorded on the seaward side of the southern half of the sea wall within the survey
area. This habitat is representative of the Annex I habitat ‘Shifting dunes along the
shoreline with Ammophila arenaria (‘white dunes’)’ which is a qualifying feature of the
Humber Estuary SAC. Embryonic dune vegetation was also recorded in the upper
shore at the landfall site during the 2011 survey, in a thin strip immediately adjacent
to the coastal defence. This habitat is representative of the Annex I habitat
‘embryonic shifting dunes’ which are a qualifying feature of the Humber Estuary SAC
(see Annex 6.3.2: Phase 1 Intertidal, Sand Dune and Saltmarsh Habitat Survey).
However, the 2014 Phase I habitats survey identified that the semi-fixed sand dune
vegetation, in particular, had undergone substantial damage resulting from storms in
December 2013, but embryonic sand dune vegetation was recolonising windblown
sand. A full description is provided in Annex 6.3.2: Phase 1 Intertidal, Sand Dune
and Saltmarsh Habitat Survey).

88

Figure 3.42

Intertidal biotopes at the proposed export cable landfall site at Horseshoe Point, within the Project Two benthic ecology study area.
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Table 3.11

Intertidal biotopes identified during the intertidal walkover survey and from intertidal core samples taken from the proposed export cable route landfall site at Horseshoe
Point, within the Project Two benthic ecology study area (see Figure 3.42).

Biotope Code (Connor
et al., 2004)

EUNIS
code
(2007-11)

Biotope Name

Biotope Description

Characterising species
accounting for up to 75% of
cumulative similarity (SIMPER)

Geographic Location

LS.LSa.St.Tal (St.Tal)

A2.211

Talitrids on the upper
shore and strand-line.

Immediately below the sand dune vegetation, in the
upper eulittoral, was a narrow strandline with a
community of sandhoppers (including talitrid
amphipods). The substrate type was coarse to
medium, wind-blown sand with layers of
decomposing plant material, seaweed and debris
within the sediment. The decaying vegetation
provided cover and humidity for sandhoppers
including Talitrus saltator.

N/A: intertidal core samples not
taken for this biotope.

This biotope was recorded in the
upper shore immediately below
the sand dune vegetation.

LS.LSa.MuSa (MuSa)

A2.24

Polychaete/bivalve
dominated muddy sand
shores.

This biotope was characterised by fine sand with a
small proportion of mud, with no coarse sand, gravel
or mud and no anoxic layer. The degree of drying
between tides is limited, with the sediment remaining
damp throughout the tidal cycle. This biotope
supports a range of species including amphipods
including Corophium arenarium, polychaetes
including Pygospio elegans and Hediste diversicolor,
oligochaetes and molluscs including Hydrobia ulvae
and Abra tenuis.

N/A: Less than 2 sites in the group.
Species recorded at sites assigned
this biotope included:
Nematoda, Hediste diversicolor,
Corophium arenarium, Hydrobia
ulvae, Abra tenuis.

This biotope was recorded in the
upper shore in the south and
southeast of the intertidal area
within the Project Two benthic
ecology study area.

LS.LSa.FiSa (FiSa)

Polychaete/amphipoddominated fine sand
shores.

This biotope was characterised by medium to fine
sand, with no coarse sand, gravel or mud and no
anoxic layer. The degree of drying between tides is
limited, with the sediment remaining damp throughout
the tidal cycle. This biotope is likely to support a
range of species including amphipods and
polychaetes, with the amphipod Corophium sp. and
slender polychaete sand tubes (possibly spionid or
oweniid polychaete species) recorded on this part of
the shore (though no live specimens were recorded in
digovers).

N/A: intertidal core samples not
taken for this biotope.

This biotope was recorded in the
upper shore in the northern
section of the intertidal area
within the Project Two benthic
ecology study area between the
MuSa/Sm and MuSa.MacAre
biotopes.

LS.LSa.MuSa/LS.LMp.Sm A2.24 /
(MuSa/Sm)
A2.5

Polychaete/bivalve
dominated muddy sand
shores with scattered
saltmarsh plants.

As LS.LSa.MuSa but with scattered saltmarsh plants,
specifically glasswort Salicornia sp. present
throughout the biotope.

N/A: intertidal core samples not
taken for this biotope.

This mosaic was found
throughout the upper shore.
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Biotope Code (Connor
et al., 2004)

EUNIS
code
(2007-11)

Biotope Name

Biotope Description

Characterising species
accounting for up to 75% of
cumulative similarity (SIMPER)

Geographic Location

LS.LSa.MuSa.MacAre
(MuSa.MacAre)

A2.241

Macoma balthica and
Arenicola marina in
littoral muddy sand.

This biotope was present in the mid shore and
consisted of fine sand with a rippled surface,
generally remaining water-saturated during the low
water. The species assemblage is characterised by
the lugworm Arenicola marina and the thin tellin
Angulus tenuis. Other species recorded in this
biotope included the polychaete Pygospio elegans,
the amphipod Corophium arenarium and the mollusc
H. ulvae.

Pygospio elegans, Nematoda.

This biotope was recorded on the
mid shore to the north of the
intertidal area within the Project
Two benthic ecology study area.

LS.LSa.MuSa.CerPo
(MuSa.CerPo)

A2.242

Cerastoderma edule
and polychaetes in
littoral muddy sand.

An area of muddy sand dominated by abundant
cockles Cerastoderma edule was noted in the mid
shore at Horseshoe Point. The community also
consisted of polychaetes, including Hediste
diversicolor, the lugworm Arenicola marina, P.
elegans and Scoloplos armiger. The thin tellin
Angulus tenuis and Baltic tellin M. balthica (both
molluscs) molluscs were also noted. The green algae
Ulva (Enteromorpha) intestinalis was recorded on the
surface of the cockle bed.

Cerastoderma edule, Hydrobia
ulvae, Scoloplos armiger, Pygospio
elegans.

This biotope was assigned to a
large area in the central south of
the intertidal area within the
Project Two benthic ecology
study area and a smaller area to
the southeast.

LS.LSa.MoSa
(MoSa)

A2.22

Barren or amphipoddominated mobile sand
shores.

This biotope consisted of clean mobile sands (coarse, Eurydice affinis, Bathyporeia
medium and some fine-grained) with occasional
pilosa.
shells. The sand formed a series of rippled intertidal
sandbanks (<0.5 m high) in the mid eulittoral and due
to the low water retention supported a limited range of
species. Species recorded during surveys included
the isopod Eurydice affinis and the amphipods
Urothoe brevicornis and Bathyporeia pilosa.

This biotope was recorded
throughout the low to mid shore
region on elevated rippled
sandbanks.

LS.LSa.FiSa.Po
(FiSa.Po)

A2.231

Polychaetes in littoral
fine sand.

This biotope was observed in the lower shore, close
to mean low water, and consisted of clean rippled
sand that remains damp throughout the tidal cycle.
The infaunal community was characterised by a
range of polychaetes including Spiophanes bombyx,
Nephtys cirrosa and Spio martinensis. The
polychaete tube worms Lanice sp. was noted at the
lowest part of the shore and lugworm Arenicola
marina casts were also noted throughout this biotope.
Other species noted included the amphipod
Bathyporeia guilliamsoniana, the molluscs Hydrobia
ulvae and the polychaetes recorded during surveys.

This biotope was recorded in
several areas bordering the lower
shore and the main run-off
channel in the centre of the
intertidal area within the Project
Two benthic ecology study area.
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Spiophanes bombyx, Nephtys
cirrosa.

Biotope Code (Connor
et al., 2004)

EUNIS
code
(2007-11)

Biotope Name

Biotope Description

Characterising species
accounting for up to 75% of
cumulative similarity (SIMPER)

Geographic Location

LS.LSa.MuSa.Lan
(MuSa.Lan)

A2.245

Lanice conchilega in
littoral sand.

This biotope was observed on the extreme lower
shore in well sorted sediments of fine to very fine
sand with a little mud. The infaunal community was
similar to that in the surrounding FiSa.Po biotope, as
described above, but with high densities of the
lugworm Lanice conchilega visible at the surface.

N/A intertidal core samples not
taken for this biotope.

This biotope was found in a small
patch at the extreme lower shore.

LS.LSa.MoSa.AmSco
(AmSco)

A2.223

Amphipods and
Scolelepsis Scolelepsis
spp, in littoral mediumfine sand.

This biotope consisted of a small area of wet rippled
sand with a species poor infaunal community
characterised by the polychaetes Scolelepsis
squamata and Pygospio elegans and the amphipod
Urothoe elegans.

N/A: intertidal core samples not
taken for this biotope.

This biotope was recorded in a
small area on the mid shore to
the east of the intertidal area
within the Project Two benthic
ecology study area.
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3.2.111 As discussed in paragraph 3.2.108 to 3.2.110, these six sites identified during the
Project One surveys were resurveyed as part of the site-specific Project Two surveys
in order to assess the presence and the extent of the Sabellaria reef and compare
them to the Project One surveys. The DDV footage from ten transects in the vicinity
of these six sites were subsequently subject to a full Annex I reef assessment
according to the criteria detailed in paragraph 2.4.21. The results of the Annex I reef
assessments undertaken for Project Two are summarised in Table 3.12, together
with a comparison with the assessment undertaken for Project One. For all sites
within Clusters 1 and 2, as identified during the Project One survey, the Annex I S.
spinulosa reef assessments undertaken using data collected during the Project Two
surveys concluded that they all constituted 'not reef' (Table 3.12). Although
assessment of the video footage for sites C052 and C053 (sites which were identified
to have medium to high Annex I reef potential during the Project One surveys)
concluded that in the elevation category they scored Low, all other categories were
assessed as 'not reef'. Where clumps of S. spinulosa were present they were narrow
features rather than coherent reef structures. As such, all sites were assessed as 'not
reef’.

Annex I reef potential
Sabellaria spinulosa reef assessment
3.2.108 Sabellaria biotopes (SspiMx and Sspi.ByB) were recorded at 30 of the DDV locations
and 17 of the grab sampling locations (at some sites where S. spinulosa was
observed from the DDV footage a grab sample was not taken in line with the
guidelines outlined in paragraph 2.4.21) within the Project Two benthic ecology study
area. These sites were all located within the export cable route corridor, with the
exception of one site which was located to the east of the northern part of the export
cable route corridor (Z081). All of these sites had been sampled previously during the
Project One surveys and the results drawn upon to inform this Project Two
assessment, however as discussed below, six sites where Annex I reef was identified
previously were revisited during the Project Two benthic ecology surveys.
3.2.109 Although Annex I Sabellaria reefs are associated with the SspiMx and Sspi.ByB
biotopes, the occurrence of a Sabellaria biotope does not automatically indicate that
a reef is present and, therefore, at all of the sites further scrutiny of the video imagery
was necessary. In line with this, initial examination of the video imagery at the
majority of sites where a Sabellaria biotope was recorded concluded that there was
no further requirement for a full Annex I Sabellaria reef assessment, as the DDV
footage confidently confirmed that these areas did not constitute Annex I S. spinulosa
reef, based on the criteria defined by Gubbay (2007). These sites were located
predominantly within the western half of the export cable route corridor.

3.2.112 A full Annex I reef assessment was also conducted during the Project One surveys
for site Z081 located to the east of the northern part of the export cable route corridor
but this scored ‘not reef; for both the elevation and patchiness criteria; Sabellaria
tubes were apparent but were not elevated from the surrounding sediment and
appeared buried in the most part (Table 3.12). As such this site was assessed as not
constituting an Annex I S. spinulosa reef. Similarly the assessments made for site
C057 during the Project One surveys scored ‘not reef’ in all criteria. An Annex I
assessment was made for site C048 following review of the geophysical data which
had highlighted this area for further investigation. However, S. spinulosa was not
recorded in the grab sample and the full assessment of the DDV footage confirmed
that this area was ‘not reef’ (Table 3.12).

3.2.110 However, as discussed previously in paragraphs 3.1.26 and 3.1.27, the surveys to
inform the EIA for Project One, identified six sites (within two clusters) in the
northeast part of the export cable route corridor for which a full Annex I S. spinulosa
reef assessment was undertaken: Cluster 1: C051, C052 and C053; Cluster 2: C054,
C055 and C056 (Figure 3.43). For the sites within Cluster 1 the Project One
assessment concluded that the majority of scores assigned for ‘reefiness’ in the three
categories for assessment (elevation, patchiness and consolidation) were either high
or medium. In line with the guidance (Gubbay, 2007) these sites were assessed as
having medium to high potential for Annex I S. spinulosa reef. The approximate area
over which these areas of reef were estimated to extend was 0.213 km2. For many of
the sites within Cluster 2 the criteria of consolidation was scored medium, however,
the majority of the assessments for elevation and patchiness were ‘not reef’ and as
such this area was assessed as not constituting an Annex I S. spinulosa reef. One
small patch to the north of this cluster and two more to the south of this cluster scored
as low potential Annex I S. spinulosa reef, however, each of these patches covered a
very small area of less 0.005 km2, elevation was typically less than 2 cm and any
Sabellaria present was usually in the form of moribund tubes and therefore reinforced
the assessment of the area constituting ‘not reef’.

3.2.113 Many of the areas of Sabellaria biotopes corresponded with areas of deep trenches,
for example the area coinciding with the Silver Pit rMCZ (Figure 3.43). Two of the
sites which fell within the Silver Pit rMCZ (C017 and C018), did not require full
assessment for Annex I reef potential as the video evidence did not show the
presence of potential reef structures. Although Annex I S. spinulosa reefs were not
identified in the Project Two benthic ecology study area, they have been recorded in
this area previously (see paragraph 3.2.110; SMart Wind, 2013b) so it is clear that
these are hydrodynamically active areas. Reefs forming in these areas are likely to
be ephemeral and, although the specific locations may change, the propensity for the
presence of reef in these areas and in the export cable route corridor is evident. The
full results (including assessment criteria used) presented in Appendix R. Figure 3.43
shows the location of the sites for which a full Annex I S. spinulosa reef assessment
was undertaken for Project Two.
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3.2.115 Applying the criteria set out by Irving (2009) it was found that all sites scored ‘low’ in
the composition category and also that most sites score low in the elevation category.
Therefore in line with the guidance that state that if a ‘low’ is scored in any of the four
characteristics then a strong justification would be required for the area to be
considered as an Annex I cobble reef, none of these sites were assessed as
constituting potential Annex I cobble reef. The full results of the assessment for each
site are presented in Appendix R.

Cobble reef assessment
3.2.114 Five sample locations at the western end of the export cable route corridor (C021,
C022, C023, C024, C033 and C034), some of which were recorded as the SspiMx
biotope (from infaunal grab samples) or Sspi.ByB biotope (from the DDV data) but
were not considered to constitute Annex I S. spinulosa reef (see paragraph 3.2.108),
were also taken forward for a full Annex I cobble reef assessment using the
methodology proposed by Irving (2009) and outlined in paragraph 2.4.22. These were
sites which, during the video analysis, were observed to have >20% coverage of
cobbles.

Table 3.12

Summary of Annex I Sabellaria spinulosa reef assessments for sites within the Project Two benthic ecology study area.
Project Two assessment
No of DDV
transects

Site

Project One
assessment

Sabellaria form present

Elevation

Patchiness

Reef definition
based on
elevation

Reef definition
based on
patchiness

Reef definition
based on
consolidation

Project One Assessment
Z081

1

Not reef

Crusts/clumps

<2 cm (tubes
‘buried’ in most part

4%

C048

1

Not reef

Absent

n/a

n/a

C057

2

Not reef

Moribund loose tubes/crusts. <2 cm

1%

Project Two Assessment (sites revisited from Project One surveys)
C051 (cluster 1)

2

Medium/High

Moribund tubes, with
occasional thick crusts.

<2 cm

≤5%

Not reef

Not reef

Not reef

C052 (cluster 1)

2

Medium

Moribund tubes, with
occasional thick crusts
and/or occasional small low
lying clumps.

<2 to 5 cm

≤10%

Not reef/Low

Not reef

Not reef

C053 (cluster 1)

3

Medium/High

Moribund tubes, with
occasional thick crusts
and/or occasional small low
lying clumps.

<2 to 5 cm

<10%

Not reef/Low

Not reef

Not reef

C054 (cluster 2)

1

Not reef

Moribund tubes.

<2 cm

1%

Not reef

Not reef

Not reef

C055 (cluster 2)

1

Not reef

Crusts only.

<2 cm

<10%

Not reef

Not reef

Not reef

C056 (cluster 2)

1

Not reef

Absent.

n/a

n/a

Not reef

Not reef

Not reef
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Figure 3.43

Location of sites assessed for Annex I Sabellaria spinulosa reef and Annex I cobble reef potential in the Project Two benthic ecology study area.
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inshore regions of the export cable route corridor, which is typical of this area of the
North Sea. The concentrations of all organochlorines were below the limits of
detection of the analyses used.

4

DISCUSSION

4.1

Sediments

4.1.5

4.1.1

The sediments recorded in the Project Two benthic ecology study area were broadly
divided into sand and muddy sand sediments, coarse sediments and mixed
sediments. Sandy and muddy sand sediment was the dominant broad sediment type
found across most of the Project Two benthic ecology study area and within this the
most frequently recorded class was slightly gravelly sand which was recorded at
approximately 40% of sample locations. Sandy and muddy sand sediments were
found in the western half of Subzone 2 as well as throughout the wider Project Two
benthic ecology study area, both to the east and west of Subzone 2.

The level of contamination in the three samples taken from within the historic disposal
site on the export cable route corridor, was generally comparable to, and no higher
than samples from the wider Project Two benthic ecology study area. The only
exception to this was the levels of chromium at one site DC4 which exceeded the
CEFAS AL1 but not the CEFAS AL2.

4.1.6

In comparison, the concentrations of heavy metals in sediments in the intertidal
survey area were found to be generally high and in the case of chromium, copper and
nickel exceeded the CEFAS AL2 and Canadian PEL at some sites. Sites in the lower
shore region had generally higher metal contaminant loads than those in the mid and
upper shore. Levels of organotins were well below the CEFAS AL1 at all sites, as
were all recorded PAH concentrations which were below the Canadian TEL and
CEFAS AL1 assessment criteria, where available. It is therefore concluded that PAH
and organotin contaminants in the intertidal sediments at the landfall site are
generally at levels below which adverse effects in marine organisms would be
expected, however the levels of heavy metals, at some sites, are present at levels at
which biological effects in organisms may be seen. This will require full consideration
depending upon the proposed construction methodology and associated activities to
be used in the intertidal.

4.2

Benthic Ecology

4.1.2

Coarse sediments, which were dominated by sandy gravel and gravelly sand, were
found predominantly along the southern boundary and in the north-eastern corner of
Subzone 2 and along the export cable route corridor. The mixed sediments (i.e., the
gravelly muddy sand and muddy sandy gravel) were also found in the northeast part
of Subzone 2 and also along the western end of the export cable route corridor.
These patterns generally support the SeaZone and UKSeaMap (JNCC, 2010b)
predicted seabed types, although the site-specific data together with the geophysical
interpretation have revealed more complex patterns in the substrate distribution than
that predicted by either of these historical datasets.

4.1.3

The intertidal sediments at the landfall site were dominated by sand and muddy sand
sediments which are typical of this type of shore location and, being within the
Humber Estuary SAC, the majority form part of the Annex I habitat ‘Mudflats and
sandflats not covered by seawater at low tide’, a primary reason for the designation of
the site.

4.1.4

Subtidal Ecology

Subtidal sediments within the Project Two benthic ecology study area were found to
have low contaminant loads with most heavy metals and organotins at levels below
the CEFAS AL1 and the Canadian TEL. Arsenic was the main exception to this and
exceeded the CEFAS AL1 at most sites and the Canadian PEL (the level at which
toxicity would be evident) at five sites, although was within the CEFAS AL2 for
arsenic at all sites. However, it has been demonstrated that after normalisation
against iron, levels of arsenic in North Sea sediments may be much reduced in
significance (Whalley et al., 1999). The levels of TPH were below the CEFAS AL1,
the levels of total PAHs were within the range typically observed in North Sea
sediments. Furthermore, all individual PAHs across the Project Two benthic ecology
study area were at levels below the CEFAS AL1 and, in most cases, were also below
the Canadian TEL. It is therefore concluded that the offshore subtidal sediments
present in the Project Two benthic ecology study area are not contaminated with
heavy metals or hydrocarbons at levels at which biological effects in benthic
organisms would be expected. The levels of total PAHs were however, high in the
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4.2.1

The benthic ecology of the Project Two benthic ecology study area can broadly be
described as being characterised by sandy sediment communities, coarse sediment
communities with a varying epibenthic component and S. spinulosa dominated,
species rich, mixed sediments.

4.2.2

Sandy sediment communities dominated much of the western and central parts of
Subzone 2 as well as the wider Project Two benthic ecology study area, and were
generally found to have more infaunal communities with lower species diversity than
the coarse and mixed sediment communities, with lower abundances and diversity of
polychaetes and bivalve molluscs. The habitats identified were typical of exposed or
tide swept coasts and the dominance of species such as the bivalve mollusc C.
gibba, which in large abundances may be indicative of unstable substrates (Crema et
al., 1991) suggest that these areas may be subject to seasonal or occasional
environmental disturbances (Hrs-Brenko, 2006). This would correlate with the
observation that these habitats are found in association with the sand dune fields in
these areas. Epifaunal communities in these areas were generally absent but, where

the sites which were subject to an Annex I cobble reef assessment but which were
found to not constitute reef.

present, were species poor and characterised by a predominantly mobile species
such as echinoderms. The occasional cobble or pebble in these areas were
colonised by cnidarians and bryozoans, but these were typically rare in these
sediments. The results of the site-specific surveys are supported by the Humber REC
which identified the EUNIS habitat A5.25(4) Infaunal polychaetes with burrowing
bivalves and amphipods in circalittoral fine sand as the dominant habitat over the
areas coinciding with the Project Two benthic ecology study area.
4.2.3

4.2.4

4.2.5

4.2.6

The areas of deeper water to the north of the Project Two benthic ecology study area,
although still predominantly sand, had a higher proportion of mud in the sediment and
supported communities dominated by infaunal and epifaunal brittlestars and high
abundances of burrowing bivalves. Muddier areas to the northeast of the Project Two
benthic ecology study area also supported high abundances of the Norway lobster
Nephrops; this is considered in full in Annex 5.3.1: Fish and Shellfish Ecology
Technical Report.

With respect to infaunal species of interest, A. islandica, which is listed by OSPAR as
a threatened and/or declining species for the Greater North Sea (OSPAR Region II),
ten individuals (all juveniles or spat) were recorded from nine sites in the Project Two
benthic ecology study area, seven of which were in Subzone 2. Given the low
occurrence of this species in the grab samples (i.e., ten records from 399 grab
samples), it is unlikely that the Project Two benthic ecology study area is of particular
importance for this species within the OSPAR Region II.
Intertidal Ecology

The coarse sediments which dominated the central parts of the Project Two benthic
ecology study area, including the areas in the south-west and north-east of Subzone
2, on the whole, had diverse infaunal communities, similar in many places to those
found within mixed sediments, with a range of polychaete species present together
with bivalve molluscs, echinoderms and crustaceans. The epifaunal communities
were, for the most part, as sparse as those observed in the sandy sediments as
described in paragraph 4.2.2, characterised by mobile species, including
echinoderms with rare occurrences of sessile epifauna in areas where attachment to
hard substrate could be made (i.e., on cobbles, pebbles or gravel). The epifaunal
communities in the coarse sediment habitats along the export cable route corridor
and in the southwest corner of Subzone 2 however, were more diverse than those
typically found in the rest of the Project Two benthic ecology study area with more
frequent occurrences of hydroids and bryozoans due to the greater availability of hard
substrate.
The mixed sediment substrate communities found within the northeast part of
Subzone 2 and in the east of the wider Project Two benthic ecology study area were
largely similar to the coarse sediment communities, and there was a high degree of
overlap in the species present. The communities were typically characterised by an
array of polychaetes, molluscs and also echinoderms, namely brittlestars. The mixed
sediment communities on the export cable route corridor differed by being dominated
by non-reef forming S. spinulosa. The infaunal communities associated with this tubebuilding polychaete were the most diverse and numerically abundant communities
observed throughout the Project Two benthic ecology study area, rich in polychaetes,
crustaceans, molluscs and echinoderms. The epifaunal components of these
communities were also highly diverse with rich communities of bryozoans, ascidians,
anemones, shrimps and crabs. In particular, the epifaunal communities associated
with the substrate comprising very coarse, pebbly gravel and cobbles found to the
west of Silver Pit were especially rich in epibenthic species. This area coincided with

4.2.7

The intertidal sediments at the landfall site were dominated by communities that
showed typical patterns of zonation within the intertidal area. The lower shore
communities were dominated by mobile sand sediments, with typically sparse
infaunal communities, interspersed with areas of damper fine sand with richer
communities of polychaetes and amphipods. The muddier sediments of the mid
shore supported communities richer in bivalve molluscs including a cockle bed to the
south of the proposed cable route landfall site.

4.2.8

The upper shore was dominated by muddy sands scattered with annual saltmarsh
plants, most notably Salicornia sp., which in the southwest of the landfall site graded
into a block of continuous saltmarsh.

4.3

Nature Conservation

4.3.1

The marine nature conservation designations which fall within the southern North Sea
benthic ecology study area comprise both international 2000 designations (i.e.,
SACs, SCIs and Ramsar sites), national designations (SSSIs and NNRs), proposed
regional designations (rMCZs) and local designations (LNRs). Those falling within
close proximity to Project Two, and therefore most likely to be affected by Project
Two, have been discussed in full in this report, together with their associated habitats.
International Designations
Natura 2000 sites

4.3.2
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Natura 2000 sites which fall within the southern North Sea benthic ecology study
area, and which lie within close proximity to Project Two and are therefore most likely
to be potentially impacted by Project Two, include:


Humber Estuary SAC;



North Norfolk Sandbanks and Saturn Reef SCI; and



Inner Dowsing, Race Bank and North Ridge SCI.

4.3.3

4.3.4

The proposed export cable landfall site, and a proportion of the inshore subtidal part
of the export cable route corridor, are located within the Humber Estuary SAC. The
features which are a primary reason for site selection are 'estuaries' and 'mudflats
and sandflats not covered by seawater at low tide'. Annex I habitats which are
present as a qualifying feature, but not primary reason for site selection include the
following benthic habitats which were also recorded in the Project Two benthic
ecology study area: 'sandbanks which are slightly covered by sea water all the time'
and ‘Salicornia and other annuals colonising mud and sand’. The following intertidal
terrestrial habitats which are also qualifying features of the Humber Estuary SAC, and
were present at the landfall site, are considered in full in the onshore assessment in
Volume 3, Chapter 4: Ecology and Nature Conservation: ‘coastal lagoons ’ 2; ‘Atlantic
salt meadows’; ‘embryonic shifting dunes’; and 'shifting dunes along the shoreline
with Ammophila arenaria (‘white dunes’)’.

Ramsar Sites
4.3.6

National Designations
4.3.7

The North Norfolk Sandbanks and Saturn Reef SCI and the Inner Dowsing, Face
Bank and North Ridge SCI are both proposed for designation for 'reefs' and
‘sandbanks which are slightly covered by sea water all the time’. Although these
habitats were not recorded within the Project Two benthic ecology study area, the
Annex I sandbank features of the North Norfolk Sandbanks and Saturn Reef SCI in
particular may fall within one tidal excursion and therefore, the zone of potential
influence. This is not true for the Annex I reefs associated with the North Norfolk
Sandbanks and Saturn Reef SCI which are likely to be located approximately 40 km
to the south of the Hornsea Zone.

2

No potential Annex I reef habitats (cobble or S. spinulosa) were identified in the
subtidal part of the Project Two benthic ecology study area. There was no evidence
of the potential Annex I S. spinulosa reef habitat which had been recorded at the
northeast end of the export cable route corridor during Project One surveys.
However, the occurrence of Sabellaria biotopes (SspiMx and Sspi.ByB) throughout
the export cable route corridor, together with other data such as the REC data
showing its wide distribution throughout this part of the southern North Sea, suggests
that reefs in this area are likely to be ephemeral. Although reefs were not recorded
during the Project Two surveys, their occurrence only one year earlier supports the
conclusion that reefs are ephemeral and highlights that there is potential for reefs to
occur within discrete parts of the Project Two benthic ecology study area (namely the
export cable route corridor) if suitable conditions exist.

The SSSIs which fall within the southern North Sea benthic ecology study area, and
which lie within close proximity to Project Two and are therefore most likely to be
potentially impacted by Project Two, include:


Humber Estuary SSSI; and



Saltfleetby - Theddlethorpe Dunes SSSI.

4.3.8

The Humber Estuary SSSI is fully encompassed within the boundaries of the Humber
Estuary SAC and both sites support important intertidal sands and muds which are
important habitats for birds.

4.3.9

The NNRs which fall within the southern North Sea benthic ecology study area, and
which lie within close proximity to Project Two and are therefore most likely to be
potentially affected include:

Annex I Habitats
4.3.5

The landfall site of the export cable falls within the Humber Estuary Ramsar site,
which coincides with the Humber Estuary SAC and Ramsar Criterion 1 applies to the
designation as the site is a representative example of a near-natural estuary with the
following component habitats: dune systems and humid dune slacks, estuarine
waters, intertidal mud and sand flats, saltmarshes, and coastal brackish/saline
lagoons (i.e., the same intertidal habitats described above in paragraph 4.3.3 for the
Humber Estuary SAC).



Spurn;



Donna Nook; and



Saltfleetby - Theddlethorpe Dunes.

Regional Designations
4.3.10

Priority feature under the EU Habitats Directive.
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The proposed rMCZs and associated benthic habitats which are within the southern
North Sea benthic ecology study area and in the closest proximity to Project Two
include:


Silver Pit rMCZ;



Lincs Belt rMCZ;



Holderness Inshore rMCZ; and



Holderness Offshore rMCZ.

4.3.11

4.3.12

4.3.13

4.3.14

The export cable route corridor runs through the Silver Pit rMCZ (Figure 3.5) which
has been identified for seafloor features including subtidal sands, subtidal mixed
sediments and for S. spinulosa reefs. The results of sampling undertaken within the
Project Two benthic ecology study area confirmed the presence of the first two broad
habitat types, with mixed sediments dominating this part of the Project Two benthic
ecology study area. The Net Gain Final Recommendations Report describes the site
as supporting diverse and abundant communities (Net Gain, 2011b); this was also
supported by the results of the site-specific surveys which recorded the epifaunal
diverse SspiMx and Sspi.ByB biotopes throughout this part of the Project Two benthic
ecology study area. However, although Sabellaria biotopes were recorded both within
and in the vicinity of the Silver Pit rMCZ (see Figure 3.17 and Figure 3.26), the sitespecific surveys found no evidence of potential Annex I S. spinulosa reef in the
Project Two benthic ecology surveys.

listed as conservation priorities in the regional plans for rMCZs have been considered
in this characterisation
4.3.15

Of the habitats recorded within the Project Two benthic ecology study area from the
site-specific surveys, the following are examples of UK BAP priority habitats: subtidal
sands and gravels; mud habitats in deep water; coastal saltmarsh; intertidal mudflats;
saline lagoons; and coastal sand dunes.
Local Designations

The export cable route corridor also runs through a small section of the northeast
corner of the Lincs Belt rMCZ (Figure 3.5) which has been identified for the presence
of the seafloor features subtidal sands, coarse sediments and mixed sediments (Net
Gain, 2011c). Although no samples were taken from within the rMCZ itself, sediments
in the vicinity were classified as medium to fine sands with sparse faunal
communities, grading into coarser sediment with a higher proportion of polychaetes
and burrowing bivalves. This is supported by the Humber REC data which indicates
circalittoral fine sands and circalittoral mixed sediments within the Lincs Belt rMCZ.
The export cable does not run through the Holderness Inshore rMCZ (Figure 3.5),
although this site is within one tidal excursion of the Project Two boundary and has
been identified for the presence of the seafloor features subtidal coarse sediment and
subtidal sand. Also proposed are four habitats of conservation importance: peat and
clay exposures; subtidal chalk; subtidal sands and gravels; and S. spinulosa reefs.
These four features are however, found close inshore to the north of the Humber
Estuary, over 10 km from the Project Two benthic ecology study area. The
Holderness Offshore rMCZ (see Figure 3.5) is also within one tidal excursion of the
Project Two boundary and was identified as a rMCZ for the presence of the
broadscale habitats subtidal mixed sediment found throughout the southern section
of the site and subtidal coarse sediment found predominantly in the northern half of
the site (Net Gain, 2011e).
It is important to note that none of the rMCZs which have been identified as relevant
to benthic ecology (i.e., Silver Pit, Lincs Belt, Holderness Inshore or Holderness
Offshore) were designated in the first tranche of designations in 2013, as announced
by DEFRA on 13 December 2012 (DEFRA, 2012). Holderness Inshore rMCZ is,
however, to be considered in the second tranche of MCZ designations in 2015 and
the remainder of sites will be considered for inclusion in the third tranche in 2016
(DEFRA, 2014). The sites which have not been formally designated to date do,
however, remain recommended sites. Therefore, habitats and species which are
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4.3.16

Of the LNRs with coastal features within the Southern North Sea benthic ecology
study area, only the Cleethorpes LNR is considered to be in close proximity to Project
Two and therefore has the potential to be affected by Project Two. Habitats seaward
of MHWS which are present within this site include saltmarshes and mud flats and
the site is fully encompassed within the boundary of the Humber Estuary SAC.

4.4

Valued Ecological Receptors

4.4.1

The value of ecological features is dependent upon their biodiversity, social, and
economic value within a geographic framework of appropriate reference (IEEM,
2010). The most straightforward context for assessing ecological value is to identify
those habitats and species that have a specific biodiversity importance recognised
through international or national legislation or through local, regional or national
conservation plans (e.g., Annex I habitats under the Habitats Directive, Biodiversity
Action Plans, and southern North Sea Marine Natural Area (MNA)). As discussed in
paragraph 4.3.14, none of the rMCZs in the vicinity of the Project Two benthic
ecology study area have been designated in the first tranche of designations in 2013
(DEFRA, 2012). However, as these sites remain recommended sites and will be
considered within the second and third tranches in 2015 and 2016, habitats and
species which are listed as conservation priorities in the regional plans for rMCZs
have been considered in the valuation of benthic receptors (see Table 4.1).

4.4.2

As only a very small proportion of marine habitats and species are afforded protection
under the existing legislative or policy framework, evaluation must also assess value
according to the functional role of the habitat or species. For example, some features
may not have a specific conservation value in themselves, but may be functionally
linked to a feature of high conservation value. The following table shows the criteria
applied to determining the ecological value of valued ecological receptors (VERs)
within the geographic frame of reference applicable to the Project Two benthic
ecology study area (Table 4.1).

Table 4.1

Criteria used to inform the valuation of ecological receptors in the Project
Two benthic ecology study area.

Value of VER

4.4.3

For the purposes of conducting the EIA, the habitats present across the Project Two
benthic ecology study area (including biotopes and Annex I habitats) have been
grouped into seven broad habitat/community types. Together with the species of
conservation interest, A. islandica, which was found within the Project Two benthic
ecology study area, these will serve as the eight valued ecological receptors (VERs)
against which impacts associated with the construction, operation and
decommissioning of Project Two can be assessed. Impacts upon the Atlantic salt
meadows, the saline lagoons and the sand dunes at the landfall site are fully
assessed in Volume 3, Chapter 3: Ecology and Nature Conservation. Table 4.2
provides a summary of these VERs within the Project Two benthic ecology study
area.

4.4.4

The biotopes have been grouped into broad habitat/community types according to the
results of the statistical analyses described in this report. Habitats with similar
physical, biological characteristics (including species complement and
richness/diversity) as well as conservation status/interest have been grouped
together for the purposes of the EIA. Consideration was also given to the inherent
sensitivities of different habitats in assigning the groupings presented in Table 4.2,
such that habitats and species with similar vulnerability and recoverability, often as a
result of similar broad sediment types and species complements, were grouped
together. The overall value of each VER was then assessed using the criteria
presented in Table 4.1.

4.4.5

As discussed previously, the apparent distribution of biotopes is strongly affected by
sample density. Areas with very high sample density showed high variability of
biotopes within small areas. Therefore, the use of these broad habitat types to
describe the biotopes present will provide a more concise and coherent picture for
Ecological Impact Assessment (EcIA), which would otherwise deal with each biotope
separately. This is a logical approach for an environment where biotopes tend to
grade into one another and for communities which differ in the specific suite of
species present but are functionally and compositionally similar (and consequentially
have similar sensitivity) as it makes the potential impact of activities similar across the
range of similar biotopes present. In addition, it provides a better frame of reference
for assessing conservation value. These simplified broad habitat types (VERs) which
were recorded within the Project Two benthic ecology study area have also been
presented geographically in Figure 4.1 (subtidal VERs) and Figure 4.2 (intertidal
VERs).

Criteria to define value

International

Internationally designated sites (SACs, SCIs and Ramsar sites).
Habitats (and species) protected under international law (i.e., Natura
2000 sites (Annex I habitats within an SAC boundary)).

National

Nationally designated sites (SSSIs and NNRs).
Species protected under national law.
Annex I habitats not within an SAC boundary.
UK BAP priority habitats and species and Nationally Important Marine
Features (NIMFs) (species, habitats and marine landscapes) that have
nationally important populations within the Project Two benthic ecology
study area, particularly in the context of species/habitat that may be rare
or threatened in the UK 3.

Regional

UK BAP priority habitats or NIMFs that have regionally important
populations within the Project Two benthic ecology study area (i.e., are
locally widespread and/or abundant).
Habitats and species that are listed as conservation priorities in regional
plans including rMCZs and the southern North Sea Marine Natural Area.
Habitats or species that provide important prey items for other species of
conservation or commercial value.

Local

LNRs.
Habitats and species which are not protected under conservation
legislation form a key component of the benthic ecology within the
Project Two benthic ecology study area.

3

measured against criteria such as OSPAR threatened/declining species and IUCN Red List of
threatened species.
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Table 4.2

Summary of valued ecological receptors (VERs) within the Project Two benthic ecology study area and their conservation status (Figure 4.1 for subtidal VERs and Figure
4.2 for intertidal VERs).

VER
Habitat A: Sandy
sediments with low
infaunal diversity
and sparse
epibenthic
communities.

Representative infaunal
and/or epifaunal biotopes
IMoSa, IMuSa, NcirBat,
FfabMag, EpusOborApri,
ApriBatPo and ScupHyd
(where present as an
epifaunal overlay in small
areas of the EpusOborApri
biotope).

Habitat B: Brittlestar AfilMysAnit
dominated
communities in
deep muddy sands.

Protection
status

Conservation Interest

Distribution within Project Two
benthic ecology study area

UK geographic distribution

Importance within Project
Two benthic ecology study
area and justification

None

UK BAP priority habitat
NIMF
Feature proposed for
designation within the
Lincs Belt rMCZ, Silver
Pit rMCZ, Holderness
Inshore rMCZ and
Holderness Offshore
rMCZ 4

This habitat was recorded
throughout much of the western
half of the Hornsea Zone and
Subzone 2 and throughout the
area to the east of the Subzone 2
and export cable route boundary.

These biotopes have been
recorded around much of the
coast of the UK including the
southern North Sea,
particularly the Wash, the
English Channel and the Irish
Sea.

Regional – includes seafloor
features for which the Lincs
Belt rMCZ and Silver Pit rMCZ
have been proposed for
designation.

None

UK BAP priority habitat
NIMF.

This habitat was recorded to the
north of the Subzone 2 and
Hornsea Zone boundaries and
also in the eastern part of the
wider Project Two benthic
ecology study area.

Most of the core records are
from the Irish Sea but also the
northwest coast of Scotland
and the southern North Sea
coast.

Regional – although this
habitat is representative of a
nationally important marine
habitat, the southern North
Sea is not a key geographic
area.

Habitat C: Coarse
and mixed
sediments with
moderate to high
infaunal diversity
and scour tolerant
epibenthic
communities.

MedLumVen/EpusOborApri, None
MedLumVen, MoeVen,
MysThyMx, PoVen,
ScupHyd, FluHyd.

UK BAP priority habitat
NIMF
Feature proposed for
designation within the
Lincs Belt rMCZ, Silver
Pit rMCZ and Holderness
Offshore rMCZ4

This habitat was recorded in the
central and north-eastern
sections of the export cable route
corridor, in the southwest and
northeast parts of Subzone 2 and
in the wider Project Two benthic
ecology study area to the east of
Subzone 2.

These biotopes have been
recorded around the UK coast
including principally the Irish
Sea and the English Channel.

Regional – includes seafloor
features for which the Lincs
Belt rMCZ and Silver Pit rMCZ
have been proposed for
designation.

Habitat D: Mixed
sediments with high
infaunal and
epifaunal diversity.

SspiMx, PKef, Sspi.ByB.

Feature proposed for
designation within the
Lincs Belt rMCZ, Silver
Pit rMCZ, Holderness
Inshore rMCZ and
Holderness Offshore
rMCZ4

This habitat was recorded along
the western end of the export
cable route corridor and in
discrete locations within the
northeast end of the cable route
corridor and at one site to the
east of the northern section of the
export cable route corridor.

These habitats have been
recorded previously in the
southern North Sea, in
particular the area between the
Humber Estuary and The
Wash. More sparse records
have been made in the Bristol
Channel, the Irish Sea and the
English Channel.

Regional – includes seafloor
features for which the Lincs
Belt rMCZ and Silver Pit rMCZ
have been proposed for
designation.

None

4

Feature proposed for designation within the Lincs Belt rMCZ, Silver Pit rMCZ, Holderness Inshore rMCZ and/or Holderness Offshore rMCZ although it should be noted that these sites have not
been desimgated in the first tranche of MCZ designations in 2013 (DEFRA, 2012).
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VER

Representative infaunal
and/or epifaunal biotopes

Protection
status

Conservation Interest

Distribution within Project Two
benthic ecology study area

UK geographic distribution

Importance within Project
Two benthic ecology study
area and justification

Habitat E: Annex I
‘Mudflats and
sandflats not
covered by
seawater at low tide’
within an SAC.

FiSa.Po, MoSa,
MoSa.AmSco, MuSa,
MuSa.CerPo, MuSa.Lan,
MuSa.MacAre

Annex I
Habitats
Directive

UK BAP priority habitat
Annex I habitat ‘Mudflats
and sandflats not covered
by seawater at low tide’.

This habitat was recorded at the
export cable landfall site at
Horseshoe Point extending from
the upper to lower shore.

These Annex I habitat occurs
extensively throughout the UK
along all open coasts and
inlets, particularly around major
estuaries including the
Humber, Thames and Severn
estuaries.

International – part of a
European designated site
(Humber Estuary SAC). Also
important as a food resource
for a number of qualifying bird
species of the Humber Estuary
SPA.

Habitat F: Annex I
‘Salicornia and
other annuals
colonising mud and
sand’ within an
SAC.

MuSa/Sm

Annex I
Habitats
Directive

Annex I habitat ‘Salicornia This habitat was recorded in the
and other annuals
upper shore at the export cable
colonising mud and sand’ landfall site at Horseshoe Point.
UK BAP priority habitat.

This Annex I habitat is
widespread in the saltmarshes
of England and Wales in areas
protected from strong wave
action including The Wash,
Morecambe Bay, the Humber
Estuary, the Solway Firth and
estuaries in the greater
Thames Estuary.

International – part of a
European designated site
(Humber Estuary SAC).

Habitat G: Annex I
‘Sandbanks’ within
an SAC.

n/a

Annex I
Habitats
Directive

Annex I ‘Sandbanks
which are slightly covered
by seawater all the time’
within an SAC
UK BAP priority habitat.

This habitat is a primary reason
for the selection of the North
Norfolk and Saturn Reef SCI and
the Inner Dowsing, Race Bank
and North Ridge SCI 5. This
habitat is also a qualifying feature
of the Humber Estuary SAC.

This habitat is found around
the coast of the UK both in
inshore waters such as those
around estuaries and also in
offshore waters, predominantly
in the North Sea.

International – part of
European designated sites
(i.e., Humber Estuary SAC,
North Norfolk and Saturn Reef
SCI and Inner Dowsing, Race
Bank and North Ridge SCI).

Species H: Ocean
quahog Arctica
islandica.

n/a

None

OSPAR List of threatened
and/or declining species
for the Greater North Sea
(OSPAR Region II).
NIMF
Feature of Conservation
Interest (FOCI) under the
Nature Conservation part
(Part 5) of the Marine and
Coastal Access 2009.

Eight individuals of this species
were recorded from seven sites
within Subzone 2 and two sites in
the wider Project Two benthic
ecology study area. None of the
records were from areas within an
rMCZ.

Ocean quahogs are found all
around and offshore from,
British and Irish coasts,
particularly the southern North
Sea and the English Channel
along the Cornwall and Devon
coasts.

National – UK BAP and NIMFs
with nationally important
populations within the
southern North Sea benthic
ecology study area.

5

Although the North Norfolk and Saturn Reef SCI and the Inner Dowsing, Race Bank and North Ridge SCI are not within the Project Two benthic ecology study area as defined in paragraph 2.1.1,
they have been included as they are within close proximity to Project Two, and may therefore potentially be affected by the development.
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Figure 4.1

Subtidal Valued Ecological Receptors (VERs) in the Project Two benthic ecology study area.
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Figure 4.2

Intertidal Valued Ecological Receptors (VERs) at the proposed export cable landfall site at Horseshoe Point, within the Project Two benthic ecology study area.
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5

CONCLUSION

5.1.5

The only benthic species of conservation interest present within the Project Two
benthic ecology study area was the ocean quahog A. islandica, but this was recorded
in low abundances.

5.1.1

The benthic sediment across the Project Two benthic ecology study area were
characterised by sandy sediments, typically slightly gravelly sand, throughout the
central and western parts of the Project Two benthic ecology study area. Areas of
coarse sediment were more predominant in the east of the Project Two benthic
ecology study area and the central parts of the export cable route corridor. Mixed
sediments were less common and found predominantly to the north of the Project
Two benthic ecology study area in the north-east of Subzone 2, where the sediments
had a higher proportion of mud, and in the western and eastern sections of the export
cable route corridor. The export cable landfall was characterised by sand and muddy
sand sediments typical of the Annex I habitat ‘Mudflats and sandflats not covered by
seawater at low tide’.

5.1.6

The majority of the intertidal part of the Project Two benthic ecology study area was
classified as Annex I ‘mudflats and sandflats not covered by seawater at low tide’ or
Annex I ‘Salicornia and other annuals colonising mud and sand’. Annex I ‘mudflats
and sandflats not covered by seawater at low tide’ are a primary reason for site
selection for the Humber Estuary SAC. The Annex I ‘Salicornia and other annuals
colonising mud and sand' habitat is a qualifying feature, but not primary reason for
site selection, of the Humber Estuary SAC.

5.1.7

The Annex I habitat ‘sandbanks which are slightly covered by seawater all the time’
was not recorded within the Project Two benthic ecology study area, however they do
occur within close proximity of Project Two as features of the Humber Estuary SAC,
the North Norfolk Sandbanks and Saturn Reefs SCI and the Inner Dowsing, Race
Bank and North Ridge SCI.

5.1.8

The benthic and epibenthic characterisation of Project Two has identified eight VERs
(seven habitats and one species) which will be taken forward for the benthic ecology
impact assessment:

5.1.2

5.1.3

5.1.4

Levels of contaminants in the offshore subtidal sediments within the Project Two
benthic ecology study area were generally low. The exceptions to this were levels of
arsenic in subtidal sediments which were relatively high throughout the Project Two
benthic ecology study area, and total PAHs which were also high within the shallow
subtidal areas of the export cable route corridor, although not unusually so for this
part of the North Sea. Levels of heavy metals were high in intertidal sediments
throughout the intertidal part of the Project Two benthic ecology study area.
Differences in the benthic communities recorded generally reflected the differences in
sediment types. Sandy sediments supported communities of typically low infaunal
diversity (characterised by infaunal polychaetes, burrowing bivalves and amphipods)
with sparse to non-existent epifaunal communities. The communities associated with
the coarse sediments were generally more infaunally diverse (characterised by
polychaetes, molluscs, crustaceans and echinoderms) with, in places such as along
the export cable route corridor, more diverse epifaunal communities (characterised by
hydroids, bryozoans, sponges and soft corals) associated with cobbles and pebbles.
The mixed sediment biotopes supported the most diverse communities observed in
the Project Two benthic ecology study area, characterised by rich communities of
epifaunal species including S. spinulosa, ascidians, crustaceans, hydroids and
bryozoans.
Annex I cobble reef and S. spinulosa reef assessments did not indicate the presence
of Annex I reef habitats within the Project Two benthic ecology study area. An area of
potential Annex I S. spinulosa reef which was identified at the northeast end of the
export cable route corridor, one year previously during the site-specific surveys for
Project One, was not subsequently identified during the Project Two surveys. This
supports the assertion that was made in the Project One assessment (SMart Wind,
2013b) that S. spinulosa reefs in the area are ephemeral.



Sandy sediments with low infaunal diversity and sparse epibenthic communities;



Brittlestar dominated communities in deep muddy sands;



Coarse and mixed sediments with moderate to high infaunal diversity and scour
tolerant epibenthic communities.



Mixed sediments with high infaunal and epifaunal diversity;



Annex I ‘Mudflats and sandflats not covered by seawater at low tide’ within an
SAC;



Annex I ‘Salicornia and other annuals colonising mud and sand’ within an SAC;



Annex I ‘Sandbanks which are slightly covered by seawater all the time’; and



Ocean quahog Arctica islandica.

5.1.9

Impacts to the Annex I habitats, 'Atlantic salt meadows', 'Coastal lagoons’ and 'Sand
dunes' are considered in the onshore ecology and nature conservation assessment.

5.1.10

The habitats and species recorded in the Project Two benthic ecology study area are
typical of sediments found within the wider southern North Sea benthic ecology study
area, are widespread within this area and concur with recent data presented in the
Humber REC.
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