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1.

Industry Statement

1.1

Regional overview

Over the past 40 years, the marine aggregate dredging industry has grown to
become a significant contributor to the supply of building materials in Britain. Off
the east coast of England, between Caister and Southwold, marine aggregates
are extracted from 14 current licence areas, some of which have existed since
the 1970’s (Figure 1:1). The licences for several of these sites are due to expire
in the next few years and in addition, some companies in the region are seeking

new aggregate resources in the East English Channel (Figure 1:2). Despite this

in both servicing the requirements of society and the built environment, and

recent reduction the region is still the most productive in the UK and the marine

supplying materials for the maintenance of coastal and flood protection defences.

aggregates dredged are widely used in concrete for the construction of homes,

If construction and coastal defence demand is to be met, it is vital to ensure

schools, hospitals, infrastructure and also “as dredged” for the replenishment of

continuity of marine supply, especially given the pressure on constrained and

beaches and the protection of coasts from erosion and flooding.

declining land-based sources. The marine aggregate industry plans to continue

Government policy (Minerals Policy Statement 1; Department for Communities
and Local Government, 2006) recognises that marine aggregates play a key role

to fulfil demand into the future and the licences off the east coast are key to
achieving this (see www.bmapa.org).

permission to dredge on a number of new areas of seabed.
To secure new licences, Environmental Impact Assessments (EIAs) are required
and this report has originated from the need to address the potential cumulative
and in-combination effects of the present and proposed future dredging in the
region off the east coast. In 2008 the dredging companies concerned formed the
Anglian Offshore Dredging Association (AODA) allowing the joint commissioning
of this Marine Aggregates Regional Environmental Assessment (MAREA). The
Crown Estate (TCE), who owns the aggregate deposits on the seabed, has also
contributed to the initiative, chiefly by providing funding for a regional benthic
ecological survey. The MAREA is intended to brief stakeholders about the
potential cumulative and in-combination effects of the dredging as well as to be
a major reference for the site specific environmental impact assessments that
the companies must also complete as part of their applications for new licences.
This industry statement precedes the independent MAREA prepared by the
environmental consultancy Emu Ltd.
The industry statement consists of two main parts:
i.

A background to marine aggregates in the Anglian Offshore region and the
companies involved

ii.

An introduction to regional environmental assessments and the basis for
this MAREA in terms of the AODA licence areas and the maximum combined
regional extraction tonnages

1.2 Marine aggregates and the
Extraction of marine aggregate from the region over the last decade, peaked at
9.6 million tonnes in 2001, which at the time accounted for around 45% of the
total marine sand and gravel dredged from the seabed in England and Wales, but
this has reduced in recent years to below 5 million tonnes per year due in part
to the economic recession, but also as a result of the discovery and licensing of

Image courtesy of bmapa

importance of the Anglian
offshore region
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1.

Industry Statement

1.1

Regional overview

1.2

Over the past forty years, the marine aggregate dredging industry has grown to

Marine aggregates and their importance to
the south coast region

become a significant contributor to the supply of building materials in southern

There are two major groupings of dredging licences off the south coast; one group

Britain. Off the south coast of England, between Bournemouth and Shoreham-by-

located around the Isle of Wight (within the south coast MAREA study region),

Sea, marine aggregates are extracted from some thirteen separate licence areas,

and the other located in the East English Channel (Figure 1:1). The locations

some of which have existed since the 1970’s. The licences for several of these

of individual dredging areas within the south coast MAREA are presented in

sites are due to expire in the next few years and, in addition, some companies in

Figure 1:2.

the region are seeking permission to dredge on a number of new areas of seabed.

In recent years a total of between 4.5 and 5.5 million tonnes per year of marine

To secure new licences, Environmental Impact Assessments (EIAs) are required.

aggregate have been extracted from the licence areas west and east of the Isle

The original basis for this Marine Aggregates Regional Environmental Assessment

of Wight from offshore Dorset to West Sussex. Of this, typically 2 – 2.5 million

(MAREA) originated from the need to address the potential cumulative and in

tonnes per year have been landed at wharves between Poole and Shoreham for

combination effects of the present and proposed future dredging in the region

local construction use and the remainder has been taken to landing points farther

required under EIA. In 2006, the dredging companies concerned formed the

afield, either in the London area or as exports to the near continent, with varying

South Coast Dredging Association (SCDA) allowing the joint commissioning of

volumes also used for local coastal defence and beach replenishment projects.

this MAREA.
The Crown Estate (who owns the aggregate deposits on the seabed) has also

2.3.1 Aims of the south coast MAREA

contributed to this initiative, chiefly by providing funding for a regional benthic

The south coast MAREA has five broad aims which are (where practicable)

ecological survey. The MAREA is intended to brief stakeholders about the potential

consistent with the RAG guidance (2008):

cumulative and in combination effects of the dredging as well as to be a major
reference for the site specific EIAs that individual companies must complete as

l

importance of regional resources (living and non-living) and the potential

part of their applications for renewals and new licences. This industry statement

impacts from the proposed activities on these resources at a regional level;

precedes the independent MAREA prepared by the environmental consultancy
Emu Ltd.

To provide objective, evidence-based assessments of the distribution and

l

To provide a context for site-specific Environmental Impact Assessments
(EIAs) within the relevant MAREA region and to identify site-specific issues

The industry statement consists of two main parts:

that individual EIAs may need to focus more specifically;
Marine aggregates are essential minerals, being widely used in concrete for the

i.

ii.

A background to marine aggregates, their importance to the south coast

construction of homes, schools, hospitals, infrastructure and also “as dredged”

region and the companies involved;

for the replenishment of beaches and the protection of coasts from erosion and

An introduction to regional environmental assessments and the basis for

flooding.

this MAREA in terms of the SCDA licence areas and the maximum combined

Government policy (MPS1, 2004) recognises that marine aggregates play a key

regional extraction tonnages.

role in both servicing the requirements of society and the built environment,
and supplying materials for the maintenance of coastal and flood protection
defences. This is particularly important for the south coast of England, where 33
% of demand for aggregates is supplied from marine sources. If construction and
coastal defence demand is to be met, it is vital to ensure continuity of marine
supply, especially given the pressure on constrained and declining land-based
sources in the region. The marine aggregate industry plans to continue to fulfil

Figure 1:1

Licence, Application and Prospecting Areas located in the Anglian offshore MAREA region

demand into the future (see www.bmapa.org)

1Minerals Policy Statement 1 (MPS1) is the overarching planning policy document for

all minerals in England. It provides advice and guidance to planning authorities and
the minerals industry and it will ensure that the need by society and the economy for
minerals is managed in an integrated way against its impact on the environment and
communities.

1.2
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The marine aggregate licences off the east coast have been an important source

Region, a small proportion is discharged locally at Ipswich, but the majority is

on the frequency of specific replenishment campaigns, such as those for Sea

of aggregates for over 40 years. Offshore, the sands and gravels are of particularly

either landed at wharves along the Thames and Medway rivers or exported to

Palling and Happisburgh. However such works are expected to continue or

high quality and, as a result, the supply of marine aggregates forms an important

the near continent.

potentially increase in the future as a result of rising sea levels and increased

contribution to fulfilling local demand as well as supplying the markets of the
south-east and the near continent.

However the licence areas off the east coast are also vital in supplying marine

storminess due to climate change.

Many coastal communities in the

The beaches of the region are also important tourist assets which help to attract

Between 2000 and 2010 over 80 million tonnes of aggregate was dredged from

region are susceptible to continued erosion of beaches and cliffs. Coastal

visitors to the region. The tourism industry of the east coast is worth several

the licences in the Anglian Offshore Region (TCE, 2010; Figure 1:2) and despite

properties are in danger of being lost as cliffs are undercut, whilst villages

millions of pounds each year and the replenishment of the beaches between

a decline in tonnages over the last couple of years, strong demand is predicted

and towns further in land are at risk of inundation as flood defences become

Cromer and Orford Ness plays an important role in ensuring the continued health

in the foreseeable future. This demand will in part be driven by the continued

degraded and are breached. The marine aggregate licences of the region

of this industry and the prosperity of the local business that depend on it.

development of infrastructure in the south east, but the growth in construction

are key to maintaining these coastal defences as sand and gravel can be

markets in both the UK and the near continent will also play an important role, as

pumped directly ashore to replenish the beaches and maintain flood defences

will the increasingly constrained access to land-based resources.

(Figure 1:3). Demand for beach nourishment material in the region is dependent

aggregate for beach recharge schemes.

Also, whilst none of the AODA member companies are based on the east coast,
many of the contractors that the marine aggregate industry relies on to undertake
resource and monitoring surveys are based locally. The total value of this work

12
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Figure 1:2

Production of marine aggregate from the Anglian offshore MAREA region licences
2000-2010 (TCE, 2010).

Marine aggregates are delivered to wharves that are close to construction
markets and are commonly integrated with existing ready mix concrete and
concrete block plants. They are processed (e.g. washed, crushed and graded)
on the wharves to produce sand, 10 mm and 20 mm gravels and occasionally
“oversize” gravel for specific end uses.

For construction use, particularly

concrete, the aggregates are ideally landed as a mix of approximately 55 %
gravel and 45 % sand but natural variations in resource composition mean that
blending of cargoes from different licence areas is normally required to provide
the necessary aggregate quality.
Of all the construction aggregate dredged from licences in the Anglian Offshore

Figure 1:3

Aggregate being pumped directly onto a beach for recharge purposes (Image © Westminster Dredging).
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regularly amounts to several hundred thousand pounds each year and with
the companies employing mainly local personnel, there are obvious secondary
benefits to the regional economy.

1.3

Development of resources in the region

At the time of writing, there are 14 marine aggregate dredging licence areas in

CEMEX UK Marine Ltd

Hanson Aggregates Marine Ltd

Sea Aggregates Ltd

Tarmac Marine Dredging Ltd

Volker Dredging Ltd

the MAREA region, with a permitted capacity to supply 9 million tonnes per year,
and an additional four application and prospecting areas (TCE, 2009). Assuming

Table 1:1

Member companies of AODA

that all 14 licences are renewed, and that the four application and prospecting
areas are also licensed, a maximum annual extraction of 11.75 million tonnes
will be permitted.

1.5 Regional Assessments

Further regional scale information is also emerging from Regional Environmental

Whilst the importance of the MAREA region resources to construction and

Since the introduction of the Environmental Impact Assessment (EIA) Directive

the Marine Aggregates Levy Sustainability Fund. REC surveys have been

coastal defence needs is clear, it is understood by the AODA companies that
marine licences and renewals will not be issued if environmental impacts
from extracting the aggregates are unacceptable.

The AODA recognises

that any environmental issues must be thoroughly assessed and if necessary
mitigated in accordance with Government policy (Marine Minerals Guidance
1, ODPM, 2002; Marine Minerals Guidance 2, Marine and Fisheries

in 1985 (85/337/EEC) marine developers and regulators have assessed the
environmental acceptability of any proposed development by means of an EIA.
Typically, an individual company will independently progress an EIA as part
of the process of obtaining the permits and licences required to allow their
development. This leads to a good knowledge of local, site specific impacts;
however there is often a less robust awareness and consideration of other

Characterisation (REC) surveys commissioned in recent years by Defra under
undertaken off the south coast, in the eastern English Channel, the outer Thames
Estuary, off East Anglia and in the North Sea off the Humber Estuary. The aim
of a REC is primarily to provide Defra and the MMO with an environmental
reference and regional scale context against which to judge marine aggregate
dredging licence applications. REC surveys and reports are providing robust
scientific overviews and descriptions of sea bed sediments, shallow geology,

Agency, 2008). At the same time, the industry recognises the Government’s aim

existing and potential developments within the region.

for sustainable development, and attaches importance to the prudent use of

More recently there has been increased awareness of the regional environmental

in this AODA MAREA. Furthermore, the REC reports will be available and of

resources by maximising efficiency and minimising impacts associated with

context of a development. Regulators increasingly require the developer to assess

value to all stakeholders, including Government, marine industries, planners

aggregate recovery.

the significance of their development on a regional scale, demanding a thorough

and environmental interests. The REC’s will assist Regulators to make informed

assessment of both cumulative and in-combination impacts. Cumulative impact

decisions, notably with regard to marine aggregate licence applications.

1.4

Anglian Offshore Dredging Association
(AODA)

archaeology and ecology. Aspects of the East Coast REC report are referenced

refers to impacts from multiple aggregate dredging activities in the region and
in combination impact means the total impact from all industrial sectors and
human activities operating in the region. As a result, there is now a regulatory

1.6

Existing & proposed dredging activities

The Anglian Offshore Dredging Association (AODA) was formed in 2008 and is

expectation that cumulative and in-combination impacts will be assessed

1.6.1	Existing dredging operations

composed of marine aggregate dredging companies with current licences or with

within an EIA.

The 14 individual licence areas on which the AODA companies currently extract

The process for undertaking a MAREA is now well established. Regional

aggregates are listed by company in Table 1:2 and are shown in Figure 1:1.

prospecting or licence applications offshore of the east coast of England (Figure
1:1). It was formed to research, analyse and promote aggregate dredging off
the east coast of England and is neither a trade association nor a commercial
organisation. The members of AODA are shown in Table 1:1.

assessments have been guided by a working group of regulators known as the
Regulatory Advisory Group (RAG). This group is comprised of the Joint Nature
Conservation Committee (JNCC), the Centre for Environment, Fisheries and

The dredging industry works to minimise the dredged area within licences and
consequently dredging does not take place evenly across the licence areas.
Marine aggregate extraction only occurs in Active Dredge Zones (ADZs), which,
in line with Government guidance (MMG1; ODPM, 2002), typically comprise a

Member companies either hold a number of existing production licences that

Aquaculture Science (Cefas), Natural England (NE) and English Heritage (EH)

are due to expire over the next few years, or they are looking to progress

and supported by The Crown Estate and the industry (AODA). Typically, a scoping

new application areas. As a result the AODA companies have decided, in

study with stakeholder consultation is followed by a full-scale assessment. RAG

consultation with Government regulatory advisors, to undertake a non statutory

has developed guidelines which identify a series of overarching objectives

of the total regional licensed area of 266.52 km2 was actively dredged.

and voluntary Marine Aggregates Regional Environment Assessment (MAREA)

to help steer the MAREA process. These guidelines provide an outline of the

The area permitted for dredging changes year on year as new marine licences

to support the renewal of these licences and to assist with the licensing of

practical application of the MAREA to the marine aggregate industry and also

are granted and older licence areas are relinquished or reduced in size. Overall,

new areas.

offer a mechanism for stakeholders to take part in the consultation process.

however, between 1998 and 2007 the area of seabed licensed in the region

proportion of the licensed area. In addition, within the ADZs dredging is commonly
concentrated in particular areas. For example, in 2009 only around 47 km2 (18%)
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successful competition against other operators. As a result, it is unlikely that
Production	Existing Licence
Company	Licence No	Expiry Date

		
Prospecting		
Company		Licence No

CEMEX Marine UK Ltd

CEMEX Marine UK Ltd 		

454

Hanson Aggregates Marine Ltd		

495A & B

Sea Aggregates Ltd		

496

Tarmac Marine Dredging Ltd		

494

Hanson Aggregates Marine Ltd

Tarmac Marine Dredging Ltd

Volker Dredging Ltd

251

2013

319

2013

360

2013

430

2025

202

2011

212

2013

240

2013

328 A, B & C

2013

242/361 A, B & C

2013

401/2 A & B

2013

254

2018

296

2014

430

2025

228

2013

Table 1:3

Marine aggregate prospecting and application areas within the MAREA region (TCE, 2009).

1.6.2 Proposed dredging operations

aggregate dredging.
(or the ‘maximum production scenario’) is an approach broadly similar to that
being used in the offshore wind farm industry. Here, it is recognised that the
precise details of the development are not known and so the applicant should
assess the ‘maximum potential adverse effects’ of the project to ensure it has
been properly assessed. This principle is known as the Rochdale Envelope. By
of the scheme can then vary within this ‘envelope’ without rendering the EIA

schedule of mandatory and statutory conditions. Marine licences for aggregate

inadequate.

dredging are normally issued for 15 year periods and this is the timescale
assessed in this MAREA.
It is possible for marine licences to be denied if the impacts associated with the
application are ultimately considered to be environmentally unacceptable by the

This MAREA takes a precautionary approach to the assessment of cumulative
and in-combination impacts in order to clearly define sensitivities. From
confidential application tonnage information provided by individual AODA
members to The Crown Estate, and assuming that all existing licences are

At the time of writing, there are four additional application and prospecting areas

renewed and all application and prospecting areas are licensed, an annual

in the MAREA region (Table 1:3 and Figure 1:1), all of which are at various

aggregate extraction of 11.75 million tonnes is taken as the maximum extraction

stages of the permitting process, which may take several years to complete.

case scenario. It is therefore assumed, for the purpose of the MAREA, that all

In order to reflect environmental concerns, the terms, sizes and boundaries

renewals, applications and prospecting licences within the MAREA region will

of prospecting and application areas may change before a marine licence for

be permitted and dredged concurrently.

dredging is granted,

precautionary approach to assessing the regional environmental impacts of

Extraction is limited by tonnage, area and term and managed by MMO through a

1.7 The basis for the MAREA
12nm of the coast (TCE, 2008).

this tonnage being removed each year over a 15 year period, as part of a prudent

assessing the maximum adverse extent of the development the detailed design

Marine aggregate licence areas within the MAREA region (TCE, 2009).

decreased by approximately 141 km2 with the greatest changes occurring within

this MAREA now assesses the potential environmental impacts associated with

For the MAREA, impact assessment using ‘maximum extraction level permitted’

regulators and their advisors.
Table 1:2

the full 11.75 million tonnes will ever be dredged in a given year. Nevertheless,
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In the event that all existing licences, applications and prospecting licences

A prospecting licence gives the applicant exclusive exploration rights to that

operated to the maximum extraction level permitted, projected future extraction

specific area of seabed and if viable resources are found, this area may then be

within the MAREA region would increase significantly on current levels. However,

progressed into an application area. An application area is where an application

this maximum case figure of 11.75 million tonnes per year will inevitably include

to dredge has been made to The Crown Estate and the Marine Management

extraction tonnage “double counting” arising from competition for market shares

Organisation (MMO) and an environmental statement has been prepared and

between the AODA companies. Each company will seek permission for tonnage

submitted by the applicant. Marine aggregate dredging is only allowed with both

to accommodate both its current market share but also might seek additional

a statutory Marine Licence from MMO and a Crown Estate Production Licence.

tonnage “headroom” for any potential increase in market share arising from

1.5
EMU-EC-MAREA Volume 1 29/06/2012.indd 5

12/07/2012 14:27

Marine Aggregates Regional Environmental Assessment

1.6
EMU-EC-MAREA Volume 1 29/06/2012.indd 6

12/07/2012 14:27

Marine Aggregates Regional Environmental Assessment

2.

The Anglian Offshore MAREA

2.1

introduction

The Anglian offshore region is strategically important for marine aggregate
extraction. Currently, sand and gravel extraction from the region comprises
approximately 28 % of the annual total extracted from the UK continental shelf
(The Crown Estate, 2008). Licences to sustain and possibly increase extraction

to reflect the arrangement of dredging areas and their isolation from each other

completed MAREAs for the South Coast region (Emu, 2012) and Thames region

in terms of their cumulative and in-combination effects.

(ERM, 2010).

Other dredging areas along the east coast of England, such as those located
offshore of the Humber and those within the Thames estuary region, are
considered in other MAREAs.

rates to meet current and future demands are being sought by the industry. This
includes re-licensing of existing areas together with the progression of eight
new application and three prospecting areas over the next few years.
The aggregate industry recognises there may be potential environmental and
socio-economic concerns arising from both stakeholders and regulators over
plans to continue and even grow aggregate production. To meet these concerns,
the Anglian Offshore Dredging Association (AODA) has commissioned Emu Ltd
to conduct a Marine Aggregate Regional Environmental Assessment (MAREA)
for the East Anglian region (Figure 2:1). This was considered more appropriate
than the conventional use of the term ‘Regional Environmental Assessment’

2.2

2.3.1 Aims of the Anglian Offshore MAREA
The Anglian Offshore MAREA has four broad aims which are (where practicable)
consistent with the RAG guidance (2008):

Regulatory Advisory Group (RAG)

l

To provide objective, evidence-based assessments of the distribution and

The RAG is made up of representatives of the Joint Nature Conservation

importance of regional resources (living and non-living) and the potential

Committee (JNCC), Centre for Environment, Fisheries and Aquaculture Science

impacts from the proposed activities on these resources at a regional level;

(Cefas), Natural England (NE) and English Heritage (EH).
RAG has, in consultation with key stakeholders and industry, developed MAREA

l

(EIAs) within the relevant MAREA region and to identify site-specific issues

guidelines. Opportunities to suggest modifications to the guidance were provided

that individual EIAs may need to focus more specifically;

and subsequent changes were based on this consultation before issuing the final
version (RAG, 2008). These guidelines identify a series of overarching, generic

To provide a context for site-specific Environmental Impact Assessments

l

To provide a robust assessment of cumulative and in-combination impacts

(REA) as it better reflects the industry focus of the assessment.

objectives to steer the MAREA process and provide an outline for its practical

at the regional level using consistent definitions and interpretations, and

There is no regulatory requirement to conduct a MAREA and the marine

application. The focus is regional scale issues relating to coastal/physical

thus contribute towards assessments of magnitude and scale of such

processes, sediment transport, benthic ecology, fish and fisheries resources,

impacts in individual EIAs; and

aggregate industry has led this initiative as a voluntary commitment to better
inform regulators and stakeholders. However, regulatory guidance has been
sought from Regulatory Advisory Group (RAG) when developing this approach
(see Section 2:2).

nature conservation, and the marine historic environment.
The RAG guidance poses a fundamental question that will aid the decision
making process undertaken by regulators: “Should existing dredging continue
and new areas be dredged within the MAREA regions?” In other words, are

Assessing a large number of licences on a regional basis is advantageous

the current levels of dredging activity environmentally acceptable and if so,

because it provides both the industry and regulatory authorities with important

“Can they be increased without causing significant environmental impact?” This

background information on cumulative and in-combination impacts when

fundamental question will be revisited in Chapter 30.

l

To provide an assessment of the impacts of different development scenarios
of the aggregate extraction industry based on industry projections, and in
relation to those due to other human activities and natural variability.

considering individual licence applications. How these impacts are assessed
in this MAREA is described in Chapter 3 – Impact Assessment Methodology.

2.1.1 The MAREA study area

The aims and objectives of the MAREA

The challenge to regulators, responsible for regulating marine aggregate

The Anglian Offshore MAREA region extends along the east coast from Cromer,
Norfolk to Orford Ness, Suffolk and seawards (Figure 2:1). The boundaries of the
region were chosen according to the location of dredging activity and the limits
of the potential impacts arising from the physical effects of marine aggregate
dredging (Emu, 2007). The study area measures around 4,800

2.3

km2

extraction activity around the UK coast, is to ensure industry development on a
regional scale does not unacceptably affect the natural environment (Minerals
Policy Statement 11).
The MAREA will assist this process by providing an evidence based approach to

and covers

assessing physical, biological and human resources at a regional scale in order

1Minerals Policy Statement 1 (MPS1) is the overarching planning policy document for

the region containing all existing aggregate dredging licences, applications and

to determine potential future cumulative and in-combination impacts. Through

all minerals in England. It provides advice and guidance to planning authorities and

prospecting areas, where future marine aggregate developments are likely to

this assessment process, the MAREA has five aims raised by RAG, which have

the minerals industry and it will ensure that the need by society and the economy for

be situated. The licences and applications are grouped into two distinct sub-

been developed to try to answer the fundamental question. Consideration

minerals is managed in an integrated way against its impact on the environment and

regions (a northern sub-region comprising the majority of the areas, and a

has been given to the approach and experience of the first REA conducted for

communities.

southern sub-region comprising a single Licence Area and a Prospecting Area)

the East Channel Association in 2003 (Posford Haskoning, 2003) and recently
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Figure 2:1

Anglian Offshore MAREA arranged into two distinct sub-regions.
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2.3.2	Objectives of the Anglian Offshore MAREA

extraction activities. This process delivers a range of comprehensive datasets
relating to the region, which will aid the progression of site-specific licence

To achieve these aims, the MAREA has identified the following nine objectives,

renewals and applications. These datasets will provide sufficient detail on the

adapted from RAG guidelines:
l

effects and impacts of multiple dredging operations in the region as well as the
interaction with other users of the marine environment.

To undertake a scoping exercise to identify key issues and concerns for the
region and develop a framework for regional level impact assessment;

l

The lifespan of the MAREA is 15 years. Data collected during individual EIAs
will provide an opportunity to update information where necessary in support of

To understand the geographic and temporal scales of the key issues

individual applications.

identified in the preliminary scoping study;
l

To characterise baseline conditions for physical, biological and human
environment to support impact assessments;

l

To make best use of resources, specifically data collection, evaluation and
assessment both now and into the future in the context of existing and
future Government policy;

l

To acquire survey data specific to the information groups identified in the
MAREA and identify areas to be supplemented by targeted data collection
programmes specific to individual EIAs;

l

To develop a robust assessment methodology for cumulative and incombination impacts at the regional level that is standardised and directly
comparable with other MAREAs;

l

To act as a reference source on the distribution and importance of regional
resources (living and non-living) and the potential impacts from the proposed

Figure 2:2

Core values based on the principles of best practice.

activities on these resources, at a regional level;
l

To assess key issues of risk to the marine environment; and

l

To provide a legacy of data for industry and regulators, but placed within the
public domain.

process is indicated along the grey arrow. Opportunities for input from regulators
and stakeholders have been identified along the blue arrow:
l

based on a focussed stakeholder consultation, industry and contractor
design, planning workshop and literature review; and

Supporting the aims and objectives of the MAREA are a number of core values
based on the principles of best practice (Figure 2:2).

Phase 1: Scoping study – examines the regional issues and data needs

l

Phase 2: Cumulative and in-combination impact assessment –
regional data acquisition and interpretation, baseline characterisation

2.4

The MAREA process

To understand how the MAREA process works and the interaction between the
independent consultant, industry, regulators and stakeholders, a summary of

and impact assessment. This phase includes development of a literature
database, and development of an implementation strategy for supporting
licence applications at an individual and site-specific level.

the process is presented in Figure 2:3. The role of the consultant is described

The MAREA process establishes the context of the MAREA region in terms of

chronologically along the green arrow, while the industry interaction with this

its physical, biological, human (heritage and socio-economic) value and future
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Figure 2:4

The MAREA scoping process – Phase 1

The scoping phase of the MAREA (Figure 2:4) was designed to:
l

Identify key issues that need to be addressed in the MAREA;

l

Determine the datasets required to address each issue adequately;

l

Identify availability of existing data;

l

Specify any additional work required to complete or enhance datasets;

l

Consider how issues should be addressed in the MAREA methodology;

l

Define the scope of work for Phase 2 of the MAREA; and

l

Prepare associated deliverables and datasets.

adopted because it was considered that this approach to consultation would
be efficient and easy for stakeholders to complete, thus ensuring a successful
response rate and ultimately more accurate issue identification. A Scoping Pack
was also produced to underpin the online consultation exercise.
In total, 156 organisations and/or individuals were formally consulted as part
of the consultation exercise. Of these, 32 (21%) formally responded to the
Scoping Phase questionnaire. Comments were received from all sectors with

Figure 2:3

2.5

Overview of the MAREA process.

Evolution of the MAREA process

a particularly high response from local residents who offered an objection to
aggregate dredging in the region. Other responses were received from local
coastal authorities in the region, coastal erosion action groups, and fishing
representatives who offered input to inform the literature review and scope of
works for the MAREA. In addition, 91 local residents contributed to a petition
raised by a local Councillor and two further letters of objection were received in
response to an AODA Public Information Day held in September 2008.

In order to establish and identify the issues relating to aggregate extraction in

The AODA Public Information Day, held at Great Yarmouth on the 26th September

the MAREA region, it was important to compile a definitive list from a variety of

2008, invited all stakeholders to attend as part of the scoping exercise.

full MAREA (this document) was to be built during Phase 2. Supporting material

inputs including, consultants, industry and stakeholders.

Representatives from all sectors including local authorities, coastal groups,

for Phase 1 included GIS files, consultation information and a literature review

A preliminary stakeholder consultation exercise was undertaken to fulfil some of

database.

the aims of Phase 1 of the MAREA process. An online consultation method was

In 2008, AODA initiated the process of undertaking this MAREA. Phase 1 (Scoping
Study) was undertaken for the purpose of creating a platform upon which the

business owners, fishermen, recreational groups and nature conservation
groups attended and contributed to open discussion sessions and individual
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discussions with members of AODA and representatives from Emu Ltd. The range
of comments reflected the main concerns as addressed by the respondees to the
Key Issue

Physical
Environment

Impact

Scoping Phase.

The MMO is advised on environmental issues by a range of government agencies,
such as Cefas, JNCC, Natural England and English Heritage. The MMO, based

In addition, two Physical Processes Workshops were held involving members

on the advice received from its advisors, and information received from other

l

Hydrodynamics

of AODA, Emu Ltd and local coastal practitioners from Great Yarmouth Borough

sources (e.g. local authorities and the public) may choose to either reject or permit

l

Sediment Processes and Turbid Plumes

Council, Norfolk County Council, North Norfolk District Council, Suffolk Coastal

a Marine Licence application. Additionally, dredging can only take place with a

l

Sea Bed Morphology and Character

District Council and Waveney District Council. Representatives from HR

Production Licence, which is defined in a commercial arrangement between TCE

Wallingford, Royal Haskoning and Natural England were in attendance for one

and the applicant dredging company.

l

Potential Effects on the Coast and Inshore Banks

of the two workshops, plus a technical representative from the Environment
Agency at both events. The first Workshop was held in Norwich on the 11th

l

Biological
Environment

Projects Team within the Marine Management Organisation (MMO).

Benthic Ecology

l

Ornithology

l

Marine Mammals

l

Fish Ecology

November 2008 and led to a series of key recommendations being made in the
MAREA Scoping Report to be incorporated into Phase Two of the MAREA (the full
production of the REA). The second Workshop was held on the 10th August 2009

The MAREA is not part of this statutory process but is formally recognised by
government through the RAG as a positive way to review the regional cumulative
and in-combination impacts of future dredging activity. The MAREA will
subsequently be used by individual companies to support their site-specific EIA's.

in Norwich, building on the key recommendations made in the Scoping Phase.
Both Workshops identified the evident lack of stakeholder confidence in the

Nature
Conservation

aggregates industry within the Anglian region and strong local perception
regarding exacerbated coastal erosion due to offshore dredging.
l

Nature Conservation and Biodiversity

Recommendations for Phase 2 of the MAREA process based upon these
consultation responses, workshops, data review and gap analysis for each
issue, are shown in Table 2:1. Many of the desk based studies include specific

Historic
Environment

communication with regulatory agencies, NGOs, clubs and other consultees.
l

Prehistoric

l

Maritime

2.6

l

Aviation

As owners of the mineral rights to the seabed from the low water mark to the

The MAREA and licensing regulations

limits of the continental shelf, The Crown Estate (TCE) issues licences for the

Socio-Economic Environment

commercial extraction of aggregates and licences for exploration (prospecting)
Commercial and Recreational Fisheries

l

Defence

l

Energy

l

Navigation, Shipping and Maritime Transport

site to a formal application for a Marine Licence. Once resources are proven under

l

Sport, Recreation and Tourism

a Prospecting Licence, the applicant’s independent consultant undertakes an EIA

l

Cables and Pipelines

l

Disposal Sites

In-combination and Cumulative Impacts
Table 2.1

and non-exclusive sampling. The opportunity to develop a licence begins with a

l

Key issues examined in MAREA.

tender round, initiated by TCE at their discretion.
Following a successful tender, the applicant dredging company acquires a
Prospecting Licence (exclusive commercial rights) and an option to develop the

to assess localised, cumulative and in-combination impacts of the proposed
activity on the site and wider region.
Applications for permission to extract marine minerals in territorial waters are
formally made by dredging companies to the Government, under The Marine Works
Regulations 2011 under The Marine and Coastal Access Act 2009. In practice,
responsibility for implementing the regulations falls to the Major Infrastructure
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2.7

How to use this MAREA study

This document is designed to provide sufficient background information on
marine aggregate dredging practices, processes and effects on the environment
to technical and non-technical readers. To facilitate this, illustrations have been

References
Posford Haskoning, (2003). Regional Environmental Assessment. Eastern English Channel.
RAG, (2008). Regional Environmental Assessment: A Framework for the Marine Minerals Sector.
The Crown Estate, (2008). The area involved – 11th annual report. Marine Aggregates Dredging 2008.
The Crown Estate and BMAPA.

used to support technical methodologies and conceptual understanding of the
effects of dredging on the environment (namely Chapter 3). In addition, two
additional chapters have been added to aid understanding of the potential impacts
of dredging; conceptualisation and modelling (Chapters 5 and 6 respectively).
The intention is to provide the background and rationale behind why certain
approaches and methods have been adopted for the MAREA.

This MAREA is organised into the following thirty chapters:

Chapter 1 – Industry statement: Gives an overview of the regional

Chapters 7 and 8 – Physical environment baseline: A description

Chapter 29 – In-combination impact assessment: An assessment

importance of marine aggregates and the proposed future plans for

of the marine and coastal physical environment for the region including

of the cumulative and in-combination impacts on sensitive receptors in the

development and growth from the industry’s perspective.

bathymetry, waves, tides, currents geology and sediment transport;

physical, biological, heritage and socio-economic environment;

Chapter 2 – The Anglian Offshore MAREA: Provides the background,

Chapters 9 to 13 – Biological environment baseline: A

Chapter 30 – Concluding remarks: Summary of the findings of the

aims and objectives of the MAREA process, the approach adopted, RAG

description of the benthic habitats and species, fish and shellfish ecology,

MAREA and recommendations to inform industry and regulators on a regional

guidance and regulatory requirements outside this process;

marine mammals and turtles, birds and nature conservation;

and EIA site-specific basis.

Chapter 3 – Impact assessment methodology: Establishes the

Chapter 14 – Commercial and recreational fisheries baseline:

basis for the assessment of the proposed dredging activity at a regional level

A description of the fisheries found in the MAREA region;

including timescales and background to the dredging processes and activities.
It also describes the impact assessment methodology for cumulative and in-

Chapter 15 – Navigation and shipping baseline: A description of

combination impacts;

the navigation and shipping in the MAREA region;

Chapter 4 – Marine aggregate dredging processes: Describes

Chapter 16 – Infrastructure and other marine users baseline:

the dredging processes used within the region;

A description of the infrastructure and other marine users in the MAREA region;

Chapter 5 – Potential effects of dredging: Conceptualisation:

Chapter 17 – Archaeology baseline: A description of the wrecks,

Describes the effects generated as a result of dredging activities in the Anglian
coast region;

Chapter 6 – Potential effects of dredging: Modelling: A summary
of numerical modelling and desk-based assessments to assess how aggregate
dredging may potentially affect waves, tidal currents, sediment transport and
the generation and transport of fine sand and sediment plumes;

aircraft , heritage and prehistoric environments in the MAREA region;

Chapter 18 – Introduction to the impact assessment results
Chapters 19 to 28 – Cumulative Impact assessments: Findings
of the cumulative impact assessment, justification for screening of effects and
receptors and summary tables.;
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3.

Methodology for Assessing Regional Cumulative and In-combination Impacts

3.1

introduction

The process for identifying and assessing potential regional cumulative and incombination impacts of future dredging activities within the Anglian Offshore
MAREA region is described in this Chapter (see Box 1 for definitions). It includes
the methodologies for assigning impact significance and uncertainty, and the
core principles underpinning the assessment process. For the Anglian Offshore
MAREA, assessing impacts was conducted at regional and sub-regional levels
because of the locations of aggregate extraction areas1.

significance assigned in MAREA, for example, may be potentially higher at

been used to predict the future effects of suspended sediment, fine sediment

a site-specific level.

dispersion, waves, tides and sediment flux. This includes the number and size of

There is currently no recognised industry standard for conducting cumulative and
in-combination impact assessments and the process remains poorly understood
to most EIA practitioners (see Pritchard, 1993; Glasson et al., 1995; Fuller and

3.1.2 Defining effects and impacts

Sadler, 1999; Masden et al., 2010). This is despite legislative requirements from

The terms ‘effects’ and ‘impacts’ are often used interchangeably, but for the purpose

various EC Directives to promote cumulative and in-combination assessments at

of this MAREA they are defined separately. This is because not all effects have an

EIA and strategic levels. However, a number of international studies have provided

impact on baseline conditions as some receptors may not be sensitive to them.

guidance on the subject (e.g. Lane and Wallace, 1988; US Council on Environmental
Quality, 1997; Cumulative Effects Assessment Working Group, 1999). In the UK,

Box 1: Impact type
Cumulative:

Impacts that arise from multiple marine aggregate extraction
activities within a region and/or sub-region.

Note: For MAREA, the effect(s) on the physical environment (as a result of multiple activities) underpin

RAG guidance has been developed to help steer the MAREA studies (RAG, 2008).

Effects are the physical changes in the environment that are set in motion as a
consequence of a particular dredging process (e.g. the draghead moving across the
seabed, sediment released from spillways and/or screening operations). Effects

For the purpose of this MAREA, a wide range of cumulative and in-combination

are usually measurable changes in the environment (e.g. volume, weight, length,

impact methods have been reviewed for their practicality and application (see

time, and area) and in dredging may include, for example, sediment removal,

Smit and Spaling, 1995; Hegmann et al., 1999; Hyder, 1999; Cooper and Sheate,

increased turbidity, changes in wave conditions, tidal currents and sediment

2002; Cizek, 2007). A key finding is their reliance on professional judgement. For

supply. An effect does not necessarily result in a significant impact.

the assessment. Here, knowledge of effect(s) from either multiple source(s) and/or locations on sensitive

this reason, the Anglian MAREA has adopted an evidence-based3 approach. In

receptors is interpreted as cumulative (see Section 3.2).

addition, and where practicable, evidence of best-practice has been adopted to

In-combination: The total impacts2 of all industrial sectors operating within the
same region in the context of natural variability or trends.

dredging vessels required for the scenario.

meet MAREA objectives and RAG guidance.

Impacts are the possible changes in potentially sensitive receptors (e.g. benthic
and fish ecology, birds, marine mammals, fisheries, archaeology etc) as a result
of an effect. For example, a high frequency sound wave generated from trailer

The cumulative and in-combination assessment is not conducted in isolation to the

dredging is an effect that is audible to harbour porpoises but not to humans (see

rest of the MAREA process. Data and information gathered during scoping (Phase

Parvin et al., 2008). The porpoise is considered to be the ‘sensitive receptor’ and

1), subsequent stakeholder consultation and baseline data acquisition are used to

so is potentially impacted (in some way), but because humans do not hear this

Central to the assessment has been the standardisation of terminology with

inform the assessment at various stages of the process. Baseline data, for instance,

frequency they are not impacted. Impacts may be positive or negative (Box 2).

other MAREA studies. The definitions for cumulative and in-combination were

provides the necessary evidence to determine whether future changes to baseline

based on Regulatory Advisory Group (RAG) workshops held in September 2007

conditions are likely given the proposed future level of extraction activities

and May 2009. Broadly, two key terms form the basis of the impact assessment
- ‘magnitude of effect’ and ‘sensitivity of receptor’, which includes consideration

Box 2: Impact nature

of receptor ‘value’ (see Sections 3.2.5).

3.1.1 The future dredging extraction scenario

MAREA terminology is different to Environmental Impact Assessment (EIA) and,

The MAREA takes a precautionary approach to the impact assessment and

in some cases, those defined in the BMAPA/The Crown Estate (2010). This is due
to the primary purpose of MAREA, which is to support the regional development
programme of future dredging licence applications requiring EIA (as previously

assumes the future extraction scenario exceeds current production by a factor of 4.
Dredging at this magnitude is unlikely to occur, although the approach is intended

Negative impacts:

Impact results in an adverse change from the baseline
conditions.

Positive impacts:

Impacts results in an improvement to the baseline conditions.

to accommodate the maximum production from a combination of all licences,

discussed in Chapter 2). The MAREA is not designed to replace individual EIAs.

applications and prospecting licences (as previously discussed in Chapter 2).

Nor can the assessment be applied to EIA impact significance other than to

This scenario has been modelled for changes to past, present and future sediment

Direct impacts may arise as a consequence of a particular aspect of dredging

support decisions about cumulative and in-combination impacts. Low impact

removal volumes and subsequent bathymetric changes, which have in turn

(e.g. mortality of benthos due to substrate removal or increased turbidity due to

1The

Anglian Offshore MAREA dredging Areas are arranged into two distinct
sub-regions because they are isolated from each other in terms of their potential
cumulative and in-combination effects, which do not spatially overlap (see Chapter
2 and 29).

2Potential

in-combination impacts are not assigned a level of impact significance as
the potential interactions are considered too complex to be meaningful.

3An evidence-based approach is systematic and auditable because it takes account
of evidence from the scientific and grey literature to describe and interpret the impact
assessment. It does not assignment quantitative weightings to information.
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cargo screening). Equally, impacts may follow on as a consequence of another

different analytical methods were used to support decisions made on the assessment

Potentially sensitive receptor groups4 identified for assessment (corresponding

impact (commonly known as indirect impacts) and sometimes as part of a chain

terms ‘magnitude of effect’ and ‘sensitivity of receptor’ (including receptor ‘value’).

impact chapters in parentheses):

of events (e.g. impacts to fishermen caused by displacement of target species,

These included professional judgement, conceptualisation, consultation, matrices

which were in turn displaced by elevated turbidity or noise). In some cases,

and categorical analysis, historical analysis, multi and univariate analysis, GIS

indirect impacts may be experienced at a point in space or time that is removed

l

The coastline and inshore banks (Chapter 19);

spatial analysis, numerical modelling, field data and observations.

l

Benthic ecology (Chapter 20);

Applying multiple methods to MAREA is advantageous because collectively they

l

Fish and shellfish ecology (Chapter 21);

better assess qualitative and quantitative data to address the complexities of

l

Marine mammals and turtles (Chapter 22);

cumulative and in-combination impacts.

l

Ornithology (Chapter 23);

l

Nature conservation (Chapter 24);

environments (see Freeman, 2010). However, MAREA is not a regional EIA – a

Undertaking a regional cumulative and
in-combination impact assessment

l

Commercial and recreational fisheries (Chapter 25);

common misunderstanding. It is based on three systematic and commonly used EIA

To undertake a regional cumulative and in-combination impact assessment eight

l

Navigation (Chapter 26);

distinct steps were involved (Figure 3:2). This approach is designed around the

l

Infrastructure and other marine users (Chapter 27); and

l

Archaeology (Chapter 28).

from the actual dredging activity itself.

3.1.3 Applying EIA principles to MAREA
The MAREA assessment process is broadly similar to EIA in that it attempts to
analyse and evaluate the effects of human action on natural and anthropogenic

stages (Figure 3:1).

3.2

need to capture the evidence-base supporting decisions on impact significance.

3.2.1 Step 1: Conceptualise effect-receptor relationship

Based on this knowledge a conceptual diagram depicting the ‘source-pathway-

The purpose of this Step is to better understand the relationship between the

receptor5, relationship is used to identify pathways through which effects are

effects of dredging and potentially sensitive receptors (see Chapter 5). This requires

transmitted (e.g. seabed sediment transport, tidal currents, ingestion) to potentially

identification of all relevant physical effects and receptors considered at risk from

sensitive receptors (e.g. benthic fauna, fisheries). Where effects do not have

predicted future extraction activities.

pathways to receptors, receptors are screened out. Because this happens early in

The following physical effects have been identified as causing changes to the
environment as a result of dredging activities:

the assessment process, the assessment only targets those effects and receptors
most likely to be linked via a ‘pathway’ and thus potentially impacted.
Building conceptual diagrams is an iterative process, which starts in scoping (i.e.

l

Seabed removal (e.g. occurrence of seabed furrows, changes in bathymetry);

Phase 1 consultation with stakeholders). Further refinement of these diagrams is

l

Vessel displacement (e.g. reduced access to areas);

achieved through a detailed review of the scientific and grey literature and findings

l

Noise and vibration (e.g. sound pressure changes);

l

Suspended sediments (e.g. plume/elevated turbidity, deposition);

than that typically achieved at EIA (e.g. navigation, birds and marine mammals).

l

Fine sand dispersion (e.g. changes in seabed bedforms);

Secondly, direct and indirect impacts are often used in EIA to help define mitigation

l

Bathymetry;

measures. However, MAREA is not using these terms to identify mitigation measures.

l

Waves;

l

Tides; and

l

Sediment flux (e.g. proxy for sediment erosion and accretion).

Figure 3:1

Three common stages in impact assessment

There are a number of distinctions between EIA and MAREA. Firstly, assessing
regional cumulative and in-combination impacts entails a much broader review of
the possible affects and provides a more comprehensive and appropriate assessment

Instead, their use provides a logical means to describe the nature of potential
impacts. This knowledge can be used directly to inform site-specific EIA’s.

3.1.4	Multiple methods used to support assessment process
Cumulative and in-combination impacts are a complex process requiring a variety
of different approaches to handle data limitations and differences in receptor
sensitivities across large spatial and temporal scales. For this reason, a range of

4Receptor

groups denote a collection of different receptors e.g. commercial and
recreational fisheries are composed of five receptors: seiners and netters; potters,
whelkers and lines; trawlers; shellfish dredgers; and charter fishermen.

from previous dredging studies. Key to this is the systematic organisation and
evaluation of all available data on the possible effects of dredging activities and
receptor responses.

3.2.2 Step 2: Quantify ‘magnitude of effects’
Predicting the physical effects of dredging activities on the environment is a critical
step in the assessment process. It involves estimating the magnitude of the potential
physical change in the environment and comparing it to the baseline. In this way,
inferences can be made on future changes to receptors based on physical effects.
5The

‘source-pathway-receptor’ is an easy to follow method to understand impacts
of proposed dredging activities on the receiving environment. ‘Source’ describes the
origin of the impact; ‘pathway’ the means (e.g. via the water column, ingestion etc)
by which the effect reaches the receptor.
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Understand
interactions

Step 1
Conceptualise effect-receptor
relationship

Determine
effects

Regional cumulative and in-combination impact assessment methodology

Step 2
Quantify ‘magnitude of effects’
(including modelling studies)

Task 1: Identify all relevant physical effects &
receptors & define the future1 extraction scenario
for use in Steps 2 & 3.

Task 2: Conceptualise relationship between effects &
sensitive receptors using source-pathway-receptor
diagrams. Screen-out effects that do not have
pathways to receptor.
Screening opportunity

Task 1: Based on the future extraction scenario
quantify ‘magnitude of effects’ using MAREA
standardised definitions & magnitude matrix A (see
Figure 3.3). Use to inform Steps 3 & 4.

Supporting notes
Conceptualising the relationship between effects & their
influence on sensitive receptors provides a better
understanding of the potential impacts and informs early
decisions on screening
(Steps 2 through to 5).

Task 2: Use wave, tides & sediment transport3
models to predict footprint & magnitude of effect in
GIS. Where modelling is not possible use survey
data, judgement & literature to fill gaps.

Quantifying future extraction activities provides the basis
for defining magnitude of effects. Using models has the
advantage of predicting spatial extent, nature & magnitude
of effects.

Task 2: Using effect & receptor maps screen-out
non-overlaying footprints. This knowledge will be
used to inform Step 5.

For regional & sub-regional assessments, some receptors
may be characterised at a higher level than that expected at
EIA. That said, consideration to site-specific receptors are
captured where it adds value to the overall assessment &
decision-making process.

GIS spatial analysis & determine sensitivity

Defining magnitude opportunity

Step 3
Identify & map overlap between
effects & receptors

Task 1: In GIS, map relevant effect footprints
(created in Step 2) over sensitive receptor footprints
to determine extent of overlap (indicating indicative
areas for effect-receptor interactions4.).

Screening opportunity

Step 4
Characterise effect-receptor
interactions

Task 1: Using GIS outputs & baseline data, describe
the nature of all overlapping effect & receptor
footprints. Knowledge used to inform Steps 5 & 6.

Step 5
Quantify ‘sensitivity of receptor’ &
receptor value

Task 1: Based on a review of receptor sensitivity,
quantify ‘sensitivity of receptors’ using MAREA
standard sensitivity definitions & sensitivity matrix B
(see Figure 3.3).

Task 2: Identify & describe site-specific issues where
overlapping effect-receptor interactions occur.
Support with knowledge acquired through
stakeholder engagements, scoping & industry input.

Task 2: Using GIS & literature determine ‘value’ of
sensitive receptor (see Section 3.5)

Summarise findings

Determine & map impact significance

Defining sensitivity opportunity

Magnitude of effect is used to define potential differences
in receptor sensitivity e.g. suspended sediment
concentrations are more concentrated closer to its source &
so are increasingly less likely to affect sensitive receptors
further away where concentrations are reduced.
The term ‘multiple effects’ is used when all effects deemed
significant are overlaid to identity ‘hotspots’ where multiple
effects co-occur. This is different from ‘individual effects’
which assessed all dredging areas but only a single effect
e.g. only suspended sediment plume is assessed
cumulatively across the region.

Step 6
Assign impact significance & map
regionally & sub-regionally

Task 1: Assign cumulative impact significance to
‘individual effects’ across multiple dredging areas
using ‘magnitude’ x ‘sensitivity’.

Task 2: In GIS, identify & map potential impacts of
‘multiple effects’ co-occurring on sensitive receptors,
but don’t assign significance.

Step 7
Identify & assess in-combination
impacts

Task 1: Identify all users of the sea/developments
within MAREA region & describe nature of
interaction with dredging activities & tabulate using
in-combination matrix (see Chapter 29).

Task 2: Map & document potential impacts of other
users/developments that generate similar effects to
dredging activities.

Effect-receptor footprints identified for each dredging
activities are overlaid on one another and on known
location of other users/developments in the region.

Step 8
Conclusion & recommendations

Task 1: Concluding statement on cumulative & incombination impacts. Statements justify decisions
made on impact significance.

Task 2: Identify those licence areas with issues that
require consideration at site-specific EIA & make
recommendations.

This step is not making recommendations for mitigation as
this is not the purpose of MAREA, although its findings will
help to inform future requirements. Sub-regional
assessments are particularly important for informing
monitoring strategy needs.

1

The future extraction scenario was provided by SCDA members.

Figure 3:2

Matrices are used to capture interaction characteristics &
site-specific issues (where relevant). This step does not
assign impact significance (see Step 6) but is focussed on
determining spatial extent & nature of effect-receptor
interactions.

2

Scientific & grey literature

3

This included: sediment flux, fine sand dispersion & suspended sediment dispersion

4

Overlapping effects & receptors delineate potential interactions that are indicative of areas where cumulative impacts may occur

Steps involved in conducting Anglian MAREA cumulative impact assessment.
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A number of technical studies were commissioned by AODA to use numerical

Table 3:1 provides a summary of the overall magnitude categories determined

models to predict the magnitude of change in suspended sediment, waves, fine

for each physical effect that have been taken forward as part of the impact

sediment dispersion, tides and sediment flux. These data support decisions

assessment process.

regarding quantification of the term ‘magnitude of effects’ (see Appendix A).

The effects have been assessed in terms of magnitude, duration and frequency

Box 3: Magnitude of effects
EXTENT
Site-specific:

Effects that occur within those parts of the licence area where 		
dredging has occurred or is predicted to occur in the future.

Because magnitude is largely based on modelled outputs, they provide detailed

using a strong evidence base that incorporates findings of modelled outputs and

spatial information about change e.g. sediment concentration (mg/l), wave height

real data where practicable. However, determination of the overall magnitude of

Note: This category includes the effects associated with the passage of the drag head over the seabed

(metres). They also provide an opportunity to map potential impacts in a more

an effect incorporates a degree of subjectivity. It is noted that quantifiable data

including sediment removal. In marine aggregate EIA this area if often referred to as the Primary Impact

informative way. It is acknowledged that, as with all impact assessments, there

is supported by expert judgement using previous experience of the sector and

is some degree of subjectivity in assigning the relative degree of interaction and

region.

mapping their spatial extent. To guide this part of the assessment, uncertainty in

In the absence of fully objective and quantifiable methods to assess the magnitude

the quality and nature of data will be evaluated (see Section 3.5).

Zone – PIZ (often used by regulators, the industry term often used is Active Dredging Zone - ADZ (typically
enforced by the Environmental Monitoring System - EMS data).

Local:

Effects that extend beyond the immediate footprint of dredging, 		
but which do not affect the receptor at the regional scale.

of regional scale impacts, a level of uncertainty will always be present in both

Note: This category is likely to include those effects that are usually described as being within the

For MAREA, the predicted effects are assessed in terms of three variables;

the baseline data and impact assessment outcomes. It is important to qualify

Secondary Impact Zone - SIZ (i.e. the zone where impacts resulting from the settlement of fine sediment

‘extent’, ‘duration’ and ‘frequency’ (Box 3 for definitions). Collectively, they

all data and to acknowledge uncertainties in both the availability and quality of

determine ‘magnitude of effects’ and provide an indication of the degree of

data and the nature and scale of interactions between effects and receptors. The

change in the environment.

assessment tables in Chapters 19-28 provide an indication of the uncertainty for

occur) as well as other effects such as underwater noise, changes to tidal flows etc.

Sub-regional: Effects are confined to an area associated with a group of licence
areas that are distinct from any other licence areas within the 		
MAREA study area.
Note: This category may not be appropriate to all MAREA studies and only applies if a group of licence
areas can be assessed in isolation to other licence areas within the region. Effects include sub-regional

Duration

Frequency

Effect Magnitude*

sediment transport pathways, changes to a single coastal cell or any changes to sub-regional populations of

Medium term

Routine

Medium

Regional:

Vessel Displacement		Site specific	Temporary

Routine

Low

	Strong behavioural response	Site specific	Temporary

Routine

Low

Effect		

Extent

Seabed removal		Site specific

Noise and vibration
		

Mild behavioural response

Local	Temporary

Routine

Low

		

20 mg/l plume

Local	Temporary

Routine

Low

Suspended plume

50 mg/l plume

Local	Temporary

Routine

Low

		
Fine sand dispersion
		

100 mg/l plume	Site specific	Temporary

Routine

Low

Bedforms

Local	Short term

Routine

Low

Changes to particle statistics

Local	Short term

Routine

Low

Bathymetry change		Site specific

Long term

Routine

Medium

500-1000 kg/m/tide 	Sub-regional

Long term

Routine

Medium

1000-3000 kg/m/tide

Local

Long term

Routine

Medium

5-10% change

Local

Long term

Routine

Medium

10-15% change

Local

Long term

Routine

Medium

1 in 200 year > 5% change

Local

Long term

Rare

Low

1 in 200 year 2-5% change

Local

Long term

Rare

Low

Sediment flux
		
Tidal currents
		
		
Waves
		

5% exceedance > 5% change	Site specific

Long term

Occasional

Low

		

5% exceedance 2-5% change

Long term

Occasional

Low

Local

* Where possible the effects magnitude have been quantified using model outputs, where this is not available, professional judgement and evidence from literature has been used.

Table 3:1

marine species.

Effects that cover much or all of the MAREA study area but which
do not extend outside it.

This category includes any effects on regional sediment transport pathways, the coastline (more than one coastal
cell), or any changes to regional populations of marine species (e.g. changes in distribution due to noise).

Duration
Temporary:

Effects only occur during active dredging, are one off or last
only a few hours or days after cessation of dredging.

Short-term:

Effects are no longer observed after up to 1 year following
cessation of dredging.

Medium-term: Effects that last between 1 and 10 years following cessation
of dredging.
Long-term:

Effects that persist for years following cessation of dredging.

Frequency
Routine:

Effect occurs during all normal dredging operations (95-100%).

Intermittently: Effect occurs regularly but not all the time during dredging
operations (25-95%).
Occasionally: Effect only occurs during a small proportion (<25%) of routine
dredging operations.
Rarely:

Effect only occurs very rarely as an unplanned event during
dredging operations (e.g. emergency load dumping, oil spills).

Effect magnitude categories
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Medium

It should be noted that the outputs
of the sensitivity matrix may be
modiﬁed by consideration of the
value of the receptor. The value
determination can therefore be
used to aid expert judgement.
At this point the signiﬁcance
assessments are reviewed
and may be revised using
specialist input and professional
judgement to account for the
value of the receptor and
spatial extent of any potential
impacts on a sub regional and
regional level.

Fixed
outcomes
as per
Table 3.1

Outcomes
as per
Table 3.2
Low

Please note the outputs of these steps are discussed within the relevant impact assessment chapters 19 - 27, with the
detail summarised within the Cumulative Impact Assessment (CIA) tables for each receptor at the end of chapters 19 - 27.

Figure 3:3

Assessment maps have only been included
where suﬃcient spatial information is available
for both the eﬀect and receptor. This has not been
undertaken for some receptors e.g. mobile
species. Where spatial data is not available or
where there is uncertainties in the quality
of data, the precautionary approach has
been taken.

The spatial overlap
of the maximum
extent (or extent
of the sensitivity
thresholds where
known) of the
eﬀects against the
spatial scale of the
receptor is then
assessed.
This assessment
places the extent of
overlap within a
sub-regional and
regional context.

Illustrated example of assigning magnitude and sensitivity including assigning impact significance and mapping.
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Illustration of how GIS is used to screen receptors and determine likely extent of potential impacts
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3.2.5



Sensitivity of a receptor is defined by combining three variables: ‘tolerance’,
&

!% # !%*'  #!%% %$%(%

‘adaptability’,
and ‘recoverability’
(Box 4 for definitions).

%%$.



Tolerance is the ability to be either unaffected or affected (temporary and/or

each assessment, this is important as the level of confidence in the decisions made

Frequency is how often an effect takes place. All direct effects of dredging

on significance depend on it (for further information see Section 3.3 on uncertainty).

take place during a typical operational period. In some cases, effects may be

permanently)"
by the effects%of dredging.

ongoing or temporary in nature once operations cease (e.g. suspended sediment

#& refers to !%
#&%
#can
'##$&%!#%
# 
Adaptability
how well
a receptor
avoid or adapt to an effect.
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Extent is the spatial component of an effect, which can be modelled to assess
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potential-&
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) transport and waves).
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assessment
meaningful, it is the number of these dredging periods taking place

Where modelling was not possible, survey data, professional judgement and
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evidence from the literature was used to fill gaps (e.g. BGS MAREA geo-survey
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data, which were used to extrapolate point source sample stations for benthic
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to evaluate significance. Where scientific information is available,
%#36265*#$4.

estimates of vessel presence, extraction to port cycle times and other extraction


the sensitivity
can be expressed numerically. When sensitivity is less well
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understood#$
the assessment is based on scientific literature and professional
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Duration considers effects on temporal scales. Elevated turbidity during
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dredging, for example, is relatively short and is typically measured in hours. By
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of this
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within the footprint of an effect and so be potentially susceptible to the effects
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of dredging. GIS is used to map effect and receptor footprints to determine the

contrast, changes to sediment transport may take weeks or months to materialise.

•
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Receptor sensitivity
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!% may
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'#$&*(%($%
6*#.

sediment concentrations
associated with plumes are more concentrated closer to
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 $potentially sensitive receptors further away
its source and
so less likely
to affect


where concentrations
are substantially reduced. Where possible, GIS was used

to potential receptor sensitivities. The term ‘sensitivity of receptor’ provides an



indication of the degree of change and is summarised in the sensitivity matrix B
(see Figure 3:3).


The outputs of the sensitivity matrix (based on all possible tolerance, adaptability

impact and the receptor is screened out of the assessment.

and recoverability combinations are presented in Table 3:2.
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degree of overlap (Figure 3:4). Where the effects of dredging co-occur with

6Near
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field is a term used to describe localised effects and for MAREA capture the
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 #$
less than a$
year to over ten years.

In this example, visits may be up to six times a month. This assumes that daily
activities are equally for all dredging Areas.

effects can be predicted in this way (e.g. noise).

%#3>65*#$4.

Recoverability
has a temporal element that ranges from full recovery within

Sensitivity is the benchmark against which changes and levels of exposure can
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near and far field6 impacts on #.
sensitive receptors. However, not all
1 #!#%*4*%%$



annually"!
that represents
frequency. For example, a ‘routine’ effect (occurring
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l

Rarity: Spatial extent relative to the potential area impacted, where

Tolerance

Adaptability

Recoverability

Receptor sensitivity

Low

Low

Low

High

and >50% High. GIS is used to calculate the spatial extent of receptors

Low

Low

Medium

High

(note: only those receptors where spatial data is available and reliable

Low

Medium

Low

High

Low

Low

High

Medium

Low

High

Low

Medium

Low

Medium

Medium

Medium

adaptability

Low

Medium

High

Medium

3.2.6	Other terms considered

Low:

Receptor unable to avoid effect.

Low

High

Medium

Medium

The following terms were used to inform the assessment process by providing

Medium:

Receptor has some ability to avoid the most negative 			
consequences of this effect or can partially adapt to it (e.g. by 		
moving to other suitable areas).

Low

High

High

Low

Medium

Low

Low

High

Medium

Low

Medium

Medium

navigation assessment. It also provides a perspective on dredger presence within

Medium

Low

High

Medium

the MAREA region and was closely associated with ‘frequency’ in ‘magnitude of

Medium

Medium

Low

Medium

Note: For biological receptors this encompasses MarLIN categories ‘Medium’ and ‘High’

Medium

High

Low

Medium

Medium:

Medium

Medium

Medium

Medium

terms used to capture vulnerability.

Note: For biological receptors this encompasses MarLIN categories ‘Medium’ and ‘High’

Medium

Medium

High

Medium

Ecosystem interactions: Ecosystem interactions are interpreted as a holistic

High:

Medium

High

Medium

Medium

view of the receptors being assessed. It takes into account the wider interactions

Medium

High

High

Low

Where data was available to support assessments, e.g. Marlin, this was used to

High

Low

Low

High

assign sensitivity ratings, however, where absent, professional judgement was used.

High

Low

Medium

Medium

It should be noted however, that the outputs of the sensitivity matrix may be

High

Low

High

Low

High

Medium

Low

Medium

High

High

Low

Low

is used to inform the impact assessment as an integral part of sensitivity. Value

High

Medium

Medium

Medium

impact significance is the stage that probably incorporates the greatest degree

is not standardised with other MAREA studies. For the south coast MAREA, value

High

Medium

High

Low

of subjectivity. Significance reflects the level of importance placed on the impact

High

High

Medium

Low

High

High

High

Low

Box 4: Sensitivity of receptor
tolerance
Low:

Receptor unable to tolerate effect resulting in permanent
change in its abundance or quality.

Medium:

Receptor has some ability to tolerate this effect but a detectable 		
will occur.

High:

High:

		

Receptor unaffected or positively affected.

Receptor can completely avoid or adapt to this effect with no
detectable changes.

Recoverability
Low:

Receptor partially recovers over the short term to medium
term (10+ years).

		

Receptor partially recovers over the short term to medium
term (1-10 years).

Receptor recovers fully within weeks to 1 year.

Note: For biological receptors this encompasses MarLIN categories ‘Very High’ and ‘Immediate’

modified by consideration of the value of the receptor. The value of determination
can therefore be used to aid expert judgement.
The value of individual receptors is considered within the baseline sections and

is defined as having three key components:
l

Importance: Level of protection or threatened status7 and whether
it provides an important ecosystem service (e.g. keystone species or
important habitats for fish stocks);

Table 3:2

>10% of its total area is impacted is considered Low, 10-50% Medium

can be assessed in this way. For mobile species, for example a presence is
assumed across the entire region); and
l

Worth: Considers receptors on basis of its socioeconomic, cultural and
amenity value.

additional information to the assessor.
Intensity: This term considers dredging extraction tonnage (per annum over the
licence period), or vessel occupancy (annual cargoes). Tonnage and occupancy
are captured in the future extraction scenario. The term was used to inform the

effects’.
Vulnerability: This term is not used in the assessment itself, although typically
it is an expression of risk. For MAREA, spatial extent and recoverability were

between all receptors and considers the links between physical, biological and
human environments. In particular, how impacts on one receptor will affect
the processes and sensitivities of another. For the Anglian MAREA, ecosystem
interactions were based on evidence from the scientific literature.

3.2.7 Step 6: Assign cumulative impact significance and
map regionally and sub-regionally
The purpose of this Step is to assign regional and sub-regional cumulative impact
significance and map findings (illustrated in Figure 3.3). Assigning cumulative

7Reflects local, national and/or international protection afforded to a receptor.

Sensitivity matrix outputs
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assigning impact significance to navigation. This is because a risk-based model is
used to assess ship-to-ship collision and the likelihood of encounters with dredging

Box 5: Impact significance
Not
significant8

Impacts that, after assessment, were found to be not
significant in the context of the MAREA objectives.

Minor
significance

Impacts that warrant the attention of particular
stakeholders but no action is required if impacts can be
controlled by adopting normal good working practice

Moderate
significance

Impacts that should be recognised and addressed in
consultation with particular stakeholders.

vessels within the region. The approach also considers data gaps and uncertainty,
which is critical as it informs the credibility and reliability of the assessment.
For the purpose of mapping impact significance, ‘magnitude of effect’ is assigned one

Box 6: In-combination matrix categories
High:

Activity listed is considered to have a high potential to create a
similar impact to that produced by marine aggregate extraction,
unless appropriate monitoring and mitigation requirements are 		
established.

Medium:

Activity listed is considered to have a medium potential to create
a similar impact to that produced by marine aggregate extraction,
however the potential for in-combination effects is still considered
to be unlikely.

Low:

Activity listed is considered to have a low potential to create a
similar impact to that produced by marine aggregate extraction,
therefore having insignificant in-combination effects.

of the following four categories; Very Low, Low, Medium and High (see matrix A in
Figure 3:3), where ‘sensitivity of receptor’ is assigned either Low, Medium and High
(see matrix B). The assessor makes a decision based on the evidence and findings
of the assessment. Matrix A, for example, shows an illustrated example where the
outcome for magnitude of effect is Medium and sensitivity is assessed as Low.
A further matrix (C) combines the outcomes from the ‘magnitude of effects’
and ‘sensitivity of receptor’ matrices (A and B) to assign cumulative impact

Major
significance

Impacts that are not environmentally sustainable and
compromise the continuation of extraction activity in the
region/sub-region.

significance (Box 5 for definitions of impact significance).
To ensure greater accuracy in mapping impact significance, gradient changes
in ‘magnitude of effect’ is used to delineate potential changes in receptor
sensitivity. This graduating is possible for all modelled data. Graduating changes
are assigned on a receptor by receptor basis using (where possible) evidence

in question and usually where it is acceptable to society (i.e. stakeholders,

from the scientific and grey literature, and professional judgement.

regulators and/or legislative controls).

3.2.8	Multiple effects assessed

of cumulative impacts as it provides valuable insights and spatial awareness

When all effects (that have been previously determined as significant) are

because substantial data is available to support the MAREA and the assessment
is conducted at a higher-level than EIA.

assessed collectively by overlaying in GIS, it is termed ‘multiple effects’. This
is different from ‘individual effects’, which assesses all dredging areas but
only using a single effect e.g. only suspended sediment plume is assessed

The spatial overlap of the maximum extent (or extent of the sensitivity thresholds

cumulatively across the region. It is considered more appropriate to map the

where known) of the effects against the spatial scale of the receptor and/or

extent of ‘multiple effects’ and produce a ‘heat map9’ (see Friendly, 1994) than

critical habitats required for their survival, (e.g. location and extent of prey items)

attempt to assign a further level of impact significance. Multiple effects are

is then assessed. This assessment considers the extent of spatial overlap within

considered too complex to make its interpretation meaningful. Heat mapping is

a sub-regional and regional context.

achieved using a weighted grid in GIS to calculate the number and spatial extent

Please note that this step of the assessment has been undertaken for all
MAREAs, however, terminology may vary and spatial extent may be referred to
as interaction.
The assessment methodology standardises regional and sub-regional impact
significance by using a matrix approach, which can be applied across all effects
and receptors in a systematic, consistent and auditable way. An exception is
8Not significant impacts are not mapped in MAREA.

whether beach drawdown would actually occur as a result of other activities cooccurring with dredging, but it is something to recognise as a potential issue.
A screening matrix is used to identify potential activities that may create adverse

Mapping relevant data is central to the regional and sub-regional assessment
of potential impacts to better inform MAREA objectives. This is largely possible

considered inappropriate and deliberately avoided. For example, it is unknown

in-combination impacts (Box 6). The matrix is a list of all the potential impacts
associated with dredging and a range of other activities present in the wider
region that may create similar adverse impacts.
GIS is used to overlay all effect footprints from predicted future dredging activities
with other users of the sea and associated developments. Where potential
overlap occurs it is considered indicative of an in-combination impact. This is
reflected using a heat map, where the darker the shading the greater the degree
of potential impact (hot-spot). If spatial data does not exist, but information is
available on proposed projects or plans, this non-spatial information is captured
as descriptive accounts (see Chapter 29).

of multiple (significant) effects that may co-occur.

3.2.9 Step 7: Determine in-combination impacts
In-combination impacts are considered the total impacts of all industrial sectors
operating within the same region as dredging, and in the context of natural
variability or trends. The methodology for assessment is relatively basic compared
to those developed for cumulative impact assessment.
The assessment considers the in-combination impacts of other activities in addition
to aggregate extraction and the potential to interact with physical, biological

9A heat map is a graphical representation of data mapped as a colour gradient where
larger values are represent by a darker colour to denote a greater concentration or
number of variables.

and human environments. However, assigning potential impact significance is
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3.2.10 Step 8: Conclusions and recommendations

largely subjective process. To determine the level of uncertainty, the following

References

three categories are used; Low, Medium and High (Box 7).
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assessments made and conclusions drawn are robust and scientifically credible.

3.3

Data gaps and uncertainty
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100% coverage). In addition, there are some uncertainties with the predicted
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effect footprints and the sensitivity of receptors to a given effect because it is a
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Smit B., and Spaling H., (1995). Methods for cumulative effects assessment. Environmental Impact
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Box 7: Uncertainty
High:

Interactions are poorly understood and not documented
Predictions are not modelled or use little or no quantitative data
Information and data have poor spatial coverage and resolution.

Medium:

Most interactions are understood with some documented
evidence. Some predictions are modelled but not validated and
or calibrated. Mapped outputs are supported by a moderate
degree of evidence. Information and data have relatively moderate
spatial coverage and resolution.

Low:

Interactions are well understood and documented. Predictions are
modelled and maps based on interpretations supported by a large
volume of data. Information and data have very comprehensive
spatial coverage and resolution.

US Council on Environmental Quality, (1997). Considering cumulative effects under the National
Environmental Policy Act. US Executive Office of the President.
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4.

Marine Aggregate Dredging Methods

4.1

introduction

This chapter outlines the process, vessels and techniques involved in dredging
marine aggregate in the region.

4.2

the dredging process

Offshore of East Anglia, as with marine aggregate extraction activities elsewhere
in the UK, dredging only occurs within the Active Dredge Zones of existing licensed
dredging areas (Figure 4:1). In this region, aggregate is typically extracted in
water depths of 15 – 40 m.
Dredging aggregates involves lowering a pipe to the seabed from the dredger and
pumping sea water at high velocity, thereby entraining seabed sand and gravel
as a suspended load within the pipe-work of the ship. The mixture of water and
sediment passes through the draghead and dredge pipe, and into the vessel’s
hopper. At the beginning of the process the hopper is filled with sea water for
stability. As aggregate is pumped into the hopper it settles and displaces the
water which overflows through spillways located on the side or base of the
vessel, back into the sea. A proportion of the fine sediment (e.g. silt) present in
the aggregate, is also returned to the sea via the spillways because of the high
turbulence in the hopper.
Dredgers can undertake trailer dredging (i.e. steaming slow forward), which is the
predominant dredging method in the MAREA region. Licences granted on some
dredging areas include the option to undertake static dredging (i.e. anchored) on
the licensed areas, but this extraction method is extremely uncommon within this
region.
Limited processing of the aggregate may take place as the dredger loads, although
this is restricted to screening in licensed areas where the conditions attached to
the licence allow this practice to occur. Screening involves returning a proportion
of the sand or gravel fraction back to the seabed during loading to increase the
sand or gravel content of the completed cargo. Once the hopper fills with sand
and gravel all the original ballast water has been displaced through the spillways.
Drainers in the base of the hopper allow any residual water to pass back to the
sea so that the aggregate cargo is as dry as possible when the ship reaches the
landing point. The dredger will deliver its cargo to a wharf, by self-discharging
using vessel mounted scrapers, grabs or bucket wheels and a series of conveyor
belts.
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Figure 4:1

Marine aggregate dredging licences, showing current Active Dredge Zones, located in the Anglian offshore MAREA region as assessed in this report.
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4.2.1 Trailer dredging

4.2.3 Screening and overflow

Trailer dredging is the most common dredging method used in the MAREA

Dredging can either produce a cargo of unprocessed seabed sediment – known as

Figure 4:3 shows the current Active Dredge Zones within the MAREA region along

region (Figure 4:2). It occurs when the draghead at the end of the dredge pipe is

‘all in’ – or alternatively one partly processed by the dredger as it is loaded by a

with the dredging intensity that has been recorded in the MAREA region from 1999

moved (trailed) slowly across the seabed, normally at speeds of 0.5 – 1.5 knots

process known as screening. Screening involves passing the sand and gravel over a

to 2009.

or 0.25 – 0.75 m/s.

screen (i.e. sieve-like mesh typically 10 mm wide), where either the gravel or sand

The total area in the region available to be dredged in 2009 was 90.02 km² and

fraction can be preferentially retained within the vessel’s hopper.

dredging took place from within 24.08 km2, equivalent of 11.78% of the licensed area

furrow in the seabed, 2 – 3 m wide and up to 0.5 m deep. In time, as seabed sediment

The rejected component is directed overboard into the water column, where it

(The Crown Estate, 2010). Newer licences may have specific zoning arrangements

is removed, these furrows can create a localised lowering of the seabed within the

forms part of the plume and settles to the seabed under the forces of gravity. As a

written into the Permission, whilst some older licences rely on a voluntary approach

licensed dredging areas, typically 2 – 5 m in depth.

result of the increased sedimentation associated with this process, longer loading

by the companies concerned, but encouraged by the MMO and Crown Estate.

time and increased wear and tear on the dredger, screening is minimised and is

Active Dredge Zones in the MAREA region vary significantly in size depending on

limited or unnecessary within some licensed areas in the MAREA region. However,

the nature of the aggregate resource and the age of the permission. The dredging

screening on a controlled basis can be necessary to meet market requirements for

companies may choose to alter these Active Dredge Zones, in consultation with

both aggregate and beach recharge projects.

regulatory authorities and other stakeholders.

As sediment is pumped up the pipe into the hopper, the draghead creates a shallow

The dredging systems employed on the vessels are not designed to take lateral
tidal currents and therefore dredging runs within Active Dredge Zones are normally
tide parallel, and may be several kilometres long if the deposit extends across a
large area. Trailer dredging is particularly suited to extracting aggregates from sheet
deposits and can occur at depths up to 40 m in this region.

Overflow occurs during loading when the dredger hopper fills with sediment and the
excess water is returned to the sea via spillways located at the top of the hopper
or in the keel of the vessel. The water discharged via the spillways contains an
elevated suspended sediment concentration which consists of fine sands, silts
and clays. Characteristically, the aggregate deposits in the MAREA region contain
1 – 3% fines (silt and clay) in situ and therefore the concentrations of this fraction in
the overflow are relatively low.

4.2.4 Production cycle
Dredgers load on the licensed area, typically taking 3-8 hours for a cargo in the
study area (Lloyd Jones, van Rhee and Gibbs, 2010) and transit to a wharf, discharge
their cargo and sail out to load once again. This occurs continuously, determined by
the high and low tide times throughout the year. For example the cycle time from
a River Thames wharf to a loading area off Great Yarmouth and back to the wharf
is 36 hours, three tidal cycles, with the dredger arriving at the wharf on the River
Thames at high water.
Figure 4:2

Schematic of trailer suction hopper dredging.

4.2.2 Static dredging
Static dredging occurs when the dredger is stationary (i.e. anchored at a fixed
location) and the draghead is then lowered to the seabed. This method of dredging
often creates a shallow depression in the seabed. In time these depressions

In order to run the ships most efficiently, the dredging companies work to maximise
the number of cargoes dredged per day or week. However 70% of the port to port
time is spent in transit for ships working between Thames wharves and licences in
the Anglian region due to the steaming distances involved (Lloyd Jones, van Rhee
and Gibbs, 2010).

coalesce to form an irregular surface.

4.2.5 Dredging zones

Static dredging is most effective in thick, spatially-constrained deposits which are

Dredging activity is managed by the companies and restricted to zones of varying

difficult to trailer dredge.

sizes, in line with government guidance (MMG1).
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Figure 4:3

Dredging intensity in the MAREA region 1999-2009 (Source: The Crown Estate). Note, dredging shown outside of current licence boundaries relates to historical activity when licence areas were larger
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4.3

Dredging activity and production levels

Assessment of the potential cumulative impacts associated with dredging over
the next 15 years should be based on a precautionary, maximum permitted
development scenario (i.e. the maximum level permitted by individual consents)
over the duration of the study. It is necessary to define the following key

4.3.1 Assumptions of dredging activity

Their activity is split between the sub-regions identified in Section 2.2. The assumed

The assumption of a maximum development scenario of 11.75 Mt p.a. defines an
associated activity level. The associated dredging activity assumptions, for the

tonnage per sub-region in the MAREA region required to be extracted is shown in
Table 4:4.

whole MAREA region, based on the maximum possible annual production of 11.75
Mt p.a. are outlined in Table 4:3.

parameters for the study, as defined in Table 4:1.

Parameter

Value

Notes

Dredging Activity

Duration
Years
		
		
		

Medium term view of 15 years, 		
complementing typical permission 		
length. Reviews are proposed at five
year intervals

Number of dredging licences

Aggregate Production 	Tonnage p/a
level		
		

Conservative estimate of production
from the region based on previous 		
extraction rates

Average loading time

km2

Area and location of
dredging activity		
		

Table 4:1

Reasonable estimate of dredged area
and location based on previous
extraction practices

Key parameters to be assumed for the MAREA process.

Average dredger capacity

Average number of cargoes per year

value
18
3,750 tonnes

this production is further defined below (Table 4:2).

Annual

11.75

5 years

58.75

10 years

117.50

15 years

176.25

Yes - a cargo
by each
dredger on
each tide

10.95

0.80

3133

Table 4:4

Assumed sub-regional tonnages and number of dredgers operating within the MAREA
region assessment.

20,365 hours

Total dredging time per day

56 hours

references

Total dredging time per week

392 hours

Lloyd Jones D., van Rhee C., and Gibbs T., (2010). Mitigation of marine aggregate dredging impacts –
benchmarking equipment, practices and technologies against global best practice. MEPF Report: MEPF
08/P33. 154pp.

Cargoes per day

9

Cargoes per week

60

Area permitted for dredging

Tonnage extracted (million tonnes per annum)

11.75
9
			
			
			

Total loading time per year

Table 4:3

Timescale

Number		
Northern
Southern
of		
Sub-region
Sub-region
dredgers
Concurrent	Mt p.a.	Mt p.a.

6.5 hours

These key parameters are defined by the industry. A maximum development
scenario is assessed in this MAREA and the associated activity required to achieve

Annual
production
level
	Mt p.a.

The Crown Estate (2010). Marine aggregates. http://www.thecrownestate.co.uk/marine_aggregates
[Accessed 2010].

373km2

Assumptions of dredging activity adopted for the MAREA assessment.

Note: this is adopting a precautionary approach and reflects an assessment of about four times the
current production levels of the MAREA region.

Currently it is assumed that approximately 98% of dredged tonnage from the
MAREA region is delivered to wharves outside the region.

4.3.2	Occupancy
For the purposes of the MAREA assessment it is assumed that 9 dredgers will be
required to operate full-time in the Anglian offshore region, dredging a cargo each

Table 4:2

Assumed extraction of marine aggregate in the MAREA region.

day, to realise the assumed maximum extraction rate of 11.75 Mt p.a.
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5.

potential effects of dredging: conceptualisation

5.1

introduction

This chapter describes Step 1 of the Impact Assessment methodology as detailed
in Chapter 3. The main purpose is to conceptualise the relationship between
the Source-Effect-Receptor pathways. Conceptualising assists the process of
understanding how the physical effects of dredging - set in motion as a consequence
of dredging sources (e.g. screening activities or the draghead) - potentially alter

a conceptual picture of the effect-receptor relationship2, and is part of a systematic

l

It provides the rationale for receptor selection;

and transparent approach to conducting the cumulative impact assessment.

l

It provides a framework for the various lines-of-evidence and therefore
process; and

the MAREA process to conceptualise the effects of marine aggregate dredging on
the physical environment. This analysis is the foundation on which receptor endpoints3

are identified following the impact assessment.

sensitive receptors (e.g. benthic fauna, fish, birds, fisheries etc.). Pathways-of-

Conceptualising dredging activities and the physical effects that potentially govern

exposure1 linking physical effects to their source (e.g. drag head, overspill, vessel

survivorship, distribution and economic patterns of sensitive receptors has a

presence etc.) and to potentially sensitive receptors are identified.

number of benefits to the MAREA process, namely:

This chapter does not, however, describe how these sensitive receptors are

l

An illustrated diagram aids understanding from the assessor, regulator and
stakeholder perspective;

potentially altered - these are discussed separately in the Impact Assessment
Chapters 18 - 28.

l

It helps develop assumptions to support the cumulative impact assessment;

Determining pathways is a critical step in assessing cumulative impacts as it builds

l

It may identify previously unknown elements in the effect-receptor relationship;

Figure 5:1

supports a more systematic and accountable approach to the assessment

Section 5.2 describes a series of ‘source-pathway-receptor’ models developed for
l

It identifies areas where uncertainty in the data and information,
underpinning the source-pathway-receptor model, exist.

In Chapter 3, an important distinction between the terms ‘effects’ and ‘impacts’
was highlighted because they are often used incorrectly to mean the same thing
(see Noble, 2006). ‘Effects’ are changes in the environment that have the potential
to affect environmentally sensitive receptors. If a receptor is not sensitive to an
‘effect’ then it is unlikely to be ‘impacted’.

Conceptualisation of aggregate dredging and its physical effects on the environment.

1Pathways-of-exposure (e.g. direct contact, ingestion, accumulation through trophic level predation etc.) show

2The effect-receptor relationship is used to denote the interaction between changes in the physical

the linkages between the source of the effects and the routes through the environment to potentially sensitive
receptors. Pathways are derived from a logical and systematic approach of conceptualising where impacts
might occur given the range of predefined dredging activities. Its purpose is to create a framework to guide
the impact assessment and provide an auditable account of the decision-making behind the assessment.

environment as a result of dredging activities and their effects on potentially sensitive receptors.

4Lines-of-evidence approach is systematic and auditable because it takes account of evidence from the

3Receptor end-points are the actual environmental entity and its attributes (sensitive receptors) that are

scientific and grey literature to describe and interpret the impact assessment. Unlike the term “weight of
evidence,” it does not necessarily imply assignment of quantitative weightings to information.

potentially impacted by dredging activities in someway and so may require some form of protection and/
or mitigation.
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The following sections describe the main effects on the physical environmental
that may result from dredging. Understanding how effects alter the environment
can help identify the sensitive receptors, which are listed in Section 5.6.

5.2

5.3.2	Overspill
The process of loading the dredger involves large quantities of sediment and
water to be pumped from the seabed into the hopper of the vessel leading to an
overspill of excess water and sediment from the vessel’s spillways. As the excess

The dredging process

To put the effects of marine aggregate dredging in context to the effects on the
physical environment, it is necessary to understand the dredging process from an
operational perspective (see Figure 5:1 and further details in Chapter 4).

water is returned, so will a proportion of suspended solids (typically fine sands
and silts). Once returned to the water column, the material disperses horizontally

The schematic diagrams are divided into ‘source’ (dredging activities) that occur
during routine operations and ‘effects’ (changes in the physical environment)
that occur immediately, become noticeable in days and weeks, and over months
and years. These are then linked to potentially sensitive high-level ‘receptors’.
A series of solid and dashed coloured lines are used to denote pathways-ofexposure.

and vertically to form a sediment plume. As the plume is carried through the

The diagrams are used by the impact assessor to identify the physical effects

water by tidal flows and wave action, material will eventually disperse and settle

most likely to affect individual receptors and whether these are either direct

onto the seabed until the sediment concentrations are reduced to background

(physical) and/or indirect (both physical and ecological).

levels.

5.3

The Potential Effects of Marine Aggregate
Dredging

The physical effects of marine dredging and aggregate extraction activities on the
environment have been the subject of many reviews (e.g. ICES, 1992; ICES, 2001;
Boyd et al., 2003; Birklund and Wijsman, 2005; van Rijn et al., 2005; Sutton and
Boyd, 2009). The main dredging activities (i.e. sources) which generate physical
effects on the environment are clearly identifiable as (note these are not in order
of importance):

5.3.3 Draghead
As described above, both trailer and static dredging use a draghead to remove
a sediment / water mixture from the seabed. The action of the draghead leaves
behind a furrow during trailer dredging, the depth of which varies depending on
the compaction of the seabed sediments and the power of the dredge pump.
Typically the depth of sediment removed will be ~30 cm. (BMAPA, 2010). Static
dredging produces shallow depressions in the seabed. The action of the draghead
also causes noise and vibration disturbance.

l

Screening;

l

Overspill;

5.3.4 Anchoring

l

Drag head;

During static dredging the vessel must be anchored to the seabed to avoid

l

Anchoring; and

movement. The anchor can cause minor disturbance to the seabed.

l

Vessel presence.

5.3.5 Vessel presence

5.3.1 Screening
Screening is a process used to influence the sand and gravel ratio of sediment

The presence of the dredger displaces any other vessel from that area, potentially
causing competition for sea space. During the dredging activity the vessel
remains active and therefore has associated potential noise and vibration effects.

collected by the dredger. When screening, the sediment / water mixture is
passed over a steel mesh or plastic mat screen before entering the cargo hold.
A proportion of the water and finer sediment falls through the screens and is
returned to sea, while the coarser sediment is retained (BMAPA, 2010). Screening
results in an elevated suspended sediment level which consists of fine sands,
silts and clays being released into the water column which eventually settle onto
the seabed.

5.4

conceptualising effect –
receptor interactions

This section uses schematic diagrams to conceptualise the source-pathwayreceptor relationship for biological, physical and human receptors (Figures 5:2
and 5:3). At this level of assessment, receptors are evaluated at a high-level e.g.
archaeology, fisheries, infrastructure etc. However, for the impact assessment a
more detailed evaluation is undertaken.
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Figure 5:2

Conceptualisation of the source-pathway-receptor model in relation to biological receptors.
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Figure 5:3

Conceptualisation of the source-pathway-receptor model in relation to physical and human receptors.
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Although this chapter is focused on changes in the physical environment, the

in association with The Crown Estate, produces twice-yearly active dredge area

capabilities of elasmobranchs (sharks, rays and skates) and invertebrates, so

opportunity to distinguish between indirect physical and ecological effects is

charts defining the areas where dredging will take place.

potential conflicts are very difficult to assess.

Noise and vibration

Suspended sediment plume

There are five different processes which contribute to the noise generated by a

Dredging leads to the production of a suspended sediment plume – partly from

dredger (Thomsen et al., 2009). These are:

the disturbance of the seabed from the draghead but mainly from the outwash

made to help clarify possible pathways between receptors.
The following sections describe the effects on the physical environment that
occur immediately once the dredger is on site.

of sediment from the dredger’s screening towers and the hopper spillways. The

l

Collection noise – the noise generated by the collection of sediment;

l

Pump noise – noise from the pump driving suction through the dredge pipe;

l

Transport noise – the noise of the sediment within the dredge pipe;

depend on the natural background conditions. Where habitats are subject to

immediate and noticeable within minutes and hours concurrent with dredging

l

Deposition noise – the noise of the sediment settling in the hopper; and

natural disturbance, plume impacts will be minimized relative to areas that are

operations.

l

Ship / machinery noise – noise associated with the propeller, engine and

5.5

Physical Effects of Dredging

5.5.1 Immediate changes
The following section describes the effects on the physical environment that are

thrusters.

Seabed removal
The dredging process directly removes the surface layer of the seabed through the
dredging process (see chapter 4). The length of time that dredge furrows remain
distinct on the seabed depends on the seabed type and the local hydrodynamics
(Diesing et al., 2006) e.g. surveys of dredge furrows have shown timescales of three
to seven years for them to be degraded (Kenny et al., 1998; Cooper et al., 2005).
Seabed removal obviously has a direct impact on the benthic communities within
the dredging area, including the removal of epifauna and infauna. Dredging can
result in a temporary 30-70% reduction in species diversity, a 40-95% reduction in
the number of individuals and a similar reduction in biomass of benthic communities
within the dredged area (Posford Duvivier, 2001).
Impacts on benthic communities will also have secondary impacts on species
which prey on benthic invertebrates and further up the food chain.
In addition, impacts will occur where there is overlap with archaeological receptors
(known or unknown). Archaeological material is finite and non renewable and the
physical process of extracting aggregate will impact receptors that lie within the
sediment targeted for extraction or which come into contact with the draghead.

Vessel displacement

spatial extent and transport of the plume depends on the particle size, velocity
of discharge and the local hydrodynamics and the impacts of the plume will also

otherwise stable.
Elevated concentrations of particulate suspended matter and its associated
deposition on settling, increased turbidity of the water due to the sediment plume

Dredging noise is predominantly low frequency (below 1 kHz) however, within this the

and potential dispersion of contaminants may affect different functional levels

noise derived from aggregates rising up through the suction pipe, the movement of

of the ecosystem. The potential effects include changes in primary production,

the draghead on the seabed and splashing from the spillways are higher frequencies

filter feeding, migrations and/or movements of fish, survival of pelagic egg and

than those generated by the ship engine and propeller (Parvin et al., 2008).

larvae of fish and forage opportunities of visual predators like fish, seabird and

A very recent investigation (Robinson et al. 2011) found that trailing suction
hopper dredgers emit sound levels at frequencies below 500Hz that are generally
in line with those expected for a cargo ship travelling at a modest speed – ie

mammals (Birklund and Wijsman, 2005).

5.5.2 Changes in weeks

between 8 - 16 knots. It was also found that source levels at frequencies above

The following sections describe the effects on the physical environment that

1kHz show elevated levels of broadband sound generated by the aggregate

are noticeable in days and weeks, and to be on-going between dredger visits to

extraction process; however these sounds attenuate rapidly with distance.

licence areas.

There were strong indications that the presence of aggregate pumped through
the pipe is a major source of these elevated levels at higher frequencies. Finally,

Fine sand dispersion

the sound levels were dependent on the aggregate type being extracted, with

As has been previously described, during dredging fine sediment is returned to

coarse gravel generating higher sound levels than sand (Robinson et al. 2011).

the water column in the form of a plume and as suspended sediment in the flow

Thomsen et al., (2009) conclude that since dredging noise is predominantly low

through the overflow spillways and from the screening towers. Sand settling onto

frequency, it would potentially affect cetaceans sensitive to low frequency noise
such as minke whales to a greater extent than cetaceans sensitive to mid or
high frequency noise. The harbour porpoise is a potential exception since it has

the seabed from these sources can potentially be transported on or near the
seabed away from the dredging area by tidal currents and waves. The dispersion
of this sand can locally alter the nature of the bed sediment, making it finer and

relatively high sensitivity across most frequencies. There is also a potential

potentially altering the benthic communities where these changes occur.

The presence of a dredger within the dredging area can lead to conflicts with

issue with seals as both harbour and grey seals have relatively good underwater

Field studies have been carried out on a number of dredging areas around the

other users of the same sea area since the area cannot be utilised by other parties

hearing at frequencies below 1 kHz. Hearing specialists such as herring and

coast of the UK, including Areas 122/3 and 351 (Hitchcock and Bell, 2004; Newell

when the dredger is present. Potential local conflicts may occur between the

generalists that are relatively sensitive to sound such as cod would potentially be

et al., 2004); Area 222 (Boyd et al., 2002, 2003, 2005); Area 430 (Newell et al.,

dredging activities and resulting reduced access for recreational yachting, diving

much more affected than generalists with relatively poor hearing such as dab or

2004); and Area 408 (Newell et al., 2002). The typical maximum distance over

and, importantly, fishing. Key to mitigating the effects is to establish an effective

perhaps sole. It is currently unknown how coupling of vibrations to the substrate

which the effects of dredging have been shown, or identified as the most likely

mechanism for liaison e.g. the fisheries liaison process through which BMAPA,

will affect bottom dwelling flatfish and very little is known about the hearing

candidate, to cause changes in the character of sediments on the seabed surface

5.5
EMU-EC-MAREA Volume 1 29/06/2012.indd 5

12/07/2012 14:27

Marine Aggregates Regional Environmental Assessment

is 4 km. This 4 km envelope corresponds to a maximum distance where changes

and wave form velocity decrease (Pethick, 1984). A general consequence of this is

in current speeds may have little effect on sediment transport. in such cases

in particle size distribution of the sediments on the seabed surface might be

that where water depths are increased as a result of dredging (i.e. where water

sediment flux will not increase despite the changes in hydrodynamics. However,

observed. The maximum distance over which bedforms as a result of dredging

depth increases over a dredged area) wave heights will decrease and wavelength

in areas with finer grained sediment or areas with higher sediment availability,

could potentially be observed was in Area 222 (Boyd et al, 2002, 2003, 2005) and

and velocity will increase.

sediments are more likely to be affected by changes in hydrodynamics.

These potential changes in wave speeds may also cause modifications to wave

In previous studies the effects of aggregate dredging on sediment transport have

refraction i.e. the direction of travel of the wave is changed by seabed morphology.

been found to be localised and are only significant within, or very close to the

The tendency of wave refraction is to bend the wave towards the isobaths until

particular dredging area. More importantly, the effects of aggregate dredging

Bathymetric changes are directly linked to seabed removal since water depth

the wave crest is travelling parallel to the isobaths. One unusual but important

in changing tidal flows and associated sediment transport have not previously

will increase over the area of removal. The change in bathymetry depends on the

consequence of wave refraction over a dredged area can be to induce a partial

been predicted to affect UK coastlines (HR Wallingford, 2009). This does not

by trailer dredging from

reflection of waves at the seaward edge of the deepened area. Where the change

rule out the fact that changes may be felt or predicted in the future, although it

of seabed will increase the water depth by approximately 0.5 m assuming

in depth between the general seabed level and the bottom of the dredged area is

is accepted this is unlikely.

that the tracks do not overlap. Extraction of a similar amount of aggregate by

sufficiently large, then some of the wave energy will be reflected back out to sea,

static dredging will affect a much smaller area but the seabed will be left with

even if the side slopes of the dredged area are very shallow.

pits of 5-10 m deep. It should also be noted that bathymetry changes are not

Initially, localised changes to wave propagation patterns could continue to affect

extended 2.5 km from the licence area boundary.

Bathymetric changes

area dredged and the method used. Extraction of 1
2

km2

Mm3

confined within the dredging area and do not always involve an increase in depth.
Section 5.3.5 described that bedforms associated with sediment from dredging
could be identified up to 2.5 km outside of a dredging area. These may have slight
bathymetric relief of a few centimetres outside the dredging area. Changing the

In addition to potential impacts on the physical processes, impacts may arise on
archaeological receptors where it results in burial of sites (positive impacts) but
also net sediment loss or erosion may expose previously buried material.

waves all the way to the shoreline, resulting in changes to wave height or in wave
direction. Such changes could potentially alter the strength of longshore currents,
littoral drift rates, and ultimately, the shape of the coastline.

5.6

receptors

The main biological and physical receptors identified for this MAREA are listed

bathymetry of an area will also have a potential effect on the hydrodynamics and
the sediment flux and will be discussed below.

Tidal currents

The lowering of the seabed across licence areas may also impact archaeological

As described in Section 5.3.7, changes in bathymetry can alter wave speeds; the

receptors beyond the immediate dredging footprint by exposing previously buried

same is also true for tidal current speeds. CIRIA (1998), however, suggests that

material making it vulnerable to physical, chemical or biological degradation and loss.

these changes are modest and produce only small changes in tidal current speed

below and comprise the last link in the source-effect-receptor pathway (Figures
5:2 and 5:3). Detailed baseline descriptions of each receptor are provided in the
Baseline Chapters 8 – 17 and Impact Assessment Chapters 18 – 28.
l

The Coastline and Inshore Sandbanks;

e.g. a few cm/s during the peak ebb and flood flows.

l

Benthic Ecology;

5.5.3 Changes over months and years

Modelling suggests that tidal currents typically decrease at the upstream and

l

Fish and Shellfish Ecology;

The following sections describe the effects on the physical environment that

downstream ends of a dredged depression, with modest increases along the

l

Marine mammals;

occur over months and years, and which are on-going between dredger visits to

sides. The area within which tidal current changes are detectable is usually twice

licence areas.

the extraction area (HR Wallingford, 2009).

l

Ornithology;

l

Nature Conservation;

Waves

Sediment flux

l

Commercial and Recreational Fisheries;

In deep water, where the water depth is greater than four times that of the length

Any changes to wave-induced currents and tidal flows may also affect the rates

l

of the wave, the size of waves is controlled by the wind speed, the length of time

Navigation;

and directions of the sediment transport that those currents cause. Where there

the wind has been blowing from a certain direction and the fetch (distance) over

are increases in current speeds, sediment flux may also increase, while decreases

l

Infrastructure; and

which the wind blows. In deep water there is no effect of surface (gravity) waves

in current speeds may cause a decrease in sediment transport. these potential

l

Cultural Heritage.

on the seabed.

changes in flux will likely lead to potential changes in erosion or deposition.

Where, however, the water depth is less than four times the wavelength, the seabed

Potential changes in sediment flux are not solely controlled by the changing current

exerts an influence over wave characteristics. The exact relationship between

speed – the potential for sediment transport is also controlled by the sediment

variables is complex, and these alter with changing water depth. However, in

grain characteristics and the availability of sediment for transport. Hence, in areas

simple terms the wave height increases as water becomes shallower while length

of coarse sediment or in areas where little mobile sediment exists, increases
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6.

Modelling the Physical Effects of Dredging

6.1

introduction

l

This chapter presents a summary of numerical modelling and desk-based
assessments carried out by HR Wallingford (Appendix A). The main purpose is
to assess how offshore aggregate extraction may potentially affect waves, tidal
currents, sediment transport and the generation and transport of fine sand and
sediment plumes.
There are inherent difficulties in empirically measuring changes to
hydrodynamics and marine sediments as a direct result of offshore aggregate
extraction. Consequently, numerical modelling and detailed desk-based
assessments of these hydrodynamic processes currently provide the best
alternative to direct measurements. An additional advantage of numerical
modelling is that input conditions (e.g. bathymetry) can be modified to assess
cumulative and/or future effects of aggregate extraction on hydrodynamic and
sedimentary processes.
Furthermore, numerical modelling allows offshore developers to assess
potential changes to coastal and marine environments and subsequently
modify proposed plans if the effects are considered to be unacceptable. This is
especially important with regard to coastal areas and locations with important
and sensitive receptors. Details of numerical model calibration and validation
are provided in Appendix A.

6.2

Wave Studies

Wave Dissipation – a process that occurs as waves enter shallow water

changes to wave dynamics.

How does marine aggregate extraction alter wave dynamics?
A reduction of seabed levels due to aggregate extraction may alter wave dynamics
in several ways:
l

Wave refraction – a process described as a change in wave direction due

existing and proposed new dredging area have been defined. These have been

energy are transformed. Friction with the seabed slows the wave down,

predicted by combining the present-day bed levels and the future extraction

and ultimately the wave shoals and breaks, resulting in wave energy

plans of the AODA members for marine aggregate extraction through to

expenditure.

approximately the year 2025.

6.2.1 Computational Modelling

The three bathymetric representations were produced so that they differed from
each other only in those areas where marine aggregate extraction has taken

HR Wallingford (Appendix A) used a third generation ‘state of the art’ spectral

place or is proposed. The seabed bathymetry outside of extraction areas remained

wave transformation model for coastal studies known as SWAN (Simulating

unchanged. This ensured that any predicted changes to wave heights were only a

WAves in the Nearshore; Ris et al., 1999) to assess potential changes to wave

result of extraction activities.

heights due to aggregate extraction. The advantage of this model over others is
that it is freely available, it is widely accepted by scientific and regulatory bodies

Wave, Wind and Tidal Forcing

and it has been tested rigorously with real empirical case studies. Furthermore,

For modelling purposes, it was also necessary to input significant wave height

it predicts what influence offshore extraction areas have on wave processes,

(Hs), mean wave period (T), wave direction, wind (speed and direction) and tidal

including:

conditions to assess how wave heights are modified as they propagate over the

l

Wave shoaling;

l

Wave refraction;

l

Wave diffraction;

l

Dissipation of wave energy at the seabed by friction;

l

Dissipation of wave energy at the seabed by wave breaking; and

l

Wave generation by winds between extraction areas and the coast.

aggregate extraction areas, under a range of scenarios.
A 1 in 200 year ‘worst case scenario’ wave forcing was adopted for the MAREA
region. To define these ‘worst case' wind and wave conditions, data from the
UK Meteorological Office’s (UKMO) European wave model were used (Table 6:1
below).

Return period
(years)

Direction	Wind speed
Significant
(°N)
(m/s)
wave height (m)

Peak wave
period (s)

200

0

29.9

9.5

16.25

200

30

29.0

8.9

15.73

200

60

27.2

7.8

14.43

wave height (Hs), peak wave period (Tp), wave direction, wind (speed and direction)

200

90

26.3

7.6

13.78

and tidal levels.

200

120

21.3

6.0

12.09

Bathymetry

200

150

24.4

6.5

12.61

Input Conditions
The main elements which are introduced into a SWAN model include representative
seabed bathymetries coupled with forcing variables, which include significant

to complexities in seabed contours. This process can lead to either: i) wave

The bathymetric input was divided into three main seabed levels as follows:

energy convergence, commonly known as wave focusing; or ii) wave energy

l

divergence, a process that leads to wave energy scattering.
l

A future bathymetry in which maximum predicted seabed levels in each

- the wave base begins to ‘feel’ the seabed, and the processes of wave

An important part of the MAREA is to assess the effects of marine aggregate
extraction on the physical environment of the study area, and in particular, potential

l

Typical 1 in 200 year incident wave height/period and associated wind input conditions for
SWAN model. Source: UK Met Office, Appendix A

A baseline or ‘pre-dredging’ bathymetry, where seabed levels in each existing
or previous licensed area represent the original situation before any extraction
commenced;

Wave reflection – a process whereby wave energy is reflected back, either

Table 6:1

A wave rose (Figure 6:1), based on UK Met Office data, summarises the wave
climate at model grid 474 located ~20 km northeast of the main cluster of aggregate

A present day bathymetry in which seabed levels in each existing or previous

areas in the Anglian MAREA region. The largest and most frequent waves, up

process is often apparent at coastal locations with seawalls, which reflect

dredging area have been established using the latest survey of those areas;

to 6-7 m high, approach from the north and north-northeast. Waves tend to be

incoming wave energy back out to sea.

and

smaller and less frequent from all other directions. In order to evaluate offshore

directly or at an angle, to its incident (original) wave direction. An analogous

l
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Figure 6:1

Wave rose, based on a 20 year time series forecast, for the Offshore MAREA region (UKMO
wave grid 474 – refer to Appendix A). Note the largest and most frequent waves approach
predominantly from the north and north-northeast. Scale refers to % occurrence and wave
heights are in metres. Data Source: UKMO European wave model and HR Wallingford
(Appendix A)

aggregate extraction at different tidal states, two water levels were considered.
These were Mean High Water Springs (MHWS: + 2.4 m CD at Gorleston on Sea)
and Mean Low Water Springs (MLWS: +0.5 m CD at Gorleston on Sea).

Figure 6:2

Past and anticipated future seabed lowering (post-dredge minus pre-dredge
bathymetry)

These were generated through a combination of three bathymetries, six wave
approach directions and two tidal levels.
In order to test the outputs, the modelled wave conditions were compared with
a 10 month long dataset obtained from the Horsey Acoustic Wave and Current
(AWAC) recorder. As expected, based on the conditions experienced during the
measurement period, the predicted 200 year wave heights were higher than
those measured at the Horsey AWAC during the 10 month measurement period.
For the purposes of this MAREA, six ‘worst case’ wave climate and aggregate
extraction scenarios are presented. These are:
i)

1 in 200 year wave events from the NNE at MLWS;

ii) 1 in 200 year wave events from the NNE at MHWS;
iii) 1 in 200 year wave events from the E at MLWS;

Present bathymetry 1 in 200 year wave event from the NNE at MHWS

iv) 1 in 200 year wave events from the E at MHWS;

6.2.2 Results – Wave Studies

v) 1 in 200 year wave events from the SSE at MLWS; and

Wave Height Changes from Offshore to Nearshore

vi) 1 in 200 year wave events from the SSE at MHWS

In order to investigate how wave heights are transformed as they enter coastal

Output
HR Wallingford (Appendix A) produced a total of 36 SWAN model outputs.

Figure 6:3

These are presented in Figures 6:4 to 6:9.
It is important to consider both tidal levels. Mean high water springs are used
to evaluate potential impacts on the coastline (since waves would potentially
extend further inshore) and mean low water springs are used to evaluate potential
impacts on shallow sandbanks (and other potentially sensitive receptors on the
seabed) located offshore. Combined (worst-case) present and future aggregate
extraction bathymetries were utilised in all of the models (Figure 6:2).
Additional models were also run by HR Wallingford (Appendix A) including Climate
Change scenarios (with a 10% increase in Hs and a 5% increase in T), and more

waters from further offshore, HR Wallingford (Appendix A) modelled changes in
wave heights for a 1 in 200 year wave event from the north-northeast at MHWS
using current bathymetry (Figure 6:3).
Results reveal a marked decrease in wave heights, from ~8 m in the offshore
region to ~2 m close to shore and on the leeward side of sandbank areas such
as Norfolk Banks in the north. It is also particularly noticeable how some of
the sandbanks, especially the Inner Great Yarmouth Banks, are very efficient at
sheltering the coast from large waves.

1 in 200 year Wave Events - MHWS

commonly occurring waves (25% exceedance). These have not been included in

When evaluating changes in wave heights due to aggregate extraction at MHWS,

this report since changes in wave heights are predicted to either be very small

it is especially important to determine whether there is a predicted increased in

compared with 1 in 200 year events (Climate Change scenario), or under the 25%

wave heights reaching the coast. In addition, because of the sheltering role of the

exceedance scenario wave height changes are predicted to be less than 2%

inshore sandbanks, it is also important to assess any potential changes in wave

compared with present day conditions. For further details refer to Appendix A.

heights where these are present.

6.2
EMU-EC-MAREA Volume 1 29/06/2012.indd 2

12/07/2012 14:28

Marine Aggregates Regional Environmental Assessment

Figures 6:4 - 6:6 show predicted changes in significant wave height (as a
percentage) for 1 in 200 Year wave events approaching from the NNE, E and
SSE, respectively. The maximum changes in wave heights are not predicted to
exceed 10% for any of the modelled scenarios, and the largest predicted changes
(Table 6:2) are located within or adjacent to the aggregate extraction area
boundaries.
Both wave height increases and decreases are predicted to occur outside the
licence area boundaries, however a decrease in wave height is not predicted to
have any increased erosive potential.
Wave height increases of greater than 5% are not predicted to occur outside of
the aggregate extraction area boundaries. The spatial footprint (or envelope) of
the change in wave heights is directly related to the wave approach direction
i.e., if waves approach from the east, the spatial change in wave heights is more
prevalent towards the west. Wave height increases are not predicted to occur
further than 2 - 3 km from any westernmost licence area.
Importantly, modelling results reveal that changes in wave heights are not
predicted to occur anywhere along the Anglian MAREA region coastline,
however some small wave changes are predicted to overlap with localised
areas of the Inner Great Yarmouth Banks. These will be considered further in

Figure 6:4

Wave height changes for 1 in 200 year wave event from the NNE at MHWS

Figure 6:6

Wave height changes for 1 in 200 year wave event from the SSE at MHWS

Figure 6:5

Wave height changes for 1 in 200 year wave event from the E at MHWS

Figure 6:7

Wave height changes for 1 in 200 year wave event from the NNE at MLWS

Chapter 19 Impact Assessment: Coastline and Inshore Banks.
1 in 200 year Wave Events – MLWS
Compared with MHWS, waves exert a greater force on the seabed at the
lower water levels present during MLWS. Therefore it is also important
to examine how wave heights are changed (increased) at MLWS. Figures
6:7 - 6:9 show changes in wave heights due to cumulative aggregate
extraction for 1 in 200 year events at MLWS from the north-northeast, east and
south-southeast, respectively.
In these scenarios, particular attention is focused on the areas of nearshore
sandbanks. Overall, the predicted changes in wave heights are comparable
to those observed for MHWS – increases in wave heights greater than
10% are not predicted to occur anywhere within, or outside of, the aggregate
areas, and no changes in wave heights are predicted to occur anywhere near
the coast.
However, increases in wave heights of 2–5%, are predicted to overlap
with small areas of sandbanks located near Area 202. These changes in
wave heights are analogous to a 1 in 200 year wave of 5 m height increasing
by 25 cm.
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Figure 6:8

Wave height changes for 1 in 200 year wave event from the E at MLWS

Area

Scenario	Max %

251

MLWS NNE

9.78	North boundary

296

MLWS E

8.80

328B

MLWS NNE

8.61	North of area

251

MHWS NNE

8.60	North boundary

240

MLWS E

8.26

328B

MHWS NNE

7.74	North of area

251

MLWS SSE

7.40	South of area

212

MLWS E

7.30	North and centre of area

319

MLWS E

7.13

254

MLWS E

7.04	South boundary

Table 6:2

6.3

Approximate location

Centre and east of area

Mainly in the South

East boundary

Ten maximum predicted increases in wave height by area and (1 in 200 year) modelling
scenario

Tidal Flows and Sediment Transport Studies

6.3.2 Computational Modelling
Regional Tidal Flow Model

This section examines the effects of offshore aggregate extraction on tidal

The computational technique used to simulate tidal flows in the region is a finite

work carried out by HR Wallingford (Appendix A).
Previous studies of offshore aggregate dredging around the UK coastline have
shown that predicted changes to tidal currents are generally small and are
mostly restricted to localised areas within and surrounding each individual
aggregate extraction area.
Since the MAREA region licence areas lie well offshore from the coastline, it has
generally not been necessary to carry out specific modelling of any changes in
tidal currents in Coastal Impact Studies (CISs). This MAREA, however, presents
an examination of the combined (cumulative) regional effects of present and
proposed future aggregate extraction on tidal flows in the region. Importantly,
any changes to tidal flows may potentially affect the rates and directions of
sediment transport within specific areas where change is predicted (Posford
Wave height changes for 1 in 200 year wave event from the SSE at MLWS

The tidal flow model grid used in TELEMAC. Note higher resolution within northern
aggregate area cluster in order to improve (cumulative) model outputs

6.3.1 Introduction
currents and seabed sediment transport (flux). It is based primarily on modelling

Figure 6:9

Figure 6:10

Duvivier Environment and Hill, M.I., 2001).

element model developed by LNH-EDF of France and known as TELEMAC. This
software has been used and developed at HR Wallingford for many years and for
many comparable applications. TELEMAC has the significant benefit of allowing
fine-model resolution in specified areas, which can simulate flows over large areas
but permits a more detailed representation of the flow field in a sub-area of particular
complexity or interest (Figure 6:10). More details of this model are provided within
Appendix A.
The overall tidal flow model was run by providing a time history of water levels
along two open boundaries: i) north and east in the North Sea; and ii) in the
southwest approaches of the English Channel. Water levels were determined
from harmonic analysis of published information from the national British
Oceanographic Data Centre (BODC) database. Calibration and validation of this
model has been carried out by comparing predicted water levels and currents
with observations made by the UK Admiralty at locations along the coastline, and
offshore of them, within the Anglian MAREA region.
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Sediment Transport (Flux) Model

l

A single tidal range equivalent to that of a mean spring tide;

Any changes in tidal currents, predicted by the TELEMAC flow model as a result

l

Transport of medium grain-size sand (D50 of 0.4 mm); further sensitivity
analyses using 0.3 mm and 0.5 mm were also carried out; and

of past or planned future aggregate dredging, can potentially alter sediment
transport. The extent and magnitude of changes to such transport, however,

l

will also depend on the type of sediment present (i.e. its size and weight), the

For bathymetry, pre-dredging bathymetries were compared with combined
present and future extraction bathymetries.

morphology of the seabed (i.e. its slope and roughness, water depths) and the
particular tidal conditions.
Sand transport in the MAREA region was simulated using the HR Wallingford
SANDFLOW model, which is a non-equilibrium finite element sediment
transport model that simulates total sediment load (suspended and bedload),
with input flows from TELEMAC. Further details on this model can be found
within Appendix A.
The transport of medium sized sand with a median grain diameter of 0.4 mm,
based on analysis of BGS seabed sediment data, was modelled. Sensitivity
modelling was also carried out using median grain diameters of 0.3 and 0.5
mm. In reality, much of the Anglian MAREA region is comprised of gravel-sized
material, which is less mobile than the modelling scenarios employed.
All model simulations were performed assuming an abundant supply of sand
over the whole study region. This approach is preferred because it results
in model predictions that are not dependent on the initial starting condition.
However, this does require care to be taken when interpreting the model
results.
The SANDFLOW model can output, instantaneously, the sediment flux
throughout the period simulated. However, for the present study it was
considered more useful to provide information on the net sediment transport
over a tidal cycle to focus on the longer-term transport rates and pathways.
It is this net transport, also known as the residual sediment flux, which has
been analysed in detail. This approach is appropriate when considering
the possibility of aggregate dredging leading to deposition on or erosion of
sediments from the seabed in the vicinity of the extraction areas. In general,
the possibility of changes in the seabed morphology, for example scour or
sediment deposition, is usually more of a concern than specific changes in
sediment transport rates; increases in net transport suggest possible erosion
(scour) of the seabed while reductions may lead to sediment deposition.

It is important to note that a worst-case scenario has been adopted when
modelling tides and sediment transport within the MAREA region. This has been
done in three ways, namely:
i)

Modelling of medium grain size sand rather than sandy gravels/gravelly
sands;

ii)	Selecting a tidal range equivalent to a mean spring tide instead of mean
tides; and
iii) Using a bathymetric input which incorporates a predicted and ‘overestimated’ maximum aggregate extraction scenario.
Therefore, all modelling results are assumed to represent conditions which are
exaggerated and unlikely to occur. However, if significant changes are observed
under these conditions, then further refined modelling in certain specific locations

Figure 6:11

Modelled peak flood-tide current speeds and directions for present-day bathymetry

Figure 6:12

Modelled peak ebb-tide current speeds and direction for present day bathymetry

(e.g. licence areas) may be required.

6.3.3 Results - Tidal Currents
Predicted flows at the peak of the flood and ebb tide for present-day bathymetry
are presented in Figures 6:11 and 6:12, respectively. The model outputs illustrate
that peak currents across the seabed flow approximately to the south during flood
tides, and approximately to the north during ebb tides. The spatial variations in
current speeds in areas to the north and west of the aggregate areas reflect the
presence of large sandbanks, with the fastest currents located in the deeper
areas between adjacent sandbanks. Peak flood-tidal current speeds are highest
(~ 1.4 m/s) within, and to the north and west, of the main Yarmouth block of
licence areas in the north; the lowest current speeds (~ 0.2 m/s) are located
adjacent to the coast, especially south of Lowestoft. Peak ebb tidal currents tend
to be marginally higher than peak flood currents over much of the MAREA region.
Figure 6:13 shows the predicted percentage change in peak spring current
speeds, between pre-dredge and post-dredge bathymetries. The model output

Choice of Input Conditions for Flow and Sediment Transport
Modelling
The final step in the modelling process was to choose input conditions for the
flow and sediment transport models. These were as follows:

generally predicts that tidal currents speeds are enhanced at the (tide parallel)
northern and southern margins of aggregate extraction areas (due to increased
discharge entering and exiting the dredge areas) and are reduced along the (tide
perpendicular) western and eastern margins.
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Figure 6:13

Numerical modelling output of changes (%) in peak spring-tide currents due to
proposed future aggregate extraction

Figure 6:14

Pre-dredge sediment transport flux

Modelling results predict that changes in peak current speeds are less than 20%

variations in tidal range and sediment types across the MAREA region) it is still

and these are mostly confined to areas within or directly adjacent to aggregate

feasible to identify areas of the seabed where changes in transport rate changes

extraction areas. However, there is one area to the west of Areas 251 and 319,

might take place.

and another highly localised area located along the southern boundary of south
Scroby sandbank, where tidal current speeds are predicted to decrease mostly
by 5 - 10%. Small increases in peak tidal current speeds of ~ 10 to 15% are
also predicted along the northern margins of Areas 202 and 254. However,
these changes are within natural variations in tidal current speeds and can be
considered to be minimal. Changes to peak tidal current speeds are not predicted
to occur anywhere along the MAREA region coastline, although some small
changes (± 10%) in peak tidal currents are predicted to overlap with localised

there are large areas of the MAREA region seabed which are covered by much
coarser sandy gravels and gravelly sands (refer to Chapter 8 Regional Coastal
and Geological Characterisation for details).
Predicted pre-dredge modelling results indicate a wide range of natural net

are mostly located in the north and west of the main cluster of licence areas off

If tidal current speeds are predicted to change due to aggregate extraction, it is

are mostly located in the coastal zone south of Lowestoft and extending as far

to ascertain localised and site specific changes to sediment transport (due to

Predicted changes in sediment transport (flux) as a percent compared to baseline
conditions

It was also assumed that the whole region was covered in sand, when in fact

6.3.4 Sediment Flux – Results

significant sediment transport changes are predicted. Although it is difficult

Figure 6:16

a spring tide and combined past and future extraction scenarios were considered.

sediment transport rates, ranging from zero to several thousand kg/m/tide each

This is especially true for sensitive receptors located within a footprint where

Predicted changes in sediment transport (kg/m/tide) due to past and proposed
aggregate extraction

An over-estimated modelling approach was adopted, where medium-sized sand,

areas of inshore banks.

also important to assess potential changes to seabed sediment transport (flux).

Figure 6:15

spring tide (Figure 6:14). The highest transport rates (up to ~ 10,000 kg/m/tide)
Great Yarmouth. The lowest predicted transport rates (from 0 to 100 kg/m/tide)
as Aldeburgh. There is also a small area of low sediment transport in the east
and west of Area 496, in the Southwold sub-region.
In order to calculate changes to sediment transport due to proposed future and
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past aggregate extraction, it was necessary to compare pre-dredge transport

are unlikely to occur. It is important to note that footprints do not necessarily

flux with those calculated for past and future extraction scenarios. Figure 6:15

correspond to areas of significant physical impact but merely highlight areas

shows the predicted changes in sediment flux due to past and proposed aggregate

where overlap may or may not occur (Appendix A).

flux are mostly predicted along the western boundary of the Yarmouth block of
licences. There are a few locations where sediment flux is predicted to increase
by more than 3000 kg/m/tide; however, these are very small and highly localised

The results presented from this plume study are highly precautionary and

l

areas. Although there are no predicted changes to sediment flux along the coast,
some nearshore sandbank areas (e.g. Cross Sands and Scroby) show changes
in sediment flux of ± 500 kg/m/tide. No changes in sediment flux are predicted

0.25

1.25

0.3

Owers Bank
Arco Severn
(All-in load)

18

0.6

1.25

0.33

Hastings
Shingle Bank
(All-in load)

25-30

0.5

1.7

0.52

Eastern
English Channel
(All-in load)

46

1.1

2.0

0.3-3.0

Worst case development of bedforms (in terms of distance from dredging)

Eastern
English Channel
(Screening for gravel)

46

1.1

2.0

0.4-1.3

due to aggregate extraction recorded in UK waters; and

Area 430

30-40

Up to 1.2

2.0

≈ 0.3

Worst case changes in bed substrate (i.e. seabed sediments) observed in UK

Area 106

14-16

Up to 0.8

2.0-3.0

≈ 0.3

They are based on sediment inputs from a dredger currently used in the
It is assumed that dredging will occur across all of the aggregate areas
simultaneously;

elsewhere in the AODA region (Figure 6:15).
Figure 6:16 shows changes in sediment flux as a percent compared to baseline

l

Only peak concentrations are considered; and

conditions. It is evident that spatial overlap, particularly increases in flux, with

l

Incorporating the worst case plume excursion identified from aggregate
dredging identified in UK waters.

areas of sandbanks is minimal, patchy and highly localised. No changes in sediment
flux percent are predicted to overlap with any part of the Anglian coastline.

6.4

Similar worst case scenarios are presented for fine sand dispersion, namely:
l

Suspended Sediment Plumes

6.4.1 Introduction

l

waters.

The process of loading a dredger with sand and gravel from the seabed
inevitably results in some fine material being released into the water column,

The results presented here are primarily based on a desk-based study of available

which subsequently settles and disperses on the seabed. This occurs via

aggregate dredging studies where measurements were undertaken to examine

overflow spillways and screening processes (for further details refer to Chapter

plume and fine sand dispersion. Literature data are derived from:

4 and Appendix A).
l

HR Wallingford, 1996 - Owers Bank

resulting from the dispersion of dredging plumes has been undertaken by HR

l

Cefas, 2001 - Hastings Shingle Bank

Wallingford (Appendix A – Plume and Fine Sand Dispersion Report). The plume

l

HR Wallingford, 2010 - Eastern English Channel

l

Cefas, 1998 - Race Bank

As a result, a high-level assessment of the footprint of potential impacts

footprints have been calculated based on reference, worst-case, field studies
from literature. The results are a conservative and precautionary assessment
of the footprint at each site.

l

Compass Hydrographic Surveys, 2004 - Area 430

The objectives of the plume study are to:

l

Compass Hydrographic Surveys, 2004 - Area 106

l

Hitchcock and Bell, 2004 - Area 122/3

l

Identify the (cumulative) footprints relating to the dispersion of fine sediment
plumes arising from proposed dredging at each of the identified aggregate
areas; and

l

Identify the (cumulative) footprints relating to the dispersion of fine sand
arising from proposed dredging at each of the identified aggregate areas.

Dredger Plume excursion
pumping
from point of
rate (m3/s)
origin (km)

18

Anglian MAREA region which has the potential to give the greatest impact;
l

Current
speed
(m/s)

Owers Bank
City of Rochester
(Screening for gravel)

conservative for the following reasons:

HR Wallingford (Appendix A) summarised the available data and showed that
plumes may travel from a few hundred metres to several kilometres from their
origin – the longest distance was reported to be approximately 3 km from

Table 6:3

East English Channel (Acro Axe, screening)

A mean fit through the data is presented as a graph (Figure 6:17). In general, the

aggregate dredging could potentially occur and rule out areas where impacts

data suggest that typical increases in concentration above background levels

East English Channel (Acro Axe, all-in)

100

Hastings (Acro Adur, all-in)
Hastings (Sand Falcon, all-in)
95th percentile

80

Best fit average

60

40

20

0
0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

Normalised distance from point of plume origin (m)

aggregate areas located in the Eastern English Channel (Table 6:3).

The study was designed to identify areas where impacts arising from proposed

Measurements of plume data from aggregate areas in the UK.
Source: HR Wallingford, 2011

120
Mean measured plume concentration above background (mg/l)

extraction. Results suggest that marked changes (±1000 kg/m/tide) to sediment

	Water
depth
Site
(m)

Figure 6:17

Summary graph of field data relating to measured increases in suspended sediment
concentration in plumes from aggregate dredging sites in the UK. Source: Appendix A
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from aggregate dredging plumes range from 40 mg/l at a distance of 100 m from

Southwold sub-region. There is no interaction or overlap of plumes between

the plume origin, decreasing to 20 mg/l at 200 m and falling below 10 mg/l at

the two sub-regions. Although minimal overlap is predicted between the plume

600 m from the plume origin.

footprint of Area 430 and the licence area boundary of Area 496, there is no
overlap between the plumes of both areas.

Measurements of background suspended sediment concentrations by Cefas
range from 8 – 32 mg/l in calm summer conditions to 16-64 mg/l for calm winter

Figure 6:18 shows the footprints over which the plumes raise background

conditions (HR Wallingford, 2002). Typical suspended sediment concentrations

concentrations by 20, 50 and 100 mg/l. In general, these footprints lie relatively

of 50 – 100 mg/l have also been measured at Scroby Sands, located a few km

close to the dredging area boundaries. The figure shows that the predicted

offshore of Lowestoft. It is important to note that these do not represent high-

increases in suspended sediment concentration will be less than:

energy (storm) conditions, which are likely to result in higher concentrations.

l

boundaries;

Calculating Fine Sediment Plume Footprints
l

The plume study revealed that the dominant factors which influence the distance

50 mg/l above background for distances > 400 m from the dredging area
boundaries; and

and area over which a plume disperses are based primarily on the: i) current
l

speed, ii) water depth, and iii) typical pumping rate of the dredger.

100 mg/l above background for distances > 200 m from the dredging area
boundaries.

In order to calculate the extent of aggregate dredging plumes, HR Wallingford

It is important to recognise that suspended sediment plumes produced by

(Appendix A) used the following equation, which is based on field measurement

aggregate dredging tend to dissipate to natural background levels within 30-40

studies and established theories regarding 2-dimensional dispersion of
turbulent flows:

20 mg/l above background for distances > 1 km from the dredging area

minutes of release, especially if no repeated passes in the vicinity are made
Figure 6:18

Predicted footprint of fine sediment plume arising from proposed aggregate dredging. This is a
maximum development scenario assuming simultaneous extraction from all aggregate areas

Figure 6:19

Predicted maximum development scenario suspended sediment plume footprints and
concentrations

by the dredger (Appendix A). Therefore, increases in suspended sediment

Dmax = 0.0276 (UHQ) + 0.173 where:
Dmax is the upper limit of the distance over which the plume disperses;
U is the current speed;
H is the water depth; and
Q is a typical pumping rate of the aggregate dredger
An existing flow model of the MAREA region provided information on tidal
currents and water depth. A comparison of the site-specific reference flows,
water depths and pumping rates with spring tide current speeds allowed the
likely maximum plume dispersion distances at each of these sites to be deduced.

6.4.2 Results – Suspended Sediment Plume
Figure 6:18 shows the predicted footprints, or spatial extent, over which the
plume raises suspended sediment concentrations above background levels.
In general, the plume footprints are mostly concentrated within or marginally
outside of the licence area boundaries. The envelope(s) of areas that will
experience some change in concentrations form two spatially distinct areas –
those associated with the licence areas in the Yarmouth sub-region in the north
and the other with the two licence areas (430 and 496) located in the southerly

Figure 6:20

Snapshot of typical plumes resulting from dredging at two aggregate extraction areas
during a floodtide
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Box 1: Plume dispersion from large trailer suction 		
hopper dredgers
HR Wallingford (2011) modelled the sediment plume arising from a large, high
productivity dredger (the Oranje), which has a hopper capacity of 15,961 m3.
The overflow discharge from the dredger was modelled using the TASS modelling
system (Aarninkhof et al., 2010) and the plume dispersion model used the
SEDTRAIL-RW(3D) modelling system. The results of the model were compared to
those from the Arco Dijk, once of the largest dredgers in the typical UK aggregate
fleet, which has a hopper capacity of 5,096 m3 and has been used as the standard
size in the REA studies (HR Wallingford, 2011).
The study found that the use of high productivity dredgers resulted in higher
instantaneous rates of release for fine sediments from the overflow pipe, but a
lower loss of sediment into the water column. Also, since the high productivity
dredgers can take more aggregate in one load, they require fewer loads than
typical aggregate dredgers to remove the same volume of aggregates (see figure
below). Overall, the effects of dredging by the high productivity dredgers were
found to be similar to (or less than, in terms of sediment loss) those found from a
typical UK aggregate fleet dredger.

concentrations will only be experienced for a few hours at most over a 24-36

fine sand may extend as far as 4 km. However, if the tidal currents are complex

hour dredging cycle.

and do not always move away from the dredging area, then the distance would

The footprints shown in Figures 6:18 and 6:19 can give the impression that

be significantly less than 4 km.

the footprints represent the plume itself and not the ‘envelope’ of the plume

In addition, the maximum distance over which the effects of dredging in the UK

throughout the dredging process. To set them in context, a snapshot impression

have been shown to produce bedforms is up to 2.5 km from Area 222, located

of the predicted plumes from dredging in two aggregate extraction areas during

approximately 20 miles east of Felixstowe (Boyd et al., 2003). On this basis,

flood tide conditions is presented in Figure 6:20. Importantly, the figure shows

bedform footprints of up to 2.5 km from the boundary of each licence area in

that at any given time the plumes have a small spatial and almost linear

the direction of the net sediment transport residual have also been derived. It

footprint relative to the size of the region.

must be reiterated that these assumptions are based on worst case scenarios

It can be concluded that, from a purely physical perspective, the plumes
associated with aggregate dredging will have a minimal effect on suspended
sediment concentrations within the wider MAREA region.

6.5

Fine Sand Dispersion

6.5.1 Introduction
HR Wallingford (Appendix A) has also provided a high-level assessment of the
footprint relating to the longer term dispersion of sand released into the water
column during the dredging process. The main objectives are to predict the

in UK waters and spring tide conditions. There is also no evidence of bedform
formation from aggregate areas where screening does not take place.

6.5.3 Results – Fine Sand Dispersion
Figure 6:21 shows that the footprints for fine sand and bedform formation show
no overlap between sub-regions. In general, changes to sediment character are
mostly concentrated near the boundaries of dredging areas, with no interaction
with the coastline and little overlap with the inshore sandbanks.
Many of the aggregate extraction areas in the MAREA region are located in regions
of sandy gravel or gravelly sand. For these areas, the deposition of fine sand may

formation of bedforms and changes in the nature of the seabed sediments directly
associated with the release of fine sediment from dredgers.
The footprint was also based on reference dredge-related field studies from the
literature. These footprints are more difficult to characterise than the plumes
because there is more uncertainty in the prediction of the natural net sand
transport in and around the aggregate extraction areas. Furthermore, wave action
in some areas could potentially contribute to sediment transport. Since a high
level assessment is required, HR Wallingford has adopted a simpler (but still
conservative) approach than that used for sediment plumes.

6.5.2

Previous Studies

The maximum distance over which the effects of dredging have been shown
to cause changes in the character of sediments on the seabed surface in the
UK is 4 km from Area 408, located approximately 100 km east of the Humber
Estuary (Coastline Surveys Europe Ltd, 2002; Evans, 2002; Newell et al., 2002). A
conservative approach is therefore used which assumes that the footprint arising
from fine sand dispersion will include the seabed up to 4 km from the boundary
Predicted release of sediment overflow from Oranje and Arco Dijk
(Source: HR Wallingford, 2011)

of each aggregate extraction area in the direction of the net sediment transport
residual, as calculated on the basis of the local tidal current residual. In other
words, if the tidal currents are approximately rectilinear and unidirectional, the

Figure 6:21

Maximum extent of bedforms and fine sand dispersion
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influence the natural character of the seabed surface and potentially sensitive
receptors. However, there are also large areas of sandy seabed (with bedforms) in
the vicinity of aggregate areas – it is unlikely that these areas of the seabed would
have any discernible impact from fine sand dispersion. Aggregate areas located in
or close to sandy seabed areas include: 212, 494, 360, 296, 328/1, 202 and 254.
It should be noted that many areas of the MAREA region outside of sandbank
areas have naturally occurring veneers of sand overlying gravelly areas. Therefore
the physical changes associated with (minor) fine sand dispersion will reflect the
variation that naturally exists in the region.
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7.

Regional Hydrographic Environment

7.1

Regional overview

6
Mean Hs

This chapter summarises the regional oceanographic and hydrographic

Max Hs

environment of the Anglian offshore MAREA region. It includes baseline

5

descriptions of wave climate, tidal regime, water temperature, salinity, water
quality, contaminated sediments and suspended sediments.

Wave climate

The wave climate of the southern North Sea (including the Anglian offshore
region) can be broadly described as a fetch-limited sea with a dominance of

Wave Height (m)

7.2

4

3

2

wind and wind-sea wave energy from the north. The largest and most frequent
waves arrive from the north, particularly in the winter months. Wave heights

1

can reach 8 m occasionally (Draper, 1968) due to exceptionally strong storms
that operate in the region. Wave periods are mostly comprised of shorter wind
swells (< 8 s) due to the limited fetch (distance) over which winds can blow over

0
Sept - 85

Dec - 85

Mar - 86

Jul - 86

the North Sea. Southwest and west winds are also common, however these
typically do not generate coastal waves since the wind and waves move either
obliquely or directly away from the shore.
The following section provides a summary of both measured, modelled and
hindcasted wave data from a range of sources for the Anglian region and vicinity.

7.2.1 Recorded wave data

Oct - 86

Jan - 87

May - 87

Aug - 87

Month / Year

Figure 7:1

Average and maximum significant wave heights recorded between December 1985 and June
1987 for a location 11 miles northeast of Cromer. Data Source: Clayson and Ewing (1988).

be treated with caution due to the limited time period of the dataset (Clayson and
Ewing, 1988). Nonetheless it is a wave height that is comparable to the maximum

offshore. In general, only minor differences were observed between the dataset

(8.0 m) recorded by Draper (1968) off Smith’s Knoll in the southern North Sea,

locations, which can be expected given their close proximities.

located in the northeast of the Anglian region. According to Draper (1968) the

A significant amount of recorded wave data relevant to the Anglian region (both

50% exceedance wave heights were 1.3 m and 0.7 m in winter and summer,

offshore and nearshore) was collected by the Institute of Oceanographic Sciences

respectively with a mean zero crossing period of 5.8 s.

(Clayson and Ewing, 1988; Fortnum and Hardcastle, 1979). Clayson and Ewing
(1988) obtained directional wave buoy (Datawell WAVEC) data from December
1985 to June 1987 for a location 11 nautical miles northeast of Cromer (53°04’N,
1°31’E) in a water depth of 31 m. The studies were commissioned by the UK

A wave rose distribution illustrating wave (approach) direction and significant

A graph illustrating percentage exceedance (Figure 7:4) for Hs and Hmax for
Aldeburgh shows the 50th percentile (i.e. half the time over the 2 year recording
period) is exceeded for heights of approximately 0.3 and 0.6 m, respectively over
the duration of the recordings. Wave heights of 1.25 and 2.5 m are calculated to

wave heights is presented in Figure 7:2. It is clear from the data that the dominant
wave approach for all wave heights is from the north. The largest waves (> 3.0 m)
14

heights (Hs and Hmax), zero-crossing period (Tz) and (approaching) direction over the

An examination of wave period data (Figure 7:3) shows that waves generated in

12

duration of the wave measurements. Additional results included calculation of the

the southern North Sea occur primarily (~80%) in the (short-period) 4-8 s range,

10

50-year return period of Hs and joint distributions of i) wave height and period ii)

which indicates a dominance of (fetch-limited) wind-sea waves. Waves with

wave height and direction and iii) wave period and direction.

longer periods (> 9s) do occur, but are significantly less frequent and are generated

% Occurrence

approach from the north and northeast.

Department of Energy. The main data include mean and maximum significant wave

8
6

predominantly from the north (Clayson and Ewing, 1988).

4

over the study period. Results over the 19 month period reveal that the mean Hs

Wave data recorded and described by Fortnum and Hardcastle (1979) for locations

2

was approximately 1.1 m and average Hmax was ~ 3.3 m. A maximum wave height

off Aldeburgh (June 1975 to May 1976), Dunwich (June 1975 to May 1977) and

0

of 4.81 m was measured in February 1986. The highest waves were typically

Southwold (June 1975 to May 1976) also provide insight into nearshore wave

recorded in the winter of 1985/1986. A predicted 50-year return wave height

data. Mean significant wave height and (zero-crossing) period were derived from

value, based on the dataset, is estimated to be 7.6 m; however, this value should

a pressure recorder located in 6-8 m water depths and approximately 150 m

Figure 7:1 shows a time-series of mean and maximum significant wave heights

Wave rose showing significant wave height and wave approach direction from Dec 1985
to June 1987 for a location 11 miles northeast of Cromer. Vertical values inside rose refer
to % occurrence and colours refer to significant wave height in metres. Data Source:
Clayson and Ewing, 1988.

Figure 7:2
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Figure 7:3

Percentage wave period occurrence for a location 11 miles northeast of Cromer. Data Source:
Clayson and Ewing, 1988.
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in 18m of water) has collected wave data at half-hour intervals from February
100

25

2008 to November 2010 (Cefas, 2011). The recorded data reveal a maximum Hs
of 4.72 m on 10/03/2008 (Figure 7:6) and a mean Hs over the duration of the
dataset of 0.76 m. Maximum zero-crossing (Tz) and peak (Tp) periods were 7.23

20

50

Percentage Occurrence

and 19.91 s, respectively (Figure 7:7). Average Tz and Tp were 5.43 and 3.74 s,

Hmax (3hr)

Hs

revealing dominance of short-period (locally generated) waves for this area of the

15

North Sea. Directional data from the same wave buoy (Figure 7:8) reveal that
waves approach from two main quadrants; these are from 22.5° – 112.5° (north-

10

northeast to east-southeast, 60%) and from 157.5° – 202.5° (south-southeast
to south-southwest, 36%). There is minimal wave approach from 180° to 360°,

5

which is expected given the east-facing orientation of the shoreline and the
proximity of the wave measuring device to the coast.

0
0

0
0.2
Figure 7:4

1

2

3

4

5

5

Percentage exceedance of Hs and Hmax from 1975 - 1976 for Aldeburgh. Source: Fortnum
and Hardcastle, 1979.

Figure 7:5

Seconds
Zero crossing period

10

15

Frequency histogram for (zero-crossing) period for Aldeburgh from 1975-1976. Note the
dominance of short period (4 – 7 s) waves. Source: Fortnum and Hardcastle, 1979.

7.2.3	Hindcasted Wave Data
It is well-accepted that empirically observed/measured wave data are particularly
important in defining and assessing wave climates. Unfortunately however, such
data are often limited in terms of long-term records and are often only applicable to

occur less than 10% of the time for Hs and Hmax, respectively. The maximum wave

of Cromer (Clayson and Ewing, 1988). Wave heights obtained from a WaveNet

localised areas. As a result, wave hindcasting models have become an important

height recorded was approximately 4.0 m. A 50 year return interval for Aldeburgh

mooring location off West Gabbard, located south of the study region and in 34m

method and tool to complement existing (limited) observational wave data.

was estimated to be 7.3 m (Fortnum and Hardcastle, 1979). Similar results were also

water depths, has shown that average Hs and maximum summer wave heights are

derived from the Dungeness and Southwold wave data.

0.9 and 3.2m, respectively. In the winter, mean Hs was 1.5 m, with maximum wave

A regional hindcast analysis of extreme wave conditions from 1958-2002, driven

A graph showing the percentage occurrence of (zero-crossing) wave period from
Aldeburgh from 1975 to 1976 shows that the nearshore coastal Anglian region
is dominated by relatively short wave periods in the range of approximately 4 –
7 s (Figure 7:5). These wave periods are similar to the ones measured offshore

heights of 5.2m (Limpenny et al., 2011).

southern North Sea. In general, there was an increase in the number of extreme
wave events (99th percentile) from 1958 to 1985, after which they levelled off.

7.2.2 Sizewell Wave Buoy (Wavenet/Cefas)

The last few years of the observation period has revealed a decrease in the

A directional Waverider, located off Sizewell (52° 12.45’N and 001° 41.08’E

5

by hourly wind observations, was modelled by Weisse and Gunther (2007) for the

intensity and duration of extreme wave events in much of the southern North

360
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Figure 7:6

180

Maximum significant wave heights for Sizewell Waverider Buoy from Feb 2008 to Nov 2010.
Data Source: Cefas/WaveNet.

18/08/2007

11/08/2008

11/02/2009

11/08/2009
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Date

Figure 7:7

Peak (grey) and zero-crossing (black) period derived from Sizewell Waverider Buoy from Feb
2008 to Nov 2010. Data Source: Cefas/WaveNet.
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16/08/2008
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13/08/2009
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14/08/2010

12/02/2011
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Figure 7:8

Wave approach direction from Feb 2008 to Nov 2010 for Sizewell Waverider Buoy. Wave
data are predominantly from eastern half (0-180o) which is expected given the north-south
orientation of the Anglian coastline and the coastal location of the wave buoy in 18 m water
depth. Data Source: Cefas/WaveNet.
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Sea. Coastal areas have shown a reduction in severe wave conditions over the

the purposes of the MAREA study, wave and tidal information was utilised to

duration of the study (1958 – 2002).

evaluate wave heights, tidal ranges and near-bed tidal current speeds. Tidal
results are provided in the Section 7.3.

A comparison of predicted and hindcasted wave data for Buoy K13 (53.22° N,
3.22° E) revealed an 87% correlation for data from October 1978 to December

Average significant wave heights (Hs) for the MAREA region, divided roughly into

2002. Observed and hindcast Hs was 1.47 and 1.54 m, respectively. A comparison

10 x 10 km cells, for August and January are shown in Figure 7:10. For August,

of 2, 5 and 25 year return values for average hindcasted and observed Hs were as

average Hs range from 0.73 m to 1.10 m and in January average Hs range from

follows: Hindcast – 7.5, 8.4 and 10.4 m; Observed – 6.8, 7.5 and 9.2 m. It must be

1.16 to 1.9 m, with the highest values occurring in the northeast of the MAREA

noted though that these are Hs values for a location ~ 100 miles northeast of the

region and the lowest values occurring in the south and nearshore.

Anglian coastline, where wave heights can be assumed to be moderately larger
than close to shore. However, it does provide a conservative estimate of maximum
expected wave heights for the Anglian offshore region. A 99th percentile value

7.3

for severe event thresholds (which on average occur ~ 3 to 4 days per year) are

Tidal ranges in the southern North Sea and AODA region are controlled primarily

estimated to be approximately 3.5 - 6 m for large parts of the southern North Sea

by an amphidromic point which is located roughly between the Anglian coastline

(Figure 7:9). These values correspond relatively well with recorded wave heights

and the Netherlands and are semi-diurnal (twice daily) in nature. The rotation of

obtained by Clayson and Ewing (1988) who recorded a maximum wave height of

the tidal wave around this amphidromic point is anti-clockwise (Carter, 1988).

4.81 m over a 16 month period for a location 11 miles northeast of Cromer.

Figure 7:11 illustrates the mean spring range for the AODA region which ranges

The Atlas of UK Marine Renewable Energy Resources (The Atlas), covering the

from 0.68 m in the central offshore to a maximum of 4.14 m in the northwest,

entire UK continental shelf, was originally published in 2004 as the main source

making this region micro to low macrotidal (BERR, 2007). Neap tidal ranges are

for regional descriptions of marine renewable energy – particularly for wave,

approximately half of those measured during spring tides.

Tides and Tidal Currents

wind and tidal energy (BERR, 2007). The wind and wave datasets have been
generated from 3.5 to 7 years of archived data; the tidal dataset is calibrated from
five independent layers of model outputs. The data are provided in GIS (spatial)
format to improve mapping, presenting and querying capabilities in addition
to being freely available. The Atlas is the result of a high-level collaboration
between the Met Office, Proudman Oceanographic Laboratory and ABPmer. For
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Long-term (1958-2002) 99th percentile of total significant wave height (m). Source: Weisse
and Gunther, 2007.

Figure 7:10

Average significant wave heights for January (top) and August (bottom) for the Anglian
region based on seven years of modelled and archived data. Data Source: BERR, 2007.

Figure 7:11

Mean spring tidal ranges (m) for Anglian region. Data Source: BERR, 2007.
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Figure 7:12

Surface water movement patterns and net residuals for locations in the north of the AODA region (top), the northern cluster of aggregate sites (centre) and in the vicinity of the southern cluster of aggregate sites (bottom). Spring tides are shown along left margin and neap tides are shown on right margin.
Note: Tidal diamond data are only used to illustrate tidal residual movements and how they differ across the Anglian region. Tidal diamonds/Admiralty data were not used to calibrate models, instead current meter field data were utilised for model calibration.
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7.3.1 Residual Surface Tidal Movements
Graphs of net residual water movement, derived from Admiralty Charts/Total
Tide, illustrate water movements over a tidal cycle for three separate locations
in the Anglian region. The first location, located in the north, shows a highly linear
tidal movement orientated northwest to southeast with a net drift of 0.008 m/s for
spring tides and no net change for neap tides over one (12 hour) tidal cycle (Figure
7:12). A tidal diamond located within the northern cluster of aggregate sites shows
an elliptical and clockwise circulation, with a net drift of 0.042 m/s and 0.024 m/s
towards 315 deg, respectively (Figure 7:12). A third tidal diamond, located in the
vicinity of the southern cluster of aggregate sites, shows a highly linear circulation
pattern with a residual net water movement of 0.02 m/s to 210 deg and 0.012 m/s
to 208 deg for spring and neap tides respectively (Figure 7:12). Although the net
change in water movement is not significant for all three areas, there is a marked
shift in the manner in which surface water moves from north to south.

7.3.2	Mid-depth Peak Flows
The Renewable Energy Atlas (BERR, 2007) also provides values of peak flows
for mid-water depths. Figure 7:13 shows the spring peak flows for the MAREA
region. The maximum speeds, ranging from 1.44 to 1.93 m/s are located in the
north and west and the lowest values for flow, ranging from 0.46 to 0.95 m/s, are

mostly concentrated in the coastal areas. A mean spring peak flow for mid-water

Thames Estuary, high-energy conditions and coastal erosion of softer, fine grained

depths was calculated to be 1.24 m/s for the MAREA region. Peak neap flows are

cliffs. The concentration of suspended sediments around the Scroby wind farm, located

approximately half of those recorded during spring flows (BERR, 2007).

just offshore of Lowestoft, range from approximately 50 to 100 mg/l; tidal currents are
capable of resuspending 500 μm sand ~80% of the time in summer (Cefas, 2006).

7.4

Suspended Sediments

Suspended sediment concentrations result from a combination of physical forcing
(e.g. waves, wind, tides and currents), fluvial discharge, biological processes and
seabed/sediment characteristics. Sediment resuspension results from bed shear
stress (friction) caused by tides and waves. In large areas of UK shelf seas,
tidal currents are the primary forcing of resuspension, while waves become the
dominant agent in shallow water. Waves and tidal currents work in combination
to generate bed shear stress over much of the inner shelf; waves mobilize the
sediment off the seabed and currents determine suspended sediment transport
direction and magnitudes (Carter, 1988).
In general, areas of the North Sea which have high suspended sediment
concentrations include the Flemish Banks and the German Bight, the Humber
Estuary, and the Greater Thames Estuary (at the head of the East Anglian
Plume) (Cefas, 2006). These coastal areas are associated with typically higher
suspended sediment concentrations from continental waters. Persistently low
concentrations of suspended sediments are found in the deeper water (50-100 m
depths) north of Dogger Bank (Eleveld et al., 2004).

7.4.1 Southern North Sea – measured winter and summer
suspended sediment concentrations
The distributions of summer and winter suspended sediments for the southern
North Sea were examined by Cefas in 2002 (HR Wallingford et al., 2002). Suspended
sediment concentrations were obtained by sampling the surface waters; results
are illustrated in Figure 7:14. In general, it is evident that offshore waters have
significantly lower concentrations of suspended sediments (ranging from about 0
– 4 mg/l) than coastal locations, particularly estuarine areas such as the Thames,
Humber and the Wash areas, where values can exceed 250 mg/l in some locations.
Additionally, there are three areas of high concentration close to the coast; these
are the coastal areas of Lincolnshire, Great Yarmouth/Lowestoft and Orford Ness.

7.4.2 Suspended sediment concentrations within the
Anglian MAREA Region
The relatively high winter concentrations of suspended sediments for the Anglian
Figure 7:13

Mid depth peak flows (m/s) for Anglian region. Data source: BERR, 2007.

region, ranging from approximately 8 mg/l in north Norfolk to values as high as 200
mg/l in southern Suffolk, are presumed to be from northerly sediment input from the

Figure 7:14

Suspended sediment concentrations (mg/l) for the southern North Sea based on Cefas
archive data. Top: Winter concentrations. Bottom: Summer concentrations. Source:
Southern North Sea Sediment Transport study (SNS2) final report, (HR Wallingford et al.,
2002) (http://www.sns2.org/).
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7.4.3 Satellite Observations

Offshore, contaminant concentrations are low due to the distance from industrial
sources, the influence of dilution, and biological and sediment absorption (MEMG,

A survey of total suspended matter in the southern North Sea, based on SeaWiFs

2004). Defra (2010) reports that Inputs and concentrations of the most commonly

satellite data and a recent turbidity study by Dolphin et al. (2011), also confirms

monitored contaminants in seawater have continued to fall over the last 5 years.

high coastal concentrations of suspended sediments and lower concentrations
in deeper waters (Gerritsen et al., 2001; Eleveld et al., 2004; Dolphin et al.,
2011). In general, the results match well with the results obtained by Cefas

7.7.1	Hydrocarbons

and SNSTS2 (HR Wallingford et al., 2002). With regards the Anglian region, the

Hydrocarbons are derived from crude oil, petroleum and tar based products. Total
hydrocarbons (THCs) measured offshore in the southern North Sea, between
1990 and 1992, ranged between <0.3 and 2.5 μg/l (Cefas, 2001). These values are
low when compared with samples from industrialised estuaries where values as
high as 64 μg/l have been measured (Cefas, 2001).
No individual polycyclic aromatic hydrocarbon (PAH) concentrations, in waters
from the southern North Sea, have been found to exceed 0.26 ng/l – with the
Figure 7:16

Seawater temperature derived from Sizewell Waverider Buoy from Feb 2008 to Nov 2010.
Data Source: WaveNet (Cefas, 2011).

most abundant being fluoranthene (OSPAR, 2010). Other PAHs detectable at low
concentrations are Benzo[a]pyrene, Benzo[b]fluoranthene, and Indeno[1, 2, 3]
pyrene (Cefas, 2001).

2010 was 12.25° C. These more recent sea surface temperatures are very similar
to the longer term average monthly values recorded off Lowestoft from 1965 to 1993
(Joyce, 2006).

7.6

Figure 7:15

satellite data infer that the highest concentrations are continuously located in
coastal Suffolk areas and the lowest concentrations are found in north Norfolk
around Cromer (Figure 7:15).

7.5

Seawater Temperature

Law et al. (1994) reported that offshore trace metal concentrations of nickel,
copper, cadmium and lead are generally higher in the North Sea than in the

Salinity

Salinity in the MAREA region is approximately 34 ppt throughout the year and
This satellite derived image of suspended sediments for the southern North Sea (based on
491 maps for 2001) shows persistently high concentrations of suspended sediments for
coastal regions, especially extending from southern Norfolk down to the Thames estuary
and offshore. White areas indicate locations where suspended sediment concentrations
are always > 15 mg/l. Source: Eleveld et al., 2004.

7.7.2	Metals

the mean bottom and surface salinity distributions in the southern North Sea
are similar throughout the year, owing to vertical mixing due to tidal action
(Department of Trade and Industry (DTI), 2001). Salinity decreases towards the

English Channel, however the concentrations of metals measured offshore in the
MAREA region are still low (Cefas, 2001). The measured concentrations do not
exceed environmental quality standards (EQSs) e.g. cadmium, copper, lead and
nickel concentrations are all significantly below their respective EQSs (Defra,
2010).

coast but normally remains above 34 ppt except near estuaries and other localised

Defra (2010) found virtually no toxicological hazard from metals in water samples

freshwater inputs (Prandle et al., 1997; DTI, 2001). Similar salinity values, ranging

analysed for the EU Directives on Dangerous Substances (mainly in estuarine

from approximately 33 to 35 ppt, have been reported by Joyce (2006) from the

waters) and Shellfish Waters (mainly in coastal waters).

period 1970 to 2004.

7.7.3 Nutrients

7.7

Water quality

Nutrient monitoring is a requirement for combating high levels of eutrophication.
Concentrations of dissolved inorganic nitrogen, dissolved inorganic phosphorus,

A wave buoy located off Sizewell has collected water temperature data since

The National Marine Monitoring Programme (NMMP) (Marine Environment Monitoring

February 2008 at half hourly intervals (WaveNet – Cefas, 2011). A time series

Group (MEMG), 2004) found that, in general, highest contaminant concentrations are

of temperature (Figure 7:16) shows obvious seasonal fluctuations in water

found in coastal waters close to industrialised and heavily urbanised areas. Such

temperature, with the lowest values typically recorded in January through

heavily industrialised areas do not occur within the MAREA region and the water

March and the highest values recorded in July/August. The highest teperature

quality in the region is good. Riverine and estuarine inputs represent the major

recorded was 20.35° C on July 30th, 2008 and the lowest was 2.75° C on

contribution to contaminant levels, suggesting that diffuse pollution from land runoff

In the North Sea, concentrations of dissolved inorganic nitrogen were 10 μmol/l

January 10th, 2010. The average temperature from February 2008 to November

is a key source in the MAREA region (MEMG, 2004; Defra, 2010).

with elevated winter levels of >15 μmol/l. Similarly, the average background

ammonia, total oxidised nitrogen, phosphates and silicates were investigated
as part of the NMMP (MEMG, 2004). Nutrient levels vary seasonally, being
dependent on input from rivers, as well as growth of phytoplankton. Typically,
concentrations decrease with distance away from riverine inputs (MEMG, 2004).
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concentration of dissolved inorganic phosphorus levels were 0.6 μmol/l with

Offshore, in the southern North Sea, the most common Polycylic Aromatic

elevated winter levels of >0.8 μmol/l.

Hydrocarbons (PAH) in sediments are naphthalene, phenanthrene, chrysene, and

Total oxidised nitrogen is a combination of nitrite and nitrate. Concentrations
offshore in the North Sea are 7 μM, and did not exceed the relevant assessment
criteria (MEMG, 2004). Significantly increased amounts were, however, measured
in the Wash – probably a result of run-off from the land.
Phosphate and silicate concentrations are both at acceptable levels of 0.4 μM
and 2 μM respectively (MEMG, 2004).

7.7.4 Coastal bathing waters
A number of beaches within the MAREA region are recognised for their good
water quality. The Bathing Water Directive (76/160/EEC) sets two standards for
water quality. The mandatory water quality standard specifies that 10,000 total
coliforms per 100 ml and 2,000 faecal coliforms per 100 ml in 95% of samples
should not be exceeded. A more stringent guideline standard is required to fulfil
the water quality criterion of the international Blue Flag award scheme and
specifies that values of 500 total coliforms per 100 ml and 100 faecal coliforms
per 100 ml in 80% of water quality samples, and 100 faecal streptococci per 100
ml in 90% of samples should not be exceeded.

benzo[a]pyrene with total PAH concentrations generally varying between <0.2 and
142 ng/g dry weight (Cefas, 2001). Low molecular weight PAHs show increasing
trends towards the coast, and are associated with diesel contamination from
shipping and land-based sources.

7.8.2	Metals and metal compounds
Concentrations of all metals, in sediments at offshore sites, are low (Cefas,
2001). Riverine inputs are the dominant source of metals, and since there are no
large conurbations and heavy industry within the MAREA region, these inputs are
low (Defra, 2010).
MEMG (2004) report that at the monitoring site off East Anglia, concentrations of
mercury, cadmium, arsenic, chromium, nickel, copper and zinc in sediment were
all close to or below the Background Reference Concentration. The exception
is lead, which has elevated concentrations. Cefas (2001) indicates that the
lead is derived from atmospheric inputs and is elevated in the southern North
Sea because it is quickly removed onto the surface of fine-grained suspended
particulate material (SPM) which is relatively high in the region. These finegrained particles are not the coarse sediments targeted by aggregate dredging.

In 2008 and 2009, 100% of coastal bathing waters in the region complied with
the mandatory standard. In 2009, 84% of these coastal bathing waters complied
with the more stringent guideline standard required to be considered for Blue
Flag status, compared to 79% in 2008 (Defra, 2009).

7.8

7.8.3 Chlorinated biphenyls
Chlorinated biphenyls are present in the environment as a result of widespread
historical use of these products, mainly in electrical transformers. Although a
ban on new uses of PCBs was put in place in 1981, these compounds are very

Sediment Quality

Sediment contaminant levels are low offshore, though concentrations contained

persistent in the environment and significant falls in environmental concentrations
may take decades (Defra, 2010).

in fine sediments such as muds and silts are higher than those measured in the

Measured concentrations of chlorinated biphenyls in sediments of the North Sea

water column due to absorption by the sediment particles. This is particularly

are generally low. Cefas (2001) reports values of less than 2 μg/kg in the western

true of the less soluble substances such as metals which tend to attach to

North Sea.

suspended and deposited sediments (Cefas, 2001; MEMG, 2004; Defra, 2010).
Contaminants are generally not associated with coarse sediments such as the
sands and gravels targeted during aggregate dredging activities.

7.8.4 Alkylphenol ethoxylates
Alkylphenols may be found in sediments in UK estuaries, but there is a lack of data
for their presence in offshore sediments (Cefas, 2001). OSPAR (2010) suggests

7.8.1	Hydrocarbons

that, while these chemicals may be of concern close to sites of their production

Hydrocarbon concentrations are typically low, but increase in sediments in

or use, they may not pose a significant concern in the open sea. It is therefore

industrialised and urbanised estuaries, and also increase in the northern North

concluded that these substances are of a low to negligible concentration within

Sea (outside the MAREA region) where oil and gas drilling activity has been more

the MAREA region.

intensive than further south (Cefas, 2001; Defra, 2010).
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8.

Regional Coastal and Geological Characterisation

8.1

Regional overview

The MAREA region lies off the east coast of England, approximately bounded
by Cromer in the north and Orford Ness to the south. This chapter presents
information on the physical structure and processes within the region and
includes:
l

a review of historic changes to the region’s coastline;

l

a description of the present-day coastline of the MAREA region;

l

a review of coastal sediment transport;

l

the bathymetry of the seabed in the region;

l

the configuration of the seabed and a simple description of the geological
evolution of the region;

l

characteristics of the seabed sediments in and around the region identified

Figure 8:1

Simplified interpretation of eastern Norfolk and its nearshore seabed towards the end
of the last glaciation, i.e. about 20,000 years ago (HR Wallingford, 2011)

Figure 8:2

Interpretation of the north-east Norfolk and Suffolk coastlines in about 6000BC
(HR Wallingford, 2011)

by sidescan sonar, multibeam bathymetry, shallow seismic, vibrocore, grab
sampling and video data; and
l

an assessment of offshore sediment transport pathways based on analysis
of bedform asymmetries and numerical modelling.

8.2

Historic coastline change

In order to consider whether changes along the coastline between Cromer and
Orford Ness could be affected by offshore aggregate dredging, it is useful to
firstly review changes that took place before any aggregate dredging off the
coastline of East Anglia took place. This section will therefore describe the
changes to the coast that have taken place during the last 10,000 years. It will
do so by examining three strands of data:
l

changes to the coast that took place in the recent geological past, i.e.
during the last 10,000 years;

l

evidence from historical records and maps that document changes since the
Middle Ages, i.e. over approximately the last 600 years; and

l

i.e. about 20,000 years ago. At this time, what is currently seabed was a plain

over the last 4000 years deduced from geological evidence, of about 1 mm /

over which the palaeo-Yare flowed. The Yare drained a large part of present day

year, is close to the measured values in recent decades. Clayton (1989) concludes

East Anglia in a periglacial environment. Flow in the river was fed by ground

that it is likely that the Norfolk cliffs have been eroding at the present rate for

ice and snow melt within the catchment and also possibly by melt-water from

about the last 5000 years i.e. since sea level rose to within a metre or two of its

the ice-sheet to the west and north. During the last glaciation, the Yare was a

present position.

larger river than at present and carried very large quantities of sand and gravel
downstream.
As global temperatures increased and glaciers melted, sea-level started to rise,
and the southern part of the North Sea began to form. The initial rate of sea-level
increase was extremely rapid, averaging about 2 metres / century (20 mm / year)

last few centuries, a review has been conducted of historical records from this
part of the coastline.

rapidly during this period.

Even before the accurate maps of the early to mid-19th Century, there is a great

Figure 8:2 is an interpretation of how the coastlines of northeast Norfolk and

deal of evidence of long term erosion of the East Anglian coastline stretching back

Suffolk would have looked in about 6000BC (HR Wallingford, 2011). Sea-levels at
this time would have been between 15 m and 20 m lower than at present.
By about 4000BC, the southern North Sea had largely been formed. Sea-levels
were about 9 m lower than today and the coastlines of Lincolnshire and North

maps and records of coastal change have been compiled

Norfolk would have extended considerably further northeast than at present. By
this time, low-lying land at the margin of this new sea was not only being eroded

Recent geological evolution encompasses the changes to the coastline since the

To obtain a more detailed idea of how quickly erosion has been occurring in the

between about 10,000 and 8,000 years ago. Coastlines would have retreated

recent evolution over the last 100 to 150 years, during which more detailed

Recent geological evolution

Evolution since the Middle Ages

by the still rising sea-levels but also being altered by the tidal currents and waves
in the newly formed southern North Sea.

over the last 500 to 1000 years. Weston and Weston (1994) describe the historic
coastal changes along the shoreline between Cromer and Great Yarmouth, and
record losses of communities along the coast in the past few hundred years,
e.g. Shipden (off Cromer), Whimpwell (off Happisburgh), Waxham Parva (off
Waxham), Ness (off Winterton), and Newton Cross (off Hopton) (Halcrow, 2006;
McInnes and Stubbings, 2010). Figure 8:3 is adapted from Weston and Weston
(1994) and indicates that there is good historical evidence for long term coastal
erosion and retreat from mediaeval times. In terms of the rates and extent of
the long term recession of the glacial till cliffs, BGS (2010) concluded “although

end of the last Ice Age. Figure 8:1 shows a simplified interpretation of eastern

Since that time, sea-levels have risen a further 5 m or so, although at a much

now a coastal village, Happisburgh was once some distance from the sea, parted

Norfolk and its current nearshore seabed towards the end of the last glaciation,

slower rate than during the preceding 6000 years. The rate of sea-level rise

from the coast by the parish of Whimpwell, long since eroded away. Historic
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Blakeney to Weybourne

Borough of Lowestoft

”…erosion has proceeded very rapidly during the last fifty years, that is to say

“Length of sea frontage just under 3 miles, all of which is subject to erosion,

probably at the rate of about two yards per annum, which is now accelerating”.

except a small length north of the harbour, where an accretion of about 6 acres

Sheringham Urban District Council
“The whole of the sea-board of the urban district is subject to erosion by the
sea except where effective protection works exist… from the best information
available the rate of erosion is estimated on the average at over 2 feet per
annum.”

Urban District Council of Cromer
“By a comparison made between an old map of 1747 and the Ordnance Survey
of 1885, it would appear that there has been lost by the encroachment of the
sea during the intervening period a strip of land of an average depth of about
Figure 8:3

Historic coastal changes along the shoreline between Cromer and Great Yarmouth
(adapted from Weston and Weston, 1994)

records indicate that over 250 m of land were lost between 1600 and 1850”, i.e.
concluding a natural rate of recession averaging 1 m per annum.
Major flooding affected East Anglia in 1125, 1446 and Great Yarmouth was

100 yards, varying from about 160 yards at the westward boundary to 107 at the
eastward.”

Cromer to Paston
“The land between the limits above referred to is subject to erosion and not
accretion, there having apparently for centuries been a falling away of the cliff … ”

seriously affected in 1557. McInnes and Stubbings (2010) quote a pamphlet from

Erpingham Rural District Council

1607 which tells of the floods “destroying many thousands of men, women and

“The entire coastline of the Erpingham Union, which extends for a distance of 18

children overflowing and bearing downe whole townes and villages and drowning

miles (from Sheringham to Overstrand), is liable to erosion …”

infinite numbers of sheepe and other cattle”.
The pattern of erosion is not confined to Norfolk but extends southwards into
Suffolk and Essex. Some of what were once the largest towns in Suffolk have
also been partly or almost entirely lost, including Aldeburgh and Dunwich. Royal
Haskoning (2009) estimated the historic average erosion rate, between 1587 and
1975, at over 1 m per year.

Recent evolution

Commissioners for Sewers of the Eastern Hundreds of
Norfolk
“Erosion but no accretion has occurred along the whole length of coast line
protected by the works of the Commissioners, viz. from Happisburgh and
Winterton. The erosion is caused principally by the scouring action of high tides.
Erosion is most serious when high tides synchronise with winds blowing from
the direction of the north-west and the north, and particularly when such winds
follow strong gales from the south-east. Denuded of its normal covering of sand

Further evidence for the rates of coastal change along the East Anglian coastline

and shingle the beach is lowered, and the footings of the sand dunes are exposed

was provided by the first report issued by the Royal Commission on Coastal

and eroded. Thus undermined, the sandhills subside seaward and the material is

Erosion in 1907, and collated by HR Wallingford (2011). The commission heard

dispersed. The direction of the littoral drift is to the south or south-east.”

evidence from a wide range of people and asked for written evidence from local
authorities, landowners, drainage boards etc. The following excerpts, rearranged
in order from North to South by HR Wallingford (2011), give a good impression of
the situation in the early years of the 20th century, and more extensive excerpts
can be found in the HR Wallingford report which forms Appendix A of the MAREA.

has taken place during the last twenty years. We have maps, and measurements
have also been made, showing the extent of the erosion during the last twenty
years, which show, on the north beach, an annual loss of 20.6 feet and a lost area,
during the last twenty years, of 62 acres. On the south beach an average loss
per year of 7 feet and a loss of beach, in the twenty years, of about 22½ acres.
Erosion takes place during on-shore gales and abnormal high tides. In this locality
north-east to south-east winds cause the most erosion. Lowestoft’s coastline is
far more exposed than in years gone by, when it was entirely protected by sandbanks, which were dry at low water.”

Rural District Council of Blything
“The whole of the sea-board of the district, i.e. (1) from the boundary of
Kessingland to that of Southwold: (2) from that of Southwold to that of Leiston;
and (3) from that of Leiston to that of Aldeburgh is subject to erosion.”

Borough of Southwold
“Practically the whole sea frontage of the Borough of Southwold is subject to erosion.”

Dunwich Town Trustees (Miles Barne esq.)
“I am interested in about 5¼ miles of coast either as owner or as chairman of
Dunwich Town Trustees. All of this is subject to erosion, or if not actually erosion,
to the land being rendered valueless by being covered with shingle. In the last
sixty-eight years, 1680 acres 1 rood 22 poles have disappeared, which is at the
rate of 2 acres 1 rood 36 poles per annum, or on about an average of 130 yards in
the sixty-eight years, for the whole distance.”

Minsmere Level Commissioners
“There are about 1,600 acres … which are liable to be flooded by the sea in
case of a breach in the artificial sea wall erected by the Minsmere Level
Commissioners… The whole sea front lying to seaward of the wall, say for the
length of one mile, is subject to erosion.”
HR Wallingford (2011) concludes that the excerpts present a uniform view of the
state of the coast of Norfolk and Suffolk in the first few years of the 20th century.

Parishes of Corton, Gunton, Hopton etc.

The reported rates of recession of cliffs and beaches varied from place to place,

“The Ordnance Survey maps, surveyed 1882-3 and published 1884 have, from

and proceeded at different rates at different times, but were widespread and

time to time, been revised and show that the cliffs at the north end are being

generally rapid at rates of 1m / year or more. There was clearly a general net drift

washed into the sea at the rate of about one yard in width per annum.”

to the east and south from Sheringham all the way down the coast of Norfolk and
into Suffolk, at least as far as Southwold Harbour.
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Temporal variation in shoreline recession rates (m a-1) for the cliffs of DunwichMinsmere (from Brooks, 2010)
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Figure 8:5

Temporal variation in shoreline recession rate (m / yr) for the cliffs at Northend Warren
(from Brooks, 2010)
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Figure 8:6

Temporal variation in shoreline recession rate (m / yr) for Easton Cliffs (from Brooks,
2010)

A major recent study of erosion between Benacre and Minsmere has recently

Brooks (2010) also reports that this pattern of decreasing recent recession rates

The picture of declining erosion or stability is not shown for all the cliff lines

been funded by The Crown Estate (Brooks, 2010). Brooks (2010) reports that

is also seen in data from Northend Warren (Figure 8:5). These data show that

analysed by Brooks (2010). Figure 8:7 and Figure 8:8 show results of analysis

erosion in the Dunwich area has slowed since the 1920’s to values between 0.5

there was a steady increase in the rate of retreat between 1882 and 1974. Since

for cliffs at Easton Wood and Covehithe respectively.

and 1 m per annum, with a clear drop after 1925. These values also support the

1974 erosion rates have reduced significantly.

results of a recent analysis of cross-sectional coastal surveys commissioned by
the Environment Agency (2007) and a slowing of erosion at Dunwich has also
been reported by Pontee (2005) and Pye and Blott (2006).

5.5
5

Brooks’s analysis (2010) also shows that erosion rates at Easton Cliffs have been

– a period between 1903 and 1947 when erosion rates were below the mean; and

relatively static through the 125 year period of records (Figure 8:6). This shows a

a period post-1947 when the erosion rates are higher than the mean. The cliffs

median recession rate of 2.4 m / yr and it is assumed that sediment supply from

at Covehithe seem to show that erosion rates were relatively steady, around 3.5

these cliffs has been constant between 1882 and 2008.

m / yr, until 1981. Since 1981 retreat rates have risen to 4.6 m / yr between 1981
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The cliffs at Easton Wood appear to show two distinct periods of erosion response

Temporal variability in shoreline recession rate (m / yr) for the cliffs of Easton Wood
(from Brooks, 2010)

Figure 8:8
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Temporal variability in shoreline recession rate (m / yr) for the cliffs of Covehithe (from
Brooks, 2010)

Figure 8:9

The shoreline recession rate (m / yr) between Benacre and Southwold for the period
1992-2008, and the sub-periods 1992-2001 and 2001-2008 (from Brooks, 2010)
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and 1992, and subsequently to almost 5 m / yr between 1992 and 2008 (Brooks,

result of marine aggregate dredging, since there is overwhelming evidence that

2010). These mean rates can also mask shorter periods of more intense activity – at

this coastline has eroded since at least mediaeval times. In addition the detailed

Covehithe 18.3 m of coastline was lost in 1887 (Whitaker, 1907); between 12 and 27

analyses of coastal retreat rates reported by Brooks (2010) do not support the

m of erosion took place between 1951 and 1953 (Williams, 1956); 16 m of retreat

hypothesis that rates of coastal erosion increased following the commencement of

occurred between 1993 and 1994 (Lee, 2008).

offshore dredging in the region in the 1970s.

Brooks (2010) also reports that the section of the Suffolk coast that has been
retreating at the fastest rate in contemporary times is the section between Benacre
and Southwold. Figure 8:9 suggests that even over this section there is considerable

8.3

Coastal characterisation

variation in retreat over short timescales. There is a significant drop in retreat rates,

Using existing data sources such as Shoreline Management Plans, coastal

from high rates in excess of 7 m / yr in 1992-2001 dropping to around 2 m / yr in

defence Strategy Studies, FutureCoast (Halcrow, 2004) and Coastal Impact

2001-2008. There are rate changes in the opposite sense, such as around SWD4

Assessments for previous aggregate extraction applications, HR Wallingford

where erosion rates in 2001-2008 were higher than for 1992-2001, but these have

(2011) divides the coastline of the MAREA region into units. Detailed descriptions

a less pronounced difference as well as greater spatial restriction (Brooks, 2010).

of each unit can be found in the full HR Wallingford report (2011) however this

A number of papers have been written since the late 1970s regarding erosion of
the North Norfolk cliffs, especially between Cromer and Happisburgh, e.g. Cambers

section will summarise their findings. The units that bound the MAREA region
can be summarised as:

(1976); Clayton, Mc Cave and Vincent (1983), and Clayton (1989). These studies

l

Cromer to Cart Gap (Eccles);

measured retreat rates using Ordnance Survey large scale maps. The cliffs between

l

Cart Gap (Eccles) to Great Yarmouth;

average rate of just under 1 m / yr between 1880 and 1985, with the highest average

l

Gorleston to Southwold Harbour; and

rates (1.4-1.7 m / yr) occurring in the area of Trimingham. However, Cambers (1976)

l

Walberswick to Orford Ness

Weybourne and Happisburgh (a distance of 30 km) were shown to have receded at an

Figure 8:11

Foreshore geomorphology and inshore sediment transport pathways (HR Wallingford, 2011)

Figure 8:12

Potential magnitude for coastal change (HR Wallingford, 2011)

pointed out that recession rates as large as 13 m / yr had been recorded locally.
Halcrow (1995, 1996) undertook a similar review of cliff retreat rates around
Happisburgh based on the coastlines shown on Ordnance Survey maps dated
1886, 1906, 1938, 1970 and 1986. Pye and Blott (2006) estimated that the level of
accuracy for georeferenced, digitised shoreline positions from historic OS maps is
± 4 m. When analysing erosion rates before any defences were installed along this
frontage (1886 to 1938 maps), it was found that the averaged erosion rate varied
between 0.4 and 0.8 m / yr according to location.
Pye and Blott (2006, 2009) have investigated the evolution of the shingle barrier
beach between Walberswick and Thorpeness and noted that the barrier has shown
a consistent trend of landward retreat for at least the last 400 years, at an average
rate of 1 m / yr, although the rate of retreat in recent years has been slower than the
historical long term trend.
The long term average rate of erosion caused by natural processes, namely waves,
tides, winds and a continuing sea-level rise is about 1 metre per annum, however
there has always been variability in the rates of erosion at different locations at
different times.
The recent analyses of HR Wallingford (2011), McInnes and Stubbings (2010) and
Brooks (2010) do not support the hypothesis that coastal erosion in the region is a

Figure 8:10

Coastal units bounding the MAREA region (as defined by HR Wallingford, 2011)
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defences, so that cliff erosion continues, providing relatively wide beaches. On
the northern outskirts of Overstrand, there is a timber revetment and groynes,
and the frontage is well stocked with beach material. By contrast, the adjoining
concrete seawall at Overstrand has had its footings extended several times
as beach levels have fallen, narrowing the inter-tidal beach. This frontage is
exposed to wave attack and the frontage now forms a “promontory” due to rapid
rates of erosion on either side of it.
The lightly populated frontage between Overstrand and Trimingham remains
unprotected and erosion has averaged over 1.5 m / yr over the last century.
Timber revetments extend from Mundesley to Bacton, where they protect the
Bacton Gas Site, located near the cliff top. The cliffs here are more stable than
on the frontages further northward / westward. Between Bacton and Ostend the
concrete seawall is fronted by permeable timber groynes. The low-lying frontage
between Bacton and Walcott is susceptible to wave overtopping, since the interFigure 8:13

Deteriorating coastal defences at Happisburgh

tidal beach there is quite narrow, and unable to readjust its profile as erosion

Figure 8:14

Beach between reefs 3 and 4 at Sea Palling

progresses in front of the wall.
Figure 8:10 shows the coastal units bounding the region, while Figure 8:11

The lightly populated frontage from Ostend to Happisburgh is protected by timber

conditions rapidly improve, so much so that the old sea defences are now fronted

and Figure 8:12 summarise the foreshore geomorphology and potential coastal

revetments and groynes. The timber revetment and groynes at Happisburgh are

by a belt of sand dunes.

change respectively.

deteriorating and while some rock armour has recently been added to the cliff toe

There are sea defences from Eccles southwards to Winterton Ness built as part

the protection is very localised (Figure 8:13). Between Happisburgh and Eccles

Cromer to Cart Gap (Eccles)

of the reconstruction work that was carried out after the 1953 storm surge. Nine

the cliffs were protected by timber revetments and groynes, but these defences

shore parallel offshore reefs were constructed at Sea Palling between 1993 and

This stretch of coastline is characterised by unconsolidated sand and gravel

are no longer present and erosion has produced a pronounced embayment that

1997 (Figure 8:14). The beaches are monitored regularly and maintained by

glacial deposits that overlie an eroded chalk platform (Figure 8:11). The cliffs

tends to trap the southward transport of beach material.

means of beach recharge and/or recycling.

are unstable and prone to rapid erosion (Figure 8:12) with average cliff recession

Much of this coastline is extremely vulnerable to wave action. Timber defences

prior to construction of defences of about 1 metre per year (Cambers, 1976).

South of California land levels drop and sea defences extend from Caister-on-

are reaching the end of their useful life in a number of places (e.g. Trimingham

Sea southwards to Great Yarmouth harbour entrance. This frontage is relatively

These cliffs have been protected over parts of this frontage, typically by

and Happisburgh) and once they become ineffective the rates of cliff retreat will

healthy and the seawalls that extend southward to Great Yarmouth are now

accelerate in many frontages (as has occurred in recent years at Happisburgh).

virtually redundant and are engulfed by sand dunes at Caister Point, for example.

seawalls in built up areas and timber revetments on the less densely populated
frontages. Differences in protection, together with differences in lithology, have
resulted in wide variations in the rates of the average cliff retreat, being as low

Cart Gap (Eccles) to Great Yarmouth

At the north end of the Great Yarmouth seafront, sand has accreted to form a ness
feature at North Denes, which lies in the shelter of Middle Scroby Sand. The

as 0.5 m / yr between Cromer and Overstrand and as high as 1.3 m / yr between

To the south of Happisburgh the cliffs become lower and finally, near Sea Palling

ness has been prograding since the 1930's, since when it has advanced seawards

Overstrand and Trimingham (HR Wallingford, 2005). HR Wallingford (2011)

the land becomes low-lying, fronted by sand dunes (Figure 8:11). Erosion has

by over 300 m.

suggests that now that timber revetments are reaching the end of their useful

often led to sea breaches and flooding. Notable breach events include one at

life, increases in cliff recession rate can be expected. This is of great importance

Horsey in 1938. During the most recent breach at Sea Palling, during the 1953

as these cliffs are the main provider of beach sediments for this region (North

surge, much of the hinterland was flooded.

Norfolk District Council, 2007). The cliffs supply some 400,000 cubic metres
of sand and gravel per year to the sediment budget. This is approximately two
thirds of the volume eroded; about a third, comprising finer sands, silts and clays
tending to be transported offshore in suspension (HR Wallingford, 2011).
Between Cromer and Overstrand the coastline is groyned but has no backshore

Gorleston to Southwold Harbour
This coastline has been modified by both natural and manmade changes.

The ness at Winterton Ness is migrating northwards, and is leaving a zone of

Historically there was a strong southward littoral drift at Great Yarmouth,

erosion on its southward flank, thus the sandy cliffs at Hemsby, just south of

producing a massive sand spit on which the town has developed. This spit

Winterton Ness, are experiencing erosion. Further southwards there is a deficit

once extended 4 km southwards, as far as Corton. Development of the harbour

in sediment supply and cliff erosion has been estimated as being of the order of

interrupted the southward drift, so that this spit rapidly declined, re-exposing

0.8 m / yr to the north of Caister. From Caister southwards to Great Yarmouth

the coastline from Gorleston to Corton (formerly in the lee of the spit) to direct
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wave action. Although the coastline immediately south of the harbour is strongly

The shingle ridge between Southwold Harbour and the beginning of the cliffs at

“set back”, the sand beach just to the south of the harbour mouth is presently

Dunwich is vulnerable to wave overtopping. It used to be artificially raised in

relatively stable (Figure 8:12), possibly due to a local reversal in drift direction (HR

crest level, so as to prevent the low-lying hinterland from being flooded. It is no

Wallingford, 2011).

longer maintained in this fashion and breaching/wave overtopping in the future

Further southward, towards Corton, the southward littoral drift is re-established and
erosion predominates. In contrast, between Corton and Lowestoft there is significant
accretion and the former cliffs are now well to the landward. However, erosion is
now taking place between Lowestoft Ness and the North Pier.
South of Lowestoft the beaches are generally healthy, due to a reversal in drift
direction. However, from Pakefield southward there is a line of eroding cliffs
that extend almost to Kessingland. Long term cliff retreat has been of the order
of 0.1 to 0.3 m / yr (Royal Haskoning, 2009). Kessingland itself is fronted by a

between Walberswick and Dunwich was breached in 2006 and again in 2007, see
Pye and Blott, 2009).
To the south of this shingle ridge there is a line of cliffs that extend southwards to
the Minsmere river valley. The cliff sections, called the Dunwich and Minsmere
cliffs, have been affected by erosion rates that have been very variable, at times
as low as 0.06 metres per year, and at other times as high as 3.53 metres per year
(HR Wallingford, 2011).
South of Sizewell the land rises again, but accretion has produced a wide shingle

to 200 m wide (this was a frontage where erosion was dominant only 40 years

backshore and has resulted in the cliffs from Sizewell to Thorpeness being

ago). The accumulation is due to the northward movement of Benacre Ness, which

unaffected by wave action. They are well vegetated and are now separate from

has been taking place at a rate of about 20 m / yr (Birbeck College and Babtie, 2000).

the active beach system. This frontage is assessed as having no measurable cliff

to migrate northward. Recession rates of up to 4.5 metres per year have been
recorded over parts of this frontage (Royal Haskoning, 2009). This rapid cliff erosion
is providing a supply of material to the beaches at Southwold, whilst also feeding

retreat (Royal Haskoning, 2009). Thorpe Ness, in contrast to the more northerly
nesses, has remained fairly stable over historical times, but whilst it has not
migrated northward or southward, it has been undergoing some recession in
recent years (Robinson, 1980; HR Wallingford, 2011).

Benacre Ness during periods of reverse drift. The coastline between Benacre Ness

The frontage from Aldeburgh southwards was once part of a very long shingle

and Southwold is undulating, with eroding sandy cliffs interspersed by low ground,

spit, Orford Spit, which was formed by the southward transport of shingle across

containing the drowned river valleys of Benacre Broad, Covehithe Broad and Easton

the former mouth of the River Alde. Orford Spit owes its existence to the Dunwich

Broad (Figure 8:11).

and Minsmere cliffs to the north, erosion of which produced large quantities of

The broads themselves are fronted by sand and shingle ridges, which are in the
process of roll-back, as the coastline retreats. The ridge fronting Benacre Broad is
still substantial, but old tree stumps seaward of the crest testify to the rapid retreat
that is now taking place there. The other two broads are in an area that has been
retreating for a much longer period of time and there, the shingle ridges have to be
maintained, so as to reduce the threat of breaching / overtopping and saline intrusion
into the broads. Despite the maintenance, the shingle ridges can be overtopped
and flooding has extended within Easton Broad as far inland as the B1127 (Royal

shingle in the historic past. However, these cliffs are not homogeneous and for
some years they have been mainly providing sand by their erosion. Also, over the
last 50 years or so, shingle has tended to accumulate in the embayment in which
Aldeburgh is situated, resulting in erosion taking place between Aldeburgh and

The coastline from Southwold Harbour to Orford Ness is lightly populated and
relies primarily on the shingle beaches (Figure 8:11) to provide protection
against wave attack (concrete seawalls are restricted to some 2.5 km of frontage
at Aldeburgh).

l

Longshore sediment transport affects the plan shape of coast, e.g. beach
widths; and

l

Cross-shore transport moves sediment between cliffs, dunes, beaches and
the nearshore seabed.

The HR Wallingford review (2011) is based on a range of evidence including the
Southern North Sea Sediment Transport Study (see www.sns2.org), together with
information gathered during subsequent coastal defence studies, i.e. Shoreline
Management Plans and Coastal Strategy Studies, and observations made during
the site visit to the coastline undertaken during this study.
The Southern North Sea Sediment Transport Study (Phase 2) (SNSSTS2) was
undertaken between 2000 and 2002 by a consortium including HR Wallingford,
Cefas (Lowestoft Laboratory) and the University of East Anglia and reviewed
in detail the sediment transport along the coastline of England between
Flamborough Head in Yorkshire and North Foreland in Kent (HR Wallingford
et al., 2002). The study was commissioned by a group of nine local authorities,
together with the Environment Agency and English Nature and the dredging
industry and was part funded by the Department for Environment, Food & Rural
Affairs (DEFRA). Great Yarmouth Borough Council was the client group leader. HR
Wallingford’s full review will be found in Appendix A however this section will
summarize their main findings on the origins or sources of the sediment found
on the beaches, and its transport. As part of this description, particular attention
is paid to any evidence for sediment moving onto the beaches from the offshore
seabed and /or evidence of net offshore transport of beach sand or gravel.

Cromer to Cart Gap (Eccles)

Orford Ness (Figure 8:12). This has resulted in a requirement for defences on the

Beach sediment longshore transport

Slaughden frontage to prevent the spit from being breached. In addition shingle

At Cromer, the longshore transport of beach sediments is predominantly

recycling has been carried out in order to maintain beach levels in front of the sea

eastwards and the sand and shingle mainly arrives from beaches as far west

defences and to reduce the “cutback” immediately south of the seawall.

as Sheringham. The amount of beach sediment travelling along this part of the
coastline is added to by the erosion of the largely undefended cliffs between

Haskoning, 2009).

Walberswick to Orford Ness

Net long term sediment transport means the overall result of many hours of
to-and-fro movements of sediment particles over a year or more;

is likely (extensive flooding occurred here, when the spit approximately midway

massive accumulation of shingle, with the vegetated shingle backshore being up

South of Benacre Ness the sandy cliffs are eroding rapidly as Benacre Ness continues

l

8.4

Sheringham and Cromer and from some of the cliffs west of Sheringham. These

Nearshore sediment transport

The movement of sediments on beaches and over the nearshore seabed is
crucially important for the coastline within the MAREA region. HR Wallingford
(2011) has reviewed the net long term movements of sediment along the coast
(longshore) and perpendicular to it (cross-shore). It should be noted that:

cliffs have been formed in a thick layer of glacial drift deposited during the last Ice
Age, and as they erode they provide a mixture of gravel, sand and finer-grained
sediment particles. Much of the clay and silt is dispersed by wave action and
eventually carried offshore, and may travel long distances before settling again
into deep water areas of the southern North Sea or within the estuaries around
its shores.
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The consequences of the net easterly longshore drift at Cromer can be seen at

of cliff erosion to the south of defended frontages, and the rapid retreat of cliffs

coastline, but that there were no clear indications from the shape of sandwaves

the eastern end of the town, where long groynes retain high beach levels to their

that occurs if defences fall into disrepair (e.g. at Happisburgh) may partly balance

or megaripples on the nearshore seabed that indicated the net direction of that

west, at the expense of beaches just to their east, which are much narrower and

the reduction in sediment that would have come from the now defended cliffs.

transport. Most simulations indicated that the net transport direction in water

lower. The interruption of the longshore drift by these groynes and its reduction
by wave reflections from the seawall itself, result in a reduction in the amount of
sediment reaching the coastline just to the east of Cromer and as a consequence
the beaches in front of the cliffs between Cromer and Overstrand are narrow,
allowing waves to erode the base of the cliffs.
A similar pattern of eastward or southeastward drift occurs along the entire
coast past Mundesley, Bacton, Walcott and Happisburgh to Cart Gap at Eccles
where the glacial drift cliffs disappear. At the downdrift end of various sections
of coastline protected by seawalls or revetments, i.e. just beyond their eastern
or south-eastern ends, there is a similar problem of erosion to that seen east
of Cromer, resulting in narrow beaches in front of the cliffs which recede more
rapidly in these locations.
Appendix 11 of the SNSSTS2 study (HR Wallingford et al., 2002) estimates
the average longshore drift rate, and indicates an increase in the potential
net longshore drift rate from about 50,000 m3 / yr at Cromer to greater than
400,000 m3 / yr at Happisburgh. It is this increase in longshore transport rate
that results in the beaches continually eroding and, where not defended, in the

There is no evidence for any net onshore movement of sand from the seabed onto
the beaches between Cromer and Cart Gap, save for the eroding chalk shoreplatform offshore from Cromer which occasionally provides flint pebbles that
travel onto the beaches there.
A percentage of the glacial drift sediments that make up the cliffs is rapidly lost
offshore following a cliff fall, particularly the finer-grained sediment. Such losses
will not always occur immediately after a cliff fall, but also later after longshore
transport has carried a mixture of shingle, sand and the finer sediments further
along the coast. This results in the beach sediments gradually becoming coarser
as they travel east and south, as noted by McCave (1978).
There is no evidence of any substantial offshore loss of coarser sand or shingle
from this section of coast. While beach gradients typically become flatter during

depths of less than 10 m (below lowest tide) is roughly from north-west to southeast off the coastline between Cromer and Cart Gap, i.e. in the same direction
as the net longshore transport along the beaches. Just to the west of Cromer,
however, the net transport in shallow water reverses, to run westwards along the
northern Norfolk coast from Blakeney to Hunstanton. This too closely matches
the observed net transport along the beaches of this shoreline.
No evidence was found for either any sediment transport pathway towards or
away from the coastline between Cromer and Cart Gap. Figure 8:15 shows the
evidence for sediment transport over the nearshore seabed for this part of the
coastline that was compiled during the SNSSTS2 study using analysis of seabed
features such as sandwaves and using numerical modelling under a variety of
different tidal conditions.

storms, with an associated offshore movement of some of the sediment from the

Beach toe limits

upper part of the beach, such losses are only temporary. The sediment that is

An important issue in the consideration of offshore aggregate dredging plans

displaced does not travel far offshore and is returned to the upper beach during

is to ensure that any such operations only take place well seawards of, and in

calmer weather.

deeper water than, the lower limit of beach profile changes. This constraint will

cliffs behind them receding. Coastal defences along this section of coast both

Nearshore sediment transport

restrict the capacity of waves and currents to transport sediment and also reduce

Both SNSSTS2 (HR Wallingford et al., 2002) and supplementary numerical

the amounts of sediment available to be transported immediately to the east or

modelling indicated that seabed sediment transport in this unit was parallel to the

southeast of the defences.

avoid any danger of beach sediments being drawn-down into a dredging area. To
establish the lower limit of beach profile changes (the beach toe) HR Wallingford
(2011) reviewed and analysed beach cross-sections provided by the Environment
Agency (2007, 2008). These profiles have been established at an approximate
spacing of 1 km along the whole of the coastline of East Anglia, and have been
surveyed on four occasions between 1991/2 and 2007.

It is important to note that the above discussion of longshore transport rates
only refers to average annual transport rates. Despite the large eastward or

HR Wallingford (2011) found that the toe of the beaches along the frontage

southeastward values that have been calculated, several authors have noted that

between Cromer and Cart Gap may in places extend as far as 800 m offshore,

the net transport could be reversed, usually as a result of more frequent and

down to the -11.0 m OD contour, i.e. about 8.5 m to 9.5 m below the lowest

intense southeasterly winds during any particular year (HR Wallingford, 2011).

tidal level. Along the northern part of this frontage, near Cromer, in places

During such times, there will be an increase in beach widths to the southeast

the beach toe is in much shallower water than this, perhaps only 2 m below

or east of seawalls and groynes and a tendency for erosion just to the west or

Lowest Astronomical Tide. These estimates of the beach toe are similar to those

northwest of them.

presented in the report by Sir William Halcrow and Partners (1991).

Beach sediment cross-shore transport
As discussed above, the sand and gravel eroded from cliffs between Weybourne

Cart Gap (Eccles) to Great Yarmouth

and Cart Gap are the main sources of beach sediments along this frontage. Before

Beach sediment longshore transport

coastal defences were built, it is estimated that cliff erosion along this frontage

The net littoral drift along the frontage from Cart Gap as far as Winterton Ness is

supplied, on average, about 400,000 m3 / yr (Cambers, 1975; HR Wallingford et

generally strong and southwards. The detached breakwaters installed offshore

al., 2002). HR Wallingford (2011) suggests that this has led to a decrease in the
total amount of sediment being added to the beaches, however an increased rate

Figure 8:15

North Norfolk schematic sediment transport pathways (source: HR Wallingford et al., 2002)

between Sea Palling and Waxham have considerably reduced the natural drift rate
along the beaches to landwards of them. However, it appears that the drift rate
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has increased again near Horsey, some 4 km downdrift from the breakwaters. As

To the south of this point, where the beaches lie landwards of the sandbanks

part of the management of the coastal defences behind the breakwaters, several

and tidal channels that extend from near Winterton Ness past Great Yarmouth

large sand recharge schemes have been undertaken in this area to restore the

and further south, the beach toes appear to be at about -5 m to -7 m OD, and no

supply of beach sediments to beaches further south.

more than 600 m offshore. The beach changes along this latter part of the coast

South of Winterton Ness, the net drift rate is lower, although still generally to the

do not seem to reflect the often substantial changes in the position, the shape

southeast. The beaches and dunes at both Winterton Ness and at North Denes

and the crest levels of the sandbanks that lie in front of them.

near Great Yarmouth act as temporary storage areas for beach sand, and there is

HR Wallingford (2011) concludes that in the context of beach sediments moving

thought to be a localised reversal, i.e. a net northwards drift, just to the south of

offshore, at these locations sediment would first have to enter the tidal channel

both of these features (HR Wallingford et al., 2002 and Royal Haskoning, 2009).

and then travel up and over the sandbank on the seaward side of that channel

While there has been a modest increase in the width of the beach at Winterton

to progress further seawards. The depths in the bottom of the tidal channels

Ness in recent times, and a corresponding growth in the sand dunes, the

tend to be greater than the depth of seasonal changes in beach profiles along

accretion is slower than would be expected from the difference in the rate of

the coastline so it is unlikely that this could occur. HR Wallingford (2011)
further concludes that provided that any dredging takes place to seawards of

sand arriving from the north and that leaving towards North Denes to the south.
This may be evidence of an offshore loss of sediment from the beaches just north

Figure 8:16

East Norfolk and North Suffolk schematic sediment transport pathways (source: SNSSTS2
HR Wallingford et al., 2002)

of Winterton Ness. However, it is important to note that offshore loss of sediment
from beaches is a natural process that especially occurs during storm conditions,
with a return of sediment to the beaches during fair-weather conditions (e.g. in
the summer).

present in the nearshore bank system. It is not clear, however, whether sediment
is now being lost from the southern ends of the sandbanks at approximately the
same rate as it is being supplied from the beaches north and west of Winterton

the sandbanks then beach sediments could not travel directly into the dredged
areas. The concern here is therefore not beach drawdown but the possibility
of the dredging affecting the stability of the nearshore sandbanks. In this
area, therefore, it can be concluded any changes in bed levels in deeper water
seaward of these banks are very unlikely to affect the beaches (HR Wallingford,
2011).

The Environment Agency (2008), through its coastal monitoring program of

Ness. Some southward loss of sediment from these banks has been inferred

this region, has shown that the Winterton Ness coast and adjacent shorelines

as there are several indicators of southward bedload movement of sand in this

Gorleston to Southwold Harbour

indicate both erosional and accretional patterns since monitoring began in 1991.

region, west of approximately 1° 55' E. If this is the case then the sandbanks

These patterns are often associated with the natural northward migration of the

are operating as a temporary sink for some of the eroded products of the North

Beach sediment longshore transport

ness throughout the monitoring period and the construction of hard engineering

Norfolk coastline, and sand is then passing southwards towards the outer

structures offshore.

Thames Estuary.

Further south, near Caister-on-Sea, a series of coast parallel breakwaters have

Nearshore sediment transport

The shingle and sandy mixtures forming the wide beaches in front of Pakefield

Figure 8:16 shows the evidence for sediment transport over the nearshore

cliffs is the product of cliff erosion locally or further south, since the cliffs backing

seabed for this part of the coastline that was compiled during the SNSSTS2

South Beach have long been defended. Some 70 years ago, the cliffs at Pakefield

study using analysis of seabed features such as sandwaves and using numerical

were regarded as the location of the most rapid coastal erosion in England, with

modelling under a variety of different tidal conditions (HR Wallingford et al.,

the sand and shingle released being carried south by longshore drift.

2002). While sediment transport is relatively shore parallel over much of the

There is uncertainty regarding even the direction of the longshore drift between

coast it tends to set against the coast closer to Winterton Ness. Offshore from

Pakefield and Kessingland, although the SNSSTS2 study concluded that between

the coastline between Cart Gap and Great Yarmouth, under both spring and

these locations the net drift was northerly. The large shingle “ness”, previously

surge tides, there may be an offshore component of sediment transport.

referred to as Benacre Ness but now closer to Kessingland, has been gradually

There is an indication of occasional onshore transport of sediment to the beach

Beach toe limits

moving north for many years. The long term rate of the migration of this ness has

immediately south of Winterton Ness.

A review of the cross-sectional surveys taken along the coastline between Cart

been calculated as about 20 m per annum (Birkbeck College and Babtie, 2000).

Gap and Great Yarmouth shows that the lower limit of beach profiles may reach

Further south, at a point between Kessingland village and Benacre Broad,

a level of -15 m OD at Horsey. This depth is reached approximately 1850 m

the general pattern of southward littoral drift is re-established. The massive

offshore, however HR Wallingford (2011) concludes that this is a conservative

accumulation of shingle on the north side of Southwold Harbour has been

estimate and the actual beach toe may be inshore of this.

produced over many years by this net southward littoral drift.

resulted in the accumulation of a wide beach behind and to the north of them.
Downdrift of the most southerly of these breakwaters, the beach width becomes
much narrower, again consistent with the direction of the net drift.

Beach sediment cross-shore transport
Winterton Ness was recognised in SNSSTS2 (HR Wallingford et al., 2002) to be
an important location at which sediment transport changes direction. There is a
consistent pattern with sediment moving south along the shore from the north,
leaving the shore at Winterton Ness to feed into the Caister and Scroby banks.

Both McCave (1978) and Clayton (1989) concluded that these banks were formed
from sediments provided by the eroding cliffs between Weybourne and Cart Gap,
with the latter paper equating the volumes of beach sediments obtained from the
cliff recession over approximately the last 5,000 years and the amount of sand

Between Gorleston and Lowestoft, the direction of the net longshore transport of
beach sediments is generally southward, but has fluctuated over time in several
places.
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Beach toe limits

the Ore/Alde estuary are sufficiently strong to deflect the shingle seawards, so

HR Wallingford (2011) summarises that along the coastline between Gorleston

that the shingle spits at its mouth extend seaward to about the -4 m OD contour.

and Southwold Harbour the lowest estimated depth at which there may be

Some shingle is therefore moved seaward at this location.

seasonal changes in beach levels is conservatively estimated at -15 m OD, or
about 13.5 m below lowest tidal level, which corresponds to a distance of 1500m
off the mid tide contour on the beach face. Any dredging further offshore than
this distance is unlikely to have any affect on beach drawdown. In addition HR
Wallingford (2011) accepts that this is much deeper than the previously estimated
maximum depth for the beach toe along the East Coast of England, and may be
an over-conservative interpretation of the cross-sectional survey data provided by
the Environment Agency.

Walberswick to Orford Ness
Beach sediment longshore transport

Figure 8:17

North Suffolk schematic sediment transport pathways (source: SNSSTS2 HR Wallingford
et al., 2002)

Beach sediment cross-shore transport
There is thought to be an interchange of sediments between the nearshore banks
and the beaches just to the south of Lowestoft Harbour where sand appears to
come ashore onto South Beach. There may also be both onshore and offshore
movements of sediment near the ness at Kessingland, and at Winterton Ness
further north, although this is still speculative. It is clear, however, that such
putative onshore / offshore sediment movements are complicated, may change
over time and have been inferred, rather than being directly measured.

thought to feed into the nearshore bank systems (British Geological Survey,
1988). There is no evidence of any landward sediment transport in this area, and
it is more likely that sand travelling south of Minsmere is lost offshore.
There is evidence that the volume of the Sizewell - Dunwich banks is increasing,
however Robinson (1980) concluded that there was no indication that the Banks
supply any large quantity of sediment to the beach at Dunwich.

Nearshore sediment transport
The nesses along the East Anglian coast are thought to be points of transfer
of sediment between the coast and the nearshore seabed. Sand is believed to

There is a general north to south longshore transport along this stretch of coastline.

be transported seaward at Orford Ness, whilst shingle tends to be transported

This southward drift has historically led to the southward transport and loss of

southwards along the spit itself, to ‘rejoin’ the coastline at Shingle Street.

beach sediments from this part of the coast, exposing the cliffs at Dunwich to

SNSSTS2 (HR Wallingford et al., 2002) indicates that there is no major supply of

wave action and resulting in their recession, as described in Section 8.2. Clayton

sediment to the coast from offshore and HR Wallingford (2011) concludes that the

et al. (1983) estimated the longterm rate of sediment supply to the beaches from

nearshore banks off this coast probably do not provide material for the beaches

the erosion of these cliffs as about 40,000 m3 / yr.

(i.e. there are no sediment transport pathways from the Shipwash, Bawdsey or

HR Wallingford (2011) indicates that longshore sediment transport between

Whiting Banks to the nearshore zone, for example).

Southwold Harbour entrance and Thorpeness may be affected by wave
transformation over the Sizewell-Dunwich banks, which appear to be growing
in volume. At present the rates of recession of the beach from Walberswick to
Dunwich and beyond seem to be low, suggesting the net longshore drift along
this gently concave section of coastline is small, and the cliffs at Dunwich are
retreating only very slowly. Recession of the barrier beach between Walberswick
and Dunwich seems to be caused by over-washing of the narrow shingle ridge

Nearshore sediment transport

during severe storms rather than by more sediment leaving to the south than the

This section of coast, and the nearshore sandbanks that front much of it, have

small amount arriving from further north.

a complicated sediment transport regime which changes over time as the

From Thorpeness past Aldeburgh towards Orford Ness, the longshore drift seems

sandbanks and channels alter their positions and change shape. Figure 8:17

to be straightforward, with the net southward transport of shingle having produced

shows the evidence for sediment transport over the nearshore seabed for this

a long spit that has deflected the mouth of the River Alde a long way south.

part of the coastline compiled during the SNSSTS2 study using both an analysis

Sand is able to be transported seaward by severe wave action and indeed is

Beach toe limits
The maximum depths of beach toes between Walberswick and Orford Ness
appear to occur at the very southern end of this frontage, despite the partial
shelter provided by Aldeburgh Ridge, at a level of about -10 m OD, or about 8.5 m
below the lowest tidal level and typically no more than about 600 m offshore of
the beach face. (HR Wallingford, 2011).

Summary
An HR Wallingford review (2011) concludes that the predominant cause of
beach changes along the coastline is the variation in the longshore transport
of sediments, and in places the longshore transport regime is strongly affected
by the changes in the positions and levels of sandbanks, especially between

of seabed features such as sandwaves and using numerical modelling under a

Beach sediment cross-shore transport

Winterton Ness and Lowestoft.

variety of different tidal conditions.

The beaches between Walberswick and Orford Ness are composed primarily of

Overall, the beaches receive sediment from erosion of sections of the glacial till

Between Benacre and Southwold, to seaward of the beaches themselves, there
appears to be no clear net transport direction in the nearshore zone, and there is
an implication of a convergence of seabed transport pathways further offshore
from Kessingland / Benacre Ness.

medium to small sized shingle, the main supply of which is the 3 km long stretch
of glacial till cliffs at Dunwich. The movement of shingle by wave action is
preferentially landwards and the amount of material ‘lost’ seaward during winter
storms is thought to be small. However, the ebb currents through the mouth of

cliffs that are not protected by seawalls, and much of the sand that is supplied
by this erosion eventually travels offshore. There is little net onshore movement
of sediment from the seabed to the beaches except south of Lowestoft Harbour
where some of the sand that previously left the Norfolk coast near Winterton
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Ness returns to the shoreline after travelling through the extensive nearshore

sediments and bedrock (Figure 8:18). There are significant differences in the

sandbank system between these two locations.

seabed configuration and the location of licence areas across the MAREA region

To provide guidance on the minimum distance offshore needed to avoid beach
drawdown, HR Wallingford (2011) reviewed surveys commissioned by the

and it has therefore been divided into two sub-regions – termed Yarmouth and
Southwold (Figure 8:18).

Environment Agency to establish the lower limit of the beaches. This review

It has been suggested that the rate of coastal retreat is controlled by changes

typically produced, at each location, an estimate of the depth to which changes

in the offshore bathymetry. Pye and Blott (2006) for example linked deceleration

in beach level are apparent and, at a greater distance offshore, a depth at which

in cliff retreat with the growth of nearshore bank systems. In addition, a recent

the slope of the profile changes. HR Wallingford (2011) suggests that the break in

report by Brooks (2010) indicates that coastal change at Benacre Ness is

slope may reflect a transition from beach sediments to a bedrock shore-platform.

associated with nearshore deepening with the highest rates of shoreline change

Cross-sections drawn from REA seismic data (Figure 8:32) show, however,

being associated with the greatest bathymetric deepening over time.

that there is not always a bedrock platform offshore of the beach – particularly

A modelling study by Stansby et al. (2006) has suggested that the growth and

offshore of Lowestoft – and that the beach toe commonly lies further inshore.

development of sandbanks has a significant effect on wave attenuation in the

HR Wallingford (2011) acknowledges that using the break of slope distance is

vicinity of Lowestoft. Brooks (2010) concludes that, in managing the East Anglian

conservative, and is likely to overestimate the distance offshore of the beach toe.

coastline, attention needs to be paid to the form of the immediate nearshore

Adopting a precautionary approach, however, HR Wallingford (2011) recommends

zone. Any changes that might affect the bathymetry of the immediate nearshore

that the break of slope distance is the minimum distance offshore at which any

zone may therefore be of concern when assessing coastal change.

aggregate dredging should be considered.

Yarmouth sub-region

To the north of Winterton Ness and to the south of Lowestoft, this analysis

Much of the Yarmouth sub-region is dominated by a series of banks collectively

suggests beach profiles may reach a bedrock platform at depths of up to -15

known as the Norfolk Banks. The Norfolk Banks are some of the best known and

m OD, considerably lower than the suggested -7 m OD beach toe limits in the

most intensively studied groups of sandbanks in the world. They include the system

1991 report produced by Sir William Halcrow & Partners. The maximum distance

of sandbanks that stretch northwards from the Inner Norfolk Banks (Newcome

offshore to reach these depths is in the region of 1800 m, therefore any dredging

Sand, Holm Sand, Scroby Sand, South Cross Sand) to the Outer Great Yarmouth

that takes place further offshore than 1800 m will not contribute to beach

Banks (Haisborough Sand, Hammond Knoll, Winterton Ridge, Hearty Knoll, Smith’s

drawdown.

Knoll) (Cooper et al., 2008; Figure 8:18). The entire Norfolk Bank system also

Between Winterton Ness and Lowestoft, the offshore sandbanks reduce

includes additional banks which extend north, outside the MAREA region – namely

the depth to which beach levels have been seen to alter, and in some places

the Dudgeon-Dowsing Shoals and the Norfolk Offshore Banks (Leman, Haddock,

the beach toe may only be at -5 m OD. HR Wallingford (2011) concludes that

Ower, Inner, Well, Broken and Swarte Banks) (Cooper et al., 2008).

along this stretch of coastline, the presence of one or more tidal channels and

The Inner and Outer Great Yarmouth Banks lie sub-parallel to the modern

banks means that direct drawdown of beach sediments into a dredging area to

Norfolk coast with the most nearshore banks being attached to the shoreface

seawards of the banks will not occur. Along this part of the coast, therefore, the

and headland, locally known as nesses e.g. Holm Sand is attached to Lowestoft

nearshore limits of any proposed aggregate dredging area need to be considered

Ness. The banks are between 4 and 15 km long, 1.5 to 3 km wide and are mostly

in the context of whether the dredged depression might cause offshore sand

10 to 20 m higher than the surrounding seabed.

transport and lowering of the sandbanks closest inshore of that area, rather than
beach drawdown.

Box 1: 150 Year evolution of Great Yarmouth Sandbanks 		
and role of tidal current residuals

The Outer Great Yarmouth Banks lie on a gently undulating, sloping seabed.

Offshore sandbanks play a critical role in coastal evolution, sediment supply and
storm protection. An analysis of the evolution of the Great Yarmouth Sandbanks
over a 150 year period using historic charts, coupled with tidal simulations using
modelling techniques, has provided important insights into how these features have
evolved and how hydrodynamics, particularly residual tidal currents, appear to have
played a key role in their evolution (Horrillo-Caballo and Reeve, 2008).
The Great Yarmouth Sandbanks comprises numerous smaller sandbanks, including
Scroby Sands, South Cross Sand, Corton Sands and Holm Sands; these are often
separated by a number of deeper channels, including Holm Channel and Corton
Road. An historical analysis of both the sandbanks and inter-bank channels
has identified a northward movement of South Cross Sand and Scroby Sands by
approximately 1 to 1.5 km; in contrast, Corton Sand has moved approximately the
same distance but towards the south. In general, lateral migration (perpendicular
to shore) of the sandbanks has been absent. Most of the channels appear to have
been stable over the study period, although Holm Channel has been most affected
by changes in sandbank
configuration.
The tidal modelling has
revealed that the sandbanks
and interbank channels
appear to be controlled by
the location of tidal current
residual gyres, which
rotate in clockwise and
anticlockwise fashion (see
accompanying figure). These
gyres determine where
sediment is deposited on
sandbanks (centre of gyre
associated with lower tidal
current residuals) and where
channels may form (margins
Clockwise (C) and anticlockwise (A) gyre circulation around great Yarmouth
Sandbanks. These residual currents are interlinked with the position of
between banks associated
sandbanks and inter-bank channels. Source: Horrillo-Caballo and Reeve, 2008.
with elevated tidal current
residuals). There is still
some uncertainty whether the migration of the gyres controls the positions of the
sandbanks and channels or whether the location of the sandbanks and channels
controls the position of the gyres.

The seabed around the Outer Banks generally lies at depths of 25 – 35 m below
CD, however offshore of Smith’s Knoll much of the seabed reaches depths in
excess of 40 m below CD with isolated areas deeper than 50 m below CD. The

Cooper et al. (2008) report that the Inner Great Yarmouth Banks such as Scroby

shallowest areas of Hammond Knoll, Winterton Ridge, Hearty Knoll, Smith’s

Sands and Holm Sand have shallower depths on the landward side than on their

Bathymetry is variable across the MAREA region, being controlled by an interplay

Knoll lie between 5 -10 m below CD while the shallowest parts of Haisborough

seaward sides, which are prone to breaking waves. The shallowest parts of the

between a varied sequence of unconsolidated sediments overlying Quaternary

Sand are at approximately 0 m CD.

Inner Banks may be exposed at extreme low water levels, with Middle Cross

8.5

Bathymetric overview
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Figure 8:18

Bathymetry, main inshore sandbanks, and sub-regions within the MAREA region. (Data source: SeaZone)
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Sand, South Cross Sand, South Scroby and Holm Sand all having depths in the

chalk deposition, Palaeocene sands and muds, and later Eocene sediments were

and central Britain and into the North Sea (Rose et al., 2001). Quaternary sediments

region of 0 m below CD at their shallowest.

deposited through the region. Cefas (2011) indicate that Eocene sediments are

deposited in this period (and therefore prior to the Anglian Glaciation (c.478,000-

the oldest deposits observed in the sub-bottom data analysed for the East Coast

423,00 BP)), are interpreted as the marine and non-marine parts of a northward

Regional Environmental Characterisation

advancing delta complex (Cameron et al., 1987).

Banks will have had a much shorter period of evolution than the Outer Banks

The oldest bedrock observed throughout the region is therefore the London Clay

The Westkapelle Ground Formation is the oldest Quaternary deposit found in the

which may help account for the morphological differences between the two

Formation, a mudstone deposited during the Ypresian Stage of the early Eocene

MAREA region and is mainly found inshore of the licence areas. BGS borehole data

groups.

(Cameron et al.,1992; Hamblin et al., 1997; Gibbard et al., 1998; Cefas, 2011)

show that it consists of silty clays passing upwards into clean sands (Cameron et

(Figure 8:19).This was deposited when there was a widespread marine incursion

al., 1992). Foraminiferal analysis confirms that this Formation was deposited in a

into the approximate North Sea area during a globally warm period during the

region of decreasing water depth and high-energy interpreted as being a pro-delta,

Tertiary (Cameron et al., 1992). In areas where the London Clay is near the seabed,

and deposited when the East Anglian coastline was approximately 40 km west of its

high-resolution seismic records show a distinctive and complex pattern of small-

present location (Cameron et al., 1984; Cefas, 2011).

scale faults with throws of 2 m or less (Henriet et al., 1991). These faults have

The Smith’s Knoll Formation, which overlies the Westkapelle Ground Formation, is

Cooper et al. (2008) also suggest that at about five thousand years ago, the
coastline lay approximately 5 km offshore. Therefore the Inner Great Yarmouth

A recent Tyndall Centre for Climate Change Research report by Stansby et al.
(2006) indicates that the Inner Great Yarmouth Banks can protect the coastlines
in their lee from the effects of waves and tides, while the Outer Banks have little
effect. The potential impacts on the Inner Banks of future dredging will therefore
be assessed as part of the MAREA process.

been interpreted as soft sediment deformation features induced by compaction

Southwold sub-region

(De Batist et al., 1989).

The seabed in the Southwold sub-region shows much less variation in topography,

Offshore from Aldeburgh is an area of Pliocene argillaceous rocks and sandstones

with only a small number of inshore banks present (Dunwich Bank, Sizewell Bank,

comprising the Coralline Crag, and Norwich and Red Crag Formations (Balson et

Aldeburgh Napes, Aldeburgh Ridge). Water depths over the crests of Dunwich

al., 1993) (Figure 8:19). These were laid down in shallow marine environments

and Sizewell Banks are in the region of 2-3 m below CD, while the crest of

during the late Tertiary and early Quaternary Periods. The Coralline Crag consists

Aldeburgh Napes runs parallel to the coast at a depth of 10-11 m below CD.

of fossiliferous carbonate sands and silty sands while the Norwich and Red Crag

The seabed undulates and slopes to depths of 30-35 m below CD in the region

Formations consist of alternating shelly sandstones, sands and clays (Gibbard et

of the dredging areas, and further offshore still a deep channel crosses the
southeast of the Southwold sub-region, and a maximum water depth of around
70 m below CD is reached in this area.

al., 1998) interpreted as being deposited as shallow sub-tidal marine sands (Dixon,
1979).Where they are present the Crag deposits unconformably overlie the London
Clay (Cameron et al., 1992).
Small areas of the much older Cretaceous Chalk bedrock occur in the northwest

8.6

Geological overview

The MAREA has investigated the geological history of the region to identify areas
of bedrock, erosion associated with fluvial and marine activity, and depositional
features associated with these events. These are based on interpreted seismic
data, core and grab sample data, and complemented with data acquired from

of the MAREA region, indicating fully marine conditions in the southern North Sea
Basin at this time (Cameron et al., 1992).

Quaternary sediments
In the Anglian Offshore MAREA region Quaternary sediments (Holocene and
Pleistocene up to 2.3 Ma old; Gibbard et al., 1991), overlie the Tertiary bedrock

found in the east of the region. It consists of muddy, fine-grained sands. It is also
interpreted as being deltaic in origin (Cameron et al., 1992).
The Yarmouth Roads Formation occurs through the centre of the region and consists of
clays and fine sands which unconformably overlie the Westkapelle Ground Formation
(Figure 8:20). This is the last of the pre-Anglian Quaternary deposits found in the
region – being a Cromerian -Complex sediment formation, formed between 478,000
to 787,000 BP. It is associated with large rivers cutting into the underlying Lower
Pleistocene sediments, and was deposited as part of a delta-top sequence (Cameron
et al., 1992; Wessex Archaeology, 2010).
The youngest Quaternary sediments in the MAREA region are predominantly
comprised of the shelly sands of the Eem Formation and the silty clays of the Brown
Bank Formations. These lie unconformably on the pre-Anglian deposits described
above, with the intermediate Anglian glacial deposits (widespread onshore) removed
by glacial and marine erosion over the continental shelf.
The Eem and Brown Bank Formations were deposited during the marine transgression
and regression that occurred during the Eemian interglacial period. The Eem Formation
is a shallow marine sediment (Harrison, 1988) and is found in discontinuous patches

and reflect a mixture of depositional environments: glacial and interglacial,

(Cefas, 2011).

marine and terrestrial (Caston, 1979; Balson and Cameron, 1985). The Quaternary

In the eastern area of the MAREA region the Brown Bank Formation was deposited

sediment succession of the region off East Anglia is commonly divided into a

in outer estuarine or lagoonal environments and were fed by sediment input from

Lithologies have been derived from correlation with BGS published maps.

lower marine deltaic division (containing the Westkapelle Ground and Smith’s

the southwest (Cefas, 2011). Further to the west the Brown Bank Formation may

Knoll Formations), and an upper transgressive / regressive non-deltaic division

comprise more fluviatile, current-bedded silt and finely laminated clays filling deep,

Bedrock

(containing the Yarmouth Roads, Eem and Brown Bank Formations) deposited

late Ipswichian/Early Devensian channels (BGS 1984; 1991).

previous studies (e.g. BGS). The shallow geology of the MAREA region consists of
a complex and varied sequence of unconsolidated sediments reflecting deposition
in contrasting environments and climatic conditions over the past 2 million years.

From the early Carboniferous to the early Creataceous a basin-margin upland area,

under a range of climatic conditions (Nilsson, 1983).

Within the region, a number of sheet deposits of sands and gravels are found

the London-Brabant massif, extended from East Anglia and across to Belgium.

During the Lower and Middle Pleistocene, East Anglia lay within the coastal

overlying clays and fine sands, and these sheets form the aggregate deposits dredged

The massif was overwhelmed in the mid-Cretaceous, and at this time the region

margins of a shallow marine embayment, fed by three major river systems (the

within the MAREA region. It has been suggested that these sands and gravels are an

was covered by a shallow sea and deposition of chalk took place. Following

Thames, Bytham and Ancaster rivers), which drained eastwards across southern

offshore expression of the Yare Valley Formation (Arthurton et al., 1994).
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Figure 8:19

Solid geology of the MAREA region (Data Source: BGS)
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Figure 8:20

Quaternary deposits within the MAREA region (Data Source: BGS)
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Arthurton et al. (1994) suggest that approximately 10,000 years BP, the Flegg and
Lothingland uplands extended the present coastline approximately 7-10 km west
of its present position and that the major Yare Valley cut into this coastline. Sands

Sources and Sinks of Sediments
The main source of the seabed sediments found off the East Anglian coast is

BGS data were used as a baseline and seabed sediment distribution was
subsequently refined with the additional REC/REA data and aggregate sample data.

attributed to the erosion of the Norfolk Cliffs (McCave, 1978). It is postulated that

The spatial distribution of seabed sediments across the study area was further

the sand moves southward with longshore currents and is transported offshore via

enhanced by interpretation of sidescan sonar data, which was used to help

various headlands and nesses (e.g. Orford Ness) located along the East Anglian

delineate different seabed sediment types.

Remnant deposits of inter-tidal mudflats exist in the south of the area (Moorlock

coast. The sediments subsequently move into the numerous sandbank systems

The MAREA region can be broadly classified into four main sediment types. These

et al., 2000) and remnants of peat and other fluvial deposits of this age have been

(e.g. Newarp Banks) located offshore (Collins et al., 1995).

are:

and gravels were deposited on the floor of this valley (the Yare Valley Formation)
and these were subsequently inundated during the post-Devensian transgression.

documented off Great Yarmouth (Arthurton et al., 1994). These peats and clays
may be the offshore correlatives of the Breydon Formation (Arthurton et al., 1994).

Other sources of sediment include outwash from the last glaciation, which may have
left significant quantities of sediment in the region (Cooper et al., 2008). Storm events

The sediment source for the modern seabed, particularly the offshore sandbanks,

are also capable of suspending substantial quantities of sediments, particularly off

is predominantly glacial deposits reworked by the strong hydrodynamic regime

the shallower sandbanks, which are subsequently transported to the northeast via the

introduced with the full marine transgression (Cooper et al., 2008). There is,

sandbanks - this process can transport sediments up to 100 km offshore (Stride, 1988).

however, locally significant input from coastal erosion (Brooks and Spencer, 2010).

The total volume of the Great Yarmouth and Norfolk sandbanks is estimated to be
6220 million cubic metres, of which 66% is contained within the Norfolk Offshore

8.7

Seabed sediments

Banks (Cooper et al., 2008).

Introduction

In general, the surficial sandbank sediments are comprised of homogeneous well

The present distribution of seabed sediments and bedforms in the MAREA region

immobile, are commonly made up of relict gravelly sands and sandy gravels.

is a reflection of past and present sediment supply, sedimentary characteristics,
and the contemporary action of waves, tides, wind and storm surges in the region.

sorted sands. Surficial sediments within the interbank areas, which are mostly
These are moderately to poorly sorted, and flint makes up the dominant gravel
lithology (BGS, 1988). The gravel fraction is attributed to reworking of Holocene

The seabed sediments off the East Anglian coast can be broadly divided into four

and Quaternary deposits, and from the underlying London Clay Formation, as sea

dominant sediment types (classified according to Folk, 1954). These are: sand and

levels rose (Cameron et al., 1992).

slightly gravelly sand, gravelly sand, sandy gravel, and, to a lesser extent, muddy

Sand and slightly gravelly sand
These sediment types occupy large areas of the MAREA region (approximately
43% by area), especially coastal locations, sandbank and offshore locations in
the north and east and along the offshore boundary of the MAREA region in areas
of deeper water occupied by large to very large dunes.
The bedforms in the outer and deeper parts of the Anglian region typically range in
height from approximately 1 to 5 m, although dunes as high as almost 10 m have
been measured (see for example cross-sectional bathymetric Profile 2, Figure 8:30).
These sediment types are mostly absent in the central and southern areas of the
MAREA region, particularly where the main cluster of aggregate extraction areas
are located (which are often located in areas of coarser material). An example
of this seabed sediment, as identified in sidescan sonar data, is shown below
(Figure 8:22); while a representative seabed photograph is shown inset in
Figure 8:21.

Localised areas of muddy sediments are typically associated with i) reworking of

Gravelly Sand

underlying relict estuarine sediments and ii) the introduction of fine sediments from

This is the second most common sediment type within the MAREA region, making

According to BGS data (1988), the seabed sediments of the Anglian offshore

surrounding water masses, especially northward through the Dover Straits from

up approximately 38% of the total area. It is most common through the centre

MAREA region are comprised predominantly of sands or gravelly sands. The

the lower-energy eastern English Channel (Cameron et al., 1992).

of the region. These sediment types are also present in the north, particularly

sands/gravels.

between higher-elevation sandbank areas. An example of this seabed sediment,

gravel fraction is mostly flint, although well-rounded phosphorite pebbles
are common in the Plio-Pleistocene (shelly) Crag deposits located south of

as identified in sidescan sonar data, is shown below (Figure 8:23); while a

approximately 55° 25’N. The phosphorite pebbles are derived from the underlying

8.8

Eocene London Clay; these were subsequently reworked and redistributed during

In order to characterise and refine previous seabed sediment interpretations for

the Plio-Pleistocene.

Seabed Characterisation

the East Anglian offshore region (e.g. BGS, 1988) a combination of geophysical

The present distribution of seabed sediments suggests that tidal and wave

data (REC sidescan sonar / REC multibeam bathymetry and Seazone bathymetry)

processes are strong enough to mobilise and erode finer grained sediments

and over 400 seabed grab samples (including REC/REA data and data from

(such as muds and fine sands), which are not as prevalent as the other

various aggregate extraction areas) were imported into a GIS package. The main

(coarser) sediment types in the MAREA region (HR Wallingford et al., 2002).

sediment types were characterised and delineated, based on a combination

Where finer sediments are present, it is either in small areas of relatively deep

of acoustic reflectivity in sidescan sonar, Folk sediment classification of

water or where the underlying London Clay is locally exposed on the seabed.

the grab samples, dominant seabed morphology and BGS (1988) seabed

Consequently most of the seabed in the MAREA region is comprised of sands

sediment interpretation. Figure 8:21 shows the interpreted high-level seabed

and gravels.

characterisation of the MAREA region using these datasets.

representative seabed photograph is also shown inset in Figure 8:21.

Sandy Gravel
Sandy gravels are not as common as sands and gravelly sands, but are still an
important sediment type in the MAREA region and make up approximately 12%
of the MAREA area by region.
An example of this seabed sediment, as identified in sidescan sonar data, is
shown in Figure 8:24 with a representative seabed photograph shown inset in
Figure 8:21.
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Figure 8:21

Regional characterisation of surface sediment types based on seabed grab samples, sidescan sonar, swath bathymetry, and BGS data (various sources). Refer to Section 8.8 for a more detailed methodology. Inset photographs show representative sediment types obtained from seabed photographs (Data Source: Anglian Offshore REC; British Geological Survey)
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Figure 8:22

Example sidescan sonar image of an area of sand / slightly gravelly sand. Image is
approximately 400 m across (Source: REC Geophysical Survey)

Figure 8:23

Example sidescan image of gravelly sand. Image is approximately 400 m across (Source: REC
Geophysical Survey)

Figure 8:24

Example sidescan sonar image of sandy gravel. Image is approximately 400 m from top to
bottom (Source: REC Geophysical Survey)

Textural Group
(Folk, 1954)

No. of Samples
(of 186)

% of Total

Gravel

1

0.5%

Sandy Gravel

30

16.1%

Gravelly Sand

51

27.4%

Sand

38

20.4%

Slightly Gravelly Sand

37

19.9%

Slightly Gravelly Muddy Sand

12

6.5%

Muddy Sandy Gravel

7

3.8%

Gravelly Muddy Sand

5

2.7%

Slightly Gravelly Sandy Mud

1

0.5%

Muddy Sand

4

2.2%

Table 8:1

Distribution of sediment textural types, based on 186 seabed samples collected as part of
the ALSF and AODA funded REC and REA surveys, respectively

Figure 8:25

Gravel-Sand-Mud triplot of 186 seabed samples. Note the majority of the samples are
distributed close to the gravel-sand axis indicating a low level of mud. (Source: ALSF and
AODA REC/REA grab sample data)

Muddy sands and gravels
These sediment types are the least common, mostly due to the prevailing highenergy tidal environment. Muddy sands and gravels comprise approximately 7
% of the total MAREA area. The largest areas are located in the northeast and
southwest of the MAREA region (Figure 8:21), and have also been identified by
the BGS (1988). Other smaller areas of muddy sands / gravels have been identified
to the south of the main licence areas and close to the coast. A representative
seabed photograph is shown inset in Figure 8:21.

Statistical Analysis of Sediment Grab Samples
A summary table of 186 seabed sediment samples (obtained as part of ALSF REC
and AODA REA surveys, and based on textural groups as classified by Folk, 1954)
is provided in Table 8:1. Of the four main sediment groups, sand and slightly
gravelly sand make up 40.3%, gravelly sands make up 27.4%, sandy gravels make
up 16.1%, and muddy sands and gravels make up 15.7% of the total number of
samples.
Only REC and REA grab data were used in statistical analysis in order to represent
the regional seabed sediment distribution. Aggregate sample data was not used,
as inclusion of the data would cause the results to be skewed towards a high
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Figure 8:26

Southerly transport based on bedform asymmetry (Source: REC data)

Figure 8:27

Symmetrical bedforms indicating balanced sediment transport (Source: REC data)

number of samples comprising coarse aggregate (sandy gravel, gravelly sand and

Investigation of sediment transport processes within the Anglian MAREA region

gravel) sediments.

was accomplished by analysing bedform asymmetries within the region. These

The distribution of these sediment types is also presented as a Gravel-Sand-Mud
triplot (Figure 8:25).

8.9

Seabed sediment transport

which provided excellent detail of a range of sandy bedforms and the orientation
and asymmetry of their crests.
In general, sediment transport direction is orientated perpendicular to the crests of
contemporary mobile bedforms (i.e. those which are active in the present day) with

In general, sediment movement on the seabed occurs in two ways:
(i)	Suspended sediment transport of muds and, to a lesser extent, fine sands;

Where bedform crests were found to be symmetrical, it was assumed that there

(ii) Bedload transport of sand and gravel.
In both cases, peak offshore tidal currents are the main control on transport, rather
than the wave climate (Brampton et al., 1998). Grochowski and Collins (1994)

Other seabed morphologies could also be used to infer sediment transport
directions, for example scour depressions around wrecks which form parallel to
dominant flow/transport (Figure 8:28).
Swathe data also allows cross sections to be plotted to confirm the asymmetry at

water depths are in excess of 30 m, the seabed sediments are impacted by waves

any given location for example Figure 8:29.

less than 1% of the time. During high energy storm events, sediment entrainment

Figure 8:29 (a) shows large (2 to 3m) equally-spaced dunes with smaller

however due to the low frequency of occurrence, Soulsby (1987) assessed these
as insignificant as regards regional net sediment transport.

a

was no dominant sediment transport and net transport is balanced (Figure 8:27).

analysed long-term wave data from the English Channel and showed that where

may occur as a combination of tidal and wave-induced currents (Draper, 1967);

Transport parallel scour pits around a wreck (Source: REC data)

were predominantly imaged with high-resolution multibeam bathymetry data,

sediment transport occurring in the direction of the steeper slope (Figure 8:26).

and

Figure 8:28

superimposed dunes while Figure 8:29 (b) shows a range of bedform types, from
1 up to 4 m high, within a single profile.

b
Figure 8:29

Examples of bathymetric profiles across large, from 1 to 4 m, bedform types in the MAREA
region. Depths (y-axis) and cross-shore distances (x-axis) are in metres. Note: Graphs are not
at the same scale
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Figure 8:30

Sediment transport directions inferred from analysis of bedform asymmetries and the SNSSTS2 (HR Wallingford et al., 2002). Inset profiles illustrate the cross-region morphologies based on bathymetric data
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The results from the bedform analysis are summarised in Figure 8:30 which

most likely due to shallow water forcing by waves and currents which inhibits

shows the inferred sediment transport directions superimposed on the regional

the formation of bedforms. Bedforms in the interbank troughs show dominant

bathymetry. Also shown on Figure 8:30 are the averaged regional sediment

northwards or southwards orientation. Bedforms indicating cross-tide, east-west

transport directions as identified by the SNSSTS2 (HR Wallingford et al., 2002)

sediment transport directions appear to be absent, suggesting little or no bedload

and previously discussed in Section 8.4.

sediment transport between these banks.

Outer Great Yarmouth Banks

Inner Great Yarmouth Banks

The Outer Great Yarmouth Banks (e.g. Winterton Ridge, Hearty Knoll, Smith’s

Within the area of the Inner Great Yarmouth Banks (e.g. Scroby Sands, Holm

Knoll, and Middle Cross Sand – Figure 8:18), commonly show bedform

Sand) it is difficult to identify a dominant regional sediment transport direction

asymmetries which indicate that dominant sediment transport directions are

(Figure 8:30). Instead, there appears to be a range of different transport

in an approximately southerly and southeasterly direction for the seaward (i.e.

directions, although north / south directions are the most common, especially

eastern) margins of the banks, with an opposing northerly transport along the

for areas outside of the crests of the larger sandbanks.

landward (western) margin of the banks i.e. there is a generalised clockwise
circulation of sediment around them (Figure 8:30). This pattern of clockwise
sediment transport around sandbanks was also identified in the SNSSTS2 (HR
Wallingford et al., 2002); the Outer Thames Estuary REC (Emu Ltd, 2010) and in
a number of academic studies (e.g. McLaren et al., 1993; Collins et al., 1995;
Schmitt, Mitchell and Ramsay, 2007).
Figure 8:31

The positions of cross sections across the MAREA Region, displayed as Figure 8-32 (A) – (F)

Figure 8:32: [a]

Profile A: Great Yarmouth; Interpreted cross-sectional profiles A to F of the MAREA region from the coast to the dredging areas. Cross sections are drawn from the MAREA geophysical data, AODA geophysical data and BGS data.

The crests of these large sandbanks are commonly smooth and devoid of bedforms,

On the north end of Scroby Sands, bedforms appear to indicate some crossshore transport across the bank, although it is not possible to identify whether
this is onshore or offshore since these bedforms do not have a pronounced
asymmetry. Bedforms identified close to shore and in the vicinity of headlands
or nesses suggest that here, sediment transport is directed offshore. These
coastal salient features have been attributed to sediment transport pathways
from coastal areas which feed the nearshore margins of the Inner Banks (HR
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Wallingford, 2011). As is the case with the Outer Banks, there is little or no

asymmetries, are clearly northwards. No southerly or cross-shore sediment

evidence from bedforms for easterly sediment transport from the Inner Banks

transport was evident anywhere within this offshore zone. Northerly sediment

into the deeper offshore region where the aggregate licence areas are situated.

transport in this deeper region was also identified by HR Wallingford et al. (2002).

Southwold sub-region
In contrast to the Yarmouth sub-region, the Southwold sub-region does not
have any significant, large-scale sandbanks except for the inshore banks such
as Dunwich Bank and the Aldeburgh Napes and Ridge.
Away from the inshore banks, the seabed in this sub-region is relatively flat (see
Profile 3 in Figure 8:30) with no distinct bedforms. Bedload sediment transport
directions are less clearly defined than further north but a bedload parting zone
has been postulated for this area by Cameron et al. (1992) and HR Wallingford
et al. (2002). This may explain the lack of bedforms over parts of the sub-region.

In the vicinity of Aldeburgh Napes and Dunwich Bank the sediment transport
directions are again variable with a range of approximately northerly and
southerly, coast-parallel, transport indicators present. Importantly there are
no obvious indications from bedforms of either onshore or offshore directed
transport in this area.
Furthermore, there are very few bedforms identifiable within 10 km of the coast
although a northerly, coast parallel, transport path occurs close to the headlands
off Southwold with southerly transport offshore of Aldeburgh, which may be a
further confirmation of the sediment parting zone.

In general, bedforms identified in the deepest offshore region at the eastern

Illustrative Cross-sections

margin of the MAREA study area comprise large to very large and continuous

In order to better illustrate the relationships between the coastline, offshore

sand dunes which extend lengthwise over much of the southern and central

banks, bedforms and resource sediments, a number of cross sections have been

offshore region. These typically range in height between 1 to 5 m, although

drawn across the Region, based upon new MAREA geophysical data, existing

some of the larger bedforms can be up to 10 m in height. Sediment transport

AODA data and BGS information (Figure 8:31). Cross sections A, B, and C lie

directions within these regions, as evidenced by the large and very-large dune

within the Yarmouth sub-region while D, E and F run across the Southwold subregion.
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Figure 8:32: [b]

Profile B: South Yarmouth; Interpreted cross-sectional profiles A to F of the MAREA region from the coast to the dredging areas. Cross sections are drawn from the MAREA geophysical data, AODA geophysical data and BGS data.

Figure 8:32: [c]

Profile C: Lowestoft; Interpreted cross-sectional profiles A to F of the MAREA region from the coast to the dredging areas. Cross sections are drawn from the MAREA geophysical data, AODA geophysical data and BGS data.
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Figure 8:32: [b]

Profile D: Dunwich; Interpreted cross-sectional profiles A to F of the MAREA region from the coast to the dredging areas. Cross sections are drawn from the MAREA geophysical data, AODA geophysical data and BGS data.

Figure 8:32: [e]

Profile E: Sizewell; Interpreted cross-sectional profiles A to F of the MAREA region from the coast to the dredging areas. Cross sections are drawn from the MAREA geophysical data, AODA geophysical data and BGS data.
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Figure 8:32: [f]

Profile F: Thorpeness; Interpreted cross-sectional profiles A to F of the MAREA region from the coast to the dredging areas. Cross sections are drawn from the MAREA geophysical data, AODA geophysical data and BGS data.

Profile A: Yarmouth

i.e. the bank sediments do not persist to the east of its easterly margin. This

reflectors dip northward, indicating northerly movement, however there is no

Figure 8:32 (a) is a cross section in the Yarmouth sub-region and corresponds to

sand and gravel sheet can be traced east and appears to run under South Cross

evidence of lateral movement.

Profile Line A on Figure 8:31. It runs in a westerly direction from Great Yarmouth

Sand. Although the sheet cannot be easily traced beneath South Cross Sand it

to the westerly boundary of Licence Area 254, which lies approximately 10 km

appears to be persistent beneath the sandbank as it can be identified emerging

offshore. Licence Area 254 is separated from the coast by areas where bedrock

from under the eastern margin of the bank. As with Corton Sand the margins of

is exposed at seabed, as well as the major sandbanks of Corton Sand and South

South Cross Sand are sharp, and it has a distinct base.

Cross Sand.

Corton Sand and South Cross Sand therefore appear to be distinct from one

by Harrison (1988) to be relict Pleistocene deposits, while Arthurton et al. (1994)

The data show that a sheet of sand and gravel extends approximately 200 m

another and there is no continuity of sediment between them. South Cross Sand

suggests that they are an offshore component of the Yare Valley Formation. The

offshore from the coast. This is supported by the HR Wallingford (2011) analysis

contains distinct internal reflectors, and Cooper et al. (2008) indicate that these

sheet deposits are not considered to contribute to the sediment transport that

The sand and gravel sheet can be traced further eastwards, into Area 254 where
it forms the dredged resource unit. This suggests that the resource sediment, at
least in Area 254, is older than, and distinct from the sediments that form South
Cross Sand. The sheet deposits to the east of South Cross Sand are considered

of EA beach profile data which suggest that the beach toe lies approximately 100

occurs in the vicinity of the inshore bank system (HR Wallingford et al., 2002).

to 150 m offshore.

The cross section shows that the aggregate deposits in area 254 are remote from
and separate to the coastal sediments.

Further offshore the seabed consists of the bedrock platform at surface with
a veneer of sediment, before crossing Corton Sand. There are few bedforms

Profile B: South Yarmouth

visible between the coastline and Corton Sand which would imply little sediment

Profile B (Figure 8:32 (b)) runs east from South Yarmouth and into the western

transport between the coast and the sandbank, or vice versa. Both west and east

portion of Licence Area 319. Area 319 lies approximately 8 km offshore and is

margins of Corton Sand are sharp and the bank has a distinct base.

separated from the coast by areas of bedrock at seabed, as well as the sandbank
of Holm Sand.

To the east of Corton Sand the seabed consists of a thicker sand and gravel
sheet. The sediment within this unit is distinct from the sands of Corton Sand

Figure 8:33

Interpreted MAREA boomer showing a distinct margin and base of South Cross Sand, and a
sand and gravel sheet extending beneath the sand bank

As with Profile A, a coastal sand and gravel sheet can be traced approximately
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1400 m offshore. Analysis of beach toe limits by HR Wallingford (2011) suggests

from the coastal sand sheet or onshore from Holm Sand is therefore likely to be

at surface is again encountered through the Holm Channel, approximately 5 km

that at the closest point to Profile B the beach toe extends approximately 850 m

transported in a coast parallel direction once it enters the Corton Road channel.

offshore. Cooper et al. (2008) identify these channels as flood and ebb channels

offshore. There are no visible bedforms within this coastal sand and gravel sheet
and therefore there is no indication of an offshore or onshore transport.
The sand and gravel sheet pinches out, and bedrock forms the seabed through

The margins of Holm Sand are sharp, with a distinct base (Figure 8:34). Bedforms

passing on opposite sides of Holm Bank.

on the flanks and over the top of Holm Sand indicate a coast parallel transport.

The profile line crosses a small portion of South Corton Sand, which again shows

There is no persistence of sandbank sediment to the east of Holm since bedrock

a distinct change in seismic character between its eastern boundary and a thick

Corton Road, suggesting that currents through this channel sweep much of it

sand and gravel sheet which runs to the east. This runs into Licence Area 319 and

clear of sediment. There are few visible bedforms between the termination of the

forms the resource sediment. The changes in seismic character suggest that this

coastal sediment sheet and Holm Sand, however those that are visible indicate

unit is distinct from the sediments forming the banks, however unlike in Profile

transport of sediment in a southerly direction. Any sediment moving offshore

A it cannot be traced below the sandbanks so its relative age is uncertain. The
sand and gravel sheet shows bedforms which indicate sediment transport in a
north-south direction (Figure 8:35). The aggregate deposits are again clearly
separate from the coastal deposits, being part of the same extensive sheet as
the deposits in area 254.

Profile C: Lowestoft
Figure 8:32 (c) is a profile running east from Lowestoft and into Licence Area 251,
which lies approximately 6.5 km offshore. The licence area is again separated
from the coastline by Holm Sand.
Figure 8:34

Interpreted MAREA boomer data showing the distinct base and western margin of Holm Sand

Figure 8:35

Bedform field to the west of Licence Area 319. Image is approximately 600 m from west to east.
Data Source: Anglian Offshore MAREA

As with Profiles A and B, a coastal sand and gravel sheet is identified, overlying
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the bedrock. This sand and gravel sheet extends eastwards, to the margin of

Figure 8-32 (d) runs from Dunwich, in an east-southeasterly direction to the

gravel sheet deposits, particularly between 19 – 22 km from the coast, and these

Holm Sand. However unlike Profiles A and B, no bedrock is exposed at surface

contiguous Prospecting Area 496 and Licence Area 430, which lie more than 22

suggest a south-southwest to east-northeast sediment transport (Figure 8:37).

and Cooper et al. (2008) indicate that many of the nearshore banks, including

km offshore. The prospecting and licence area are separated from the coast by

Holm, appear to be attached to the shoreface at the location of small headlands,

extensive areas of exposed bedrock, with the sand and gravel sheet that forms

known locally as nesses. Holm Sand is attached to Lowestoft Ness

the resource unit beginning approximately 17 km offshore.

Bedforms are visible in the nearshore 300 m whose asymmetries suggest an

Profile D shows the coastal sand body of Dunwich Bank, that runs offshore to

onshore-offshore sediment exchange, with offshore transport dominating. Further

approximately 2.5 km. Brooks (2010) reports that erosion of cliff sediments is

offshore, to the west of Holm Sand, bedforms are visible which suggest a north-

important for the maintenance and growth of the bank systems in the Southwold

south coast parallel transport. HR Wallingford et al. (2002) and HR Wallingford

sub-region. Brooks (2010) reports that whether sandbanks protect the coast from

(2011) suggest that there may be onshore transport of sand near Lowestoft, which

erosion has been much debated but recent modelling by Halcrow (2001) suggests

is not completely in accord with the bedforms observed in Profile C, however

that the influence of sandbank growth is only experienced locally. Pye and

these reports also indicate that it is clear that the onshore-offshore sediment

Blott (2009), in contrast, have presented evidence for a link between sandbank

movements are complicated, and may change over time

development and associated cliff retreat rate decline at Dunwich-Minsmere.

within the sidescan data and there is no indication of onshore-offshore transport

The western margin of Holm Sand is clearly identifiable in the sub-bottom profile

Pye and Blott (2009) suggest one possible sediment source for the Dunwich Bank

Further offshore the seabed is composed of bedrock at seabed with thin sand

data which suggest that it is distinct from the coastal sand body. Although it may

is from cliffs to the north, but a general southerly direction of sediment transport

be attached at Lowestoft Ness (Cooper et al., 2008) the sediments of the bank

in the nearshore zone of the region has not been proven. The data collected as

and the inshore deposits have distinctly different seismic character.

part of the MAREA do not indicate any significant bedforms over this portion of

The offshore, eastern, margin of Holm Sand is also distinct from the coarser

Dunwich Bank and do not assist the interpretation.

sand and gravel sheet which persists and thickens eastwards (into Area 251) and

Further offshore the seabed consists of bedrock overlaid with thin seabed veneers

which forms the resource unit. This cannot be followed beneath Holm Sand so no

(Figure 8:36). Bedforms are rare on this profile where veneers overlie bedrock,

conclusions about the relative ages of these deposits can be made. However the

however where they are present they suggest a coast parallel sediment transport

sands and gravels in Area 251 are clearly separate from the coastal sediments.

in this zone.

Profile D: Dunwich

Approximately 17 km from the coast, a sand and gravel sheet develops which

Figure 8:32 (d), (e) and (f) show three profiles in the Southwold sub-region and
correspond to profiles D, E and F in Figure 8:31.

thickens in an easterly direction and which forms the resource unit in prospecting
area 496 and dredging area 430. Significant bedforms are present on the sand and

Profile E: Sizewell
Figure 8:32 (e) shows a profile running offshore from Sizewell and shows a
similar pattern to Profile D. Along this profile the western boundary of Prospecting
Area 496 lies approximately 14 km offshore and is separated from the coast by
areas of exposed bedrock, with the sand and gravel sheet that forms the resource
unit beginning approximately at the boundary of the prospecting area.
The coastal sand body extends approximately 3 km offshore and consists of two
bars with troughs landwards of them. This is similar to EA Profile S1B6 Sizewell
which also shows two coast-parallel bars and troughs. Bedforms are not visible

and gravel veneers, and the sidescan response is similar to that shown in Figure
8:36. Between approximately 7 and 11 km offshore, basins containing fine grained
sediments and thicker sand and gravel deposits are crossed, before the seabed
consisting of bedrock with veneers continues for approximately another 3 km.
Bedforms are rare where the seabed sediment is a veneer, although where they
occur they suggest shore parallel sediment transport.
At approximately 14 km offshore a sand and gravel sheet develops, thickening
towards the east, and it is this sheet which forms the resource unit in Area 496.
This is clearly separate from the inshore and coastal deposits. As with Profile D,
significant bedforms are present within the sand and gravel sheet deposits and
infer a coast parallel sediment transport.

Profile F: Thorpeness
Figure 8:32 (f) runs offshore from Thorpeness, across Aldeburgh Napes, and
out to Prospecting Area 496. Along this profile, the western boundary of the
prospecting area lies approximately 13.5 km offshore. Unlike profiles (D) and (E),

Figure 8:36

Thin sand and gravel veneer over bedrock along Profile D. Image is approximately 600 m from west
to east. Data Source: Anglian Offshore MAREA

Figure 8:37

Bedform field to the west of Prospecting Area 496. Image is approximately 1000 m from west to
east. Data Source: Anglian Offshore MAREA

Figure 8:38

Boomer data showing eastern slope of Aldeburgh Napes showing distinct base of the sandbank
and sharp eastern margin. Data Source: Anglian Offshore MAREA
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Profile (F) does not show a coastal sand body, however a sediment veneer is

Lower and Middle Pleistocene, East Anglia lay within the coastal margins of

margins, and that the gravel sheet deposits are distinct from the sediments

present over the bedrock from the coast out to the sandbank of Aldeburgh Napes.

a shallow marine embayment, fed by three major river systems (the Thames,

that form the banks (see Figures 8:33, 8:34, 8:38 for examples). The profiles

Bytham and Ancaster rivers), and Quaternary sediments deposited in this period

also show that the aggregate licence areas occur some kilometres offshore,

(prior to the Anglian Glaciation (c.478,000-423,00 BP)), are interpreted as the

on relatively flat seabed, and are separated from the coastline by nearshore

marine and non-marine parts of a northward advancing delta complex (Cameron

sandbanks and / or areas where bedrock is exposed at the seabed. The gravel

et al., 1987).

sheet deposits are relict deposits and may be relatively immobile and insensitive

Aldeburgh Napes itself shows very distinct west and east margins, and a distinct
base and the sediments of the bank do not grade into the surrounding seabed
sediments. (Figure 8:38). Within Aldeburgh Napes, reflectors are present which
indicate the bank formed over a number of phases.
East of the bank the veneers continue, and begin to thicken as the profile
continues offshore. From approximately 11.5 km offshore, large –scale isolated
bedforms are present which imply significant coast parallel sediment transport.

8.10

The Westkapelle Ground Formation is interpreted as being a pro-delta, and

to modern hydrodynamic and coastal processes.

deposited when the East Anglian coastline was approximately 40 km west of
its present location, while the Smith’s Knoll Formation is also interpreted as
being deltaic in origin. The Yarmouth Roads Formation is the last of the preAnglian Quaternary deposits found in the region and is interpreted as being the

summary

The Anglian MAREA region lies within the southern North Sea. Water depths
in the MAREA region are variable because much of the area is dominated by

result of large rivers cutting into the underlying Lower Pleistocene sediments,
and deposited as part of a delta-top sequence (Cameron et al., 1992; Wessex
Archaeology, 2010).

a series of banks collectively known as the Norfolk Banks. The majority of the

The youngest Quaternary sediments in the MAREA region are predominantly

seabed in the region consists of a gently sloping, undulating seabed at depths

comprised of the shelly sands of the Eem Formation and the silty clays of the

between 25 – 35 m, however the crests of many of the banks lie 10 to 20 m

Brown Bank Formations. These lie unconformably on the pre-Anglian deposits

higher than the surrounding seabed. The maximum water depth occurs in the far

described above, with the intermediate Anglian glacial deposits (widespread

southeast of the region where depths around 70 m are reached.

onshore) removed by glacial and marine erosion over the continental shelf. The

The North Sea basin is a Palaeozoic–Holocene multi-stage rift zone (Cefas,
2011). Between the early Carboniferous and early Cretaceous an upland area –
the London-Brabant Maasif - extended from East Anglia to Belgium, across what
is now the North Sea basin.
The London–Brabant Massif began to sink during the Permian and Triassic and
a shallow sea formed north of the Massif. A number of transgressions and
regressions occurred across the basin during this time, and sediment from a
wide range of environments (including floodplains, fluvial and semi-marine,
and fully marine conditions) were deposited in a complex sequence. Triassic
mudstones, sandstones and limestones in excess of 1500 m thick are found in
areas of the southern North Sea.

Eem and Brown Bank Formations were deposited during the marine transgression
and regression that occurred during the Eemian interglacial period. The Eem
Formation is interpreted as a shallow marine sediment while the Brown Bank
Formation was deposited in outer estuarine or lagoonal environments fed by
sediment input from the southwest (Cefas, 2011).
Lying over the Quaternary formations are Holocene sediments, composed
primarily of sands and flint rich gravels. The gravel sediment typically forms
sheets, with an example seismic record shown in Figure 8:33, and typically it is
these sheets that form the aggregate deposits dredged within the region. It has
been suggested that these sands and gravels are an offshore expression of the
Yare Valley Formation (Arthurton et al., 1994) and were deposited approximately
10,000 years BP when the Yare Valley cut through a landscape that extended

Further rapid subsidence followed during the Pliocene and the Quaternary

approximately 7-10 km west of its present position. These gravels were

with thick sequences of Quaternary sediments deposited in the MAREA region

subsequently inundated during the post-Devensian transgression.

(Cameron et al., 1992). The depositional environment was dominated by repeated
glacial activity, with associated transgression and regression.

There are a number of significant sandbanks within the region and the sediment
source for the modern sandbanks is predominantly glacial deposits reworked by

The Quaternary sediment succession of is commonly divided into a lower

the strong hydrodynamic regime introduced with the full marine transgression

marine deltaic division (containing the Westkapelle Ground and Smith’s Knoll

(Cooper et al., 2008). There is, however, locally significant input from coastal

Formations), and an upper transgressive / regressive non-deltaic division

erosion (Brooks and Spencer, 2010). Seismic profile data collected as part of

(containing the Yarmouth Roads, Eem and Brown Bank Formations). During the

this MAREA suggests that the sandbanks have very sharp basal reflectors and
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9.

Benthic ecology

9.1

Regional overview

To provide an historical background for seabed communities and habitats in
the Anglian offshore MAREA region, a Benthic Ecology Review was completed
(Appendix B). The study provided a contextual structure informing the Anglian
MAREA regional impact assessment process, included a proposed survey plan,
and provided a monitoring foundation for the future.
By approaching the review on a regional basis, data obtained for each aggregate

mobility and variability are proxies for these drivers and do affect faunal

also reported the presence of a deep subtidal trench running parallel to the coast

assemblages.

from Sizewell northwards. This contained a distinctive fauna associated with fine

Drawing on measured geophysical, water column and benthic ecological data,
the UKSeaMap provides an overview of the Anglian offshore MAREA regional

banks system supports an impoverished amphipod characterised community.

benthic substrates through predictive modelling (JNCC, 2010). These are broadly

Supporting studies commissioned as part of this MAREA process (Wessex

classified as:

Archaeology, 2010) have identified the presence of palaeochannel features,

l

Shallow sand and coarse sediment plains under both moderate and strong
tidal currents;

licence area may be assessed in a broader context. Thus areas that individually
may have habitats or species appearing to occur in isolation can be considered

accumulated organic material; conversely the offshore Sizewell–Dunwich sand

completely infilled with sediment (see Chapter 17 – Archaeology baseline
for further details). The South Coast MAREA (Emu Ltd, 2010) reported specific
biotopes and species assemblages associated with palaeochannel complexes;
however on the South Coast these channels often have some surface expression.

l

Mixed sediment areas under moderate tidal stress;

same habitat or species assemblages. This regional approach may be useful

l

An area to the north and east of the study region consisting of shelf muds; and

when assessing cumulative and in-combination aggregate dredging impacts

l

Linear subtidal sediment banks to the north, and smaller inshore discrete

often lack significant bathymetric expression. This was confirmed through PRIMER

mixed sediment areas.

analyses of biota patterns where it was found that the palaeochannel locations

as part of the wider ecosystem, potentially highlighting further examples of the

and/or other factors potentially affecting benthic communities.
As the benthic ecology of an area is primarily driven by the prevailing physical
conditions, detailed knowledge of these factors is essential and they are briefly
described below. Chapter 8 describes the physical environment in more detail
and these data have been used to facilitate ecological data interpretation.

9.1.1 Benthic macrofauna
The term ‘benthos’ collectively refers to organisms living in or near marine seabed
habitats and the benthic community includes a wide range of plants, animals and
microbial organisms in three categories:
l
l

Infauna – within-sediment dwelling organisms;
Epifauna – organisms that live on the surface of a substrate, attached or
moving freely over the surface; and

l

Demersal – fish that generally live close to the seabed predating on benthic
infauna and epifauna.

Near-shore, much of the seabed off the Norfolk and Suffolk coastline comprises
sand banks (see Burningham and French, 2009) with some fine grained deposits.
In coastal areas, the onshore habitats are mainly mobile sands with some shingle,
backed by defensive dune systems. In some areas, behind shingle and sand
barriers, there are saline lagoons fed by seawater percolation or via overtopping.
The seabed of the Anglian MAREA region has previously been described as being
dominated by sandy sediment, which broadly demonstrates a coarsening towards
the south of the region. Mobile fine and medium sands dominate the northern
survey area with coarse sand prevalent in central zones and gravel predominant in
the southern portions of the region (Cooper et al., 2007). The mobile sediments
may result in benthic habitats that are subject to temporal change, e.g. the
movement of South Cross Sand and its influence on licensed aggregate extraction
Areas 202 and 436, resulted in a sediment character change from poorly sorted
gravelly sand and sandy gravel to well sorted fine sand (Emu Ltd, 2004; 2007).
The benthic habitats reflect the typically mobile nature of the sediment;

Macrobenthic organisms are defined as the larger, more visible, benthos >1

accordingly it is generally acknowledged that the region largely supports naturally

mm; while meiobenthos are those organisms that pass through a 1 mm mesh,

impoverished communities. Research has shown that macro-scale movements

but greater than 32 µm in size. This chapter only deals with the ecology and

of fine sand result in temporal changes to benthic habitats, thus limiting the

distribution of macrobenthic communities and larger fauna, these being the

development of permanently attached epibenthic communities and any associated

organisms regularly assessed during aggregate industry monitoring.

infaunal assemblages (see: Zühlke and Reise, 1994; Elliot et al., 1998; Connor et
al., 2004).

9.1.2 Regional sedimentary environment

Conspicuous taxa within the Suffolk coastal region’s fine muddy sands include the

The following section summarises the physical sediment conditions, which may

bivalves Nucula spp. and Macoma balthica; the polychaete Spiophanes bombyx

have a bearing on the associated benthic communities. Whilst hydrodynamics

and burrowing urchin Echinocardium cordatum. In addition there are robust

are unlikely to affect species and community distribution directly, local sediment

amphipods indicative of dynamic coastal conditions (Irving, 1998). Irving (1998)

Within the Anglian offshore MAREA region the palaeochannels are typically
masked by the presence of extensive offshore sandbanks and sediment sheets and

did not influence community distribution. Because of this, palaeochannels were
not considered as distinct features influencing community distribution, thus the
associated faunal communities were were assessed in conjunction with the other
data used in this study.
As noted, sediment fauna in the area are generally naturally impoverished as a
result of the perturbed benthic environment resulting from large-scale, tidally
induced sand movements and related smothering and scouring (Millner et al., 1977;
Kenny et al., 1991). However, some “hotspots” of greater macrofaunal richness
and diversity do exist (Cooper et al., 2007). These correspond with coarser gravel
areas and patches of Sabellaria spinulosa (Ross worm) reef; discussed in more
detail in Section 9.4.1.

9.2

Benthic literature review

A benthic habitat, species data and literature review (Benthic Technical Report,
see Appendix B) was undertaken to identify knowledge gaps, establish preliminary
conditions and, in combination with the survey plan, to aid measurement and
assessment of any future natural or aggregate extraction influenced changes.
Review data were obtained from various sources, including:
l

Individual licence area surveys for the aggregate industry;

l

Surveys by Government advisors and NGOs such as Cefas, Natural England
and regional Wildlife Trusts; and

l

Online database records such as the National Biodiversity Network Gateway
(see Appendix A of Technical Report for full data source list).
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For the review, historic data were obtained for significant studies within the

The combined selective historic data, 2009 REC and 2010 MAREA datasets

and Nephtys cirrosa and the mysid shrimp Gastrosaccus spinifer. Characteristic

period of 1973-2007. It was noted that there were compatibility and comparability

were rationalised for taxonomic comparability and analysed as one survey.

biotope classifications for such impoverished mobile sand communities include

problems in the various datasets comprising: survey methods, sampling

The Technical Report (Appendix B) details the data integration/rationalisation

infralittoral mobile clean sand with sparse fauna (SS.SSa.IFiSa.IMoSa) and

gear, sampling intensity, seasonality and recording of infaunal abundances to

and analytical methodologies. For analyses of macro-invertebrate community

Nephtys cirrosa and Bathyporeia spp. in infralittoral sand (SS.SSa.IFiSa.

appropriate taxonomic scales. To overcome this, species data were standardised

structure and sediment distributions, data were investigated using multivariate

NcirBat) (Connor et al., 2004). These were reported at the seaward extents of

in terms of taxonomic comparability and abundance or presence/absence records,

statistical measures drawn from the PRIMER v6 suite of programs (Clarke and

major sand banks at South Cross, Middle Cross and Scroby Sands (Worsfold and

and where possible, appropriate comparisons were subsequently made.

Gorley, 2006; Clarke and Warwick, 2001).

Dyer, 2005).

The review also highlighted data gaps and that a subsequent survey should be
undertaken to address these. The results could then be combined with selected
historic data and the 2009 Regional Environmental Characterisation (REC) survey

Other typical habitats previously noted within the region included coarser

9.4

Habitats and biotopes

material examples, relating to the generic habitat complex SS.SCS describing
coarse sublittoral coarse sediment SS.SMx, describing sublittoral mixed

results (Gardline/MES Ltd), thus enabling and enhancing the overall MAREA

9.4.1	Historic review

sediment. These encompass habitats such as superficial sandwaves or sand

regional assessment.

Within the historic review, a consideration of biotopes was undertaken utilising

ribbons over gravel layers or lag deposits (for further information refer to the

faunal data related to physical habitats. Biotopes are defined as areas of

Technical Report: Appendix B).

specific environmental conditions (habitat) supporting a related plant-animal

Some “hotspots” of greater macrofaunal richness and diversity exist within the

9.3

Benthic field survey data collection

assemblage. Biotope is sometimes interchanged with the term habitat; however,

MAREA area (Cooper et al., 2007). These correspond with coarser gravel areas

Data from two major regional surveys were used in this study, one of which

one habitat may support several biotopes. To aid interpretation, a clarification of

and patches of Sabellaria spinulosa (Ross worm) reef where seabed conditions

was designed specifically to fill gaps identified in the benthic review. Selected

biotope coding levels is given as an Appendix in the supporting Technical report

may be comparatively stable, allowing colonisation by a wider range of less

historic data were combined with data from these regional surveys, based on

(Appendix B). Biotope classification was made using the UK Marine Habitat

disturbance tolerant species (Unicomarine Ltd., 1994; MES Ltd., 2001; Worsfold

presence of suitable faunal data and consistency of sampling and analyses

Classification System Ver. 04.05 (Connor et al., 2004)

and Dyer, 2005; Emu Ltd., 2005; 2007). Consequently, there are likely to be

The historic data review revealed that the Anglian MAREA region is sandy

specific locations at which macrofauna deviates from that typifying the majority

sediment dominated, supporting typical mobile sand species (Cooper et al., 2007).

of the region.

A new sediment review conducted as part of the current MAREA (see Chapter

Typical species associated with coarser gravel areas include the polychaetes

8 – Regional Coastal and Geological baseline) corroborated this assessment but

Pholoe baltica, Lagis koreni, Spiophanes bombyx, Scalibregma inflatum and

differed from the Cooper et al. (2007) study in that the broad pattern of sediment

Pomatoceros spp. (keel worm); Ophiura albida (brittlestar); Mysella bidentata

coarsening in a southerly direction was not observed – see Section 9.4.2. As

(bivalve); Echinocyamus pusillus (pea urchin); bryozoans (sea mats) including

previously noted, soft sediment fauna in the area are naturally impoverished as a

Electra monostachys and Flustra foliacea; and hydroids (sea firs) such as Sertularia

result of smothering and scouring (Millner et al., 1977; Kenny et al., 1991).

argentea and Actinaria (sea anemones).

sediment particle size distribution analyses, 2 m beam trawling, and drop-down

The Anglian MAREA study area encompasses a distinct shallow water southern

With regard to biogenic reef structures associated with the polychaete Sabellaria

or towed video work. Sampling arrays for both the REC and MAREA surveys,

North Sea assemblage, corresponding to Glémarec’s (1973) “infralittoral

spinulosa, historically such features have consistently been noted beyond the

combined with suitable historic survey sites used in this analysis, are shown in

étage” located between the inflows from the English Channel and the northern

northern boundary of Area 436/202 (Emu Ltd., 2000; 2004; 2007) (within the

Figure 9:1. The integrated dataset was utilised to enhance interpretation of

edge of the Dogger Bank. This area is characterised by vertically mixed (non-

MAREA region) and within the northern portion of Area 401/2 (Emu Ltd., 2005;

benthic ecological conditions in the Anglian MAREA region.

stratified) shallow waters, in which bottom fauna are exposed to surface water

2006; 2008a). They were also recorded 500 m beyond the eastern boundary

temperatures. The majority of primary (phytoplankton) production products are

of Area 254 and in other localised areas (Emu Ltd., 2002; 2008b). Sabellaria

mixed to the sea floor for consumption by benthic assemblages, thus giving high

spinulosa communities fit the SS.SBR.PoR.SspiMx classification. This

benthic biomass compared with areas of stratified water.

classification must be treated with some caution as there is debate as to whether

identification of areas where aggregate extraction may have had an effect on

Acoustic seabed imaging of a number of aggregate sites within the Anglian

all SpiMx biotopes relate to potential reef features (Holt et al., 1998).

benthic species and habitats. The Technical Report (Appendix B) provides a full

MAREA region showed mobile bedforms with sandwaves and megaripples

assessment of the effects of dredging on a regional scale, but a summary is also

indicating a mobile and unstable environment. Typical species associated with

provided herein in Section 9.5.

impoverished mobile sand substrates include the polychaetes Ophelia borealis

which have been standardised post 2002 (Boyd, 2002). The additional surveys
comprised:
l

The 2009 East Coast Regional Environmental Characterisation data, funded
through MALSF (Gardline/MES Ltd); and

l

The 2010 Anglian Offshore MAREA benthic surveys undertaken specifically
to support this assessment (Emu Ltd. 2010) and funded by The Crown Estate.

Both surveys comprised benthic grab sampling for macrobenthic organisms and

All sites outside of the primary (subject to direct dredging effects) and secondary
(subject to effects such as fine sediment drift from primary dredge area) dredging
effect zones were used as reference locations. This was to assist in the
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Figure 9:1

Historic data, REC (2009) and MAREA (2010) sampling array
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9.4.2 Anglian MAREA study results
Subsequent to the previously identified biotope classifications, the additional
REC data and MAREA surveys combined with the rationalised historic dataset,
allowed a reassessment of biotopes in the Anglian Offshore MAREA region
(Table 9:1).
One biotope, four biotope complexes, two habitat complexes and a habitat/
biotope complex mosaic were identified (see Technical Report: Appendix B for an
explanation of biotope levels). Descriptions of the significant features for each
biotope and their individual distribution patterns across the Anglian offshore
MAREA region are provided in the biotope tables at the end of this chapter. For

the western edge of the region and in a small cluster in the centre of the southern

silt content. These areas are unstable as a result of the tidal currents and are

extent of the array (see Benthic Ecology Technical report, section 3.2). Derived

characterised by robust fauna which may not achieve a developed community

from the Anglian MAREA grab samples only, these sediment classification

status. The principal associated biotope complex within this was SS.SCS.

proportions correspond directly with the pre mentioned biotope classifications. It

CCS, tide swept ‘circalittoral coarse sediments’ (72% of sites). SS.SCS.ICS,

should be noted, these proportions differ from those reported in Chapter 8, which

‘infralittoral coarse sediment’ accounted for the remaining 1% of sites.

include the sediment classifications from all the REC and REA grab samples.

No clear geographical patterns or bathymetry associations were observed for

The majority of benthic biotopes identified in the MAREA region belong to the

biotopes assigned (Figure 9:2). The dominant circalittoral coarse sediments

SS.SCS habitat complex (73.23%), representing ‘sublittoral unstable coarse

occurred at average depths of ~30 m, within generally very poorly sorted

sediments’, occurring from the infralittoral to the circalittoral zone at around

sublittoral gravelly sands.

30 m. They include coarse sands, gravels, pebbles, shingle and cobbles with low

more detailed information on all of the biotopes assigned refer to Section 3.6 of
the Technical Report (Appendix B).
In addition to the biotopes, biotope complexes and habitat complexes summarised
in Table 9:1, one group of sites was not accurately encompassed by any single

Biotope level of
classification

Biotope code (UK Marine Habitat
Classification System
Ver. 04.05 (Connor et al., 2004))

Biotope name	EUNIS level	EUNIS 2006 code	EUNIS 2006 name

biotope code; instead a mosaic of two codes, SS.SCS.CCS and SS.SSa was
assigned.
In many cases it was not possible to raise the level of biotope resolution beyond
habitat (level 3) / biotope (level 4) complex (Table 9:1). This highlights a difficulty
regarding the current paucity of classified circalittoral biotopes within the Marine
Habitat Classification system, particularly with respect to disturbed, depauperate
communities. The principal reason behind this is limited offshore field data,
within the present system, on which biotope descriptions and subsequent

Biotope
SS.SBR.PoR.SspiMx
(Level 5)		
		

Sabellaria spinulosa
5
A5.611
on stable circalittoral 			
mixed sediment			

[Sabellaria spinulosa] on
on stable circalittoral
mixed sediment

SS.SSa.IFiSa.IMoSa	Infralittoral mobile 		
A5.231	Infralittoral mobile clean
		
clean sand with			
sand with sparse fauna
		
sparse fauna
SS.SSa.IFiSa.NcirBat
		
		

Nephtys cirrosa and 		
A5.233
Bathyporeia spp. in			
infralittoral sand			

[Nephtys cirrosa] and
[Bathyporeia] spp. in
infralittoral sand

Biotope complex
SS.SCS.CCS
(Level 4)		

Circalittoral coarse
4
A5.14
sediment			

Circalittoral coarse
sediment

classifications may be based. Instead, current classifications are largely based
on historic survey information originally drawn from near-shore shallow water
surveys and intertidal studies.
Historic comparison was problematic as the sample locations within sites and
between years did not match. In addition, some clustering of sites appears to

SS.SCS.ICS	Infralittoral coarse 		
A5.13	Infralittoral coarse
		
sediment			
sediment
SS.SSa.CMuSa

occur based on Wentworth sediment classification, whilst temporal classification

Circalittoral muddy sand		

SS.SSa.IFiSa	Infralittoral fine sand		

did not occur throughout the whole dataset. Notably, the region is relatively

A5.26

Circalittoral muddy sand

A5.23	Infralittoral fine sand

amorphous with a constantly changing substrate of sand and gravels, thus
temporal changes in datasets is masked by natural fluctuations as acknowledged
in REC.
As discussed in Section 9.1.2, a broad pattern of sediment coarsening in a
southerly direction across the region has previously been indicated by Cooper
et al. (2007) however, this was not observed in the analyses undertaken for this
MAREA. Overall, the Anglia MAREA survey results indicate the region to be
relatively homogenous, with 60% of sites comprising slightly gravelly to gravelly

Habitat complex
SS.SCS	Sublittoral coarse
(Level 3)		
sediment (unstable
		
cobbles and pebbles,
		
gravels and coarse
		
sands)

3

SS.SSa	Sublittoral sands and		
		
muddy sands

A5.1	Sublittoral coarse sediment

A5.2	Sublittoral sand

SS.SMx	Sublittoral mixed 		
A.54	Sublittoral mixed
		
sediment			
sediment

sands and a further 26% classified as sandy gravel. There were, however,
sediment areas with a higher silt component to the northeast; in patches along

Table 9:1

Identified and mapped biotopes and related EUNIS codes, Anglian MAREA Region.
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Figure 9:2

Habitat map, Anglian MAREA region. Habitat classification was derived from the historical datasets including: Area 401/2 (EMU, 2005, 2009); Area 436/202 (EMU, 2004, 2007); Area 254 (EMU, 2002, 2008); Area 328, Area 401, Area 430 (MES ALSF, 2007); Area 430 (MESL, 2006); Area 202 (EMU, 2009); REC(2010); AODA (EMU, 2010).
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Figure 9:3

Biotopes and Sediments in the region.
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A mixture of species typical of both sandy and coarser sediment habitats

During the East Coast REC study, Limpenny et al. (2011) found that S. spinulosa

characterised the samples clustered by PRIMER which reflects the transitional

reef habitat is likely to occur in moderately deep water and moderate tide

nature of benthic communities living in a region dominated by sandbanks,

with no clear sediment preference, although reef growth appeared to be

sandwaves and megaripples with coarse material accumulating between the

negatively associated with small and large sandwaves. The highest likelihood

peaks providing a habitat capable of being inhabited by species with both sand

of harbouring Sabellaria reef was noted to be in a relatively small patch in the

and gravel preferences. Ophelia borealis, Nephtys cirrosa and Gastrosaccus

center of the far north of the East Coast REC Study Area.

spinifer were present alongside animals with preference for more stable

It is important to note that the relatively wide Sabellaria spinulosa biotope

coarser sediments such as tube-dwelling polychaetes Sabellaria spinulosa and

distribution within the Anglian Offshore MAREA region does not lead to a

Polycirrus spp. and errant polychaetes such as Glycera lapidum.

misinterpretation of the habitat’s conservation interest. Sabellaria spinulosa

A notable feature of all the sites encompassed within the overarching SS.SCS.

is a very common UK species, and is not an obligatory reef-builder, hence the

CCS classification allocated was that they were faunistically very poor which

worm itself is not of conservation interest. The distinct biogenic reef formations

is indicative of disturbed, transitional communities. Because the low numbers

which can develop from the aggregations of many Sabellaria spinulosa colonies

of characterising fauna were found to be appropriate to a number of possible

are listed on Annex I of the EC Habitats Directive, as a priority habitat under the

biotopes, further discrimination to biotope level was deemed inadvisable.

UK BAP, and are encompassed within future MCZ protected habitats, because
of their contribution to biodiversity and ecosystem functioning.

Characterising fauna within the designated SS.SCS.ICS biotope complex

Accurate Sabellaria spinulosa reef assessment is presently difficult and the

included Mytilus edulis (juveniles), Glycera lapidum, Cirriformia tentaculata

subject of much debate, however work by researchers (Hendrick and Foster-Smith,

and sea spiders. Although not all sites classified as SS.SCS.ICS were at
typical depths for assignment to the infralittoral, it remained the best fit based
on the species array. Eight samples were assigned to SS.SCS, encompassing

Figure 9:4

Distribution of Sabellaria reef, based on current and previous survey data within the
Anglian MAREA region. Refer to Figure 3.25 in the Technical report (Appendix B) for
details on the data included.

Ltd, 2008a) offer methods to aid reef structure determination. These comprise
video analysis, a consideration of Sabellaria area characteristics, density and

highly depauperate communities primarily associated with gravelly sands;
characterised by Atylus swammerdamei and Polydora caulleryi.

2006; Gubbay, 2007; Limpenny et al., 2010) and development by Emu Ltd (Emu

The biotope SS.SBR.PoR.SspiMx was assigned to a group of sites (19.5%)

“reefiness” (for full details of assessment see Appendix B, Section 2.2.8).
Video footage analysis undertaken during the current study within the Anglian

Sublittoral sand classifications, including the habitat complex SS.SSa and

characterised by generally high numbers of Sabellaria spinulosa together

circalittoral muddy sand (SS.SSa.CMuSa) and infralittoral fine sand (SS.SSa.

with 39 of the characterising species of this biotope including nemerteans,

IFiSa) derivatives accounted for a further 5.8% of sites. Species richness was

Abra alba, Ophiura albida and Lagis koreni (for full details of the PRIMER

low for all sites encompassed within these classifications, again restricting

cluster analysis groupings see Appendix B, Section 3.6). The Sabellaria

the potential to assign to biotope level.

Ophiura albida was the main

spinulosa biotope classification available within the current system represents

characterising species for SS.SSa, while Scalibregma inflatum and Nephtys

Sabellaria spinulosa biogenic reef on mixed substrate, although such reef

/ Ophelia characterised CMuSa and IFiSa respectively. Sites corresponding

was either not present, or not known to be present, at the majority of sites to

to circalittoral muddy sand were generally found in the northeast and western

which this biotope was assigned. However, this was still the most appropriate

(Figure 9:4).

portions of the MAREA region. Those sites corresponding to infralittoral fine

classification for the community composition of sites to which it was assigned.

Data available at the time of the study included raw data from the REC survey

sand formed two discrete clusters within the central portion of the study area

Figure 9:4 shows the historic sites where Sabellaria reef was observed.

(the final full report was not available). Previous studies (e.g. MES, 2007b; Emu

(Figure 9:2).

Sample sites within the Sabellaria spinulosa biotope were characterised by

Ltd., 2000, 2002, 2004, 2005, 2006, 2007, 2008a & b) and current survey video

Figure 9:3 shows the biotopes identified by the present study overlain the BGS

relatively high mean species richness and abundances when compared with

sediment distribution. The MAREA region can be broadly classified into four
main sediment types, including Sand and slightly gravelly sand, Gravelly Sand,
Sandy Gravel and Muddy sands and gravels (for full seabed characterization
see Chapter 8, section 8.8). The biotopes assigned from the data analysis
reflect the sediment distribution.

the overall Anglian offshore MAREA region. This polychaete builds tubes
which may contribute to increasing habitat heterogeneity and stability and
consequently species diversity and abundance (see Section 9.1.2). Clusters of
sampling sites characterised by the Sabellaria spinulosa biotope were found
throughout the study area, although generally outside of licensed aggregate
extraction areas (Figure 9:2).

offshore MAREA region identified three Sabellaria spinulosa reefs, based on
the assessment of patchiness and elevation scores. In the absence of video
footage for historic datasets assessed within this MAREA, the necessary
information for an equivalent ‘reefiness’ assessment at Sabellaria sites was
unavailable. The results from the current survey were utilised to refine the
known Sabellaria spinulosa reef distribution in the Anglian MAREA region

data. The analysis of these datasets indicates three main Sabellaria spinulosa
reef areas within and around the following licence areas (see Figure 3:25 of
the Benthic Ecology Survey technical report, Appendix B):
l

Area 430;

l

Area 401/2; and

l

Areas 202/254.
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Assessment of dredging impacts at the
Anglian MAREA level

The benthic ecology Technical Report (Appendix B) used the combined datasets
to test the hypothesis that dredging effects will be seen at the local and regional
level. This was done through statistical analyses of differences between the
sediment composition and the communities in the Primary Impact Zone (PIZ),
Secondary / Cumulative Impact Zones (S/CIZ) and Reference Areas (RefZ) on
a spatial and temporal scale. The full statistical analyses and hypotheses
testing are provided in the Technical Report, however, a summary of the results
and conclusions is provided below.
A further analysis was carried out in order to respond to comments received,
details are presented in the Technical Report Addendum (Addendum B1). A
summary is presented in Box 1.

9.5.1 Assessment of sediment changes in response to
dredging impacts at the MAREA level

which revealed some broad between-zone differences. It was found that the fine

Average species numbers broadly increased between the PIZ, S/CIZ and RefZ,

sediment fraction (250 µm), was the principal basis for similarity within the PSD

with the PIZ having the lowest (14) and the reference area the highest (20). The

data in all of the zones However, the reference zone differed from both the PIZ

PIZ also contained the lowest average number of individuals, with less than a

and S/CIZ in respect to the higher silt content and relatively low contribution by

third of those found in the S/CIZ. However, sample variance and subsequent data

gravel components.

overlap indicate that there are unlikely to be any significant differences between

As the targeted resources for aggregates are coarser gravelly sands it may be

zones (Figures 9:6 and 9:7).

expected that such fractions would be concentrated within, or close to, aggregate
licence areas. These sediments are preferentially selected for extraction, and
this may account for the disparity between impact zones and reference areas. In
addition, because of the wide distribution of the sites in the reference area, it

40

would be expected that these sites encompass a wider range of sediment types

35

present across the region.

30

Temporal trends in sediment type were explored through an MDS ordination of
PSD data, with samples classified according to the year they were collected. The
results indicated no correlation between year and PSD data, however a subsequent
ANOSIM indicated that, despite a very low Global R value of 0.046 (suggesting no

Average species count (5)

9.5

25
20
15

difference between years), differences between the groups of data were possible,

10

Investigation into potential sediment data geographical trends were conducted

based on a significance value of p = 0.1%. Assessment of the ANOSIM pairwise

5

using PRIMER and the Particle Size Distribution (PSD) results. The MDS ordination

comparisons revealed that differences between 2006 and the other sampled years

(Figure 9:5) and ANOSIM results indicated no clear significant differences

0

(2002, 2003, 2008) were the principal dissimilarity. An overall increase in the sand

between impact zones. The ANOSIM did indicate some possible effects at a very

fraction (250 µm) was observed between 2002 /2003 and 2006, however, between

low and unreliable significance level.

2006 and 2008 a reduction in this fraction was found.

On the basis of the ANOSIM, a SIMPER analysis was conducted on the PSD data

To further elucidate any potential temporal trends in sediment type, between-

Figure 9:6

PIZ

S/CIZ

RefZ

Average number of grab species in each impact zone

year analyses were conducted for datasets with repeat data. When examined
in isolation, no correlation between year and sediment type was found for Areas
401/2 and 254. However data from Areas 436/202 showed a significant difference
800

increase in fine sediment fractions between these years was the principal cause

700

of differences. A concomitant decrease in medium sand and gravel fractions was

600

observed over the same period. The fining of sediment over time concurs with
previous observations of sediment effects in dredged areas (Cooper et al., 2005;
Desprez et al., 2009), although the natural variation prevalent in this region cannot
be dismissed as a cause.

9.5.2 Assessment of benthic community changes in
response to dredging impacts at the MAREA level

Average number of individuals (N)

between 2003 and 2006. A subsequent SIMPER analysis indicated that an

500
400
300
200
100
0

To assess for differences in the total species, numbers of individuals and infaunal

PIZ

S/CIZ

RefZ

biomass between impact zones; average values within the PIZ, S/CIZ and RefZ
Figure 9:5

MDS ordination of PSD data with samples classified according to impact or reference
zone

are plotted in Figures 9:6 and 9:7.

Figure 9:7

Average number of grab individuals (quantitative infauna) in each impact zone
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No clear zonal differences were observed for Simpson diversity and Pielou’s

where Ophiuroidea was the second greatest contributor to within group similarity.

This theory was rejected following comparison of the faunal dissimilarity MDS

evenness, however the reference zone contained higher values of both Shannon-

A number of additional species contributed to the top 60% of similarity, albeit

ordination with an equivalent plot for PSD data, as no direct relationship was

Weiner diversity and Margalef richness indices (as illustrated in Figure 9:8).

to a lesser degree, in the reference zone sites. These included Lagis koreni,

indicated.

The relationship between impact zone on the macrofaunal communities was
further investigated in PRIMER. MDS ordination and ANOSIM of macrofaunal
grab data indicated no clear differences in the community compositions between
the PIZ, S/CIZ and RefZ (Figure 9:9).

Polycirrus spp. and Ophiura albida. Analyses of the dissimilarity results between
groups indicated that variations in the abundances of S. spinulosa and O. borealis
were the highest contributors to between zone differences.
To further investigate potential temporal trends, analyses were conducted solely

However, SIMPER analyses of macrofaunal data highlighted some broad
community composition differences between zones. It was found that O. borealis
was the principal species resulting in the greatest similarity within the macrofaunal
data for all zones. This was followed by N. cirrosa, Nemertea, G. spinifer and

on surveys which were repeated. These included: Area 401/2 (2004, 2009);
Area 436/202 (2003, 2006) and Area 254 (2002, 2008). Although repeat years
data were available for Area 430, investigations revealed no similar sample sites
between the years.

A subsequent RELATE test conducted between the dissimilarity matrices for
infauna and PSD data found no correlation between the datasets, indicating that
faunal dissimilarity ordination variations were not explained by particle size data
(Rho = -0.475, p = 91.4%).
To remove the geographical element from survey results and to help illuminate
potential temporal trends, repeat year datasets were examined separately.
Results from ANOSIM analyses suggested that despite low Global R values
(< 0.2), suggesting no macrofaunal community difference between years at Areas

S. spinulosa which contributed to the similarity, but in differing orders of

Temporal differences in macrofaunal communities were investigated within

401/2, 346/202 and 254, the results were all significant (respectively: R = 0.169, p

importance between zones. A difference was found within the reference zones,

a regional context. This was done by constructing an MDS plot based on a

= 0.1%; R = 0.076, p = 0.2%; R = 0.146, p = 0.1%), indicating potential differences.

dissimilarity matrix created for repeat year data and classified by survey. The

Given the large size of the overall data set, it is likely that differences exist

outputs indicated that the greatest differences in community composition

somewhere between some of the paired datasets.

between survey areas occurred in the earlier years, and that these became less

4.50

over time; Area 202 exhibited the greatest change between years.

4.00

A potential theory for the observed macrofaunal differences between years

differences. For all areas, an increase in the polychaete O. borealis, was the

was an overall fining of sediments potentially related to aggregate extraction.

main contributor to differences; the greatest increase being an average of
1.40 individuals, occurring in Area 401/2. O. borealis is a typical species of

3.50

3.00

Average indicies values

On the basis of the ANOSIM outputs, SIMPER analyses were conducted on
each of the repeat year datasets which revealed broad between-years species

Margalef (d)

depauperate communities and its increase in all of these licence areas over time

Pielou (J’)

could be a result of dredging effects (see for example, Robinson et al., 2005) or

Shannon Weiner (H’(loge)

a naturally induced change. When considered against a background of highly

Simpson (1-Lamda)

mobile sediments limiting the development of stable communities, the impacts
of aggregate dredging may not be clearly identified (see for example Dernie et al.,

2.50

2003); the naturally mobile habitat may mask or override anthropogenic effects.
The next greatest contributors to between year differences were Ophiura spp., G.

2.00

spinifer and S. spinulosa which showed a decrease in abundances in subsequent
years at Areas 401/2, 436/202 and 254 respectively. Again this may have

1.50

occurred as a result of natural and/or anthropogenic effects.
Statistical analyses of the trawl faunal data indicated no clear differences

1.00

between zone community compositions. Brown shrimp Crangon crangon and
pink shrimp Pandalus montagui were the main contributors to the dissimilarity

0.50

between Areas 202 and 254 and other survey areas. Whether this is because of a
geographical or ecological interaction cannot be clearly established. This would

0.00

Figure 9:8

PIZ

S/CIZ

Diversity indices averages for each impact zone (grab data)

require a targeted study to establish biotic and abiotic factors influencing shrimp

RefZ

species abundances in the licenced areas.
Figure 9:9

MDS macrofaunal data ordination with samples classified according to impact zone
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Box 1:
In response to RAG comments on the analysis of the historical data in the Anglian
region, EMU carried out a further analysis, including data not previously available
(Area 430/2004). A summary is presented here, whilst the full analysis is provided
in Addendum B1.
Impact zones have been redefined as ADZ (cu), ADZ (fu), ADZ (rec), PIZ(a), PIZ(i), SIZ,
Ref (for full description see Table 1.2 in Addendum B1).
After a square-root transformation applied on the faunal data, a hierarchical
clustering was performed, based on Bray-Curtis similarity measure, and presented
as an MDS plot. ANOSIM was used to identify the magnitude and significance of
any difference between the impact zones and between the years. The SIMPER
routine (SIMPER) was used on untransformed data to identify those species for
which differences in abundance could be detected. See Table 1.2 Addendum B1 for
a description of each of the primer routines used.

Spatial variation between impact zones

Analysis excluding Area 430

The ANOSIM analysis results (global R=0.029, p=0.028) suggests that it is highly
unlikely that any overall data difference, based on the different impact zones, is
evident. All differences within the pairwise comparison were negligible with the
exception of the ADZ (fu). These were sites that were subsequently dredged and
numbered very few in the overall data set. The largest difference amongst the rest
of the sites was between the ADZ (cu) sites and the Reference sites, with all other
differences of a very low order.

No difference could be demonstrated between impact groups, although it is of note
that the largest difference was found between the ADZ (cu) and the reference sites.
The species characterizing each of the impact zones for all sites (excluding those
from 430) are graphically shown in Figure B

SIMPER was run on untransformed raw data to indicate the species contributing
most to differences in mean abundances between each impact zone . At most sites
Sabellaria spinulosa and Ophelia borealis were the two species responsible for the
differences (see Figure 2.3 and 2.4 in Addendum B1).

Biotopes classification REC vs. EMU REA
The REC sites to re-biotope were selected on the basis of proximity to the EMU
REA sites. A traffic light system was applied to illustrate the degree to which
the results from the two approaches to marine biotope and habitat classification
achieve similar results (see Table 2.15 in Addendum B1). Results showed that the
biotopes applied to the data for 28 (74%) of the 38 sample sites chosen do not
agree, that 5 sites (13%) agree with the classification, that 5 sites (13%) partially
agreed and that only 39% of the samples chosen here could be matched to Level
5 Biotopes.

Conclusion
Global assessments of difference between actively dredged areas, other impact
zones and reference areas suggest no differences can be detected. This is due
to the uniform nature of the dominant species that contribute most to the cluster
similarities, specifically Ophelia borealis, Gastrosaccus spinifer and Nephtys cirrosa
in addition to the generally low level of species diversity and abundance. However,
relatively small but clear ecological differences have been identified across the
different zones that show the change from physically stable to unstable seabed
conditions. This was most pronounced in the areas that have been dredged in the
two years prior to sampling. A degree of recovery, however, appears to be apparent
in these areas after two years, including reoccurrence of Sabellaria spinulosa.

Figure A

Figure B

MDS plot showing the main clusters highlighted at 10% similarity.

The mean number species per sites overall was 13.6 (± 13.2SD), with a modal
value of 6 species. The very high standard deviation is an indicator of considerable
variability in species number across the data set. The grouping of the sites is
illustrated in the MDS plot (Figure A) and the dominant and subdominant species
for the three major clusters (r, s and q) and shown in Table A.
Table A Dominant and subdominant faunal species

Cluster r

Average		
abundance
Cluster s

Ophelia 		
borealis
4.13
Gastrosaccus 		
spinifer
2.48

Average		
abundance
Cluster q

Echinocyamus		
pusillus
4.63
Spiophanes
bombyx

2.37

Average
abundance

Sabellaria
spinulosa

143.65

Abra alba

29.4

Species contributing the most to the similarity of the individual impact zones

Temporal variation
The ANOSIM test was also used to consider the potential temporal difference
across the historical data sets. Based on these data the overall R value (R=0.237,
p=0.001) suggests a small but significant difference may exist across the annual
data sets. The pairwise data indicates that differences, primarily between 2003
and all other years were largely responsible for the global R value. To determine
what this difference was related to, in terms of species, a SIMPER analysis between
years was conducted. This illustrated that the principal species responsible for
separating 2003 from other years was the presence of Echinocyamus pusillus,
which was largely absent from other year groups. It was observed that the 2003
surveys were from only one location Area 430, located 30Km south of the remaining
licence areas; therefore a further analysis was performed without Area 430.

The biotopes re-analysis has shown that the methodologies applied to the REC and
the EMU REA data, were not compatible. Therefore to make comparisons between
the two studies is not appropriate as it would not compare like-with-like and would
lead to erroneous interpretations.
It is understood that the JNCC marine habitat classification lacks descriptions for
habitats likely to be encountered in offshore coarse sediments, in particular for
coarse and mixed sediment habitats. This deficiency is currently being addressed
and an update will be issued when available. Until an update is issued a restricted,
high level, classification is more likely for data from offshore coarse sediments such
as those encountered here (EUNIS Level 3 – Main habitats or Level 4 – Biotope
complexes).
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9.5.3 Abiotic factors controlling macrofaunal distributions
at the MAREA level
The relationship between the measured abiotic factors and macrofaunal distribution
was investigated to elucidate what may be naturally driving the community structure
at the regional level. BIOENV was performed in PRIMER using the variables:
sediment fractions (31.50 mm, 16000 µm, 8000 µm, 4000 µm, 2000 µm, 1000 µm, 500
µm, 250 µm, 125 µm, >63 µm, <63 µm); sorting coefficients; eastings and northings.
A low correlation was found between biotic and abiotic variables suggesting
that abiotic factors, other than those assessed, may be influencing macrofaunal
distribution, though aspects of life history traits may also have a stochastic role. Of
the variables examined, the <63 µm silt fraction was identified as the single abiotic
variable assessed that best explained macrofaunal distribution across the Anglian
MAREA region. The correlation was improved with the addition of fine to coarse
sand fractions.

Figure 9:10

Results indicated that neither location nor sediment particle size grading significantly

were S. spinulosa (between 40 – 45 m) and G. spinifer (between 5-10 m) with

influenced overall macrofaunal community composition, though localised patchy

O. borealis the second highest contributor. Assessment of the ANOSIM pairwise

species distributions may be related (e.g. S. spinulosa). Sorting coefficient values

comparisons revealed greatest differences in communities were found between

may be employed as a proxy for sediment disturbance, suggesting that between

depths of >30 m and <15 m.

site variations in substrate mobility are not influencing macrofauna. For the
Anglian MAREA region research suggests that the entire area is largely comprised
of mobile sediments, thus indicating that all sites are subject to related effects.

To establish any species-sediment relationships, the top contributing species
abundances from five of the most abundant infaunal groups were overlaid onto
sediment ordination data (Figure 9:10). The polychaetes O. borealis, G. lapidum

Depth was not included in the BIOENV analysis, as data were only available

and N. cirrosa were ubiquitous and did not exhibit any preference for the range

for fewer than 50% of sites, and this would have significantly reduced usable

of sediments occurring in the area. S. spinulosa appeared to have a broad

sample numbers. This factor is noted as another limiting aspect when combining

association with sandy gravels / gravelly sands and was infrequently found in

multiple source datasets.

Instead, further investigations into the effect of

sands with only a slight gravel element, or in which gravel is absent. The bivalve

depth were conducted using SIMPER analysis. The key difference highlighted

Abra alba showed a preference for sites with a silt component. This species is

was the inclusion of O. borealis as the key characterising species for all depth

a detritus/phytoplankton feeder and as such it would be expected that this may

bands >5 and <40 m. Outside this depth range, the top characterising species

occur in areas of increased silt and associated organic materials.

Non-transformed species abundance overlaid on MDS sediment grab ordination sample data
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9.6

Habitats and species of conservation
importance

This section aims to identify Anglian offshore MAREA region habitats and species
having possible significance to aggregate dredging activity and which may,
therefore, be taken forward into the impact assessment chapter. Conservation
aspects in the wider east coast and Anglian offshore MAREA regions are
discussed in Chapter 13 – Nature Conservation. A summary of habitats and
species of conservation interest identified through benthic grab, trawl and video
survey is provided in Table 9.2 and is discussed in more detail below, together
with additional features of interest (Section 9.7).
Several UK BAP habitats were identified including derivatives of subtidal sands
and gravels and biogenic Ross worm reef, the latter of which is also an Annex I
habitat under the Habitats Directive (see Figure 9:2 for biotope locations within
the region). All of the habitat/biotope complexes identified within the region are

Figure 9:12

Sabellaria spinulosa tubes on sandy sediment, Anglian MAREA survey

also included on the lists of broad-scale representative habitats and Features of
Conservation Importance (FOCI) to be protected in Marine Conservation Zones
(MCZs). These are a new type of Marine Protected Area, designated under
the 2009 Marine and Coastal Access Act, and designed to protect species and

Figure 9:11

Sandbank distribution within the Anglian MAREA region as defined by the MESH
EUNIS habitat classification

habitats of national importance.
associated with the mobile substrate. Typical sand fauna identified through grab

MAREA area which might match the Annex I definition of ‘sandbanks that are

sampling include O. borealis, N. cirrosa, Bathyporeia spp., Magelona mirabilis,

conservation interest were also identified in the region, illustrated within Figures
9:13 to 9:22.

9.6.1	Habitats of conservation importance
Sandbanks slightly covered by seawater all of the time
A number of sandbanks are present within the MAREA region. These include
linear features located north of the study area at Haisborough Sand, Hammon
Knoll and Winterton Ridge, together with a series of sandbanks inshore of the
aggregate licence blocks at Cross, Scroby and Holm Sands. Considered in this
study are MESH defined sites (for infralittoral fine or muddy sand), which might
match the Annex I definition of ‘sandbanks that are slightly covered by seawater
all of the time’ (Figure 9:11). Other sandbanks are present within the Anglian
offshore MAREA region, which are not covered by this MESH definition.

dredging (Riesen and Riese, 1982).
Sabellaria spinulosa has historically been found throughout the Anglian offshore

In addition, a number of sandbanks are known to be present within the Anglian
slightly covered by seawater all of the time’ (Figure 9:11). Ten species of

by natural effects such as storms, or mechanical damage such as trawling and

G. spinifer and S. bombyx. Larger mobile epibenthic species identified through
beam trawling include Crangon crangon, Crangon allmanni, Echiichthys vipera,

MAREA region. Typical study area observations included thin, low growing
ephemeral crusts (e.g. Emu Ltd, 2008a). However, several surveys have recorded
discrete patches of dense S. spinulosa tubes with the potential to constitute
biogenic reef (e.g. MES, 2007b; Emu Ltd., 2000; 2002; 2004; 2005; 2006; 2007;

Agonus cataphractus and Asterias rubens.

2008a; b).

Sandbank biotopes include SS.SSa.IFiSa.IMoSa, very low diversity mobile

As outlined in Section 9.4.2, the combined results from previous surveys (e.g.

sands, and SS.SSa.IFiSa.NcirBat, describing impoverished mobile fine sand
with typical sand fauna N. cirrosa and Bathyporeia spp. Because of the general
absence of larger stable sediment particles, colonial sessile epifauna are absent
or have low abundances.

MES, 2007b; Emu Ltd., 2000, 2002, 2004, 2005, 2006, 2007, 2008a, 2008b) and
current Anglian MAREA video data indicate three main hotspots of Sabellaria
reef in the region, within and around Area 430 to the south, Area 401/2 in the
central portion and Areas 202/254 to the north (see Figure 9:4).
As discussed previously (Section 9.4.2), it is the reef formation alone, not the

Ross worm, Sabellaria spinulosa biogenic reef habitat
(SS.SBR.PoR.SspiMx)

presence of the polychaete worm S. spinulosa, which is the designated feature

The Ross worm, S. spinulosa, constructs sand or shell fragment tubes which can

structures are also listed as a priority BAP habitat and as a threatened or declining

be cemented onto suitable substrata (Figure 9:12), (Hendrick and Foster-Smith,

habitat under OSPAR (Table 9:2).

2006). The species may be solitary or frequently colonial and may be gregarious

Subtidal sandbanks are usually found in high energy environments and may be

in favourable conditions (Hendrick and Foster-Smith, 2006). Tube aggregations

characterised by well sorted sediment with low organic content (Elliott et al.,

are found in loose formations, crusts and low lying biogenic reef habitat, which

1998). Large mega-ripples can also be produced in areas of strong current flow.

may extend over several square kilometres (Hendrick and Foster-Smith, 2006).

Sandbank macrofauna is sparse because of the dynamic physical conditions

These may be patchy or continuous and can be highly ephemeral being broken up

under the biogenic ‘reef’ category in Annex I of the EC Habitats Directive. Reef

With respect to S. spinulosa reef, aggregate extraction is not considered to
be a significant threat, provided that appropriate monitoring is undertaken to
identify reef structures and aggregate extraction is undertaken with such habitat
locations noted.
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Subtidal Sands and Gravels

9.6.2 Species of conservation importance

Subtidal sands and gravels and related derivatives recorded in the Anglian
offshore MAREA region, are noted UK priority BAP habitats. The derivatives found
throughout the MAREA area include: SS.SCS; SS.SSa; SS.SCS.ICS; SS.SCS.
CCS; SS.SSa.IFiSa and SS.SSa.CMuSa (Table 9:2 and Figure 9:2). The most
ubiquitous of these were the tide-swept coarse sands SS.SCS.CCS (Figure 9:2)
encompassing 72.23% of sites. All such designated sites were faunistically very
poor and indicative of disturbed, transitional communities.
Reported as the “most common habitat found below the level of the lowest
low tide” (South East Biodiversity Strategy, 2008), UK subtidal sand and gravel
sediments associated with the east coast are largely created from rock material
rather than shell (as they are on the west coast) (South East Biodiversity Strategy,
2008). It has been noted that “the strength of tidal currents and exposure to wave
action are important determinants of the topography and stability of sand and
gravel habitats” (South East Biodiversity Strategy, 2008). Research has shown
that the Anglian offshore MAREA region is subject to strong tidal perturbations
(Rees et al., 1999; Cooper et al., 2007) and the “flora and fauna diversity living
within the biotope[s] varies according to the level of environmental stress to
which they are exposed” (South East Biodiversity Strategy, 2008).
Although the SS.SCS and SS.SSa habitat complexes and their derivatives are

Figure 9:13

Location of Ammodytes marinus, Anglian MAREA region

Figure 9:14

Location of Clupea harengus, Anglian MAREA region

listed as UKBAP habitats, all are well represented outside the licensed areas
and characterise the whole region. Therefore, in the context of the Anglian
offshore MAREA region, they are not considered to be under significant threat
from localised dredging activities.

Lesser sandeel Ammodytes marinus

Atlantic herring Clupea harengus

The lesser sandeel Ammodytes marinus is a priority UK BAP species

Atlantic herring Clupea harengus is designated as a UK BAP priority species.

(Sanderson, 1996). Typically growing up to a length of 20-25 cm, A. marinus

Reaching up to 40 cm in length, this pelagic species ranges from surface

has a close association with sandy substrates into which it burrows. This

waters to 200 m. Herring deposit their sticky eggs on coarse sand, gravel,

species has been recorded from mid-tide level to the shallow sublittoral to

shells and small stones and shoals congregate on traditional spawning

depths of 30 m, and during winter bury in sediment at depths of 20-50 cm.

grounds where all members of the shoal spawn more or less simultaneously

A. marinus are subject to targeted fishing and may also be affected by climate
change aspects. As a key species in North Sea ecosystems (Edwards and
Richardson, 2004), their decline and /or abundance changes have been
suggested to be linked to seabird breeding failure / or success in the region
(Furness and Tasker, 2000). Recorded in the central and southern portions of
the Anglian offshore MAREA region (Figure 9:13), A. marinus catches were

(DTI, 2001). C. harengus is widespread in UK and Irish waters where
they were formerly found in large offshore near-surface shoals covering
several square kilometres, although due to overexploitation numbers have
significantly declined. Within the Anglian offshore MAREA region two trawls
in Area 430 to the south and a further two to the north, each yielded a single
specimen (Figure 9:14).

associated with the circalittoral coarse sediment biotope complex SS.SCS.
CCS. This species was found in low abundances within the survey area; a
single specimen was found at each of the eight sites it was captured.
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Figure 9:15

Location of Gadus morhua, Anglian MAREA region

Figure 9:16

Location of Raja clavata, Anglian MAREA region

Figure 9:17

Location of Raja montagui, Anglian MAREA region

Atlantic cod Gadus morhua

Thornback skate/ray Raja clavata

Spotted ray Raja montagui

Atlantic cod Gadus morhua is a UK BAP priority species and has vulnerable

Thornback ray Raja clavata is on the OSPAR list of threatened and / or

Spotted ray Raja montagui is of priority as a species under the OSPAR

status on the Global Red List. In addition, the species has been highlighted

declining species and habitats and, related to commercial exploitation, has

list of threatened and/or declining species and habitats. Associated with

on the OSPAR list of threatened / declining species and habitats. They are

decreased in numbers (Rogers and Ellis, 2000). Growing up to 1 m long, this

sandy grounds or muddy flats, where they deposit their eggs, this species is

commonly found on sandy bottoms around the coasts of Britain and Ireland,

species is common around the coasts of Britain and Ireland and is the most

widespread around the coasts of Britain and Ireland, although it appears to

and have been recorded as far south as the Bay of Biscay and to the north

abundant in-shore ray. Their distribution includes the Wash, Outer Thames

be rarely recorded from the east coast of England (Marinelife, 2010). Typically

Barents Sea. Growing to 120 cm in length, cod prefer cold temperate waters

Estuary, Solent, Carmarthen Bay, Cardigan Bay, Liverpool Bay and Solway

growing up to 75 cm and found in depths ranging from 25-120 m, spotted rays

and can be found from the shoreline down to depths of 600 m. Research

Firth. R. clavata is generally found in depths ranging from 10-300 m, on a

mainly feed on crustaceans. This species appears to be locally uncommon in

suggests that they have been adversely affected by climate change with

wide variety of grounds including mud, sand, shingle and gravel. This species

the MAREA region, recorded at just three sites, two in the south of the region

copepod prey species migrating northwards, resulting in a predator/prey

was found throughout the MAREA survey area, within and near to Areas 496

and one within Area 251 (Figure 9:17), each yielding a single specimen.

mismatch for foraging cod. Within the MAREA survey, G. morhua catches

and 430 in the south and Area 401/2 in the central portion, and in the far north

were concentrated in the south of the region within and around Area 430,

of the region (Figure 9:16). Recorded at 15 sites, uniformly low abundances

with just one additional site to the west of Area 254 containing specimens

were found, with two specimens caught at one site and the remaining sites

(Figure 9:15). Recorded at 11 sites, an average abundance of 2.09 individuals

each yielding a single individual.

were found. The majority of sites contained just a single specimen, although
higher catches at sites A10_T547 and A10_T551 (six and seven individuals
respectively) were recorded.
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Figure 9:18

Location of Merlangius merlangus, Anglian MAREA region

Figure 9:19

Location of Obelia bidentata, Anglian MAREA region

Figure 9:20

Location of Pleuronectes platessa, Anglian MAREA region

Whiting Merlangius merlangus

Double tooth hydroid Obelia bidentata

European plaice Pleuronectes platessa

Whiting Merlangius merlangus has UK BAP priority species status.

Regarded as nationally scarce (Sanderson, 1996), the double tooth hydroid

European plaice Pleuronectes platessa is a UK BAP priority species. Common

Associated with mud and gravel bottoms, but also found above sand and

Obelia bidentata is recorded around the British Isles, from the Wash to near

around the coasts of Britain and Ireland, this species primarily lives on sandy

rock, M. merlangus are found off western Scotland, southeast England, the

Portsmouth (Hayward and Ryland, 1995). O. bidentata grows to 15 cm tall and

bottoms, although it is also found on gravel and mud, often partly buried,

English Channel, and in the Irish Sea off the coasts of east England, Wales

is characteristically found on inert substrata such as wood, shells, wrecks,

and in shelf waters on sandy patches in rocky areas. Occurring from 0-200

and Ireland. A benthopelagic species, usually found at depths of 30-100 m,

and on sandy bottoms, sometimes algae. This hydroid is tolerant of brackish

m it is most common between 10-50 m, feeding on bottom-living animals,

whiting can grow up to 70 cm in length and feed on shrimps, crabs, molluscs,

water, and is found in the sublittoral to at least 200 m, rarely in intertidal

particularly shellfish such as cockles and razor shells. P. platessa are usually

small fish, polychaetes and cephalopods. Results from the Anglian MAREA

pools. The species was found at 60 sites, concentrated in and around Area

50-60 cm in length, but exceptional specimens can reach 90 cm. Recorded

survey indicate this species is widely distributed throughout the region

430 in the south east of the MAREA region. Scattered specimens were also

in 12 trawls at an average abundance of 1.5, ranging from one to four

(Figure 9:18). Found in 79 trawl samples, the average M. merlangus yield

found in the far north of the survey area and outside of Area 251 in the central

individuals, P. platessa was found in the north of the MAREA region, within

was five with most sites containing fewer than ten individuals, although

portion (Figure 9:19). All sites yielded a single specimen.

Area 401/2 in the central portion and both within and near to Area 430 in the

scattered larger catches of up to 44 individuals were recorded.

south (Figure 9:20).
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Habitats and
species of
importance
in the MAREA

National and
international
conservation
designations

Example photographs
Habitats

Sandbanks that are
slightly covered by
seawater all of the
time

Annex I habitat
(Habitats Directive)

Includes biotope
complex:
SS.SSa.IFiSa
Infralittoral fine sand
Sabellaria spinulosa
Biogenic ross
worm reef
(SS.SBR.PoR.SspiMx)

Figure 9:21

Location of Solea solea, Anglian MAREA region

Figure 9:22

Mantis shrimp Rissoides desmaresti

Dover sole Solea solea is a UK BAP priority species. Widespread around the

The mantis shrimp Rissoides desmaresti is regarded as nationally scarce

coasts of Britain and Ireland, although rare towards the north of Scotland,

(Sanderson, 1996), with low numbers previously recorded on the south and

this species is primarily found on sandy, muddy and fine substrates in coastal

west coasts of the British Isles. An extensive bed of 25 hectares has recently

waters, including estuaries. S. solea is mainly found between 10-60 m and

been found in north Wales (Marlin, 2010) and the species has been recorded

can reach 30-70 cm in length. Anglian MAREA results indicated S. solea as

in the Plymouth area since 1900 including intertidally in Salcombe harbour.

widely distributed throughout the region, recorded at 94 sites at an average

R. desmaresti grows to ~10 cm long, creating simple burrow systems in

abundance of three, with a range of one to 22 individuals (Figure 9:21).

sandy, gravely mud sediments from the lower shore down to 15-50 m deep.
This species was recorded in five locations within the Anglian MAREA survey:
In the south west by Area 430; in the central portion below Area 401/2, and
in the far northeastern section of the region (Figure 9:22).
Recorded average abundance was four, encompassing two sites with a single
individual; and five, seven and eight individuals respectively in the remaining
three sites. R. desmaresti is not commonly recorded, particularly off the east
coast, implying the animal may have a greater range offshore than previously
realised for this region. There have been suggestions that climate change
aspects may be affecting and increasing the range and abundance of this,
normally southerly, species (Herbert, 2001), thus these distribution records
may add to climate change knowledge in the region.

OSPAR
(threatened and/or
declining habitat)
Contained on lists of
broad-scale habitats and
Features of Conservation
Importance to be protected
in Marine Conservation
Zones

Location of Rissoides desmaresti, Anglian MAREA region

Dover sole Solea solea

UK BAP Habitat

© EMU

Annex I Biogenic Reef
habitat (Habitats Directive)
Subtidal sands and
gravels
Includes habitat/
biotope complexes:
SS.SCS
Sublittoral coarse
sediment (unstable
cobbles and pebbles,
gravels and coarse
sands)

UK BAP priority habitats
Contained on lists of
broad-scale habitats and
Features of Conservation
Importance to be protected
in Marine Conservation
Zones
© EMU

SS.SSa
Sublittoral sands and
muddy sands
SS.SCS.ICS
Infralittoral coarse
sediment
SS.SCS.CCS
Circalittoral coarse
sediment
SS.SSa.IFiSa
Infralittoral fine sand
SS.SSa.CMuSa
Circalittoral muddy
sand
Table 9.2

Anglian MAREA region habitats and species of conservation importance summary.
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Habitats and
species of
importance
in the MAREA

National and
international
conservation
designations

Example photographs

Habitats and
species of
importance
in the MAREA

Species
Ammodytes marinus
Lesser sand-eel

9.7

National and
international
conservation
designations

Example photographs

Despite not being identified as species of conservation importance nor afforded
Species

Merlangius merlangus
Whiting

UK BAP Species

Other Anglian offshore MAREA region
interest features

any corresponding legislative protection, the presence of high numbers of the
brittlestar Ophiothrix fragilis and blue mussel Mytilus edulis within the MAREA

UK BAP Species

region is noteworthy.
Although later removed from the list, O. fragilis beds were originally included as a
candidate Nationally Important Marine Feature. Congregating to feed and breed,
their numbers can reach hundreds of thousands per square metre. For example,
in the current survey, two trawls contained >100,000 O. fragilis, and they were

© Crown copyright 2009

Clupea harengus
Atlantic herring

© Wikimedia commons

Obelia bidentata
Double tooth hydroid

UK BAP Species

Nationally rare (based on
Sanderson, W G. JNCC
Report, No. 240.
Published by JNCC, 1996).

aggregations are known to contain a wide range of epifauna and are considered
key in the marine ecosystem (Davoult and Gounin, 1995). This is with particular
regard to nutrient exchanges as they are known to remove large amounts of

Provisional list of rare and
scarce marine species.
(not Red List)
© Wikimedia commons

found in an additional two trawls and three grabs at lower abundances. These

suspended particulate matter from the water column (Davoult and Gounin, 1995)
and provide an important carbon dioxide source (Migné et al., 1998). Previous
© Wikimedia commons

research indicates that respiration of O. fragilis communities could supply up to
35% of phytoplankton carbon requirements (Migné and Davoult, 1997).

Gadus morhua
Atlantic cod

Pleuronectes platessa
European plaice

UK BAP Species (plus
Global Red List status
Vulnerable)

UK BAP Species

Mytilus edulis were observed in 4% of trawls and 8% of grabs, with numbers over
the whole dataset amounting to >5000. Mussel beds are protected as biogenic

OSPAR
(threatened / declining
species)

reefs under Annex I of the Habitats Directive, however these rarely form in water
deeper than 10 m (Holt et al., 1998) and, therefore, are unlikely to be present at
the sites surveyed. Mussels can still be important as a non-reef feature within
© Wikimedia commons

Raja clavata
Thornback skate/ray

© Wikimedia commons

Solea solea
Sole

OSPAR
(threatened / declining
species)

Raja montagui
Spotted ray

© EMU

Table 9.2

Anglian MAREA region habitats and species of conservation importance summary.

mussel aggregations (Ragnarsson and Raffaelli, 1999; Holt et al., 1998).

© Wikimedia commons

Rissoides desmaresti
Mantis shrimp

OSPAR
(threatened / declining
species)

as engineering, stabilising and enriching habitats for infaunal species beneath

UK BAP Species

© EMU

marine communities, providing a substratum for epifauna and epiflora, as well

Nationally scarce

© Wikimedia commons

Table 9.2

Anglian MAREA region habitats and species of conservation importance summary.
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SS.SBR.PoR.SspiMx

SS.SCS.ICS

Sabellaria spinulosa on stable circalittoral mixed sediment

Infralittoral coarse sediment

Biotope description (based on Connor et al., 2004):

Biotope description (based on Connor et al., 2004):

Consists of the tube-building polychaete Sabellaria spinulosa at high
abundances on mixed sediment, typically forming low lying loose tube,
sand, gravel, mud agglomerations on the seabed. Infauna comprise
sublittoral polychaete species such as Protodorvillea kefersteini, Pholoe
synophthalmica, Harmothoe spp, Scoloplos armiger, Mediomastus
fragilis, Lanice conchilega and cirratulids, together with the bivalve Abra
alba, and tube building amphipods such as Ampelisca spp. Epifauna
comprise a variety of bryozoans including Flustra foliacea, Alcyonidium
diaphanum and Cellepora pumicosa, in addition to calcareous tubeworms,
pycnogonids, hermit crabs and amphipods. Consolidating sediment,
Sabellaria reefs promote settlement patterns which may not be found
in adjacent habitats thus enhancing epifaunal and infaunal diversity.
Such reef development of reefs is assisted by the settlement behaviour
of larval Sabellaria which are known to selectively colonise suitable
sediment, particularly on existing Sabellaria tubes (Wilson 1929; Tait and
Dipper, 1997). These reefs may be dredging or trawling affected. When
heavily disturbed an impoverished community may result (e.g. Pkef, an
impoverished circalittoral mixed gravelly sand biotope), particularly if
disturbance is prolonged. However, it is likely that S. spinulosa reefs can
recover quite quickly from short term or intermediate disturbance as found
by Vorberg (2000). Notably recovery may be accelerated if some reef is
left intact as S. spinulosa may be gregarious in favourable conditions
(Davies et al., 2009).

Moderately exposed coarse and gravelly sands, shingle and gravel
habitats in the infralittoral, are subject to tidal steam and wave action
disturbance. Such habitats, found on the open coast or in tide-swept
marine inlets, are characterised by robust fauna of infaunal polychaetes
such as Chaetozone setosa and Lanice conchilega, cumacean crustacea
such as Iphinoe trispinosa and Diastylis bradyi, and venerid bivalves.

Main characterising species
present in the MAREA region
(top 80% from SIMPER
output):
Sabellaria spinulosa, Nemertea,
Ophiuroidea, Abra alba, Lumbineris
gracilis, Ophiura albida, Lanice
conchilega, Lagis koreni, Pholoe
baltica, Spiophanes bombyx, Glycera
lapidum, Actiniaria, Polycirrus,
Polynoidae, Kurtiella bidentata,
Amphipholis squamata, Scalibregma
inflatum, Polydora caulleryi,
Mediomastus fragilis, Notomastus,
Caulleriella alata, Autolytus, Abra,
Eunereis longissima, Goniada
maculata, Anoplodactylus petiolatus

In situ video still recorded during the current survey showing
Sabellaria spinulosa at site I10_G21

Physical conditions:
Salinity: Full (30-35 ppt);
Wave exposure: Moderately
exposed, Sheltered;
Tidal Streams: Strong (3-6 kn),
Moderately strong (1-3 kn);

Substratum: Mixed sediment of sandy
mud, muddy sand with gravel pebbles
and cobbles;
Zone: Circalittoral;
Depth band: 10-30 m

In situ video still recorded during a historic survey showing
infralittoral coarse sediment.

Main characterising species
present in the MAREA region
(top 80% from SIMPER
output):
Mytilidae, Mytilus edulis, Nymphon
brevirostre, Atylus swammerdamei,
Actiniaria

Location
in the
MAREA
region:

Physical conditions:
Salinity: Full (30-35 ppt);
Wave exposure: Exposed,
Moderately exposed, Sheltered;
Tidal Streams: Strong (3-6 kn),
Moderately strong (1-3 kn), Weak (<1
kn), Very weak (neglible);

Substratum: Sand with gravel,
pebbles and/or shingle;
Zone: Infralittoral;
Depth band: 0-20 m

Location
in the
MAREA
region:

Conservation status:

Conservation status:

UK BAP Priority Habitat

UK BAP Priority Habitat

OSPAR habitat (threatened and / or declining habitat)
Where reefs are present: Biogenic reef Annex I habitat, Habitats Directive
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SS.SCS.CCS

SS.SSa.CMuSa

Circalittoral coarse sediment

Infralittoral coarse sediment

Biotope description (based on Connor et al., 2004):

Biotope description (based on Connor et al., 2004):

Tide-swept circalittoral coarse sand, gravel and shingle generally in
depths >15-20 m. May be noted in tidal marine inlet channels, along
exposed coasts and offshore. As with shallower coarse sediments, may
be characterised by robust infaunal polychaetes, mobile crustacea and
bivalves. Certain sea cucumbers (e.g. Neopentadactyla) and the lancelet
(Branchiostoma lanceolatum) may also be prevalent.

Circalittoral non-cohesive muddy sands, silt content ranging from 5% to
20%. Habitat generally in depths >15-20 m supporting animal-dominated
communities characterised by a wide polychaete variety, bivalves such as
Abra alba and Nucula nitidosa, and echinoderms such as Amphiura and
Ophiura spp. and Astropecten irregularis. These circalittoral habitats tend
to be more stable than their infralittoral counterparts thus support a richer
infaunal community.

Typical substrate photograph recorded during the current
survey showing the circalittoral muddy sand at site I10_G15.

In situ video still recorded during the current survey showing
the circalittoral coarse sediment at site I10_G30.

Main characterising species
present in the MAREA region
(top 80% from SIMPER
output):
Ophelia borealis, Nephtys cirrosa,
Gastrosaccus spinifer, Sabellaria
spinulosa, Nemertea, Glycera
oxycephala, Glycera lapidum,
Spiophanes bombyx, Polycirrus

Physical conditions:
Salinity: Full (30-35 ppt); Wave
exposure: Exposed, Moderately
exposed;
Tidal Streams: Moderately strong
(1-3 kn), Weak (<1 kn), Very weak
(neglible);

Substratum: Coarse sand and gravel
with minor finer sand fraction;
Zone: Infralittoral – lower,
Circalittoral;
Depth band: 10-50 m

Main characterising species
present in the MAREA region
(top 80% from SIMPER
output):
Scalibregma inflatum, Lagis koreni,
Nephtys, Abra alba, Ophiura albida,
Ophiuroidea, Euspira pulchella,
Spiophanes bombyx

Location
in the
MAREA
region:

Physical conditions:
Salinity: Full (30-35 ppt), Reduced
(18-30 ppt);

Substratum: Medium to fine sands
and muddy sands;

Wave exposure: Moderately
exposed, Sheltered, Very sheltered;

Zone: Circalittoral, Infralittoral;

Tidal Streams: Moderately strong (1-3
kn), Weak (<1 kn), Very weak (neglible);

Depth band: 0-50 m

Location
in the
MAREA
region:

Conservation status:

Conservation status:

UK BAP Priority Habitat

UK BAP Priority Habitat
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SS.SSa.IFiSa

SS.SCS

Infralittoral fine sand

Infralittoral coarse sediment

Biotope description (based on Connor et al., 2004):

Biotope description (based on Connor et al., 2004):

Clean sands occurring in shallow water, either on open coast or tide-swept
marine inlet channels. Typically lacks a significant seaweed component,
characterised by robust fauna, particularly amphipods (Bathyporeia spp.)
and polychaetes including Nephtys cirrosa and Lanice conchilega.

Coarse sand, gravel, pebble, shingle and cobble sediments, often
unstable due to tides, currents and/or wave action. Generally on open
coasts or tide-swept marine inlet channels. Typically low silt levels and no
significant seaweed component; characterised by robust fauna including
venerid bivalves.

In situ video still recorded during a historic survey showing
sublittoral coarse sediment.

Typical substrate photograph recorded during a historic survey
showing infralittoral fine sand.

Main characterising species
present in the MAREA region
(top 80% from SIMPER
output):
Nephtys, Ophelia, Ophiuroidea,
Ophiura

Physical conditions:
Salinity: Full (30-35 ppt);
Wave exposure: Exposed,
Moderately exposed, Sheltered;
Tidal Streams: Strong (3-6 kn),
Moderately strong (1-3 kn), Weak (<1
kn), Very weak (neglible);

Substratum: Medium to very fine
sand;
Zone: Infralittoral;

Main characterising species
present in the MAREA region
(top 80% from SIMPER
output):
Atylus swammerdamei

Depth band: 0-20 m

Location
in the
MAREA
region:

Physical conditions:
Salinity: Full (30-35 ppt), Variable
(18-35 ppt);

Substratum: Cobbles and pebbles,
gravels and coarse sands;

Wave exposure: Exposed,
Moderately exposed, Sheltered; Tidal
Streams: Strong (3-6 kn), Moderately
strong (1-3 kn), Weak (<1 kn), Very
weak (neglible);

Zone: Circalittoral, Infralittoral;
Depth band: 0-30 m

Location
in the
MAREA
region:

Conservation status:

Conservation status:

UK BAP Priority Habitat

UK BAP Priority Habitat
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SS.SSa
Sublittoral sands and muddy sands

Biotope description (based on Connor et al., 2004):
Clean medium to fine sands or non-cohesive slightly muddy sands on
open coasts, offshore or in estuaries and marine inlets. Often subject to
a degree of wave action or tidal currents restricting silt and clay content
to <15%. Characterised by a taxa range including polychaetes, bivalve
molluscs and amphipod crustacea.

Typical substrate photograph recorded during a historic survey
showing sublittoral sands and muddy sands.

Main characterising species
present in the MAREA region
(top 80% from SIMPER
output):
Ophiura albida, Pomatoceros,
Clymenura, Dyopedos monacanthus,
Aonides oxycephala

Physical conditions:
Salinity: Full (30-35 ppt), Reduced
(18-30 ppt), Variable (18-35 ppt);

Substratum: Medium to fine sands
and muddy sands;

Wave exposure: Moderately
exposed, Sheltered, Very sheltered;

Zone: Circalittoral, Infralittoral;
Depth band: 0-50 m

Tidal Streams: Moderately strong (1-3
kn), Weak (<1 kn), Very weak (neglible);

Location
in the
MAREA
region:

Conservation status:
UK BAP Priority Habitat
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10. Fish and Shellfish Ecology
10.1

Regional overview

The MAREA region supports a diverse array of bottom-dwelling and pelagic
fish, and shellfish. The principal commercial finfish and shellfish species present
include cod, whiting, plaice, lemon sole, haddock, Dover sole, dogfish, lobsters
and shrimp. This diversity is a product of the wide range of habitats and feeding
opportunities available all year round.
Many commercially and non-commercially important species use the MAREA
region as a spawning and nursery area, whilst others migrate through on transit
to suitable grounds in the northern North Sea or English Channel (Wheeler, 1969).
A review of the scientific and grey literature (e.g. Coull et al., 1998; Walker et
al., 1997; Rogers et al., 1998, and Rogers and Stocks, 2001), as well as previous
fish studies (e.g. Emu Ltd, 2005, 2007 and 2008; Cooper et al., 2005), have been
used to give an overview of the general ecology for key species that inhabit the
MAREA region.
In addition, data from Cefas, DECC and ICES have also been used to better
understand the environmental requirements for many of these species. This
includes characteristics of their habitat, life history, sensitivity to anthropogenic
disturbances, distribution patterns and feeding behaviour. A summary of these
characteristics is described for key fish and shellfish species in Section 10.4.

sand provide ideal habitats for shellfish species like cuttlefish and brown crab.
In addition to sediment type and water depth, tidal currents also play an
important habitat function for many bottom dwelling and pelagic species. Filter
feeders like the scallop, for example, inhabit raised areas of seabed where faster

Habitats

Seabed sediment types are variable across the MAREA region, but generally
comprise sand, slightly gravelly sand and gravelly sand. A range of morphologies
is also present; from relatively flat seabed, through dune fields, to large-scale
sandbanks. There is, therefore, a variety in seabed characteristics, bedform
features, bathymetry and hydrodynamics in the MAREA region, which creates
multiple habitats, suitable for a range of fish and shellfish.

upon a particular habitat or sediment type for spawning, for example herring and
sandeels.
Generally, fish hatch quickly from their eggs to become planktonic larvae that prey

shellfish, such as brown crab, common lobster and cuttlefish in contrast, are more

on microscopic organisms as they drift throughout the water column. Changes in

abundant in areas with varying seabed currents as this provides them with ideal

body shape as larvae develop into adults vary by species. At this stage of the life

feeding opportunities.

cycle many species occupy discrete areas, either in the water column or on the

Patterns in the distribution of habitats across the region (see benthic ecology
baseline Chapter 9) are strongly associated with the tidal streams, following the
line of the coast and channels between the banks.
Fish and shellfish are present all year round in the MAREA region, with the

seabed, where opportunities for feeding and for protection from predators are
greatest. For example juvenile flatfish will tend to converge on shallow coastal
waters and feed on abundant worms and crustacea, whereas cod occupy a range
of habitats from coastal reefs to deep offshore waters.

exception of migratory species such as mackerel, cod, sole, thornback ray, plaice
and shrimp (e.g. Pandalus borealis). Many fish and shellfish species are highly
mobile and tolerant of variations in the prevailing physical environment, making
them omnipresent throughout the region. However, some areas support slightly
different fish and shellfish populations because of differences in water currents

Box 1: Species spawning or having nursery areas in
the Region

and seabed composition (Emu, 2008).
Many commercially exploited shellfish species are found in the shallow tidal or
intertidal zones. Mussels, for example in the River Ore and Butley Creek attach
whereas scallops and whelks inhabit sandy gravel areas in the subtidal zone.
Flatfish and some elasmobranchs are abundant on sandy and gravelly areas of
the seabed, while gadoids such as cod and whiting are more likely to occur on
stony ground, and in and around reefs and wrecks

10.3

Life history

The range of habitats within the MAREA region provides suitable habitat for

The MAREA region supports adult stocks of a number of commercial and non-

spawning and nursery grounds. Where spawning or nursery grounds for the fish

commercial fish and shellfish species as well as critical habitats for key life

and shellfish species listed in Box 1 and Section 10.4 occur within the MAREA

stages of these species including spawning, nursery and migration routes.

region the location of these have been mapped in Figure 10:1. For the purpose

Seabed sediment and water depth can significantly influence the distribution

area dependent on tidal conditions. Some species of fish, however, are reliant

bottom currents favour their particular feeding and reproductive habits. Predatory

themselves to rocks, sand, gravel or pebble substrata in the intertidal zone;

10.2

Most fish release eggs directly into the water column which disperse over a wide

of this study, these maps have been redrawn using Cefas, ICES and DECC data.

patterns of many adult demersal species, e.g. brill Scophthalmus rhombus

The best available information has been presented for key species, however

are most commonly found on mixed sediments in relatively shallow waters of

it is important to note that spawning and nursery areas and seasons for most

between 5-25 m. Lemon sole Microstomus kitt favour sandy and gravelly sand

species are not fixed, with fish responding to environmental changes e.g. water

substrata, and tend to live deeper, at higher salinity and lower temperature than

temperature and availability of food. Not all available areas will be used in any one

other flatfish species (Hinz et al., 2006; Barnes, 2008). The occurrence of exposed

year dependent upon the size of the spawning stock. Boundaries for areas should

bedrock platforms or those covered with a thin layer of cobble, gravelly sand and

not, therefore, be seen as fixed barriers but only indicative of likely distribution.

	Whiting
Merlangius merlangus Whiting is one of the most commercially important species
caught within the region. The MAREA region provides
spawning and nursery grounds for whiting but these are
part of a much wider area, with the main spawning areas
for whiting encompassing the whole of the Southern
and Central North Sea, as well as off the east coast of
Scotland. Juvenile whiting are pelagic and can be found
throughout much of the North Sea, especially to the northeast and east of Scotland, off north-eastern England and in
the German Bight.
Dover sole
Solea solea

Dover sole spawning and nursery grounds are found in the
MAREA region, with nursery grounds found close inshore
and spawning grounds overlapping with the aggregate
areas. Major southern North Sea Dover sole spawning
grounds also occur along the Belgian coast, in the Thames
Estuary, on the Norfolk Banks, the Wadden Sea, and the
German Bight (Rijnsdorp et al., 1992, cited in Rogers and
Stocks, 2001). Nursery grounds are situated along the
English and continental European coasts in shallow waters
of 5 to 10 m depth (Beek et al., 1989, cited in Rogers and
Stocks, 2001)

Box 1 continued over…
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… continued from previous page

10.4
	Herring
Clupea harengus

	Mackerel
Scomber scombrus
Herring spawning normally takes place on specific
substrates such as coarse sand, gravel and small stones in
shallow waters (between 15 m to 40 m depth), examples
of which can be found in the MAREA region (BGS, 1998;
Rogers and Stocks, 2001). Herring larvae drift eastward
from the western North Sea to reach nursery grounds in
the eastern North Sea.

Plaice
Pleuronectes platessa Plaice spawning takes place throughout the shallower
parts of the southern North Sea, including the MAREA
region and off the eastern coast of Britain, from
Flamborough Head to the Moray Firth. (Muus and
Dahlstrom, 1974; Fox et al., 2000, cited in Rogers and
Stocks, 2001). Nursery areas are found in many shallow,
sandy bays and estuaries on the North Sea coasts of
England and therefore, by extension, within the MAREA
region (Rogers and Stocks, 2001).
Cod
Gadus morhua

Sandeel
A. marinus

Sprat
Sprattus sprattus

	Lemon sole
Microstomus kitt

Cod spawning activity is spread throughout the North Sea
with several spawning concentration areas, particularly
in the northern North Sea, the central North Sea around
the Dogger Bank; the southern North Sea and north-east
coast of England, including the MAREA region; the German
Bight and in coastal waters off the east coast of Scotland.
Nursery grounds are found throughout the North Sea with
some concentration in the shallow coastal waters of the
North Sea and potentially, therefore, in the MAREA region
(Rogers and Stocks, 2001).

		

	Elasmobranchs

Cephalopods

Fish ecology and distribution

The purpose of the following sections is to provide a brief understanding of fish
The mackerel spawning grounds lie to the east of the
MAREA region boundary. The nursery grounds extend
across the majority of the region with the exception of the
north-west corner of the region (Rogers and Stocks, 2001;
ICES, 2010d).
Other species thought to spawn in the region but whose
distribution is uncertain include dab, which are thought to
spawn (pelagic eggs) in the region with large numbers of
adults found in the southern North Sea (Bollea et al., 1994).
Other species with spawning and nursery grounds in the
region include pogge and dragonet that lay demersal egg
(Emu, Ltd, 2005 401/2 study).

and shellfish ecology for a number of key species found inhabiting the MAREA
region. This includes knowledge about their habitat requirements, life history
traits, feeding behaviour and general distribution patterns both within the
MAREA region and the wider UK seas.
Table 10:1 provides a summary of the main feeding habits for all fish and shellfish
species in the region. Prey comes from a variety of sources but the benthos is
considered to be of prime importance. Benthic surveys conducted by Emu Ltd,
MESL, Unicomarine and Worsfold & Dyer since 1994 show that annelids (worms),
molluscs, crustacea and echinoderms account for the largest biomass of prey
item across the region. These organisms constitute key elements of the feeding

Data on spawning, nursery and migration behaviour of
elasmobranchs are scarce. Thornback rays are thought to
migrate inshore to breed and lay eggs (Shark Trust, 2009).
Juveniles are more likely to be found in shallower, coastal
waters than adults as these areas are used as nursery
grounds. Other species of ray known to occur in the
MAREA region include the Undulate ray however this
species is not known to breed there (Ellis et al 2011).

regime for many fish and predatory shellfish found in the region.

(such as Loligo forbesi, L. vulgaris, Sepia officinalis and
S. elegans) are thought to spawn in the MAREA region;
however information on the location of theses grounds is
scarce (Young, 2001).

to high fishing mortality and poor recruitment of young fish to the stock. Most

Over 70 commercial fish and shellfish species support local fisheries within the
MAREA region (MMO, 2010), and many of them are now threatened by a range of
anthropogenic activities including overfishing, disease, seabed disturbance and
pollution (RCEP, 2004). For example, since 1970 cod spawning stock biomass has
declined and is currently well below the lowest recommended level. This is due
cod are caught before they are mature and the stock is harvested unsustainably.
Some species of fish that lay their eggs on coarse sediments and bedrock (e.g.
herring) are sensitive to bottom towed fishing gear such as trawling and dredging.
These species are particularly sensitive during their critical life cycle stages.
Since the prey of many fish and shellfish are benthic organisms, there is indirect
trophic association (the relationships between the feeding habits of organisms

Spawning of sandeels occurs in the central and southern
North Sea, including the MAREA region, with eggs being
deposited on sandy sediments off the coasts of northeastern England, eastern Scotland, the Orkney Islands and
Denmark (Rogers and Stocks, 2001).

in a food chain) sensitivity to human activities that remove or disturb the seabed
in which they live.

The main areas for sprat spawning are located on the
inner German Bight, the area off the north-western coast
of Jutland, and the east English coast where the MAREA
region is located (Rogers and Stocks, 2001; ICES, 2010g).
Most of the MAREA region supports spawning and nursery
grounds for lemon sole with the exception of a small part
of the south east corner (Rogers and Stocks, 2001).
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Common lobster Homarus gammarus
Adult stock: Common lobsters are
common throughout British and Irish
coasts. The Common lobster is a species
of commercial importance in the MAREA
region and is protected by a minimum
landing size regulation. Common lobster
is a nocturnal species found on rocky
substrata living in holes and excavated
tunnels from the lower shore to about 150
m water depths (Wilson, 2008 and Pawson,
1995).
Spawning and nursery: The MAREA
region is not thought to support significant
spawning or nursery grounds or migratory
routes for lobster.

© Wikimedia commons

Value: Common lobster is a species of commercial importance in the MAREA and is protected
by a minimum landing size regulation.

Brown crab Cancer pagurus

Shrimp Pandalus montagui

Adult stock: Edible crab is distributed
along the English North Sea coast,
especially offshore of North Norfolk and
the River Humber, and is found on a wide
range of substrates such as sand, gravel
and rocky seabeds, usually at depths
between 6 m to 40 m but can be found
offshore to about 100 m deep. Adult crab
is a commercially important species for
potters, especially around Cromer.

Adult stock: There are numerous shrimp
species in the North Sea however, the
commonest species is Pandalus borealis.
This bottom dwelling species is mainly
found on soft, muddy or sandy sediments
at temperature of 2°C to 14°C and depth
range of 20 m to 100 m. Such conditions
are found in the MAREA region, therefore
this species can be expected to be present
in the region (Rogers and Stocks, 2001).

Spawning and nursery: Spawning is
thought to occur north of the MAREA
region, north-east of the Humber and with
an epicentre approximately 70 km offshore
south-east of Flamborough Head (Eaton et
al., 2003).

Spawning and nursery: The MAREA
region is not thought to support spawning
© Wikimedia commons
or nursery grounds. Shrimp spawn within
the offshore, deeper waters of the North
Sea between November and February.
An offshore spawning migration is undertaken by adults during the winter months, followed
in spring by an inshore migration to shallow waters (Rogers and Stocks, 2001). During these
migration movements, shrimp can be expected to swim in the MAREA region.

© Wikimedia commons

Value: Pink shrimp is targeted seasonally by the commercial fishery within the MAREA
region. This species is particularly important in the Wash to the north of the MAREA. No stock
managment measures are in place for this species.

Whiting Merlangius merlangus
Adult stock: Whiting is one of the most
widespread and numerous species found in
the North Sea, near the sea bed, at depth
of up to 200 m. Adults are generally found
in the southern half of the North Sea, (ICES,
2010a). Whiting is noted as one of the
principal commercial species caught in the
MAREA region.
Spawning and nursery: Whiting spawn
within the MAREA region from January
to June with a peak season in April and
May. The MAREA region forms only part
© Fisheries Research Services
of a wider area for spawning that extends
to the central North Sea and off the east
coast of Scotland, the main areas being in the Southern Bight. Juvenile whiting are pelagic and
can be found throughout much of the North Sea, and overlap with the MAREA region at the
north-eastern boundary. Main areas for juveniles are in the north-east and east of Scotland, off
north-eastern England and in the German Bight.
Whiting migrate to spawn from Skagerak into the northern North Sea and from the southern
North Sea to the eastern Channel. Whiting are therefore expected to transit through the MAREA
region during their migration.
Value: This species is also included within the Grouped Commercial marine fish BAP. It is also
protected by a minimum landing size and catch quota management.
Distribution: Widely distributed around Britain and common in the MAREA region.

Dover sole Solea solea
Adult stock: Dover sole is an important
commercial species caught in the region. It is
a demersal species that inhabits sandy and
muddy areas in waters down to 150 m depth,
with adults tending to occur in deeper waters
than juveniles (ICES, 2010b).
Adult Dover sole is found in the southern
North Sea, Image courtesy of Bernard Picton
south of the line from Flamborough to North
Jutland, where winter temperatures do not
fall below 5°C for prolonged periods. During
extremely cold winter, dense aggregation of
Dover sole occur in deeper and warmer waters
of the North Sea (Cefas, 2009).

© Image courtesy of Bernard Picton

Spawning and nursery: Dover sole spawn from February to June with a peak in April and May
in shallow inshore areas, close to sandbanks. Major southern North Sea spawning grounds occur
along the Belgian coast, Thames Estuary, on the Norfolk Banks within the MAREA region, and in the
Wadden Sea and German Bight (Rijnsdorp et al., 1992; cited in Rogers and Stocks, 2001).
Dover sole larvae are pelagic and only present in the water column for a brief period, which prevents
them from being carried away from the spawning grounds (Rogers and Stocks, 2001).
The main nursery grounds are situated along the English and European coasts in shallow waters of 5
to 10 m depth (Beek et al., 1989; cited in Rogers and Stocks, 2001). After two years the juveniles move
into deeper water to join the adult stock.
Dover sole migrate seasonally following the local temperature regime - when temperatures fall in
autumn, Dover sole leave the shallow waters to migrate into deeper offshore grounds, using tidal
currents. During early spring, adult Dover sole return to inshore waters to spawn, often on the same
ground each year (ICES, 2010b).

Sandeel Ammodytes marinus
Adult stock: The sandeel is a small,
demersal, eel-like fish which swims in
large shoals. It lies buried in sand during
the night, and hunts for prey in mid-water
during the day. It is found at depths from
1 m to 96 m. Five species of sandeel
inhabit the North Sea with the lesser
sandeel, Ammodytes marinus, being the
most abundant. Although not of principal
commercial value, sandeel is an important
component of food webs in the North
Atlantic (Winslade, 1974, cited in Rogers
and Stocks, 2001).

© ICrown copyright 2009

Spawning and nursery: Spawning of
A. marinus occurs between November and February in the central and southern North Sea,
extending into the MAREA region. Sandeels are demersal spawners requiring sand on which to
attach their eggs. It appears that spawning takes place on the same sites in the southern North
Sea as the sandeels occupy at other times of the year. The planktonic larvae drift for one to three
months, before settling on the sandy seabed of the North Sea where they adopt a demersal life
(Rogers and Stocks, 2001; FRS, 2010).
Little is known about sandeel movements. It buries in sand to over-winter and swims little
distance between spawning and feeding grounds. However, it is thought that it does not
aggregate in the southern North Sea to over-winter (Rogers and Stocks, 2001; FRS,2010).
Value: Important prey species and commercially exploited (Barne et al., 1996).
Sandeels are covered by individual species BAP.

Value: Dover sole is included in the UK Commercial marine fish BAP and is an important species
for commercial fisheries. It is, however, vulnerable to over exploitation and populations may be
declining. It is also protected by a minimum landing size and catch quota management.
Distribution: All around Britain and Ireland.
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Herring Clupea harengus
Adult stock: Atlantic herring is a common
commercially important pelagic species
found throughout the shelf waters of northwestern Europe, from the northern Bay of
Biscay to Greenland (Harden-Jones, 1968,
cited in Rogers and Stocks, 2001).
There are three distinct populations of
herring which are mixed for the majority of
the year, but separate during the breeding
season when each population migrates to
its own spawning ground (Daan et al., 1990,
cited in Rogers and Stocks, 2001). The
Southern Bight/Downs herring population,
© Wikimedia commons
which spawns in the English Channel and
Southern Bight of the North Sea during
November to January, is the most likely to be present in the MAREA region.
Spawning and nursery: Herring are demersal spawners and spawning normally takes place on
specific substrates such as coarse sand, gravel and small stones of shallow water between 15m
to 40m depth which can be found in the MAREA region. Herring stick their eggs to the substrate
and when hatching the larvae become pelagic, using currents to move (Rogers and Stocks,
2001). Juveniles leave the coastal nursery grounds after two years to join the adults into deep
offshore waters of the North Sea (MacKenzie, 1985, cited in ICES, 2010c). Period for spawning
is November to January for the SE stock and August to October for the Dogger stock, however
herring can be found spawning in localised groups at any month of the year (Ellis et al, 2011)

Bass Dicentrarchus labrax
Adult stock: Bass are targeted by
commercial and recreational fishermen in
the region. Bass are present throughout
the southern North Sea during the summer
and autumn.

Adult stock: Sprat is a very common
pelagic species shoaling in the shallow
waters of the southern North Sea, and
throughout the MAREA region (ICES,
2010g).

Spawning and nursery: Spawning mainly
occurs in the western Channel outside of
the MAREA region (Cefas, 2007).
Bass are not currently known to spawn
within the MAREA region (Ellis et al, 2011)
Bass present in the MAREA region and the
southern North Sea during the summer and
© Wikimedia commons
autumn are thought to migrate to spawning
areas in the western Channel (Pawson et
al., 2007).
The distribution of sea bass in the North Sea has expanded considerably over recent decades
extending northwards. An ICES Study Group (ICES, 2005) noted that the spawning stock biomass
in ICES Divisions IVc and VIId seemed to be increasing and that there was an expansion of
the sea bass population into the North Sea. This may be the result of subtle changes in sea
temperatures, which may be related to global warming leading to better conditions for this
species.

Spawning and nursery: Sprat spawning
season takes place in coastal waters
between May and August with peaks in
May and June. The MAREA region forms
part of an extensive area available along
the eastern English coast (Rogers and
Stocks, 2001).

Value: Commercially important species. It is also protected by a minimum landing size and catch
quota management.

Value: Atlantic herring is a highly commercial marine fish but the species is being threatened
by over-fishing (Whitehead, 1985). It is listed in the UK commercial marine fish BAP. It is also
protected by a minimum landing size and catch quota management.

Cod Gadus morhua
Adult stock: Cod is a species of principal
commercial importance within the MAREA
region. Cod is a demersal species found in
large dense shoals on sandy bottoms in cold
waters from the shoreline down to depths of
600 m. Cod occurs throughout the northern
and central areas of the North Sea.
Spawning and nursery: Cod spawning
activity takes place between January and
April with a peak in February and March in
the North Sea. Spawning occurs throughout
the North Sea, beyond the boundaries of the
MAREA region.
© Wikimedia commons
Nursery grounds are found throughout the
North Sea extending into the MAREA region.
During the winter, the juveniles aggregate in the shallow coastal areas and disperse in summer
in a north-westerly direction over deeper parts of the central North Sea (Heessen, 1983, cited in
ICES, 2010f).
Adult migration occurs between the southern North Sea and the English Channel.
Value: It is the UK’s most popular commercial species. However, extensive overfishing has
resulted in this species becoming commercially scarce in some areas. It is included in the
UK Grouped BAP for commercial marine fish and is listed under the IUCN Red List Category
– Vulnerable A1bd. It is also protected by minimum landing size regulation and catch quota
management.

Sprat Sprattus sprattus

Plaice Pleuronectes platessa
Adult stock: Of commercial importance in
the MAREA region, plaice is a flatfish that
lives on mixed substrates at depths ranging
from a few metres to around 200 m for older
individuals (Muus and Dahlstrom, 1974;
Whitehead et al., 1986, cited in Rogers and
Stocks, 2001). Adult plaice are found at their
highest abundance in the Southern part of
the North Sea, along the east coast of the
UK and throughout the MAREA region.
Spawning and nursery: Plaice spawning
season occurs in the spring when water
© Image courtesy of Bernard Picton
temperature reaches 6°C. It takes place
throughout the shallower parts of the
southern North Sea, extending into the MAREA region and off the eastern coast of Britain, from
Flamborough Head to the Moray Firth. The peak spawning occurs in January to February (Ellis et
al, 2011)
Nursery areas are found in many shallow, sandy bays and estuaries on the North Sea coasts
of England including along the inshore waters of the MAREA region (Rogers and Stocks, 2001).
As they grow older, juveniles gradually move into deeper water further offshore (ICES, 2010e).
Juveniles could be expected to swim across the MAREA region on their migration from coastal
to offshore areas.
Value: Plaice are very important commercial fish and are caught in trawls and seine nets and
sometimes by anglers (Ruiz, 2007). This species is included in the UK commercial marine fish
Grouped BAP. It is also protected by a minimum landing size and catch quota management.

© Wikimedia commons

Value: Sprat is a species of commercial importance and is protected by catch quota management.

Lemon sole Microstomus kitt
Adult stock: Lemon sole is a commercially
important demersal species, found on
gravelly bottoms from depth of 20 m to 200
m (Seafish, 2010a). Mature lemon sole are
found off the northeastern coast of England
and throughout the central and northern
North Sea, including the MAREA region.
Spawning and nursery: Little is known
about the spawning habits of lemon sole;
© Image courtesy of Bernard Picton
however it is thought to spawn everywhere
it is distributed in deeper waters. The
spawning season occurs from April to September with a peak in spring (Rogers and Stocks, 2001).
No seasonal difference in distribution is observed and lemon sole is not thought to undertake
extensive migrations.
Value: This species is protected by a minimum landing size.

Mackerel Scomber scombrus
Adult stock: Mackerel is a commercially important species landed in the MAREA region.
The resident North Sea mackerel was overfished in the 1960s and has never fully recovered.
However, the Western stock, after a change of migration route in the 1980s, is now mixing with
the remainder of the North Sea stock.
Spawning and nursery: North Sea
mackerel stock spawn between May and July
in the central North Sea at depths of up to 60
m but often above 26 m. Known grounds lie
outside the MAREA region. Concentrations
of larvae are expected to be found in the
southern North Sea extending inshore across
the MAREA region (ICES, 2010d).
© Image courtesy of Bernard Picton

Value: It is a highly commercial species
fortrawlers and is also targeted by anglers
and sport fishers (Lockwood, 1988). Atlantic mackerel is included in the UK Grouped BAP for
commercial marine fish species and is protected by catch quota management.
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Diadromous fish in the Southern North Sea

Diadromous species are migratory fish moving between sea and
freshwater (or vice versa) for breeding/spawning purposes. They will
have a significant period of their life stages within both freshwater and
seawater habitats. Anadromous fish are those which spend the majority
of their lives at sea, but specifically move upstream to freshwater to breed
and spawn e.g. salmon Salmo salar and shad Allosa spp. Conversely
catadromous fish are those that move from freshwater to the sea to spawn
e.g. the European eel Anguilla anguilla.
Sea and river lamprey Petromyzon
marinus and Lampetra fluviatilis: The
sea and river lamprey are known to
have nursery or breeding areas directly
in the rivers within the MAREA region
(Maitland 2003).However the river
lamprey remains in estuaries when
not breeding where it parasitizes fish
including herring, sprat and flounder
(Maitland 2003). As such this species
Source: wikimedia.org
is unlikely to come in to contact with
aggregate license areas. The sea
lamprey occurs over much of the Atlantic coastal area of western and northern Europe
but the precise habitat requirements are unknown. This species is rarely caught at sea
but is most likely to come into contact with aggregate license areas during April and
May when this species migrates to freshwater spawning grounds. Due to the small
number of sightings in the area, it is believed the waters of the MAREA region do not
represent important habitat for this species.
Value: The sea and river lamprey are listed on Annexes II and V of the EC Habitats
Directive and are UK BAP species. The river lamprey is also listed on Appendix III
of the Bern Convention, whilst the sea lamprey is listed by OSPAR.
Salmon Salmo salar: Salmon do
not breed within the region and have
been historically absent from the low
gradient rivers of East Anglia (NASCO
2009) although it is likely that they
transit through the region, effects are
unlikely to impact on access to critical
habitats for this species.
Value: Atlantic salmon are listed on
The Conservation (Nature Habitats,
Source: wikimedia.org
etc) Regulations (NI) 1995, is a
UKBAP species, is listed on Appendix III of the Bern Convention and Annexes II and
V of the EC Habitats Directive and is an OSPAR listed species.

Shads Neither Allis or Twaite shad (Alosa
alosa and A.fallax) are known to spawn
in the rivers or estuaries inshore of the
MAREA region. However little is known
about the distribution of shad at sea, where
it spends the majority of its life cycle
(Maitland & Hatton-Ellis 2003). If shad do
occur within the MAREA region it is likely
that they will be widely dispersed and at
low abundances, passing through on their
Source: wikimedia.org
migrations to spawning grounds outside of
the AODA region. As such the MAREA region is unlikely to represent important habitat for
shad.
Value: Both the allis and twaite shad are listed on Appendix III of the Bern Convention and
Annexes II and V of the EC Habitats Directive. Both species are also included in Section 9(4)
(a) of the Wildlife and Countryside Act (1981), which makes it an offence to intentionally
obstruct access to spawning areas, or to damage or destroy gravels used for spawning.
The allis and twaite shad also continue to be protected under Schedule 5 of the Wildlife
and Countryside Act (1981) in respect of section 9(1) so it is an offence to intentionally kill,
injure or take specimens. Both species are also covered by species BAP.

Smelt Osmerus eperlanus: Smelt were
historically abundant in the rivers and
estuaries of Norfolk and Suffolk, where
considerable numbers occurred on the
rivers Yare, Wensum, Thurne supporting
local fisheries. A net fishery also operated
on Breydon water during winter months,
and large quantities of smelt were reported
along the sandy shallow waters of the
east coast. However this species like
Source: wikimedia.org
many diadromous fish has declined in
recent decades as a result of pollution, overfishing, habitat loss and restricted access from
estuaries to spawning grounds as a result of weirs and other barriers.Smelt remain in the
estuary systems of the Orwell/Stour, the Wash and the Broads including the rivers Alde,
Orwell, Stour, Wensum and Bure (Maitland 2003). This species most commonly occurs in
transitional waters and only occasionally occurs in fully marine inshore waters. As such
this species is unlikely to come into contact with the aggregate license areas.
Value: Smelt are a UK species BAP

European eel Anguilla anguilla: The
European eel is a catadromous species
likely to pass through the MAREA region
on their way to spawning grounds in the
Atlantic Ocean. They are known to inhabit
the Alde-Ore river complex (Avant 2007)
and many rivers of Norfolk and Suffolk.
The Norfolk Broads and River Thames are
historically important fishing grounds for the
European eel, however, they have declined
Source: wikimedia.org
across Europe and the MAREA region is no
exception. Declines in eel populations have been noted on rivers across Norfolk but the
cause is not known. Pollution, over-fishing in the past, parasite infestation, and climate
change have all been suggested as possible causes.
Value: European eel are covered by an individual species BAP, are an OSPAR listed
species and have a current status of “critically endangered” on the global red list.

Figure 1

Mean catch of smelt from Cefas surveys 1981-1997 (from Maitland 2003)

10.5
EMU-EC-MAREA Volume 1 29/06/2012.indd 5

12/07/2012 14:31

Marine Aggregates Regional Environmental Assessment

Fish Ecology in the MAREA area

Source: Coull et al 1998, Ellis et al, 2010
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10.5

Fish Ecology in the MAREA area

Elasmobranchs

The scoping exercise highlighted the need to explore the use of the area by sharks
and rays in more detail, Table 10:2 presents the main elasmobranch species
thought to occur in the MAREA region and has been adapted from site specific
information collected for Licence Area 202.

Thornback ray Raja clavata
Adult stock: Thornback ray are widespread
and relatively abundant within the MAREA
region occurring on muddy, sandy or gravelly
substrate and rarely on rocky grounds
(Maitland & Herdson 2009).It is most
common in shallow waters of 0-60 m but is
known to occur down to depths of 280 m.
Crabs and shrimp are the main constituent of
this species diet, though numerous fish are
also eaten, including sandeel, herring and
small flat fish.
Thornback ray is one of the principal
commercial species of elasmobranch caught
© Wikimedia commons
by inshore fishermen in the MAREA region
and is landed as ‘skate’ which can also
include spotted, blonde, cuckoo and undulate rays amongst others.
Spawning and nursery: Egg capsules are laid from March to August by mature females that
migrate inshore from March-to August. The egg capsules are attached to the substrate by long
horns at each corner. Once the egg capsules have been laid the females mate with males before
the sexes segregate into unisex schools. There is insufficient data on spawning grounds for this
species though this should broadly overlap nursery grounds (Ellis et al 2011) The entire MAREA
region is considered to be a low intensity spawning ground for thornback ray (Ellis et al 2011).
Adult migration occurs between the southern North Sea and the English Channel.
Value: The thornback ray is likely to be the main constituent of landed skate by inshore fishing
vessels. There is no minimum landing size for this species.

Undulate ray Raja undulata

Source:
Coull et al 1998, Ellis et al, 2010

Adult stock: Undulate ray are restricted
in their distribution being most common
in the English channel and southern North
Sea. North Norfolk is currently considered
to be the northerly extent for this species
in the North Sea. Undulate ray are most
common between depths of 45 to 100 m
where they prey upon fish, cephalopods and
crustaceans.
Spawning and nursery: Recent reports
on spawning distribution of the undulate
ray suggest that they do not spawn or have
nursery grounds within the MAREA region.
However there is currently insufficient data
for this species (Ellis et al 2011).

© Wikimedia commons

Value: Undulate ray are a UK BAP species. It is not thought that this species contributes much
to commercial or recreational fisheries within the MAREA.
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Seasonal spawning activity
Common name

Scientific name

Dover sole
Plaice
Whiting
Atlantic herring
Bass
Lemon sole
Mackerel

Solea solea		
Polychaete worms, small soft-shelled bivalves, echinoderms, small fishes and crustacea.
Pleuronectes platessa		
Bottom-living animals, particularly shellfish e.g. cockles and razor shells; worms, crustacea, brittlestars and sandeels.
Merlangius merlangus		Shrimps, crabs, molluscs, small fish, polychaetes and cephalopods.
Clupea harengus		Small shrimps or copepods but is also known to filter-feed if needed.
Dicentrarchus labrax
Do not spawn in the MAREA region
Predator, feeding on small shoaling fish and a wide range of invertebrates e.g. shrimps, prawns, crabs, squids and molluscs (Reeve, 2007).
Microstomus kitt		
Mainly polychaete worms with variety of small invertebrates (e.g. crustacea and molluscs).
Scomber scombrus		
Zooplankton, small fish and prawns.
Trachurus trachurus (N Sea) *		
Crustacea (copepods), shrimps, small fishes and squids.
Trachurus trachurus (Western) *												
Psetta maxima		
Mainly on other bottom-living fish (e.g. sandeel, gobies), and also to a lesser extent on larger crustacea and bivalves.
Scophthalmus rhombus		
Bottom-living fishes (including sandeel and gobies) and larger crustacea (e.g. shrimps and prawns).
Gadus morhua		
Fish, e.g. herring, capelin, haddock and even other cod.
Sprattus sprattus 		
Planktonic crustacea.
Chelon labrosus		
Benthic diatoms, epiphytic algae, small invertebrates and detritus.
Liza ramada		
Epiphytic algae, detritus and small benthic or planktonic organisms, pelagic eggs and larvae.
Liza aurata		Small benthic organisms, detritus, and occasionally on insects and plankton.
Mullus surmuletus		Shrimps, amphipods, polychaetes, molluscs and benthic fishes.
Limanda limanda		
Any bottom-living animal including brittlestars, small sea urchins, fish, worms, crustacea and molluscs.
Platichthys flesus		Small fish and invertebrates (Pizzolla, 2005).
Pollachius pollachius		
Deep sea prawns and open water fish such as Clupea harengus, Ammodytes tobianus, Sprattus sprattus, Mallotus villosus amongst others.
Lophius Budegassa, L. piscatorius		
Variety of small fish (e.g. Norway pout and sandeel)
Eutrigla gurnardus		Small crustacea, such as the brown shrimp Crangon crangon and small crabs (ICES, 2010h).
Ammodytes tobianus, A. marinus, Hyperoplus immaculatus, H. lanceolatus		
Zooplankton and large diatoms, small crustacea and small fish.
Molva molva		
Other fish e.g. cod, Atlantic herring and flatfish, and juveniles especially eat invertebrates e.g. crustacea and starfish.
Scyliorhinus stellaris
Do not spawn in the MAREA region
Feed on bottom-living invertebrates such as molluscs and crustacea and on demersal fish (e.g. sharks, Scyliorhinus canicula).
Squalus acanthias		
Pellagic preys such as herring, sprat, sand eel, and mackerel as well as crustacea.
Scyliorhinus canicula		
Feed on molluscs and crustacea, small cephalopods, polychaete worms, and small bony fish.
Mustelus asterias
Do not spawn in the MAREA region
Crustacea (crabs, hermit crabs, lobsters and slipper lobsters).
Mustelus mustelus
Do not spawn in the MAREA region
Benthic crustacea including hermit and other crabs, lobster and shrimps. Also feeds on cephalopods and bony fish.
Alopias vulpinus		Small schooling fish, demersal fish e.g. herring, sardines and pilchards; squids, octopus, pelagic crustacea, and rarely seabirds.
Galeorhinus galeus		
Moderate-sized bony fish (taken alive), as well as on invertebrates such as squid, octopus, crabs, marine snails and sea urchins.
Lamna nasus		Small to moderate-sized pelagic schooling fish e.g. mackerel, pilchards and herring; gadoids; dogfish, tope sharks and cephalopods.
Cetorhinus maximus
Unknown	Small planktonic organisms: small copepods, barnacle and decapod larvae, and fish eggs.
Isurus oxyrinchus
Do not spawn in the MAREA region
Fish e.g. mackerel, tuna, bonito, and other scombrids; other sharks, sea turtle heads, squid, salps, and occasional detritus.
Raja clavata		
Crustacea and teleost fish such as sandeels, small gadoids and dragonets.
Raja montagui 		
Feed mainly on crustacea and teleost fish.
Raja brachyura		
Cephalopods, small bony fish, in particular sandeel and shrimp.
Amblyraja hyperborea
Unknown
Benthic predator with a diet consisting primarily of teleost fish, but also including a variety of invertebrates such as crustacea and molluscs.
Myliobatis aquila		
Opportunistic predator feeding on wide variety of species from the nematode, mollusc, polychaete, sipuncula, decapod crustacea and teleost groups.
Amblyraja radiata		
Opportunistic feeder, feeding on the most abundant and available prey species in an area (e.g. in the northwest Atlantic, polychaetes and decapods).
Raja undulata		
All kinds of bottom animals.
Callionymus lyra
Unknown
Polychaete worms, amphipod crustacea and molluscs, especially cockles.
Gobiidae
Unknown
Amphipods, isopods, polychaetes and chironomid larvae.
Ctenolabrus rupestris
Unknown
Benthic crustacea, molluscs and also parasites from other fish species.

Shellfish species found in the region

Fish species found in the region

Scad or horse mackerel
Turbot
Brill
Atlantic cod
Sprat or whitebait
Grey thick-lipped mullet
Thin-lipped mullet
Golden grey mullet
Red or stripped red mullet
Dab
Flounder
Pollock
Monkfish/Anglerfish
Grey gunard
Sand eel * *
Ling
Large spotted dogfish
Spurdog/spiny dogfish
Small spotted catshark / lesser spotted dogfish
Starry smoothhound
Common smoothhound
Thin-tailed thresher shark
Tope shark
Porbeagle shark
Basking shark
Shortfin mako
Thornback ray
Spotted skate
Blonde ray
Arctic skate
Common eagle ray
Starry skate
Undulate ray
Dragonet
Gobies
Goldsinny wrasse
Shellfish species found in the region
Edible or brown crab
Common lobster
Common whelk
Great or King scallop
Cuttlefish
Shrimp
Squid
Manilla clam
Mussel
Spider crab
Shrimp
Velvet swimming crab
Green shore crab

* Sup-species geographical position

Table 10:1

	J	F	M	

A	M	J	J	

habits
A	Feeding
S	O	
N
D

Cancer pagurus		
Active predator, feeding on variety of crustacea, smaller members of their own species and molluscs.
Homarus gammarus		
Mussels, hermit crabs and polychaete worms.
Buccinum undatum		
Predatory, feed on polychaete worms, other molluscs and they will scavenge carrion.
Pecten maximus		
Phytoplankton and particulate organic matter, bacteria and other microrganisms.
Sepia officinalis		Small molluscs, crabs, shrimps, other cuttlefish, and juvenile demersal fish.
Pandalus borealis		Small crustacea and worms
Loligo vulgaris		
Mainly fish but also crustacea and cephalopods, in some areas polychaetes and chaetognaths. Cannibalism also observed.
Tapes philippinarum		Suspension feeding: algae, bacteria and rotifers.
Mytilus edulis		
Bacteria, phytoplankton, detritus, and dissolved organic matter (DOM).
Maja squinado		
Omnivore, scavenger, predator.
Pandalina brevirostris
Unknown
Omnivore, scavenger, predator.
Necora puber		Invertebrates such as crustacea and molluscs and also carrion or even brown algae. More likely to be predatorial at greater depths.
Carcinus maenas		True omnivore and consumes plants, algae, molluscs, arthropods (including their own species), annelids and carrion.

* * Spawning periods are dependent on population

Species of commercial importance

Peak Activity

Reduced Activity

No Spawning or no data available

Main feeding habits for the fish and shellfish species in the AODA region
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Species		Habitat

Distribution

Spawning/nursery/migration	Feeding

IUCN's Red List

Common name	Latin name
Rajiformes

Thornback ray

Raja clavata

In-shore waters between 10 m and 60 m depth,
on soft substrates (i.e. mud and sand) as well as
gravel and rock beds.

In-shore waters between 10 m and 60 m depth,
on soft substrates (i.e. mud and sand) as well as
gravel and rock beds.

Spends the winter in deeper water, migrating inshore to breed and lay
eggs during the spring and summer, between February and September
with a peak in May and June. Juveniles more likely in shallower, coastal
waters than adults as these areas are used as nursery grounds.

Spotted ray

R. montagui

Shallow waters to a depth of 530 m, mainly
between 100 m and -500 m on soft substrates (e.g.
sand, in coastal seas and on continental shelves).

Present in the region but in lower numbers

Females lay their eggcases in shallow water in early summer from April
through to July. The embryos take 5-6 months to develop.

Juveniles: feed on small crustacea (e.g. amphipods, mysids and
crangonid shrimps).
Adults: feed on larger crustacea and small teleost fish (e.g. sandeels,
sprat, small gadoids and dragonets)
Juveniles: feeds on small crustacea (e.g. amphipods, isopods and
natantids).

Near threatened (2000)

Least concern (2007)

Adults: prey on larger crustacea and teleost fish

Feed on several species of skate (Raja spp.), dogfish (Squalus spp.),
catshark (Scyliorhinus spp.), anglerfish/monkfish, gurnards
(Dactyloptena spp.), flatfish, pilchards, herring, scad, lobsters, crabs
and cephalopods (particular Eledone spp.).

Common skate

Dipturus batis

Bottom dwelling species in coastal waters to
depths of approx. 600 m, mainly around 200 m

Occasionally present in the region, however it
is most common at depths deeper than those
encountered in the area and its status is depleted

Data on spawning, nursery and migration behaviour of elasmobranchs
are scarce.

Blonde ray

R. brachyuran

Demersal species at depths of up to 100 m and
prefer soft substrates (sand and mud).

Present in the region

Data on spawning, nursery and migration behaviour of elasmobranchs
are scarce.

Common eagle ray

Myliobatis aquila

Demersal species at depth between 0–300 m in
shallow lagoons, bays and estuaries over sand
flats on which it forages

Only occasionally encountered in the region

Data on spawning, nursery and migration behaviour of elasmobranchs
are scarce.

Opportunistic predator feeding on a wide variety of species (e.g.
nematode, mollusc, polychaete, sipuncula, decapod crustacea and
teleost groups).

Data deficient (2008)

Blue shark

Prionace glauca

Pelagic species found from the surface to at least
600 m

Regularly occur in the region

Undertake a regular clockwise trans-Atlantic migration following the
major currents. Follow the Gulf Stream from the east coast of America to
Europe and swim south along the coasts of Europe.

Feed on small pelagic fish and cephalopods, particularly squid as well
as invertebrates (mainly pelagic crustacea), small sharks, seabirds and
cetaceans (possibly carrion).

Near Threatened (2000)

Starry smoothhound

Mustelus asterias

Inshore species of continental and insular shelves
on or near the bottom from the intertidal zone
to at least 100 m depth; preference for sand and
gravel bottoms

Regularly occur in the region

Data on spawning, nursery and migration behaviour of elasmobranchs
are scarce.

Feed on crustacea which can compose up to 97% of its diet.

Least concern

Common smoothhound

M. mustelus

Inshore species, found on or near the bottom
from depths of 5–50 m around tidal flats, estuary
mouths and in shallow bays with sandy, muddy or
gravel substrate

Regularly occur in the region

Data on spawning, nursery and migration behaviour of elasmobranchs
are scarce.

Prey on benthic crustacea including hermit and other crabs, lobster and
shrimp as well as cephalopods and small bony fish.

Least concern

Spiny dogfish/spurdog

Squalus acanthias

Important species for commercial fisheries in the
vicinity of Area 202. Most common at depths of
10–200 m.

Regularly occur in the region

Highly migratory species which follows seasonal temperature gradients.
Some transatlantic migrations have occasionally been recorded.

Feed on on a wide range of pelagic prey (e.g. herring, sprat, small
gadoids, sandeel, and mackerel) as well as crustacea and molluscs
particularly when young.

Vulnerable (2006).
Critically endangered in
northeast Atlantic.

Tope shark

Galeorhinus galeus

From shallow bays up to depths of 550 m; near
the seabed.

Regularly occur in the region

Highly migratory, moving towards the poles in summer and towards the
equator in winter

Feed on a variety of bony fish as well as on invertebrates (e.g. squid,
octopus, crabs, marine snails and sea urchins)

Vulnerable (2005).
Data Deficient in northeast
Atlantic.

Juveniles: feed on small crustacea (amphipods, shrimp and crabs).
Adults: feed more on cephalopods and small fish (e.g. sandeels)

Least concern (2000)

Near threatened (2008)

Selachinorpta

Sources: Ellis et al., 2007; Dulvy et al., 2006 ; Hunter et al., 2005 ; Whitehead et al., 1986 ; Fishmap, 2010 ; Picton and Morrow, 2005; Wheeler, 1969; Shark Trust, 2009;. Compagno, 1984 in Shark Trust, 2010; Seafish, 2009; Rae, 1967; Ellis et al., 1996; ICES, 2010i

Table 10:2

Additional information on elasmobranchs.
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11.	MARINE MAMMALS AND TURTLES
11.1

Regional overview

Marine mammals include cetaceans (whales, dolphins and porpoises) and pinnipeds
(seals) and for the purpose of this MAREA, marine turtles have been included in
this section as, like marine mammals, they are visitors to the area, have a large
geographical range and are afforded some degree of international conservation
status.
Cetacean diversity and abundance off eastern England is generally low (see Cetaceans
of Eastern England factsheet from Sea Watch Foundation (SWF) website). The waters
of the central and southern North Sea are generally less than 40m depth, reaching a
maximum of 70m. The most commonly occurring species are those associated with
relatively shallow continental seas. Of the 27 species known to inhabit UK waters,
10 of these have been recorded along the coasts or nearshore waters (within 60km
of the coast) of the region since 1980 (JNCC, 1995). Of these, three are either present
throughout the year, or have been recorded annually since 1980.
Resident or regularly visiting species are the minke whale Balaenoptera acutorostrata;
harbour porpoise Phocoena phocoena, and white-beaked dolphin Lagenorhynchus
albirostris with the most frequently sighted coastal species being the harbour

Two pinniped species occur in the British Isles, the common seal Phoca vitulina and
grey seal Halichoerus grypus. Common seals in the British Isles total 5% of the world
population and 50% of the EU population. Trends in abundance are currently unclear,
but east coast populations have still not fully recovered from the phocine distemper
outbreak in 1998, which killed almost 50% of individuals (Norfolk and Norwich
Naturalists Society (NNNS), 2009). The UK population of grey seals amounts to 40%
of the world population and 95% of the EU population.
The south-eastern region holds almost 7% of the common seal population of the
British Isles (JNCC, 1995). They are concentrated in The Wash and are the only
significant common seal population in England and, as such, one of the more important
aggregations in Great Britain. There are additional haul-out sites at Blakeney Point
and Scroby Sands (Norfolk). Grey seals are less numerous in the region than common
seals. The main breeding site is in Lincolnshire (at Donna Nook) though occasionally
pups are born along the Norfolk and Suffolk coasts (JNCC, 2010).
Turtles are thought to be migratory visitors to British waters and only one species
of marine turtle has been recorded in the Anglian region – the leatherback turtle
Dermochelys coriacea which was recorded as a stranding (JNCC, 1995).

porpoise, joined offshore by the white-beaked dolphin. The SCANS-II survey used a

The bottlenose dolphin, harbour porpoise, grey and common seal and loggerhead

combination of ship based and aerial surveys to determine the absolute abundance

turtle are all listed on Annex II of the EC Habitats Directive as species whose

for small cetacean populations in the north-east Atlantic and North Seas and the

conservation requires the designation of Special Areas of Conservation (SACs). All

results of the 2005 surveys indicated that the MAREA region is on the southern edge

species of cetacean and the leatherback turtle are also listed on Annex IV of the EC

of a hotspot for harbour porpoise (SCANS II, 2006).

Habitats Directive as species requiring strict protection. Both the grey and common

Species typical of deeper water have also been recorded within the wider region
including the fin whale Balaenoptera physalus; sperm whale Physeter macrocephalus;
northern bottlenose whale Hyperoodon ampullatus; bottlenose dolphin Tursiops
truncatus; short-beaked common dolphin Delphinus delphis; killer whale Orcinus
orca, and long-finned pilot whale Globicephala melas (SWF, 2010). Some species
(e.g. fin whale, sperm whale and northern bottlenose whale) are better represented
from strandings rather than live sightings. This is probably the result of southwardmoving currents along the eastern coasts of England (JNCC, 1995).
The cetacean fauna increases progressively northwards in the North Sea, both in
numbers of animals and diversity of species. The National Whale and Dolphin Watch
conducted during June 2008 involved a week of dedicated surveys across the UK. The
findings from these surveys indicated that eastern England provided a low number
of sightings compared with all regions surveyed (eastern England – 4; maximum –
west Wales 83; minimum – southern England and Bristol Channel, both 1; N = 372).
Although this only provides a snapshot of sightings, the report highlights that the
most important regions in terms of the highest probability for cetacean sightings are

seal are listed on Annex V of the Directive which controls wild takes of the species.
All species will require assessment at a licence specific level of whether dredging
activities will cause an offence under Annex IV.

11.2

DATA AND INFORMATION SOURCES

Data for marine mammals have been collated from sightings along the coast or
nearshore waters of the Anglian region since 1975. They include national research
projects such as the UK Cetacean Atlas, Sea Watch and the Small Cetaceans in
the European Atlantic and North Seas project (SCANS II, 2006).
One of the main limitations to understanding the distribution patterns of marine
mammals and turtles is the supply of data. Data are primarily from opportunistic
sightings of individuals largely from land based positions rather than dedicated
surveys. Consequently, the distribution of marine mammals and turtles is more
likely to reflect the nature of observer schemes than a true record of their seasonal
distribution and/or ecological habits (see Evans, 2000).

Box 1: Nature conservation legislation relating to 		
cetaceans
Schedule 5 of the Wildlife and Countryside Act 1981
Covers all cetacean species and provides protection within British territorial waters
from killing and injury, sale, destruction of a particular habitat (which they use for
protection of shelter), and disturbance. Common dolphins, bottlenose dolphins and
harbour porpoises are also covered under schedule 6, which prevents them from
being used as a decoy to attract other animals. This schedule also prohibits the use of
vehicles to take or drive them, prevents nets, traps or electrical devices from being set
in such a way that would injure them and prevents the use of nets or sounds to trap or
snare them.
EC Habitats Directive
Annex II – Lists bottlenose dolphin, harbour porpoise, grey seal, common seal and
loggerhead turtle and requires that Member States designate Special Areas of
Conservation (SACs) to ensure the conservation of species on this Annex.
Annex IV – lists ‘Animal and plant species of community interest in need of strict
protection’ and includes all species of cetacean, loggerhead turtle and leatherback
turtle. The keeping, sale or exchange of such species is an offence, as is deliberate
capture, injury, killing and disturbance.
Annex V – lists grey and common seal and requires that ‘measures to ensure that the
taking in the wild of specimens of species of wild fauna and flora listed in Annex V as
well as their exploitation is compatible with their being maintained at a favourable
conservation status’.
CITES (Convention of International Trade in Endangered Species)
(www.cites.org, 2008)
Appendix I – Prohibits the commercial trade of these species.
Appendix II – Lists all cetaceans and imposes strict regulation on the trade of species
that may not be necessarily threatened with extinction.
The Bonn Convention (Convention on Migratory Species – CMS) (1979)
Protects migratory wild animals across all of their natural range, through international
co-operation, particularly those species that are in danger of extinction.
IUCN Red List of threatened species (www.iucnredlist.org, 2008)
LC = Least Concern, VU = Vulnerable, EN = Endangered, CR = Critically Endangered,
DD = Data Deficient
Convention on the Conservation of Europeans Wildlife and Natural Habitats
[The Bern Convention] 1979
This international convention, in the UK it is implemented through the Wildlife and
Countryside Act 1981 and conveys special protection to those species which are
vulnerable or endangered.
Biodiversity Action Plan (BAP)
The Governments response to Article 6 of the Convention on Biological Diversity 1994,
the Species Action Plan – details information on threats to species and the opportunity
to enhance and maintain population. A ‘Grouped’ Species Action Plan – details a
range of common policies and actions required for all species within the group.

west Wales and the eastern coast of Scotland (Sea Watch, 2008).
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The following sections describe in detail those species sighted within the MAREA

porpoise. Minke whale, and white-beaked dolphin are regularly sighted further

The MAREA region has a relatively low abundance of cetacean sightings

region. Reference to other species is provided at the end of these sections.

offshore. In addition, several species have been recorded in the wider central and

compared to the central and northerly waters of the North Sea and does not

A summary of key sensitivities is also provided.

southern North Sea region namely the bottlenose dolphin, short-beaked common

support any resident populations (though it is possible that the northern end of the

dolphin, killer whale and long-finned pilot whale (Evans, 2000; Reid et al., 2003;

area represents the southern edge of a hotspot for harbour porpoise). The central

SCANS II, 2006). Fin whale, sperm whale and northern bottlenose whale have

and southern North Sea adjacent to the coast of eastern England is generally

also been recorded, though these species are better represented by strandings

shallower than 70 m, and is generally less than 40 m deep.

11.3

CETACEANS

Cetacean sightings within the MAREA region, recorded since 1975 are shown

rather than live sightings.

on Figure 11:1. The only species regularly sighted in the area is the harbour

Harbour porpoise Phocoena phocoena
Distribution: The harbour porpoise is the smallest cetacean
found in European waters. Harbour porpoise is widely distributed
in the region in small numbers, recorded in all months of the year
but primarily between July and November, particularly September
(Reid et al., 2003). Harbour porpoise numbers and distribution
were recorded as part of the SCANS I and II surveys. In 1994,
harbour porpoise abundance was estimated from the SCANS
survey to be 341,366 animals in an area of 1,030,063 km2. The
estimate for 2005 is higher but from a larger area (1,370,114 km2
). The surveys noted a marked difference in distribution, which is
illustrated most obviously by the main concentration in the North
Sea moving from the northwest in 1994 to the southwest in 2005

Source: Sea Watch SW

Prey: Harbour porpoise mainly feed on small fishes such as young herring, whiting, pollock and sandeels,
and in winter months, sole and cod. Breeding tends to occur between May and August with a peak in June
(Evans, 2000).

White beaked dolphin Lagenorhynchus albirostris
Distribution: The white-beaked
dolphin is restricted to temperate
and sub-Arctic seas of the North
Atlantic, and is usually found
over the continental shelf. It is
recorded more frequently in the
western sector of the central
North Sea, though sightings are
made in offshore regions of the
southern North Sea. The species
Source: wikimedia.org
is fairly common and widely
distributed in offshore waters. It is recorded in all months of the year, but only
rarely between January and March (JNCC, 1995). Due to the small number of
sightings in the area, it is believed the waters of the MAREA region do not
represent important habitat for this species.
Prey: The white-beaked dolphin diet consists of a variety of fish including
mackerel, herring, cod, capelin, whiting, haddock, Trisopterus spp., navaga,
hake, scad, snow crab and various species of sandeels, gobies, flatfishes
and scaldfishes, and amongst cephalopods, the octopus Eledone cirrhosa
Reid et al., 2003).
Vocal Sensitivities: This is the most frequently recorded dolphin species
in Norfolk (NNNS, 2009). However, the most recent record relates to a dead
individual found beached at Holkham in 1999. The SCANS II surveys did not
record any white-beaked dolphins in the southern North Sea. Abundance
estimates for white-beaked dolphin in the wider North Sea were higher in 2005
than in 1994, though this was not significant.

Harbour porpoise estimated density surface (animals per km2) in 1994 and 2005. Source: SCANS II

Vocal Sensitivities: Harbour porpoises produce high-frequency sounds used for echolocation and
communication, comprised entirely of click trains produced in two narrow band frequencies 1-20 kHz (Schevill
et al., 1969; Goodson et al., 1995 all cited in Evans, 2000) and 120-160 kHz (Kamminga, 1990; Goodson et al.,
1995 all cited in Evans, 2000). Source: Sea Watch SW.

Minke whale Balaenoptera acutorostrata
Distribution: These cetaceans are the
smallest of the baleen whales and are
distributed worldwide. Minke whales occur
throughout the northern and central North
Sea. The species is rare in the southern
North Sea and seldom seen south of the
Humberside coast (Reid et al., 2003). Minke
whales are often seen close to the coast and
sometimes enter estuaries, bays or inlets.
Source: wikimedia.org
Although the species occurs year-round
on the north-west European continental
shelf, most sightings are made between May and September. During July to September,
aggregations of feeding individuals can be observed, particularly inshore (Reid et al.,
2003).

An individual was seen off Walcott
in 2008 (NNNS, 2009). This is the
first record for Norfolk since 1997.
The SCANS surveys provide
estimates of minke whale
populations for 1994 and 1995.
North Sea abundance estimates
for the species were higher in 2005
than in 1994, though this was not
significant.
Due to the small number of
sightings in the area, it is believed
the waters of the MAREA region do
not represent
important habitat for this species.

Minke whale estimated density surface (animals per km2) in
2005. Source: SCANS II

Prey: Minke whales take a wide
variety of fish such as herring, cod,
capelin, haddock, saithe, and sandeel, as well as euphausiids and pteropods
(Reid et al., 2003).
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Other cetaceans in the Southern North Sea

The following species have been sighted in the wider region of Southern
North Sea but sightings are infrequent within the Anglian region.
Bottlenose dolphin Tursiops
truncatus: The bottlenose dolphin is
considered uncommon in the central and
southern North Sea, although sightings
have occurred with increasing frequency
in recent years (SWF, 2010). It is recorded
mainly between April and September,
usually singly or in small groups, and
typically to the north of the region.
Source: wikimedia.org
Three sightings of individual animals
were recorded off the Norfolk coast in
2008 (NNNS, 2009), though one of these was of a beached individual at Heacham.
Due to the small number of sightings in the area, it is believed the waters of the
MAREA region do not represent important habitat for this species.

Short-beaked common dolphin
Delphinus delphis: The species is a
casual offshore visitor to the North
Sea and is only observed occasionally
(mainly in summer, June to September).
The most recent records in the MAREA
region refer to two dead individuals
reported from the north Norfolk coast in
1996 (NNNS, 2009). The 2005 SCANS
survey recorded no common dolphins
Source: wikimedia.org
in the North Sea. The lack of sightings
in the area suggests the waters of the
MAREA region do not represent important habitat for this species.
Long-finned pilot whale
Globicephala melas: This species is
usually recorded >10 km from the coast
associated with the continental shelf
and offshore deepwater habitats (Sea
Watch, 2008). In the southern North
Sea, the species is a rare seasonal
offshore visitor, recorded mainly
between April and November. The last
confirmed record for Norfolk was of an
Source: wikimedia.org
individual found dead on Scolt Head
Island NNR in 1992. An unconfirmed report of two pilot whales off Holme in 2008
was submitted to Birdline East Anglia (NNNS, 2009). The lack of sightings in the
area suggests the waters of the MAREA region do not represent important habitat
for this species.

Fin whale Balaenoptera physalus: The
species is recorded occasionally around
southern Britain from September to February
(Sea Watch, 2008), but individuals are very
rare in the North Sea where they are better
represented from strandings than from live
sightings (JNCC, 1995). This is probably
the result of southward-moving currents
along the eastern coasts of England. The
last record for Norfolk was in 2003, when
Source: wikimedia.org
an upper jawbone was discovered next to a
sperm whale carcass (NNNS, 2009). For this reason, the MAREA region is not thought to
represent important habitat for this species.
Sperm whale Physeter macrocephalus: In
UK waters the species occurs on the shelf
break north and west of the British Isles
and Ireland. In the North Sea the species
is better represented from strandings than
from live sightings (JNCC, 1995). As with
the fin whale, this is probably the result
of southward-moving currents along the
eastern coasts of England. This species was
last recorded in Norfolk in 2006 when an
© Brian J. Skerry
individual was washed ashore at Brancaster
(NNNS, 2009). The Norfolk and Norwich Naturalists’ Society (NNNS) holds 11 records
of sperm whale for the area since the 1960s. For this reason, the MAREA region is not
thought to represent important habitat for this species.

Killer whale Orcinus orca: The killer
whale has a worldwide distribution
in tropical, temperate and polar seas
in both the southern and northern
hemisphere. The species has a wide
distribution in the North Atlantic
and coastal northern Europe. In the
UK, it is most common in northern
and western Scotland, and rare
in the central and southern North
Source: wikimedia.org
Sea. Sightings in the northern North
Sea occur mainly between June and September. However, the SCANS II survey
(SCANS, 2006) recorded no killer whales in the central and southern North Sea.
The lack of sightings in the area suggests the waters of the MAREA region do not
represent important habitat for this species.

Northern bottlenose whale Hyperoodon
ampullatus: Northern bottlenose whales only
occur in temperate, subpolar and polar seas
in the North Atlantic. In north-west Europe,
the species is most frequently recorded in
deep water (beyond 1000m) and is rarely
seen in shelf waters of the North Sea.
In the North Sea, the species is better
represented from strandings than from live
Source: wikimedia.org
sightings (JNCC, 1995). Live sightings tend
to be followed by subsequent stranding of
the individual. Several strandings of Northern bottlenose whales have been reported
over recent years in shallow waters of southern and south-eastern England. The species
has only been recorded twice in Norfolk since the 1960s , and both sightings have been
of dead individuals. For this reason, the MAREA region is not thought to represent
important habitat for this species.
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Conservation Status
				
Schedule 5			
Common
Scientific
Sighted within Sighted in the	Wildlife &	EC Habitat
CITES
Name
Name 	MAREA
North Sea
Countryside Act
Directive (annex)
(Appendix)

Bonn
Convention
(Appendix)

IUCN Red		
Data List
Bern
Species (2009.2)
Convention

Biodiversity
Action	Ecology &
Plan	Feeding

Range

											
	Sub-arctic and cool temperate coastal
											Generalist; pelagic,
waters but also occurs over most
Harbour porpoise
Phocoena phocoena
Yes
Yes
*	II, IV	II	II	
LC	II	
Harbour porpoise species plan
mid and bottom feeder
of the European continental shelf		
									

											Generalist; pelagic, 	Temperate, tropical and sub tropical
Bottlenose dolphin
Tursiops truncatus
Yes
Yes
*	II, IV	II	II	
LC	II	Small dolphins group plan
mid and bottom feeder
coastal waters

Short-beaked 											Generalist; pelagic,
common dolphin
Delphinus delphis
Yes
Yes
*	IV	II	II	
LC	II	Small dolphins group plan
mid and bottom feeder

Minke whale

Balaeonoptera						
acutorostrata 	No
Yes
*	IV	I	II	

LC	III	

Baleen whales group plan

Oceanic coastal waters

Plankton feeder and small fish

Oceanic and migratory

Fish and marine mammals

Oceanic; sub-arctic to tropical waters

Cetaceans

Other cetaceans not sighted in the MAREA but found within the North Sea

Killer whale

Orcinus orca	No

Yes

*	IV	II	II	

DD	II	Toothed whales group plan

White-beaked
dolphin

Lagenorhynchus										Generalist; schooling fish,
albiorostris	No
Yes
*	IV	II	II	
LC	II	Small dolphins group plan
crustaceans and cephalopods

Cool temperate and sub-arctic waters

Long-finned 											
pilot whale
Globicephala melas	No
Yes
*	IV	II	II	
DD	II	Toothed whales group plan

Cephalopods, fish and
crustaceans

Deep cold temperate to sub-polar waters
of both hemispheres

Fin whale

Balaenoptera physalus	No

Yes

*	IV	I	II	

EN	III	

Plankton feeder, fish and squid

Oceanic and deep water

Sperm whale

Physeter macrocephalus	No

Yes*

*	IV	I	I & II	

VU	II	Toothed whales group plan

Mesopelagic and deep sea squid		

Northern
bottlenose whale

Hyperoodon ampullatus Yes*

Yes*

*	IV	I	II	

DD	II	Toothed whales group plan

Benthic and bottom feeders

Baleen whales group plan

Cold deep water

Pinnipeds

Other marine mammals and turtles sighted within the MAREA
							
(Baltic and Wadden
Common seal
Phoca vitulina
Yes
Yes
-	II, V
-	Sea populations only)

Turtles

						
Grey seal
Halichoerus grypus
Yes
Yes
-	II, V

Leatherback turtle

Table 11:1

Dermochelys coriacea

Yes

Yes

LC

-

-	Inshore foragers

-	II				
(Baltic Sea populations only)
LC	III	
-

-	IV	II	I	

CR	II	

Marine turtles group plan

Coastal sub-tropic to arctic waters

Fish, crustaceans and
cephalopods

Coastal temperate and sub-arctic
water in the northern hemisphere

Pelagic feeders; jellyfish

Oceanic; sub-tropical and tropical

Marine mammals and marine turtles recorded within the MAREA area and wider English Channel region (Sources: Hampshire Wildlife Trust; Marine Life; Sea Watch; Sussex Biodiversity Records Centre; Evans, 2000; Reid et al., 2003; Jones et al., 2004; Solandt, 2008; key to conservation designations and abbreviations is given at end of chapter).
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Common Seal Phoca vitulina

Grey Seals Halichoerus grypus

Distribution: Common seals can be found all around the UK coastline, preferentially hauling out at sandflat and estuarine habitats, Common seals
are one of the most widespread pinniped species, with a practically circumpolar distribution in the Northern Hemisphere. Approximately 54% of
the European sub-species breed in the North Sea, and Britain is home to around 33% or 28,550 individuals of this population. On the east coast,
their distribution is more restricted with concentrations in The Wash, Firth of Tay and the Moray Firth.

Distribution: Population studies
estimate that just under half of the
world’s grey seals live in the waters
around the UK. Studies show that there
are very low numbers of grey seals that
pass through the region, sometimes
staying for a period of time (http://
www.hwt.org.uk, 2010).

Common seal distribution at sea is constrained by the need to return periodically to land. Until recently, the available data showed that common
seals were unlikely to be found more than 60 km from shore, but recent studies have shown that common seals from Scotland, Denmark and
the Netherlands are distributed widely across the North Sea. The distribution and movements of common seals around the coast of Britain was
recently re-assessed by Sharples et al. (2008). Diurnal haul-out behaviour was found to differ seasonally within, as well as among, regions.
Common seals haul-out on tidally exposed areas of rock, sandbanks or mud. Pupping occurs on land from June to July, during which time females
Source: wikimedia.org
and pups spend a high proportion of their time ashore. Moulting predominately occurs in August, but extends from July into September. At this
time of year, as well as other times of the year, common seals haul-out on land regularly in a pattern that is often related to the tidal cycle. Individuals are generally faithful to particular haulout sites within a season (Thompson, 2008).
The east English coast population (Donna Nook to Scroby sands) was 21% higher in 2009 compared to the previous year’s count, but the population was <7% lower than pre-2002 counts before the phocine distemper virus epidemic occurred throughout the UK (SCOS, 2010).
The marine usage map (obtained from Sharples et al.), 2008; shows a prediction of where common seal populations spend their time at sea using data obtained from the Satellite Relay Data
Logger (SRDL) and additional information on the numbers of animals counted at haul-out sites throughout the area. It is noted that denser areas of usage are close to haul-outs in the Northern
Isles and the west of Scotland, where animals are foraging close to haul-out sites. Areas of usage cover a wider area in The Wash, where animals are foraging at much greater distances from
haul-out sites.
Prey: Common seals are generalist
feeders, preying on a varied diet of
sandeel, cod, herring, sprat, flatfish,
sprat, octopus and squid. They eat
around three to five kilograms of
food per seal per day, and normally
forage within 31 miles of their haul
out site (Evans, 2000).
Vocal Sensitivities: Pinnipeds
communicate by vocalising in the
frequency range from 50 Hz to about
60 kHz (Richardson et al., 1995 in
Madsen et al., 2006).

11.4

Common seal breeding season distribution and status,
based on aerial counts of adults at haul-out sites
Adapted from SCOS, 2007

Marine usage of the populations of common seals
around the coast of Britain
Adapted from Sharples et al., 2008

PINNIPEDS

Both the seal species found in the British Isles are recorded within the Anglian
region - the common seal Phoca vitulina and the grey seal Halichoerus grypus.

11.5

MARINE TURTLES

Although five species of marine turtle have been recorded in UK waters, the
only turtle species to be reported in the MAREA region is the leatherback turtle

		
Estimate
Region
2007-2009

Previous
estimate
2000-2005

Earlier
estimate
1996-1997

Blakeney Point

372

709

311

The Wash

2,829

1,946

2,461

Donna Nook

267

421

251

Scroby Sands

165

57

65

Other east coast sites

347

153

137

Total England

4,000

3,306

3,240

Total UK

25,652

33,366

29,733

Extensive information on the
Source: Wikipedia Jessica Redfern
distribution of British grey seals at sea
is available from studies of animals
fitted with telemetry tags. At sea, movements range from short-range return trips
from haul-out sites to local foraging areas, to extended journeys between distant
haul-out sites. Grey seals spend approximately 40% of their time near or at haul-out
sites, 12% of their time foraging and the remainder travelling between foraging areas
and haul-out sites (McConnell et al., 1992; McConnell et al., 1999; Hammond et al.,
2008). Approximately 80-90% of their time at sea is under water, and diving behaviour
varies in relation to their activity. Grey seals frequently forage over sand/gravel
seabed types, the preferred habitat of sandeels (Hammond et al., 2008).
Foraging trips from haul-out sites usually last between two and five days, and seals
forage between 50-145 km from haul-out sites (McConnell et al., 1999; Hammond et
al., 2008; Thompson et al., 1996)
Prey: In the UK, grey seals feed mainly on fish that live on or near to the sea bed, and
will also take some crustaceans and squid.
Vocal sensitivities: Pinnipeds communicate by vocalising in the frequency range
from 50 Hz to about 60 kHz (Richardson et al., 1995 in Madsen et al., 2006).

Common seal count data by region
Adapted from SCOS, 2010

Dermochelys coriacea. Since 1980 the corpse of one leatherback turtle has been

bottlenose dolphin is also occasionally recorded in the MAREA region. Species

recovered from the Norfolk coast (JNCC, 1995).

rarely sighted in the MAREA region include: common dolphin, long-finned pilot
whale, fin whale, sperm whale and northern bottlenose whale. The latter three

11.6

are better represented in the MAREA region as strandings rather than live

MARINE MAMMALS AND TURTLES SENSITIVITY

sightings.

The Anglian region is not considered a hotspot for any species of marine mammal

In the wider region the white-beaked dolphin, harbour porpoise and minke

or turtle found throughout the North Sea. However, several species have been

whale are regularly sighted within the central and southern North Sea. Species

sighted within the MAREA region – the most frequently sighted species are

occasionally sighted within the central and southern North Sea include: fin whale,

harbour porpoise, white beaked dolphin, minke whale and common seal. The

sperm whale, killer whale, and northern bottlenose whale.
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Figure 11:1

Marine mammal and turtle sightings within the MAREA region since 1975. Source: SeaWatch Foundation and European Seabirds at Sea (ESAS) data since 1975.
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There are a number of potential direct and indirect impacts of aggregate

references

extraction on marine mammals:

Bonn Convention, 1979. Appendices I and II of the Convention on the Conservation of Migratory Species
of Wild Animals (CMS)(as amended by the Conference of the Parties in 1985, 1988, 1991, 1994,
1997, 1999, 2002 and 2005) Effective: 23 February 2006 http://www.cms.int/documents/appendix/
Appendices_COP8_E.pdf

l

Decreased feeding success and prey availability in areas of increased
activity-related turbidity. The removal of substratum and benthos relates
to effects on the food chain and potential impacts on prey availability.

Convention of International Trade in Endangered Species (CITES), 2008. www.cites.org

Increased turbidity may displace fish species which form a significant part of

Evans P.G.H., 2000. Marine Mammals in the English Channel in relation to proposed
dredging scheme. Available [Online] at http://www.seawatchfoundation.org.uk/docs/
Evans2000MarineMammalsEnglishChannelDredgingScheme.pdf

the diet of these species;
l

l

vessels;

Goodson A.D., Kastelein R.A., and Sturtivant C.R., 1995. Source levels and echolocation signal
characteristics of juvenile harbour porpoises (Phocoena phocoena) in a pool. In: Nachtigall P.E. (Ed.).
Harbour porpoises: Laboratory studies to reduce bycatch.

Behavioural and stress related reactions to increased noise and activity of

Hammond, P., Duck, C., Hall, A. and Pomeroy, P., 2008. Grey Seal Halichoerus grypus. In: Harris S, Yalden
DW (eds) Mammals of the British Isles: Handbook, 4th Edition. The Mammal Society, pp. 538-547.

Death or injury due to collisions with dredging and other activity-related

support vessels and mining, and from support base or onshore processing
operations.
Given the mobility of these species, it is unlikely that there will be any significant
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12. ornithology
		

12.1

Regional overview

The UK offshore and coastal waters are recognised as important sites for many

l

Subject to special protection measures (e.g. under EU or domestic legislation);

l

Species for which the study areas have some significance at some stage
in the annual life cycle (typically in numbers exceeding 1% of the national

internationally protected bird species and their populations. The coastlines and

population);

waters of the MAREA region support valuable feeding, breeding and roosting
grounds for a number of bird species. This is largely a function of its unique

l

specialised habitat); and/or

position on the East coast. Its diversity of habitats attract and shelter a wide
range of breeding, wintering and migratory bird populations. The MAREA region
is estimated to hold 1% or more of the nationally important populations of

Species that are for some reason susceptible to habit loss (e.g. highly

l

Species that are susceptible to even small increases in adult mortality
(essentially long lived birds with low reproductive output).

inshore seabirds (Pollock, 2009).
The importance of the region for birds is reflected in the fact that Norfolk attracts

For these reasons, most emphasis was placed upon studies of long lived, large

more visiting birdwatchers than any other British county with Suffolk the second

bodied birds, essentially marine waterbirds. Coastal birds included the gulls,

most visited. The designation of six Special Protection Areas (SPA), namely Alde

terns and cormorants. Pelagic sea birds included in the study were auks, divers,

and Ore Estuaries, Broadland, Breydon Water, Great Yarmouth and North Denes,

fulmars and gannets.

Benacre to Easton Bavents and Minsmere-Walberkshire supports this. Under
the EU Birds Directive (Directive 2009/147/EC) these SPA’s provide protection to
habitats supporting migratory birds and certain threatened bird species. Three
SPAs within the MAREA region have an international assemblage qualification1
for supporting a wetland of special interest for over 20,000 waterfowl.

through the following:
Council Directive 79/409/EEC on the conservation of wild birds:
Commonly cited as the EU Birds Directive. This Directive requires member
states to classify terrestrial and marine Special Protection Areas (SPAs) for
species identified on Annex I of the Directive and for migratory species occurring
regularly but not identified on Annex I (full list is available on the JNCC and
Europa websites). In addition, Article 4.2 of the EU Birds Directive requires the

Special Protection Area (SPA): SPAs are designated for nationally or

nature of their habitat. Annex I species present in the MAREA region include
the coastal species: Mediterranean gull Larus melanocephalus, sandwich tern

stellata.

internationally important populations of breeding or wintering birds. In the
MAREA region, there are 6 sites (see Chapter 13 Nature Conservation). These
were designated for the presence of breeding gull and tern colonies (April
to September). In 2005, JNCC published recommendations which assess the
potential for seaward extensions to SPAs (Reid & Webb, 2005). None of the

In addition, the region supports numerous key national breeding populations

listed species for extension is designated within the current MAREA region

of seabirds, wintering waterbirds and wildfowl. This includes the lesser-black-

SPAs, but they do occur in low densities throughout the region (e.g. divers and

back gull Larus fuscus, black-legged kittiwake Rissa tridactyla and guillemot

sea ducks).

Uria aalge. Arctic breeding birds such as pomarine Stercorarius pomarinus and

The Convention on Wetlands of International Importance especially

arctic skuas S.parasiticus and the divers (Gavia species) migrate up the Eastern

Only limited data are available on the number of open sea-bird species present

Atlantic flyway and may coincide with the MAREA region during their spring

in the North Sea although Evans (1973) lists 19 such species, with a winter

and autumnal migrations.

population of 21 species.

conservation obligations to bird species of international interest. These are met

in their habitat or requiring particular attention for reasons of the specific

the open sea, intertidal mudflats and inland areas. They usually migrate over the

fulmar (Fulmarus) and the gannets (Sulidae).

Under the Bern and Bonn Conventions, the European Community has

least 20,000 waterfowl.

and roseate tern S. dougalli, and the pelagic species red-throated diver Gavia

of the winter. Pelagic birds include the divers (Gavidae), the auks (Alcidae), the

resident and migratory bird species.

Directive, those in danger of extinction, rare, vulnerable to specific changes

open-sea. The coastal populations breed along the coast, collecting food from

collecting food from the open sea but normally stay in open sea for the duration

UK and international legislation exists to promote the conservation of both

protection of wetland areas and qualifies sites if they support populations of at

Sterna sandvicensis, common tern S. hirundo, little tern Sternula albifrons

(Laridae) and terns (Sternidae). The pelagic birds also breed along the coast,

Nature Conservation for birds within the
MAREA region

The species listed in Annex I of the Birds Directive are, according to the

Bird populations fall into two groups, 1) coastal or littoral, and 2) pelagic or

sea at the end of the breeding season. Coastal or littoral birds include the gulls

12.2

as Waterfowl Habitat - Ramsar Convention or Wetlands Convention:
Adopted in Ramsar, Iran in February 1971 and ratified in the UK in 1976. The
Convention covers all aspects of wetland conservation and wise use. The

Seabird species with internationally important breeding populations in the

UK has chosen to underpin the designation of its Ramsar sites through prior

In order to identify those bird receptors that are most sensitive to impacts from

vicinity of the MAREA region include lesser black-backed gull and little tern,

notification of these areas as Sites of Special Scientific Interest (SSSIs).

aggregate extraction in the region, this baseline assessment has focused on

while nationally important species are sandwich tern, common tern and great

Accordingly, these sites receive statutory protection under the Wildlife &

those species that meet one or more of the following criteria:

crested grebe Podiceps cristatus (Mitchell et al., 2004). In addition, the offshore

Countryside Act (WCA) 1981.

waterfowl long tailed duck and scaup Aythya marila may over-winter in the area

The African-Eurasian Waterbird Agreement (AEWA): Established under

1International

assemblage qualification: a seabird assemblage of international

importance; the area qualifies under Article 4.2 of the Directive (79/409/EEC) by
regularly supporting at least 20,000 seabirds.

and considerable numbers of divers may pass through the region on passage.

the Bonn Convention on the Conservation of Migratory Species. The AEWA

There are no major breeding populations of offshore seabirds in the region,

covers 255 species of birds depending ecologically on wetlands for at least

although fulmar and guillemot are present along the east coast throughout the

part of their annual cycle. The Agreement requires the monitoring of migratory

year (Jones et al., 2004).

species of duck during the breeding season.

.
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12.3

Data and Information Sources

Data sources include the following national and regional datasets:
European Seabirds at Sea (ESAS): carried out from 1979-2002, it is one of the
most comprehensive seabird datasets covering the east coast of England. The
data provides a good spatial coverage of seabird density of the MAREA region
at an ICES rectangle level (An ICES rectangle is equivalent to 0.5° latitude by
1° longitude).
New Seabird Colony Register (Seabird Monitoring Programme): is composed
of several long term datasets including Seabird 2000 (1998-2002), operation
Seafarer (1969-1970) and the Seabird Colony Register (1985-1988). More
specifically, Seabird 2000 was a census of all UK seabird nesting counts in
Britain and Ireland. The census obtained distribution patterns and population

12.4

Habitats in the MAREA region

Regional scale bird population distributions are largely influenced by the
availability of habitats and other local environmental factors, such as
temperature, height above sea level, rainfall, availability of food and proximity
to suitable nesting sites (Fraser and Ainley, 1986; Skov et al., 1994; Hunt and
Schneider, 1987). The seaward distribution of birds within the MAREA region is
presented in Figure 12:3.
All bird species have particular habitat and resource requirements. These include
appropriate nesting conditions, refuge from predators and the availability of
plants and other animals on which to feed. However, it is the size of the available
habitat area that is critical to survival and so to breeding success. Ultimately, if
these resources do not exist, bird species will not occur (Wiens, 1989).

counts for 26 species of seabird that regularly breed in the UK and Ireland

The same habitats can support several different bird species. Their co-existence

The census also provided baseline numbers for poorly surveyed species (Walsh

is possible because feeding occurs on different prey sizes and types, and nest

et al., 1995).

building has different material requirements. The MAREA region provides a

Operation Seafarer and the Seabird Colony Register: these are census
studies conducted prior to Seabird 2000 and monitored population trends over
15 years (Mitchell et al., 2004). The register is an online database of all colony
counts and breeding seabirds within the UK.
Wetland Bird Survey (WeBS): is a joint scheme of the British Trust for

network of similar habitats with four estuaries supporting a range of intertidal
and subtidal features. The occurrences of favourable habitat for both coastal
and open-sea birds have been afforded protection through SPA and other nature
and wildlife conservation designation (see Table 12:3). The distribution pattern
of birds across the MAREA region is characteristically uneven.

Intertidal mudflats and saltmarshes
Many birds inhabit expanses of mudflats uncovered by the tide and saltmarshes intersected by water channels. These sites are particularly important
as wintering grounds for waders and wildfowl migrating from their northern
grounds. Salt-marsh and estuaries also provide important roosting areas for
wintering gulls and breeding areas for gulls and terns in the summer months.
Offshore
The ESAS surveys found that the most commonly recorded offshore seabirds
sighted in waters of the wider area were northern gannet Morus bassanus,
black-legged kittiwake, northern fulmar Fulmarus glacialis and lesser blackbacked gull. All species were widespread across the entire east coast with peak
numbers found further north of the region in deeper waters.
Areas of particular importance for inshore and offshore seabirds in the Anglian
region are identified with Cook and Burton, 2010 (Figure 12:1), and Figure 12:2
shows the location of areas of particular importance, including any designated
SPAs in relation to Anglian aggregate areas.

12.5

Key sites within the MAREA region

The MAREA region supports a number of nationally important sites for coastal
seabirds. Great Yarmouth and North Denes is considered one of the most important

This section describes the range of habitats within the MAREA region:

sites along the East Anglian coast for nationally important colonies of Mediterranean

Freshwater margins and inland waters

of the Lesser black-backed gulls breeding within the UK so is internationally and

Common tern and great crested grebe are two of the species found within the

nationally important for this species. Broadlands is nationally important for its

region that inhabit freshwater margins, marshes, lakes, rivers and reservoirs,

Additional literature and data source: site specific coverage of bird species

numbers of Great crested grebe and Cormorant Phalacrocorax carbo. Other hotspot

although they also forage for food along the seashore. They tend to fly shorter

within the MAREA region include the Norfolk and Suffolk Bird Reports.

areas within the MAREA region include Oulton Dyke, River Waveney, Breydon

distances than seabirds in search of food and breed in coastal wetlands rather

Water and Berney Marshes and Horsey Mere on the River Thurne.

Data constraints: It should be noted that seabird surveillance and monitoring

than more exposed coastal areas.

programmes are research initiatives driven by funding availability and hence

Intertidal and seashore

coverage could be biased. The monitoring for protected areas provides regular

supporting 5% or more of the national breeding population for one or more

The MAREA region is estimated to hold 1% or more of the nationally important

dedicated surveys of sites of national and international importance, but these

species. A total of 21 seabird species have been recorded at sea within the region

populations of inshore seabirds (Pollock, 2009). Species included in this estimate

focus on known elements e.g. the surveillance of known over-wintering sites.

(Evans, 1973) Generally most areas of open sea have relatively low numbers of

include black headed, lesser black backed, herring and Mediterranean gulls and

species. However, it is difficult to assess which species and to what extent they

In addition, ESAS does not provide 100 percent coverage of the ICES rectangles

little, sandwich and common terns and cormorant.

utilise the region as they are unevenly distributed spatially and temporally.

due to lack of survey effort. This is likely to induce seasonal variations in

Many inshore seabirds are dependent on the tide. At low tide, a vast expanse

the data.

Figure 12:1 and Figure 12:2 also indicate which sites outside of the Anglian

of prey species that would otherwise be inaccessible to all but the diving birds,

region are considered important given they support species that have a foraging

are exposed. The shore habitat is exploited fully by scavenging gulls, terns that

range that overlaps with the region.

Ornithology (BTO), the Wildfowl & Wetlands Trust (WWT), Royal Society for
the Protection of Birds (RSPB) and JNCC. It monitors non-breeding waterbirds
in the UK using monthly land-based counts undertaken by volunteers, mainly
conducted in the winter months.

gull and Little tern. The Alde and Ores Estuary complex supports over a quarter

A number of important seabird colonies are found within the MAREA region,

scoop up fish near the surface, and ducks which dive to mussel beds in shallow
water (Drive Publications Ltd, 1969).
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			Minsmere						Lowerstoft		
		
Alde/Ore
RSPB		
Southwold	Easton
Benacre		
Ness		Great Yarmouth /	Hickling		Holmes	Winterton
	Orfordness	Estuary
reserve
Thorpeness	Harbour
Bavents
Broad
Kessingland
Point	Gorleston
Breydon water
Broad
Sheringham
Dunes
Dunes
Northern fulmar
Manx shearwater
Balearic shearwater

✔
✔
✔

✔
✔
✔
✔

Corys shearwater
Sooty shearwater
European storm petrel

✔
✔

Great cormorant
Shag

✔
✔

Great skua

		

✔

		

Pomarine skua
Long-tailed skua
Mediterranean gull
Black-headed gull

		

✔

Common gull
Lesser black-backed gull
Herring gull
Great black backed gull
Sabine’s gull

		

		

✔

Little gull

Birds within the MAREA region

✔

✔
✔

✔
✔
✔
✔

✔
✔
✔
✔

✔
✔
✔
✔
✔
		

✔
✔
✔
✔
✔
✔

		

Iceland gull
Glaucous gull
Black-legged kittiwake
Sandwich tern

✔
✔
✔
✔

		
		
		

Roseate tern
Common tern
Arctic tern
Little tern
Black tern
Red-throated diver5

✔
✔
✔
✔
✔

		

Great northern diver
Great crested grebe

		

✔

✔
✔
✔

Slavonian grebe
Black-necked grebe

✔
✔
✔
✔
✔

✔
✔
✔
✔
✔

Smew
Velvet scoter

✔
✔

Common goldeneye
Long-tailed duck
Scaup
Common eider
Guillemot
Razorbill

✔
✔
✔
✔

✔
✔
✔

		

Little auk

		

Puffin

		

Grey phalarope

		

✔

✔

✔
✔
✔
✔
✔

✔
✔
✔

		

✔
✔

✔

✔

✔
✔
✔
✔
✔

✔
✔
✔

✔
✔
✔

✔

✔

✔

✔
✔
✔

✔
✔
✔

		

✔
✔
✔

		

✔

✔
✔
✔
✔
✔
✔
✔
✔

✔
✔
✔
✔
✔
✔
✔
✔

		
		

		

✔

✔

			

✔
✔
✔
✔

✔
✔

✔

✔
✔
✔
✔
✔
✔
✔
✔
		

✔
✔
✔
✔

✔
✔
✔

✔
✔
✔

✔
✔
✔
✔
✔
✔
✔
✔
✔

✔
✔
✔
✔

✔

			

✔
✔

✔
✔
✔
✔
✔
✔

		

✔

✔
✔

✔

		

✔

✔

		

✔
✔
✔
✔

✔

		

✔
✔
		

✔
✔
✔
✔
✔
✔
✔

✔
✔
✔

✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔

✔
✔
✔

		

✔

		

		

✔
✔
✔
✔

✔
✔

		

✔

Red-breasted merganser
Common scoter

✔

		

✔
✔
✔
✔
✔
✔
✔
✔
✔

Black-throated diver
Red-necked grebe

✔
✔

✔

				

✔

Arctic skua

Table 12:1

✔
✔
✔
✔

		

Leaches storm petrel
Northern gannet

✔
✔

✔
✔
✔

✔
✔
✔
✔

✔
✔

✔
✔

✔
✔

✔
✔
✔

✔
✔
✔
✔
✔

✔

✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔

		

✔
✔
✔
✔
✔
✔

✔

✔
✔
✔

✔

✔
✔

		

			
			

✔

			

		

✔
✔
✔
✔
✔
✔
✔
✔

✔
✔
		

✔
		

✔
✔

✔

✔

		

✔

✔
✔
✔
✔
✔
✔
✔

✔

✔
✔

		
		

✔
✔
✔

✔

✔
✔
✔
✔
✔
✔
✔
		

✔
		

✔
✔
✔
✔
		
		

✔
✔
✔

✔

Summary of important coastal sites for seabirds in the MAREA region (Source: Norfolk and Suffolk Bird Reports 2008).
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Breeding seabirds

that are widely distributed and abundant during both seasons e.g. lesser black

		Feeding Behaviour and 		
Species
Diet	Foraging Range

The waters within the region are of national and international importance for a

backed and black headed gulls owe their success to the versatility of their feeding

number of seabirds. Breeding colonies for several species exist along the east

habits. These species are opportunistic, capable of exploiting underwater prey by

Northern fulmar	Sandeels, sprat, zooplankton,
squid, fish discards and offal
		
		

Feeds on surface and occasionally
shallow plunge dives to c. 4m.
Mean foraging range of approx.
70 km, up to a maximum of 664 km.

coast and birds from these colonies, as well as other seabirds, may use the

dipping and shallow diving behaviour, foraging in the intertidal zone for crustaceans

waters to feed.

and polychaetes, they also exploit artificial food sources at sea by following ferries

Northern gannet

Mackerel, haddock,
sandeels, fish discards
		
		

Plunge dives from heights up to
40m. Mean foraging range of
approx. 140 km, up to a maximum
of 640 km

Prey availability within the MAREA region is subject to seasonal variations. Food

Lesser black-backed gull

Omnivorous, fish,
discards, offal
		

Feeds on surface or shallow
plunge dives. Mainly coastal
foraging range in summer.

Herring gull

Omnivorous, fish,
discards, offal
		

Feeds on surface or shallow
plunge dives. Mainly coastal
foraging range in summer.

harengus, sprat Sprattus sprattus and mackerel Scomber scombrus, are prey for

Great black-backed gull
Fish, discards, seabirds
		

Feeds on surface. Mainly coastal
foraging range in summer.

Black-legged kittiwake	Sandeels, sprats, young
herring, discards
		
		

Feeds on surface or shallow
plunge dives. Mean foraging range
of approx. 25 km, up to a maximum
of 200 km.

Guillemot	Sprats, herring, gobies,
whiting, haddock, sandeels
		
		

Dives from surface to depths of
c. 60 m. Mean foraging range of
approx. 25 km, up to a maximum of
200 km.

The coastal habitats are remote from the aggregate dredging areas of the MAREA

Razorbill	Sandeels, herring, sprats,
molluscs, crustaceans
		
		

Dives from surface to depths of
c. 15 m. Mean foraging range of
approx. 10 km, up to a maximum
of 51 km.

This ability to move is a factor of the range a bird can cover, the distance over

further south. During recent decades many species including the lesser black

which a nesting species can forage during the breeding season varies according

backed gull have shown an increasing trend to winter in the UK, whilst previously

to species. Northern fulmar Fulmarus glacialis, for example, may feed 400 km or

these species would have moved south. It is likely that this is a result of the milder

more from their breeding colony (Dunnet & Ollason, 1982), whilst others such as

temperatures experienced here which may be linked to climate change.

Table 12:2

12.6

Diets, feeding behaviours and foraging ranges for characteristic bird species within the
MAREA region.

Feeding

land and seaside towns looking for scraps.

availability is another driver in the distribution of seabirds. Moreover, if oceanic

Large populations of overwintering seabirds visit the Anglian region, due to three

conditions are unsuitable, seabirds will move to more productive areas outside

main factors; the relatively mild maritime climate influenced by the Atlantic Ocean

the region.

and Gulf stream which make UK overwintering temperatures markedly higher than

Many fish species such as sandeel Ammodytes tobianus, Atlantic herring Clupea
the majority of marine bird species (Skov et al., 1995). These prey species and their
plankton life stages tend to aggregate around frontal conditions where deeper,
nutrient-rich waters mix with warmer, sunlit surface waters (Lloyd et al., 1991;
Pingree et al., 1978).
The MAREA region provides a network of suitable habitats for coastal and pelagic
birds in the intertidal and subtidal where prey species are densely aggregated.
region. The subtidal areas are will be subject to change from the physical impacts
of dredging. It is here that the focus of the impact assessment will be directed.

other regions at corresponding latitudes, thus a shorter post breeding migration
is necessary for birds that breed in Arctic regions and northern Europe(including
red throated divers, skuas, common scoter) than would otherwise be required
(Musgrove et al 2011). The Anglian region has substantial and heterogenous
coastal habitat whose varied landscape supports a rich and varied seabird
community. Of primary importance to the Anglian region is the influence of
the Wash, Outer Thames and Humber estuaries which are highly productive
feeding and roosting sites. The sea of the Anglian region is also an extremely
heterogenous environment providing estuarine, deepwater, rocky coast as well
as shallow sand and gravel beds providing a mosaic of habitats for seabirds and
their prey. Third, the Anglian region is located along the East Atlantic Flyway and
is situated between breeding grounds to the north and important wintering areas

the Little tern Sterna albifrons, rarely feed more than a few kilometres from their
breeding colonies.

Life history

and fishing boats, as well as on land where they forage over refuse tips, arable

Table 12:2 opposite provides further information on the foraging ranges of some

12.7

Characteristic birds within the MAREA region

This section describes a selection of bird species found within the Anglian region

Seabirds use the MAREA region during key periods of their life including breeding

of the characteristic species of the region.

and roosting but the region is also important to migratory species or for over-

Overwintering /Migratory

Additional data is provided for those species that are considered characteristic

A number of seabirds pass through the UK on migration to/from breeding grounds

of the region or which have particular ecology, habitat preferences, life history or

in the Arctic or Scandinavia and more southerly wintering areas. The migration of

distribution patterns that spatially overlap with the effects of aggregate extraction.

wintering. Several factors will determine the sensitivity of species to change
dependent upon the function, for example breeding species and colonies will be
highly dependent upon the availability of suitable habitat, whereas the presence
of suitable prey will be more significant to over wintering species. Species that
are reliant on habitats and prey within the intertidal zone and coastal fringes are
sensitive to changes in wave patterns and conditions at the shore, in particular
those with preferred habitats that are only found in a small number of areas for
example Little terns nesting on shingle ridges.

these species is irregular and often varies in volume considerably between years.

highlighted as most susceptible to the impacts and effects of aggregate dredging.

The following section and Table 12:3 shows characteristic species found within

In the summer the inshore waters of the Anglian region are important breeding

the MAREA region and their conservation status. Particular consideration is given

grounds for many seabirds including terns, gulls and cormorants that feed in

to any Annex I species designated under SPAs within the region. Cook and Burton,

inshore waters. Many species that use these feeding grounds during the winter

2010 aims to provide an overview of current knowledge of the potential impacts

are absent from Anglian coastal waters during the summer months. Red throated

of marine aggregate dredging on seabirds and provided a review of what is known

divers, common scoter and auks are mainly winter visitors to the region. Species

about the effects of marine aggregate extraction on seabirds and waterbirds and
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their supporting habitats and prey. It assessed the sensitivity of seabirds and

value. The report concluded that the East Coast aggregate region, has 30 seabird

UK birds can be split into three categories of conservation importance - red, amber

waterbirds to marine aggregate extraction and identified species and areas of

SPA features which may be vulnerable to the effects of marine aggregate dredging.

and green. Red is the highest conservation priority, with species needing urgent

high ecological vulnerability for birds with regards to dredging.

This area has a high concentration of SPAs including, Great Yarmouth to North

action. Amber is the next most critical group, followed by green.

The findings of this report have been used to inform which species have been
screened in for the impact assessment in terms of species of nature conservation
		
		Foraging
Regional
distance 				
Species
population
offshore
Reference
Little Tern

Denes, Breydon water, Minismere to Walberswick, Alde-Ore estuary, Benacre,
North Norfolk coast, Flamborough head and the Outer Thames estuary which has
been proposed as a potential marine SPA due to the high numbers of red throated

The following section identifies the status for individual species characteristic of
the region.

divers occurring there during winter. Figure 12:1 below provides an indication
of the relative ecological vulnerability of the region taken from Cook and Burton,
2010.

Red list criteria (RSPB; 2010)
l

Globally threatened

l

Historical population decline in UK during 1800–1995

l

Severe (at least 50%) decline in UK breeding population over last 25

Alde-Ore Estuary (b);
4.6 km
Benacre to Easton
Bavents (b) Great
Yarmouth North
Denes (b); MinsmereWalberswick (b)
	North Norfolk
Coast (b);		

(Perrow et al. 2006)

Common Tern

Breydon Water (b);

6.3 km

(Becker et al. 1993)

Sandwich Tern

Alde-Ore Estuary (b)

10 km

(Furness & Tasker 2000)

Amber list criteria

Lesser black
backed gull

Alde-Ore Estuary (b)

20 km

(Furness & Tasker 2000)

l

Herring gull

Alde-Ore Estuary (b);

10 km

(Furness & Tasker 2000)

Mediterranean gull	North Norfolk Coast (b)

75 km

(Poot 2003)

Black headed gull

Alde-Ore Estuary (b)

15 km

(Brandl & Gorke 1988)

Kittiwake

Flamborough Head and
Bempton Cliffs (b)

50 km

(Furness & Tasker 2000)

Guillemot

Flamborough Head
and Bempton Cliffs (b)

14.4 km

(Thaxter et al. 2008, 2009)

Razorbill

Flamborough Head
and Bempton Cliffs (b)

18.4 km

(Thaxter et al. 2010)

50 km

(Furness & Tasker 2000)

20 km

(Platteuw 1995)

Puffin

Flamborough Head
and Bempton Cliffs (b)

Cormorant

Abberton reservoir
(B & nb), Breydon
water nb, North
	Norfolk nb, the
Wash nb.
Gannet

since the first BoCC review, starting in 1969)
l

Hamer et al. 2000 from
Cook & Burton 2011

Divers do not breed in the AODA region, 		
therefore foraging distances from colonies
are not included here. They are primarily
associated with sea fronts and sandbanks
along the continetal shelf during winter

nb: non breeding and b: breeding
Table 12:3

Severe (at least 50%) contraction of UK breeding range over last 25
years, or the longer-term period

Species with unfavourable conservation status in Europe (SPEC =
Species of European Conservation Concern)

l

Historical population decline during 1800–1995, but recovering;
population size has more than doubled over last 25 years

l

Moderate (25-49%) decline in UK breeding population over last 25
years, or the longer-term period

Flamborough Head
223 km
and Bempton Cliffs (b)		

Red throated diver
Outer Thames estuary (nb)
		
		
		
		

years, or longer-term period (the entire period used for assessments

Likely foraging ranges of characteristic seabirds within the Anglian region.

l

Moderate (25-49%) contraction of UK breeding range over last 25
years, or the longer-term period

l

Moderate (25-49%) decline in UK non-breeding population over last 25
years, or the longer-term period

l

Rare breeder; 1–300 breeding pairs in UK

l

Rare non-breeders; less than 900 individuals

l

Localised; at least 50% of UK breeding or non-breeding population in
10 or fewer sites, but not applied to rare breeders or non-breeders

Figure 12:1

Relative ecological vulnerability of marine aggregate extraction areas (source: Cook and
Burton , 2011)

Additional information is provided in Table 12:3 on the likely foraging ranges and
this has been considered within the impact assessment process for bird receptors,
however, the MAREA takes a precautionary approach to the assessment on bird
receptors and assumes a presence across the region taking into consideration the

l

Internationally important; at least 20% of European breeding or nonbreeding population in UK

Green list
l

Species that occur regularly in the UK but do not qualify under any of
the above criteria

presence and location of seabird colonies and designated SPAs.

12.5
EMU-EC-MAREA Volume 1 29/06/2012.indd 5

12/07/2012 14:32

Marine Aggregates Regional Environmental Assessment

Figure 12:2

Location of SPAs and seabird colonies across the region.

12.6
EMU-EC-MAREA Volume 1 29/06/2012.indd 6

12/07/2012 14:32

Marine Aggregates Regional Environmental Assessment

Black headed
gull

Mediterranean
gull

Lesser black
backed gull

Herring gull

Great black
backed gull

Kittiwake

Little tern

Sandwich tern

Common tern

Roseate tern

Guillemot

Razorbill

key

l l l l l Density of birds sighted per km2
Puffin

Cormorant

●

location of existing SPA

■

extent of existing SPA

■

likely foraging range from SPA

■

marine aggregate dredging zone

	Source: Cook and Burton, 2010

Table 12:4

Offshore bird distributions in relation to AODA marine aggregate licence areas.
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Guillemot

Black-headed gull

Cormorant

Black-legged kittiwake

Uria aalge

Larus ridibundus

Phalacrocorax carbo

Rissa tridactyla

© Wikimedia commons

Overview: Short winged penguin like bird that has
chocolate brown upper parts. Some northern birds
have white spectacle like marks on their faces. It is
an amber listed species.
Distribution: One of the most abundant seabirds
in temperate and colder parts of the northern
hemisphere.

Season: Guillemots are numerous offshore
throughout the year.

Food: Guillemots feed on a variety of small pelagic
shoaling fish, especially lesser sand eels, sprat
and members of the Gadidae, which they catch by
underwater pursuit after diving from the surface.
Tidal fronts are believed to be important foraging
zones for auks (and many other seabirds) with prey
being brought to the surface by flow gradients.

Breeding: Breeds on inaccessible cliffs mainly in
north and west of Britain and Ireland. Does not breed
in MAREA region.

Conservation status: AMBER

© Wikimedia commons

Overview: Black-headed gull is commonly found
along the East coast. They are usually seen in small
groups or flocks, often gathering into larger parties
where there is plenty of food, or when they are roosting.
Black-headed gull is an Amber List species and is listed
on Annexes I and II of the EU Birds Directive.
Distribution: Black-headed gull is widespread across
the MAREA region, especially in Alde & Ore estuary and
significant concentrations or large colonies are found in
East England

Season: Black-headed gull can be found in the
MAREA region all year round.

Food: Black-headed gull feeds on worms, insects,
mammals, fish, carrion and sewage and offal in towns.
During the breeding season black headed gulls typically
forage within 15 km of their colonies on intertidal and
agricultural land, where they prey upon arthropods,
bivalves and crustaceans. Black headed gulls are also
known to forage from refuse tips.

Breeding: Black-headed gull is the most widely
distributed seabird breeding in Britain, with similar
numbers breeding inland as on the coast. The majority
of the breeding population is resident throughout the
year, with numbers increased during winter months by
birds from northern and eastern Europe, especially in
the east and southeast of England. It lays 1-2 eggs in
April-May. The incubation is about 13 days and chicks
fly after 21 days.
An estimated 1582 pairs breed at the Alde-Ore estuary
SPA. These birds may be exposed to increased shipping
from the aggregate industry as well as sediment plume
affects.

© Wikimedia commons © Rosse Grutto

Overview: Large bodied, long necked bird.
Powerful bill and long sloping forehead. Is an Amber
List species and is listed on Annexes I and II of the
EU Birds Directive.
Distribution: Found all around the coast. Breeds
at Breydon Water SPA, one of the only sites on the
East coast where this species is known to breed. Its
population at this site is declining sufficiently enough
to issue a long term medium alert (BTO) meaning that
this species could be upgraded from green to amber
conservation status.

Season: Resident throughout the year. Birds move
away from breeding colonies after young fledge.
The Ouse washes is an important site for wintering
cormorant regularly supporting 259 individuals
representing 2% of the population in Great Britian.

Food: Feeds on fish especially flatfish such as plaice
and flounder.
Cormorants have a limited foraging range from
their breeding colonies. However breeding birds at
Abberton reservoir are able to exploit freshwater as
well as marine environments.

Breeding: Build huge nests of sticks and seaweed.
Both parents brood up to 4 eggs which hatch after 30
days. Chicks fledge at 50 days.

© Wikimedia commons © Rosse Grutto

Overview: Black-legged kittiwake is a medium-sized gull with a small yellow bill, dark eye, short black legs and grey back.
In flight the black wing-tips show no white, unlike other gulls. The population is declining in some areas, perhaps due to a
shortage of sandeels. After breeding, birds move out into the Atlantic where they spend the winter.

Distribution: Black-legged kittiwake is a pelagic gull. Its colonies are present all around the UK during the breeding season.
In late summer and autumn it can be seen flying past offshore, or collecting at roosts. This species spends the winter months
out at sea.
Outside the breeding season the species disperses from its colonies and is essentially oceanic being frequently associated
with fronts, tidal upwellings and offshore sandbanks during the non-breeding season. River plume fronts as well as upwelling
fronts appear to offer predictable food opportunities attracting substantial numbers of kittiwakes in the non-breeding season
(Markones and Garthe 1996).

Season: Black-legged kittiwake arrives back in the UK at colonies sites from February and stays on the breeding grounds in
spring and summer - staying until August. Non breeding birds can be seen offshore throughout the year.

Food: Black-legged kittiwake feeds on energy-rich species such as sandeels, sprats, young herring, shrimps and worms.
Around the British Isles, during the breeding season Black-legged Kittiwakes feed mainly on small (15-20 cm) pelagic shoaling
fish such as sandeels Ammodytes spp., sprats Sprattus sprattus and young herring Clupea harengus. Kittiwakes actively
search for guillemots and razorbills that drive bait balls of fish to the surface enabling the Kittiwakes to catch them.

Breeding: Black-legged kittiwake usually has a clutch of one to three eggs between May and June. It is adapted to nesting
on vertical rocky sea-cliffs. The incubation is 26-28 days with the young leaving after 40-45 days.
This species is not known to breed within the AODA region. The nearest colonies are at Flamborough head and Bempton Cliffs
where 83,370 pairs representing 2.6% of the UK breeding population. Birds from this colony are not likely to forage within
AODA during the breeding season

Conservation status: AMBER

Abberton Reservoir is important for breeding
populations of the cormorant. This public water
supply reservoir supports 490 breeding pairs which
migrate from the surrounding coasts during the
breeding season (March to June).

Conservation status: green

Conservation status: AMBER
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Arctic Skua

Great Crested Grebe

Common tern

Herring gull

Stercorarius parasiticus

Podiceps cristatus

Sterna hirundo

Larus argentatus

© Wikimedia commons © Rosse Grutto

© Wikimedia commons © Rosse Grutto

Overview: A dark gull like bird with long pointed
central tail feathers and long narrow wings giving
raptor like flight.

Overview: Great crested grebe is diving bird. Black
and chestnut crest is present in summer.

Distribution: A passage migrant through the

Important populations occur at Broadlands SPA.

MAREA region.

Season: Recorded in MAREA region area during
spring as they migrate to northern breeding grounds
and again in the autumn as they head for their
wintering grounds off of the coast of Africa.

Food: Feeds mainly on fish which it obtains by
harassing other seabirds.

Breeding: Almost always lays 2 eggs. Both sexes
incubate and hatch within 25-28 days. Does not breed
until at least 3 years old. Does not breed within the
MAREA region.

Conservation status: recently moved straight

from green to RED

Distribution: Found all along the MAREA region.
Season: Birds move from freshwater lakes
to coastal areas in the autumn, remaining here
overwinter. In the winter Abberton reservoir regularly
supports 39,763 waterfowl including around 132
great crested grebe (approximately 1.3% of the UK
wintering population).

Food: Mainly fish and aquatic invertebrates.
Breeding: Lays 2-6 eggs which hatch within 28
days. Often have two broods.

Conservation status: green

© Wikimedia commons © Rosse Grutto

© Wikimedia commons

Overview: Common tern is a silvery-grey and white bird frequently hovering over water before plunging down for fish. They

Overview: Most abundant and familiar of the large

are often noisy in company and breed in colonies. Common tern is an Amber List species and is listed on Annexes I and II of
the EU Birds Directive

gulls breeding within Britain often associated with
human activities. Grey back and wings. Fierce looking.

Distribution: Common tern breeds along coasts with shingle beaches and rocky islands and is widespread across the

Distribution: It is found on all UK estuaries with

MAREA region, especially in Breydon Water where 155 pairs make up 1.2 % of the UK breeding population. Migrating birds
can be seen offshore in autumn.

largest numbers in winter. Large breeding colony
present at Orfordness.

Season: Common tern can be seen throughout the summer - they arrive in April and leave in August and September. They

Season: Present throughout the year but numbers

are most obvious when feeding young as they will fly some distance for food, returning to the nest site with a fish.

swell in winter as continental birds head west.

Common terns are strongly migratory and are absent from the AODA region during the winter months, returning to breed there
during April to June. Once the breeding season is completed the birds disperse heading south.

Food: Common tern feeds mainly on small marine and freshwater fish and aquatic invertebrates by plunge diving often from
a hovering position.
Most common tern forage 5-10 km from breeding colonies, occasionally feeding at sea 15 km offshore (Birdlife International
2012).. Common Terns feed on small fish up to 15 cm long and sometimes crustaceans and insects. Clupeids, gadoids and
sandeel are reported to be important food sources for UK birds.

Breeding: Common tern breeds at coastal and inland locations including Great Yarmouth, Winterton and Pewet Island. It
often lays 1-2 eggs in mid-May-June with incubation of about 23 days.
Common tern nests are shallow depressions on open substrates with little or no vegetation placed near a vertical object (e.g.
rock, shell, plant or rtifact) to provide shelter for chicks and to facilitate nest identification. Nest sites include the edges of
bare sand amongst vegetation, rocks or logs, open areas and the margins of vegetation on beaches., Breydon water hosts an
important breeding colony of this species, with 181 pairs recorded having fledged chicks during 2008 (NNNS 2008) and a 5
year mean of 155 pairs or 1.3% of the UK breeding population. The majority of these birds nested on artificial rafts. The north
Norfolk coast is also provides important breeding habitat for this species with 460 pairs regularly breeding there (3.7% of the
UK breeding population).

Conservation status: AMBER

Food: A wide range of food, from fish, offal, carrion to
seeds and fruit.
Herring gulls typically forage within 10 km of their
breeding colonies opportunistically visiting mudflats,
rubbish tips, farmland and the marine environment
where they can be seen feeding upon discards from
commercial fishing boats (Cook & Burton 2011). Bivalves
including cockles and mussels as well as shore-crabs
form an important aspect of this species diet.

Breeding: Clutch of 2-4 eggs incubated by both
adults for 28-30 days. Young are well camouflaged and
covered in down. Leave nest after 2-3 days but remain
in territory. They fly at 35-40 days and quickly become
independent after 3-4 weeks.
The Alde-Ore Estuary SPA supports 2250 pairs of herring
gull during the breeding season.

Conservation status: RED
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Common Scoter

Lesser black-backed gull

Little tern

Melanitta nigra

Larus fuscus

Sternula albifrons

© Wikimedia commons

© Wikimedia commons

© Wikimedia commons

Overview: Deep bellied dark sea duck with pointed

Overview: The Lesser black-backed gull has a dark grey to black back and wings, yellow bill and legs. Their world population

Overview: Little tern is the UK's smallest tern. It is short-tailed and has a fast flight. It is noisy at its breeding colony. Its

tail. Forms large wintering flocks.

is found entirely in Europe. After declines in the 19th century due to persecution they increased their range and numbers. Once
expanding, it is now in serious decline in many parts of its range. The species is on the Amber List because the UK is home to
40% of the European population. It is also listed on Annexes I and II of the EU Birds Directive.

vulnerable nesting sites and decline in Europe make it an Amber List species. It is also listed on Annex I and II of the EU Birds
Directive

Distribution: Small numbers breed in Ireland and
northern Scotland. Larger numbers winter around the
British coast.

Distribution: The Lesser black-backed gull is found around the UK's coastline, including the MAREA region in summer,

where flocks congregate to migrate.

especially at the Alde & Ore estuary where 21,700 pairs nest, making up 17.5% of the European population. More than half of
its UK population is found at fewer than ten sites. The species is increasingly common in urban habitats, feeding over fields
and rubbish tips.

Food: Chief food is molluscs which it locates by diving.

Season: The Lesser black-backed gull can be found all year round. UK breeding sites are left in July and August and birds

Breeding: Does not breed within the MAREA region.

start to return as early as December. Large numbers of Scandinavian birds, which are darker than UK breeding birds, start to
arrive in October.

Conservation status: RED

Food: The Lesser black-backed gull is omnivorous – it scavenges a wide range of food: small fish, shellfish, seaweed and

Season: Birds head south from breeding grounds

even at rubbish dumps.
The Lesser Black-backed Gull is not considered to be so much a scavenger but more a piscivourous, open-sea feeding gull
compared to other large gulls (Bustnes et al 2010). Assuch they may be more likely to be exposed to dredging activity than
other gulls (Burton & Cook 2011). However this species is known to occur at inland refuse tips as well as targeting discards
from fishing vessels. Breeding adult Lesser black backed gulls were tracked using GPS during 2008. Maximum distance from
the nest was between 44 and 84km depending on the individual, birds spent between 5 and 45% of their time at sea, with
some trips lasting several days but mean trip length was 7.9hrs (n=78) (Shamoun-baranes et al 2011).

Breeding: Lesser black-backed gull lays around 2 eggs in May-June. The incubation is about 27 days with the young flying
after about 5 weeks.
The Alde and Ore estuaries are particularly important for Lesser black backed gulls supporting over 14,000 breeding pairs (11.3
% of the UK breeding population). This species is also known to nest on the docks at Great Yarmouth, Lowerstoft and Languard
(NNNS 2008 and SNS 2008).

Conservation status: AMBER

Distribution: Little tern is a strictly coastal species found around the UK coastline at suitable breeding beaches. Significant
populations are found within the MAREA region e.g. Great Yarmouth & North Denes 9.2% of UK breeding population, Benacre
to Eastern Bavents 2.2%, Minsmere 1.2%, Alde & Ore estuary 2%

Season: Little tern is a summer visitor to Europe, arriving in April and May. Return migration starts in August and continues
into September.

Food: Little tern mainly feed on small fish and invertebrates by plunge diving, often from a hovering position.
Little Terns have the most inshore distribution of all terns, are seldom seen more than 1km from the coast and forage closer to
the breeding colonies than other tern species (Allcorn et al 2003). They usually fish in very shallow water varying from only a
few centimetres deep, to 1 m deep, often over the advancing or receding tideline or over sand-banks close to the coast when
feeding resources are apparently scarce near the seashore (Allcorn et al 2003). In a study at Scroby Sands, England, radiotransmitters were attached to Little Terns; birds with an active nest were found to occupy a range of less than 6.3 km2 (Perrow
et al, 2006). Prey species, for both adults and their chicks; consist mainly of small, often juvenile, fish such as young sandeel
and clupeids; and invertebrates, especially crustaceans and insects (Birdlife International 2012).

Breeding: Little tern usually has clutch of two to five eggs in May. The incubation is about 22 days by both parents. Chicks
fly after about 4 weeks.
Little terns breed between May and July usually in solitary pairs or small monospecific groups usually of 1-15 pairs and
rarely over 40 pairs (del hoyo 1996) However large breeding colonies occur at certain locations within the AODA region.
Three hundred and fifty pairs were present at Great Yarmouth, North Denes during the 2008 breeding season, with 164 birds
fledged. The five year average for this site is 220 pairs, representing 9.2% of the UK breeding population. Other important
local breeding populations include Minismere-Walberswick, where 41 pairs attempted nesting during 2008 with 33 young
successfully fledged (five year average of 28 pairs or 1.2% of the UK breeding population), the Alde-Ore estuary supporting
about 48 breeding pairs or 2% of the UK breeding population, Benacre to Easton Bavents (21 pairs or 0.9% of the UK breeding
population)and the North Norfolk coast (330 pairs, 13.8% of the UK breeding population) are also important areas for this
breeding bird. The SPA’s within and surrounding the AODA region contain over a quarter of the national breeding population of
this Annex 1 species.

Conservation status: AMBER
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Long tailed duck

Mediterranean gull

Northern gannet

Northern fulmer

Red-breasted merganser

Clangula hyemalis

Larus melanocephalus

Morus bassanus

Fulmarus glacialis

Mergus serrator

© Wikimedia commons

© Wikimedia commons

© Wikimedia commons

© Wikimedia commons

© Wikimedia commons

Overview: Small neat sea duck. Brown and white,

Overview: Mediterranean gull has white wing-

Overview: Adult northern gannets are large and

Overview: Almost gull-like, the northern fulmar is

Overview: Red-breasted merganser belongs to the

males have long tail giving this species its name.

In spring migrates north to breed.

tips with a large beak, bright red when adult. The
Mediterranean gull is the most recent addition to the
species of seabirds breeding in Britain and Ireland. It
has undergone a significant expansion of their range
in recent decades. Its present UK breeding population
makes it an Amber List species and is listed on Annexes
I and II of the EU Birds Directive.

bright white with black wingtips. They have a long neck
and long pointed beak, tail, and wings. At sea they
often travel in small groups. They feed by flying high and
circling before plunging into the sea from height of up to
25m to depth of 20m. It breeds in significant numbers at
only a few localities and so is on the Amber list of the
UK population status.

a grey and white seabird related to the albatross. It
flies low over the sea on stiff wings, with shallow
wingbeats. During breeding season they feed in flocks
out at sea and defend their nests from intruders by
spitting out a foul-smelling oil. It is on the Amber list of
the UK population status.

sawbill family, so called because of their long, serrated
bills, used for catching fish. Red-breasted mergansers
are most commonly seen around the UK's coastline in
winter. They are gregarious, forming flocks of several
hundred in the autumn.

Food: crustaceans and molluscs including mussels,

Distribution: Previously only known as a winter

Distribution: Can be seen offshore almost anywhere

Distribution: Northern fulmar is found offshore,

Distribution: The UK breeding population is

migrating visitor, Great Yarmouth flock has been
identified as the most important site within the MAREA
region with birds reaching three figures for the first
time in 2008 (NNNS 2008). This species is also found
at Minsmere, where it attempted to breed in 2008,
Breydon Water, and Southwold. Seabird 2000 estimated
that 113 pairs now breed in Britain and Ireland, with
most colonies on the south and south-east coasts of
England (Mitchell et al., 2004).

and throughout the MAREA region, especially when
they migrate south in August and September.

except when breeding when it is often near suitable
cliffs. It is most abundant along the Scottish coastline
but is also found in the MAREA region.

Season: They arrive at their colonies from January

Season: Present at the breeding sites nearly all year,

onwards and leave in August and September. Nonbreeding birds can be seen at any time around the
coasts and the main migration period offshore is during
the autumn.

although young birds leave in late summer. Can be most
easily seen offshore, away from breeding areas from
August to November.

Distribution: found within MAREA region from North
Norfolk coast south to great Yarmouth

Season: Winters on the sea within the MAREA region.

cockles, clams and crabs.

Breeding: Does not breed within the MAREA region.
Conservation status: GREEN

Season: All year round. This species is migratory with
the majority of birds heading south during the winter
months.

Food: During breeding season Mediterranean gull
feeds on insects, gastropods, small numbers of fish
and rodents. When not breeding, it targets marine fish,
molluscs, insects, berries, seeds and offal.
Mediterranean gulls forage on both cultivated land
and marine areas. Terrestrial habitats are increasingly
important during the breeding season where they to this
species during the breeding season should negate any
impacts associated with aggregate extraction.

Food: Northern fulmar feed on fish waste discarded by

estimated at 2200 pairs. None breed within the MAREA
region. In winter the UK population of Red-breasted
mergansers swells to about 11,000 individuals. It is
these wintering birds that frequent the shores and
estuaries within the MAREA region.

Season: UK wintering birds start to flock on the coast
from July, reaching a peak in December. Birds from N
Europe also arrive in late autumn. They return to their
breeding areas in N. Europe and Greenland in March.

Food: They feed mainly on fish of up to 30cm in length.

commercial fishing, zooplancton and crustaceans.

Breeding: Gannet are not known to breed within the
AODA region. They do breed at Flamborough head and
Bempton cliffs to the north and due to this species large
foraging range it is possible that breeding birds may
forage in the AODA region.

Breeding: Northern fulmar is breeding in May and
usually lays one egg. The incubation is about 52 or 53
days and the chick leaves after about 53 days. It reaches
its maturity between 6 and 9 years old.

Food: Red-breasted merganser mainly feeds on small
fish and aquatic invertebrates.

Conservation status: AMBER

Breeding: Red-breasted merganser does not breed
within the MAREA region.

Conservation status: AMBER

Conservation status: green

Breeding: Most of the breeding population nests
within black-headed gull colonies at coastal wetlands.
Breeding Approximately two pairs are known to breed
on the North Norfolk Coast SPA.

Conservation status: AMBER
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Red-throated diver

Roseate tern

Sandwich tern

Grey phalarope

Gavia stellata

Sterna dougallii

Sterna sandvicensis

Phalaropus fulicarius

© Wikimedia commons

© Wikimedia commons

© Wikimedia commons

© Wikimedia commons © Rosse Grutto

Overview: Red-throat diver is listed as amber on

Overview: Roseate tern is white-looking with long

Overview: Overview: Sandwich tern is a white tern, with a black cap on its head, a long black bill with a yellow tip and

Overview: The Grey Phalarope is a small distinctive

the UK conservation list. Only
regularly in the UK.

tail-streamers, a black cap and beak with a reddish
base. In summer adults have a pinkish tinge to their
underparts which gives them their name. It is one of
UK’s rarest seabirds and its severe, long-lasting and
well documented decline make it a Red List species. It is
listed on Annexes I and II of the EU Birds Directive and
is included in UKBAP 2007.

short black legs. In the UK, many of the important colonies survive because they are on nature reserves. Sandwich tern is an
Amber List species and is listed on Annexes I and II of the EU Birds Directive.

wader more likely to be encountered swimming rather
than wading. Females are more colourful than males of
the species.

small numbers breed

Distribution: Most European birds breed in Iceland,
Greenland and Scandinavia with a few breeding at there
southern limit in Scotland and Northern England. In the
non-breeding season, it moves south from their arctic
and northern breeding areas to winter in temperate
areas.

Season: Red-throat diver is found on breeding
grounds in north-west Scotland from April-September.
Some migrate others stay in UK. It can be found all
year around but the British population rises from
approximately 1000 in the summer to 5000 birds in the
winter.

Food: Divers are visual predators seizing prey items in
their bill. They feed almost exclusively on small fish and
have been known to dive to 8 m in pursuit of their prey.
Red throated occur almost exclusively in the marine
environment in sheltered shallow waters up to 2 km
offshore during winter. They are present in the AODA
region, where this bird is most likely to be found near
offshore sandbanks, where it hunts for fish. Aerial
survey data from the Outer Thames SPA, which supports
6646 individual red throated divers, or 38% of the UK
wintering population, shows that Red-throated Divers
can occur much further offshore than 2 km, where
suitable shallow sandbanks occur (Webb et al 2009)
The sandbanks are likely important foraging habitat
for this and other species. They have been recorded
moving together with the tide along rips to feed on fish
and crabs, and then flying up-current to drift back down
again, and are often associated with convergent fronts
at the confluences of large estuaries.

Distribution: Roseate tern is a strictly coastal bird,
with breeding in the UK confined to a few colonies.
Seabird 2000 recorded one pair present to the North of
the MAREA region on the North Norfolk coast (Mitchell
et al 2000).

Season: Roseate terns arrive at their breeding
colonies from mid-May, leaving again in August. Away
from their colonies they are best looked for in spring
along the south and east coasts.

Food: Roseate tern feeds mainly on small fish and
especially sandeels.
Roseate terns feed in shallow areas close to shore,
including bays, inlets and nearshore surf, and are often
associated with features that concentrate fish near the
surface, such as tide-rips, shoals and upwellings over
sandbanks or reefs, but may also forage over brackish
lagoons or estuaries.

Distribution: Sandwich tern appears to breed close to the territories of Mediterranean gulls however the latter start nesting
earlier. Sandwich tern breeds in the Alde & Ore estuary and at Great Yarmouth & North Denes.

Food: Sandwich tern feeds on fish such as sandeels, sprats and whiting through plunge-diving.
Sandwich tern forage for sandeels and herrings in shallow waters often close to the coast, in association with the edges
of sandbanks (Birdlife International 2012). Sandwich Terns mainly eat marine fish between 2 and 22 cm long. They are also
known to prey on squid, crustaceans and nereid worms as well as insects occasionally. A few days prior to egg-laying females
may feed on shell fractions to compensate for a calcium deficiency (Birdlife International 2012). Regurgitations stomach
contents of fish fed to chicks suggest that most adults feed in shallow (<20 m) coastal waters and along reefs, although a few
may feed in deeper oceanic water (Shealer 1999) In another study, only a minority of the birds fed in the larger tidal gullies
or nearby shallow waters in the Wadden Sea the majority heading offshore to the wider North Sea to feed (Garthe and Flore
2007)

Breeding: Sandwich tern usually has clutch of two eggs between May and June. The incubation is about 23 days. Chicks
leave within a few hours and fly after about 5 weeks.

Distribution: An oceanic wader that migrates across
the sea covering great distances.

Season: August to January usually seen in UK on
migration.

Food: In winter feeds on marine invertebrates and
some plant material.
Breeding: Does not breed within the MAREA region.
Conservation status: NO STATUS Unassessed as
spends a large proportion of life at sea.

Sandwich terns breed predominately to the north of the AODA region with important colonies occurring at Blakeney Point and
Scolt head island along the north Norfolk coast. 2004 pairs bred at Blakeney during 2004 raising 1529 young (NNNS 2008) and
3700 pairs regularly nest along this coastline (26.4% of the UK breeding population). The Alde-Ore estuary is also important
to the south of the AODA region, supporting 170 breeding pairs, as is Duddon with 210 pairs or 1.5% of the UK breeding
population.

Conservation status: AMBER

Breeding: Roseate tern lays 1 or 2 eggs in June-July
in colonies. The incubation is 24 days and chicks fly
after about 4 weeks.
Conservation status: RED

Breeding: Red throated diver does not breed within
the MAREA region.
Conservation status: AMBER
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						Wildlife and		Eurasian				
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Countryside Act		Waterbird		UK Species of
National/		
		
Bonn					UK
Agreement
Species of
Conservation
International
Breeding/
		
Convention
Bern	EC Birds	UK	General
Population
(AEWA)	European
Importance
threshold
Colony
Scientific
2009Convention
Directive
Biodiversity
Protection +
Status Data
Annex 2
Conservation			Migratory/
(SPEC)2 	JNCC 19963
(indiv.)
Seasonal
Common Name
Name
(Appendix)
(Annex)
(Annex)
Action Plan
Sch (Part)
Category1 	MOP4 II

		
Northern fulmar
Fulmarus glacialis

National/
International
Threshold

										Scarce breeder and fairly
	General protect						
common passage migrant.

				
		
	Scarce passage migrant,
Manx shearwater
Puffinus puffinus
Bern A2									
mainly in autumn.
									
Balearic shearwater
Puffinus mauretanicus
1
BAP 2007
GLOBAL		

✔

Very scarce, though increasing
passage migrant in autumn.

			

					
		
Cory’s shearwater
Calonectris diomedea
1 or 11								

Very scarce passage migrant
in autumn.

		
	Scarce passage migrant
Sooty shearwater
Puffinusgriseus											
in autumn.
					
		
European storm petrel
Hydrobates pelagicus
Bern A2
1 or 11								

Very scarce passage migrant
in autumn.

					
	Scarce passage migrant
Leaches storm petrel
Oceanodroma leucorhoa
Bern A2
1 or 11								
in autumn.
											
Northern gannet
Morus bassanus
	General protect
✔
	Table 4		

Common passage migrant,
mostly in autumn.

		
Above national threshold
											
(230 indiv.) in Alde complex,
											Suffolk with 270 indiv counted.
Great cormorant
Phalacrocorax carbo										
(recent 5 year mean 2008)

Common resident, passage
migrant., and winter visitor,
scarce breeder.

				
Shag
Phalacrocorax aristotles
Bern A2									

Very scarce passage migrant,
mainly in autumn.

						
		
Arctic skua
Stercorarius parasiticus
BAP 2007							

Declining passage migrant.
A few overwinter.

								
Great skua
Catharacta skua
		

Fairly common passage migrant.
A few overwinter.

✔

				

		
		
	Scarce, occasionally fairly common
Pomarine skua
Stercocarius pomarinus											
passage migrant, in autum.
								
Long-tailed skua
Stercorarius longicaudis

✔

				

	Scarce passage migrant,
mostly in autumn.

											No national threshold set.
											
Minsmere and Breydon Water
Mediterranean gull
Larus melanocephalus	II	II	I	
1(1)
✔
4 (secure)	Table 4
are sites recording 5 or more birds

Uncommon resident, winter
visitor and passage migrant.
Very scarce breeder.

								
	No British threshold set but
											
>10,000 individuals used for
											
WeBS report. Breydon Water/
											
Berney Marshes is site with mean Very common resident, winter
✔ 			
peak count of 11,723
visitor and passage migrant.
Black-headed gull
Larus ridibundus
11
	General protection
								
	No British thresholds have been
											
set, WeBS use a qualifying level
											
of 5 birds for their report.
											
Minsmere records a 5 year mean
✔ 			
of 19 birds
Little gull
Larus minutus
1
1(1)

Fairly common passage migrant.

								
Common gull
Larus canus
11

Very common winter visitor and
passage migrant. Scarce breeder.

✔				

UK

UK and
European.

											
Common summer visitor and
												
passage migrant. Scarce breeder.
Lesser black-backed gull
Larus fuscus
	III	
11
	General protect
✔
4 (secure)	Table 4		Increasing numbers overwinter.
									
												
Herring gull
Larus argentatus
11
BAP 2007
✔
✔			

Table 12:3

Common summer visitor and
passage migrant. Fairly common
breeder and overwinterer.

Characteristic birds found in the MAREA and their conservation status.
… continued over
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✔

Fairly common all year visitor.

		
Sabine’s gull
Xema sabini

✔				

Very scarce passage migrant
in autumn.

		
Iceland gull
Larus glaucoides

✔				

Very scarce winter visitor and
passage migrant.

								
Glaucous gull
Larus hyperboreus

✔				

Very scarce winter visitor and
passage migrant.

								
Black-legged kittiwake
Rissa tridactyla
	General protect

✔				

Very common passage migrant
and winter visitor.

Great black-backed gull

Larus marinus

11

											
											
											
											
✔
3 (declining)	Table 4
Sandwich tern
Sterna sandvicensis	II	II	I	
	General protect.

Above national threshold (210
indiv.) in Breydon Water with
390 indiv. counted , Sheringham
300 (Norfolk Bird & Mammal Report
2008). 200 indiv. Minsmere

National/
International
Threshold

Common summer visitor and
passage migrant.

UK and
European.

											
Roseate tern
Sterna dougalli	II	II	I	
BAP 2007
1(1)
✔
3 (endangered)	Table 2		

Very scarce summer visitor and
passage migrant. Has bred.

UK and
European.

								
											
											
✔			
Common tern
Sterna hirundo	II	II	I	
	General protect

Common summer visitor,
passage migrant and breeder.

UK and
European.

Fairly common summer visitor
and passage migrant.

UK and
European.

Fairly common summer visitor,
passage migrant and breeder.

UK and
European.

								
Arctic tern
Sterna paradisaea
1

✔				

											
											
											
✔
3 (declining)	Table 4
Little tern
Sternula albifrons	II	II	I	
1(1)
Black tern

Chlidonias niger

1(1)

Breydon Water and Berney
Marshes are a site of International
importance with 8720 birds (recent
5 years mean; 2005)

Above national threshold
(38 indiv.) in Yarmouth North
Beach 350 pairs counted (Norfolk
Bird & Mammal Report, 2008)

✔

Scarce passage migrant. Has bred. UK

								
												
Red-throated diver5
Gavia stellata
1
1(1)
✔ 				

Fairly common passage migrant
and winter visitor, very scarce
in summer.

								
Black-throated diver
Gavia arctica
1
BAP 2007
1(1)

✔

				

Very scarce passage migrant
and winter visitor.

								
Great northern diver
Gavia immer
1
1(1)

✔

				

Very scarce passage migrant
and winter visitor.

								
											
											
Great crested grebe
Podiceps cristatus
✔ 			
								
Red-necked grebe
Podiceps grisegena

Above national threshold
(159 indiv.) at Minsmere with
356 indiv. counted. (recent
5 year mean; 2008)

Fairly common resident, breeder,
passage migrant and winter visitor.

				

Very scarce passage migrant and
winter visitor.

											
Black-necked grebe
Podiceps nigricolis
	II	
1(1)
✔
	Table 4		

Very scarce passage migrant and
winter visitor.

UK

											
Slavonian grebe
Podiceps auritus	II	II	I	
1(1)
✔
	Table 4		

Uncommon winter visitor and
passage migrant.

UK

✔

								
Red-brested Merganser
Mergus serrator
11

	Scarce winter visitor and passage
				
migrant, very scarce in summer.
UK

✔

								
Smew
Mergus albellus
1

✔				

									
											
Common scoter
Melanita nigra
11
1(1)
✔
✔		
Table 12:3

Uncommon winter visitor, and
passage migrant.

Above Great Britain threshold
500 in Thorpeness & International Declining non-breeding resident,
threshold 16,000
winter visitor and passage migrant.		

Characteristic birds found in the MAREA and their conservation status.
… continued over
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Velvet scoter
Melanita fusca fusca
1(1)

✔

								
Common goldeneye
Bucephala clangula clangula
1(11)

✔				

								
Long-tailed duck
Clangula hyemalis
11
1(1)
Scaup

Athyamarila

1 or 11

1 or 11

BAP 2007

1(1)

		
Common eider
Somateria mollissima						

				

National/
International
Threshold

	Scarce winter visitor and
passage migrant.
Fairly common winter visitor
and passage migrant.
	Scarce winter visitor and

✔				
passage migrant.
✔
✔
	Scarce winter visitor.

*race 					
mollissima
✔

Uncommon winter visitor, a few
over-summer and have bred.

		
Guillemot
Uria aalge

✔				

Common passage migrant and
winter visitor.

								
Razorbill
Alca torda

✔				

Uncommon winter visitor and
passage migrant.

								
	Scarce winter visitor and
												
passage migrant, subject to
Little auk
Alle alle
✔				
occasional influxes.
								
Puffin
Fratercula arctica

✔

				

								
Grey phalarope
Phalaropus fulicarius
	No Status*

✔

				

Table 12:3

	Scarce passage migrant and
winter visitor.
Rare winter visitor and
passage migrant.

Characteristic birds found in the MAREA and their conservation status.
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Figure 12:3

Average density and diversity of Seabird Species, Seabird Count 2000 Data and Special Protected Areas within the MAREA Region. Seabird 2000 surveyed stretches of coastline divided into ‘sites’ and ‘sub-sites’ of around 1km in length (JNCC, 2008), usually based on previous count sections defined in the Seabird Colony Register Database
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13. Nature conservation, protected areas and species
		

13.1

regional overview

Currently, only 2.2% (1,800 km²) of UK waters are designated for marine
conservation (Defra, 2010). Protection for conservation areas is afforded through
international and national legislative measures. The UK is also a contracting party
to a number of Multilateral Environmental Agreements (MEAs) concerned with
nature conservation and the protection of the environment. The MEAs are verified
through international Conventions which provide a framework for EU and UK
legislation. Selected habitats and species are protected at a European and national
level through the implementation of statutory and non-statutory designations.
The Anglian offshore MAREA region contains intertidal, coastal and marine habitats

This Chapter provides a high level overview of the internationally and nationally

l

Orfordness - Shingle Street SAC:

designated conservation sites within the MAREA region, with a detailed list of the

Primary qualifying feature(s) for the SAC designation: Coastal lagoons, Annual

designated sites and the interest features they support presented in Appendix C.

vegetation of drift lines and Perennial vegetation of stony banks

In addition the chapter identifies any designated sites outside the MAREA
region that support mobile interest features whose range is likely to encompass
the region. Further designations such as Marine Nature Reserves, Voluntary
Marine Conservation Areas and Voluntary Marine Nature Reserves exist outside

In addition there are two further designated SACs encompassing coastal lagoons,
annual vegetation of drift lines and various dune environments (Figure 13:1,
Table 13:5 and Appendix C):

of the MAREA region study boundary, but are not considered relevant to this
assessment and have not been considered in this Chapter.
Appendix C also provides an overview of the relevant legislation and background
to designations mentioned in the text.

that support important numbers of seabirds, fish and marine mammal species. The
habitats and associated flora and fauna are considered to be of special interest in
both national and/or international contexts and are afforded a level of protection

13.2

through the following national legislative initiatives and designations:
l

UK Biodiversity Action Plan (UK BAP);

l

Nationally Important Marine Features (NIMFs);

l

Special Areas of Conservation (SACs);

l

Special Protected Areas (SPAs);

l

European Marine Sites (EMSs);

l

Marine Conservation Zones (MCZs);

l

Ramsar Sites;

l

OSPAR Sites;

l

World Heritage Sites;

International designations within the
MAREA region

Designations within the Anglian offshore MAREA region form an important
conservation component to the marine, coastal and intertidal ecosystems.
Aggregate extraction could potentially impact protected habitats and/or species
directly and/or indirectly through dredger presence and associated disturbance
and damage to geology, fauna and flora.
The MAREA region supports a number of marine and coastal habitats listed under
Annex I of the Habitats Directive for which Special Areas of Conservation are
designated. SACs designated in the region (and beyond) which have a marine
component are listed below: (see Figure 13:1, Table 13:4):
l

Haisborough, Hammond and Winterton cSAC:
all the time and Reefs (Sabellaria spinulosa reef).

Sites of Special Scientific Interest (SSSIs);

l

National Nature Reserves (NNRs);

l

Local Nature Reserves (LNR)s;

Primary qualifying feature(s) for the SAC designation: Estuaries;

l

National Parks (NPs);

Other Annex I habitats present as a qualifying feature: Mudflats and sandflats

l

Areas of Outstanding Natural Beauty (AONBs);

Puccinellietalia maritimae.

l

Heritage Coasts;

l

RSPB Reserves;

l

Important Bird Areas (IBAs); and
Wildlife Trust Reserves.

l

NB: This site crosses the UK 12 nautical mile boundary and is being progressed

l

l

Figure 13:1

SACs within the MAREA region (Source: Natural England, 2010)

Primary qualifying features: sandbanks which are slightly covered by seawater
Primary qualifying feature(s) for the SAC designation: Coastal lagoons.

jointly by JNCC and Natural England.
l
l

Alde-Ore and Butley Estuaries SAC:

not covered by seawater at low tide and Atlantic salt meadows Glauco-

l

Minsmere to Walberswick Heaths and Marshes SAC:
Primary qualifying feature(s) for the SAC designation: Annual vegetation of
drift lines and European dry heaths;
Other Annex I habitats present as a qualifying feature: Perennial vegetation of
stony banks.

Benacre to Easton Bavents Lagoons SAC:
Winterton-Horsey Dunes SAC:
Primary qualifying feature(s) for the SAC designation: Atlantic decalcified
fixed dunes Calluno-Ulicetea and Humid dune slacks;
Other Annex I habitats present as a qualifying feature: Embryonic shifting dunes
and Shifting dunes along the shoreline with Ammophila arenaria (‘white dunes’).

The four marine species listed in Annex II to the Habitats Directive are known to occur
in UK coastal and offshore waters. Marine mammal sightings are not considered
common throughout the MAREA region; although it is possible that the northern end
of the MAREA region study area represents the southern extremity of a hotspot for
harbour porpoise (see Chapter 11 Marine Mammals and Turtles for further details).
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Special Protection Areas (SPAs)

The Breydon Water SPA qualifies under Article 4.1 of the Directive (79/409/

l

Special Protection Areas (SPAs) are designated under the Birds Directive. The

EEC) by supporting populations of species of European importance throughout

	The Great Yarmouth North Denes SPA is located behind a wide shingle

criterion for the designation is that the SPAs support the breeding, feeding,

the breeding and wintering seasons. The site also qualifies under Article 4.2

beach, with the North Denes dune system actively accreting.

wintering or the migration of rare and vulnerable birds, listed in Annex I of the

by supporting at least or regularly over 20,000 seabirds.

The Great Yarmouth north Denes SPA qualifies under Article 4.1 of the

Birds Directive, and for regularly occurring migratory species. All sites designated

Species listed on Annex I of the Directive include the Common Tern Sterna

Directive (79/409/EEC) by supporting populations of Little Tern Sterna

Site of Special Scientific Interest (SSSI) through the Wildlife and Countryside

hirundo, Avocet Recurvirostra avosetta, Bewick's Swan Cygnus columbianus

albifrons during the breeding season.

Act 1981 (as amended) underpin SPA site designations (Natural England, 2009a).

bewickii, Golden Plover Pluvialis apricaria, Black-tailed Godwit Limosa

SSSIs are national designations which are managed in England by Natural England

limosa islandica, Dunlin Calidris alpina alpina, Lapwing Vanellus vanellus,

(explained in further detail in Section 13.3.1).

Shoveler Anas clypeata, Wigeon Anas penelope, White-fronted Goose

There are currently six designated SPAs within the MAREA region that encompass

Anser albifrons albifrons and Cormorant Phalacrocorax carbo,

l

Great Yarmouth North Denes

Outer Thames SPA:
One of only three SPAs designated in the UK for marine components.
Outer Thames SPA qualifies for its nationally important wintering red
throated diver populations.

components of marine and coastal habitats; three of them are predominantly

l

characterised by salt marshes, salt pastures and salt steppes in addition to tidal

	The Minsmere-Walberswick SPA comprises two large marshes; the tidal

Although the pSPA site crosses the 12 nautical mile boundary, over 90% of it lies

rivers, estuaries, mudflats and lagoons (Figure 13:3, Table 13:6 and Appendix C).

Blyth estuary and associated habitats. The coastal site contains areas of

within the 12 nautical mile boundary so Natural England is the lead organisation

In addition following advice from JNCC, a further two sites outside the region are

marsh with dykes, extensive reedbeds, mud-flats, lagoons, shingle, woodland

in the progression of this site.

considered given the potential for designated bird species to use the region.

and areas of lowland heath.

The Outer Thames Estuary SPA is approximately 3987.34 km² in size, with 1417.94

The Minsmere-Walberswick SPA qualifies under Article 4.1 of the Directive

km² (~36%) encompassed within the MAREA region boundary. A small area of 220.38

(79/409/EEC) by supporting populations of species of European importance

km² (~5.6%) the proposed SPA overlaps with the aggregate zones (Figure 13:2).

l

Alde-Ore Estuary SPA:

	Supports a variety of habitats including intertidal mudflats, saltmarsh,
vegetated shingle (including the second-largest and best-preserved area in
Britain at Orfordness) and saline lagoons.
The Alde-Ore Estuary SPA qualifies under Article 4.1 of the Directive
(79/409/EEC) by supporting populations of species of European importance

Minsmere-Walberswick SPA:

throughout the breeding and wintering seasons. These are the Avocet
Recurvirostra avosetta, Bittern Botaurus stellaris, Little Tern Sterna albifrons,
Marsh Harrier Circus aeruginosus, Nightjar Caprimulgus europaeus and
Woodlark Lullula arborea.

overlapping the Anglian offshore MAREA region study boundary. The central
region extends north of the Outer Thames Estuary, encompassing the coastline
from Woodbridge (Suffolk) through to Caister-on-Sea (Norfolk). This region lies
mainly within the 12 nautical mile zone, excepting two small areas which extend

throughout the breeding and wintering seasons. The site also qualifies under

partially into the 12 nm zone offshore from roughly Southwold and Sizewell

Article 4.2 by supporting at least, or regularly over, 20,000 seabirds.

(shown in Figure 13:2). The third region straddles the 12 nautical mile boundary,

Species listed on Annex I of the Directive include Avocet Recurvirostra

offshore from Lowestoft with a larger area extending well beyond the 12 nautical

avosetta, Little Tern Sterna albifrons, Marsh Harrier Circus aeruginosus,

mile zone (Figure 13:2) (Natural England, 2010).

Sandwich Tern Sterna sandvicensis, Lesser Black-backed Gull Larus fuscus

Together with the Haisborough, Hammond and Winterton cSAC, the Outer

and Redshank Tringa totanus.
l

The Outer Thames Estuary SPA is divided into three individual regions with two

Thames SPA was submitted to the European Commission in August 2011.

Benacre to Easton Bavents SPA:

In addition to the sites designated within the MAREA region, a further two sites

Low-lying coast consisting of shingle beaches, shingle bar, low cliffs and a

are considered given the species for which they are designated are known to

natural brackish lagoon

use the region. The qualifying features for both sites are listed in Table 13:6.

The Benacre to Easton Bavents SPA qualifies under Article 4.1 of the Directive
l

(79/409/EEC) by supporting populations of Bittern Botaurus stellaris, Little

	The site supports large numbers of breeding seabirds including Kittiwake

Tern Sterna albifrons and Marsh Harrier Circus aeruginosus of European

l

Flamborough Head and Bempton Cliffs SPA:

importance throughout the breeding and wintering seasons.

Rissa tridactyla and auks, as well as the only mainland-breeding colony of

Breydon Water SPA:

around the cliffs, outside the SPA, as well as feeding more distantly in the

Breydon Water is an inland tidal estuary at the mouth of the River Yare and

North Sea. The intertidal chalk platforms are also used as roosting sites,

has extensive areas of mudflats that are exposed at low tide, forming the
only tidal flats on the east coast of Norfolk.

Gannet Morus bassanus in the UK. The seabirds feed and raft in the waters

Figure 13:2

SPAs within the MAREA region (Source: Natural England, 2010).

particularly at low water and notably by juvenile Kittiwakes.
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l

North Norfolk Coast SPA:

Distance to Sub-region (km)

	It is a low-lying barrier coast that extends for 40 km from Holme to Weybourne
and includes a great variety of coastal habitats. The main habitats – found
along the whole coastline – include extensive intertidal sand- and mud-flats,
saltmarshes, shingle and sand dunes, together with areas of freshwater
grazing marsh and reedbed.

including the protection and conservation of areas that best represent the range

SPA Name

Yarmouth

Southwold

Flamborough Head & Bempton Cliffs

210

252

N Norfolk Coast

66

101

Outer Thames Estuary

Direct overlap

Alde-Ore Estuary

65

29

Under the Ramsar Convention (Ramsar Convention Bureau, 1989) a wetland site

Benacre to Easton Bavents

36

26

is classified as being of ‘International Importance’ when the site regularly holds

Breydon Water

21

47

more than 20,000 waterfowl (i.e. divers, grebes, wildfowl, waders, etc.) and/

Great Yarmouth North Denes

18

48

or the site supports at least one species or subspecies at a population level of

Minsmere-Walberswick

47

25

Table 13:1

of species, habitats and ecological processes in the maritime area (OSPAR,
2006). The Alde-Ore and Butley Estuaries OSPAR represents one of the best
examples of estuarine ecosystems in the UK (JNCC, 2002).

13.2.2 Ramsar

Distance from regional SPAs to sub-regions

13.2.1	OSPAR

Figure 13:3

(JNCC, 2011). OSPAR has defined clear aims for the OSPAR MPA network,

at least 1% of the Western European population. Similarly, a wetland in Britain
is considered to be of national importance when it regularly holds 1% of the
estimated British population of one species or subspecies of waterfowl. The
initial emphasis was on selecting sites of importance to waterbirds within the
UK, and consequently many Ramsar sites are also Special Protection Areas
(SPAs) classified under the Birds Directive.

There is one OSPAR site in the MAREA region; the Alde, Ore and Butley

There are three Ramsar sites within the MAREA region that support various

Estuaries OSPAR which is underpinned by the Alde-Ore and Butley Estuaries

components of intertidal habitats (Figure 13:5, Table 13:6 and Appendix C). Each

SAC (Figure 13:4). This site was designated in 2000 due to its ‘representivity’

site has been selected on a criterion basis as detailed:

Location of key SPAs within the Anglian region and beyond.

In addition JNCC on behalf of the country agencies are working on the
identification of further areas qualifying as SPAs. This includes work in support
of identifying possible marine SPAs for breeding terns, offshore aggregations
of seabirds and inshore aggregations on non breeding waterbirds. The MAREA
region overlaps with Areas of Search for breeding tern colony SPAs and also for
waterbirds currently subject to further analysis.
Likely foraging ranges are provided for all designated species within Chapter 12,
these, together with the distances from SPAs to the region have been used to
inform the impact assessment of designated SPA sites.
Please note that all distances provided in Table 13:1 are indicative only and
represent the distance in a straight line from the nearest point of the SPA to the
centre point of each sub-region.
Figure 13:4

OSPAR sites in the MAREA region (Source: Natural England, 2010)

Figure 13:5

Ramsar sites within the MAREA region (Source: Natural England, 2010).
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l

Alde-Ore Estuary Ramsar:

	The site comprises the estuary complex of the rivers Alde, Butley and
Ore, including Havergate Island and Orfordness. There is a variety of
habitats including, intertidal mud, sand or salt flats, saltmarsh, vegetated
shingle (including the second-largest and best-preserved area in Britain
at Orfordness), saline lagoons and sand, shingle or pebble shores. The
Orfordness/Shingle Street landform is unique within Britain in combining a
shingle spit with a cuspate foreland.
Ramsar criterion qualification:
Ramsar criterion 2;
	The site supports a number of nationally-scarce plant species and British
Red Data Book invertebrates.

Ramsar criterion 1;

Figure 13:6 (further details can be found in Appendix C).

	The site contains a mosaic of marine, freshwater, marshland and associated
habitats, complete with transition areas in between. Contains the largest
continuous stand of reedbeds in England and Wales and rare transition in
grazing marsh ditch plants from brackish to fresh water.
Ramsar criterion 2;

l

Overstrand Cliffs SSSI;

l

Sidestrand & Trimingham Cliffs SSSI;

l

Mundesley Cliffs SSSI;

l

Happisburgh Cliffs SSSI;

l

Winterton-Horsey Dune SSSI;

l

Great Yarmouth North Denes SSSI;

l

Corton Cliffs SSSI;

	This site supports nine nationally scarce plants and at least 26 Red Data Book
invertebrates. The Minsmere-Walberswick Ramsar supports a population of
the mollusc Vertigo angustior, listed under the Habitats Directive Annex II
and British Red Data Book Endangered.
The site is also an important assemblage of rare breeding birds associated
with marshland and reedbeds including:

l

Pakefield to Easton Bavents SSSI;

The site supports a notable assemblage of breeding and wintering wetland birds.

Bittern Botaurus stellaris, Gadwell Anas strepera, Common Teal Anas crecca,

l

Ramsar criterion 6 - species/populations occurring at levels of international

Northern Shoveler Anas clypeata, Marsh Harrier Circus aeruginosus, Pied

Minsmere-Walberswick Heaths & Marshes SSSI;

importance;

Avocet Recurvirostra avosetta and the Bearded Reedling Panurus biarmicus.

l

Sizewell Marshes SSSI;

Species regularly supported during the breeding season:

Most of the Ramsar sites are also covered by additional designations; the Alde-

l

Leiston-Aldeburgh SSSI; and

Lesser black-backed gull Larus fuscus graellsii;

Ore Estuary Ramsar is also designated a SSSI, NNR, and an AONB. Breydon

l

Alde-Ore Estuary SSSI.

Pied avocet Recurvirostra avosetta and Common redshank Tringa totanus
totanus.
Breydon Water Ramsar:

	This Breydon Water Ramsar is an inland tidal estuary at the mouth of the
River Yare and its confluence with the Rivers Bure and Waveney. It has
extensive areas of mudflats that are exposed at low tide and these form the
only tidal flats on the east coast of Norfolk. Breydon Water is internationally
important for wintering waterfowl.
Ramsar criterion qualification:
Ramsar criterion 5;

Water Ramsar is supported by underpinning SSSI and LNR designations, and
the Minsmere-Walberswick Ramsar is also a SSSI and NNR.

Some of the SSSIs are adjacent to each other (e.g. Minsmere-Walberswick
Heaths and Marshes SSSI, and Sizewell Marshes SSSI). The Winterton-Horsey

13.3

National designations within the MAREA
region

13.3.1 Sites of Special Scientific Interest (SSSIs)

Dunes SSSI is located within the Broads National Park.
SSSIs within the MAREA region have an outstanding assemblage of nationally
scarce coastal plants and intertidal muds (for example the Minsmere-Walberswick
Heaths and Marshes SSSI supports a variety of nationally scarce shingle plants

Sites of Special Scientific Interest (SSSIs) give legal protection to the best

(Natural England, 2010)). Additionally, waterfowl in the marsh and estuarine

sites for wildlife and geology in England. Natural England has responsibility

SSSIs (Leiston-Aldeburgh SSSI and Alde-Ore Estuary SSSI) regularly exceed

for identifying and protecting the SSSIs in England under the Wildlife and

10,000 in winter and breeding seasons as the SSSIs provides feeding grounds

Countryside Act 1981 (as amended).

and roosting sites for these birds (Natural England, 2010).

There are over 4,000 Sites of Special Scientific Interest (SSSIs) in England,
covering around 7% of the country's land area. More than 70% of these sites

13.3.2 National Nature Reserve (NNRs)

Ramsar criterion 6;

(by area) are internationally important for their wildlife, and designated as

National Nature Reserves (NNRs) are managed by Natural England and

Over winter the site regularly supports internationally important numbers of

Special Areas of Conservation (SACs), Special Protection Areas (SPAs) or

designated for the protection of UK habitats, species and geology. The NNRs are

Bewick's Swan Cygnus columbianus bewickii and Lapwing Vanellus vanellus.

Ramsar sites. Many SSSIs are also National Nature Reserves (NNRs) or Local

legally protected by the underlying designation of SSSIs (through the Wildlife and

	Internationally important waterfowl assemblage (greater than 20,000 birds)

l

along the coast encompassing intertidal habitats, listed below and shown in

Ramsar criterion 3;

	Species with peak counts in winter:

l

Ramsar criterion qualification:

Minsmere-Walberswick Ramsar:

Nature Reserves (LNRs).

Countryside Act 1981 (as amended)). In addition, the majority of NNRs also have
European nature conservation designations.

This coastal site contains areas of marsh with dykes, extensive reedbeds,

SSSIs may extend into intertidal areas, but there is no provision for marine SSSIs

mudflats, lagoons, shingle and driftline, woodland and areas of lowland heath.

beyond low water mark, although boundaries sometimes extend within estuaries

In England there are currently 222 NNRs, seven of these lie within the MAREA

The site supports the largest continuous stand of reed in England and Wales.

and other enclosed waters. Within the MAREA region, there are 12 SSSIs located

region (see Figure 13:6 and Appendix C):
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13.3.4 National Parks (NPs)

l

Winterton Dunes NNR;

l

Benacre NNR;

l

Suffolk Coast NNR;

of The National Parks and Access to the Countryside Act, 1949. NPs have two

l

Orfordness-Havergate NNR;

statutory purposes:

l

Hickling Broad NNR;

l

Holme Dunes NNR; and

l

Winterton Dunes NNR.

National Parks (NPs) are designated by Natural England under the provisions

areas of ancient open heathland, known locally as the Sandlings (Suffolk
Coasts and Heaths, 2010a).

13.3.6 Non-statutory national designations
Heritage Coasts

l

To conserve and enhance their natural beauty, wildlife and cultural heritage;

The Heritage Coast classification scheme was initiated in 1972 to protect coastline

l

To promote opportunities for the public understanding and enjoyment of

of special scenic and environmental value from undesirable development. Much

these special qualities.

of the designated coastline is owned by the National Trust. Heritage Coasts are
‘defined’ rather than designated as there is no statutory designation process.

All the identified NNRs support coastal habitats ranging from extensive sand

There are nine NPs in England, all with equal status, and account for 8% of

dune systems, saline lagoons, shingle beaches, splits and intertidal estuaries.

Definition is formalised by agreement between the relevant maritime local

England’s land area. The Broads National Park is located within the MAREA

authorities and Natural England, with most Heritage Coasts contained within the

region (see Figure 13:6), and encompasses the Broads of east Norfolk and

boundaries of NPs or AONBs. In England the Heritage Coasts are managed by

north Suffolk. The Broads NP encompasses 3.76 km² of coastline on the Norfolk

Natural England with 33% (1,057 km) of English coastline defined as Heritage

coast. The Broads NP is the largest protected wetland and third largest inland

Coasts (Natural England, 2009b).

13.3.3	Local Nature Reserves (LNRs)
Local Nature Reserves (LNRs) are statutory designations made by principal
local authorities, under Section 21 of the UK National Parks and Access to the
Countryside Act 1949 and amended by Schedule 11 of the Natural Environment
and Rural Communities Act 2006. LNRs are sites of importance for wildlife,

waterway in the UK. The Broads Authority was set up in 1989 responsible for
the conservation, planning, recreation and waterways of the NP.

geology, education or public enjoyment. The main aim is to protect and maintain

13.3.5 Areas of Outstanding Natural Beauty (AONBs)

the natural features which make the site special. Many LNR are also designated

Areas of Outstanding Natural Beauty (AONBs) are designated under the

SSSIs and make a valuable contribution to England’s biodiversity. There are over

provisions of the 1949 National Parks and Access to the Countryside Act.

1280 LNRs in England covering almost 40,000 ha.

AONBs are designated for special attention for the high quality of components

There are two LNRs in the MAREA region, detailed below (see Figure 13:6 and

including their flora, fauna, historical and cultural associations as well as scenic

Appendix C):

views. The mandatory regulation and protection provided to AONBs by the
National Parks and Access to the Countryside Act ensure against development

l

on Figure 13:6). The Heritage Coast extends for 64.4 km, almost all of which is
set in the Suffolk Coast and Heaths AONB. The AONB Management Plan also
covers the Suffolk Heritage Coast (Suffolk Coasts and Heaths, 2010b).

Royal Society for the Protection of Birds (RSPB) Reserves
There are four RSPB reserves in the MAREA region (Figure 13:6 and Appendix
C) – Dingle Marshes Reserve, Minsmere Reserve, North Warren Reserve and
the Havergate Island and Boyton Marshes Reserve. All four RSPB reserves
attract a large number of terns and wading birds that come to breed throughout

Gunton Warren and Corton Woods (Suffolk):

that would damage their special qualities, thus conserving a number of the

spring and summer (RSPB, 2010) (see Chapter 8 - Ornithology for more details).

This site was declared a LNR in 1993. Gunton Warren exhibits a wide

finest landscapes in England for the nation’s benefit.

Wildlife Trust reserves

range of plant communities including cliff top scrub, heath, woodland and
dune grassland and contains one of the few remaining areas of coastal

There are two AONBs within the MAREA region (see Figure 13:6 and Appendix

The Wildlife Trust is the largest UK voluntary organisation. There are 47 local

C) – the Norfolk Coast AONB, and the Suffolk Coast and Heaths AONB. The

Wildlife Trusts across the whole of the UK with 791,000 members. The Wildlife

Norfolk Coast AONB was designated in 1968, and covers approximately 450 km².

Trust reserves are working to enrich environments and conserve the full range of

The AONB predominantly encompasses areas of undeveloped coastal landscape,

UK habitats and species. The Norfolk Wildlife Trust maintains and manages 30

including coastal marshes, sand and mudflats, dunes, shingle, saltmarsh, reedbeds

wildlife reserves within the MAREA, although none of these reserves is located

and grazing marsh which support internationally important and bird populations

coastally. Cley Marshes and Salthouse Marshes outside of the study area boundary

beach and the marsh edge. Ground nesting birds such as Ringed Plovers are

(Norfolk Coast Partnership, 2010).

in north Norfolk, support saltmarsh, saline lagoon and vegetated shingle habitats.

also supported by the shingle beach and migrant Clouded Yellow butterflies

The Suffolk Coast and Heaths AONB extends further south beyond the MAREA

Non-statutory designation areas such as the Wildlife Trust and RSPB reserves

are seen throughout the summer months (Suffolk Coastal DC, 2010).

region boundary, and encompasses 403 km² of coast and heathland from the

are mostly run by volunteers and/or are privately funded. Public appreciation

Stour estuary (Essex) north to Kessingland (Suffolk). The AONB was designated

and interest may be higher in these designations than in others.

heathland in the Lowestoft area (Waveney DC, 1996).
l

The Suffolk Heritage Coast is located within the MAREA region (shown

The Haven, Aldeburgh (Suffolk):
Designated in 1994, the Haven has important communities of wild flowers
such as Yellow-horned Poppy, Sea Kale and Sea Pea growing on the shingle

in 1970 and supports crumbling cliffs, shingle beaches and coastal lagoons
1Encompassing Lowestoft Ness LNR as referenced in the Ornithology Chapter.

stretching along 60 miles of low-lying coast (Suffolk Coasts and Heaths, 2010).
The low-lying coastal hinterland contains some of England's few remaining

In addition to site specific nature conservation designations underpinned
by both European and national legislation, further protection is awarded to
the UK’s marine and coastal environment through regional and local policy
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Figure 13:6

Onshore and coastal nature conservation designations within the MAREA region (Source: Crown Estate, 2010; Natural England, 2010; RSPB, 2010; NetGain, 2011)

13.6
EMU-EC-MAREA Volume 1 29/06/2012.indd 6

12/07/2012 14:32

Marine Aggregates Regional Environmental Assessment

frameworks. Collaboration between cross sectoral research programmes,

expert working groups against a set of selection criteria based on international

Circalittoral coarse sediment

species and habitat identification, monitoring initiatives and spatial mapping

importance, rapid decline and high risk. These criteria and their application were

applications promote a comprehensive network of MPAs and an ecosystem

then further developed separately for marine biodiversity, terrestrial/freshwater

Infralittoral fine sand

approach to managing the marine environment at a regional sea scale.

species and terrestrial/freshwater habitats in recognition of the very different

Important Bird Areas
Important Bird Areas (IBAs) are a non-statutory designation of sites identified as

Circalittoral muddy sand

forms of information and knowledge available for these groupings.

UK BAP Species:

Assessment of progress with implementation of the UK BAP currently takes

l

Lesser sand-eel Ammodytes marinus;

used with other indicators to show how the UK has progressed towards the CBD

l

Atlantic herring Clupea harengus;

and small enough to be conserved in their entirety (BirdLife International, 2010).

2010 target to achieve a significant reduction in the rate of biodiversity loss.

l

Atlantic cod Gadus morhua;

BirdLife International runs the global IBA Programme which identifies, monitors

In additional there are Local Biodiversity Action Plans (LBAPS), normally at

l

Whiting Merlangius merlangus;

and protects a global network of IBAs for the conservation of the world's birds

county level. These plans usually include actions to address the needs of the

l

European plaice Pleuronectes platessa; and

and other biodiversity. As of 2009, nearly 11,000 sites in some 200 countries

UK priority habitats and species in the local area, together with a range of

and territories have been identified as IBAs (BirdLife international, 2010).

l

other plans for habitats and species that are of local importance or interest.

Sole Solea solea.

Four IBAs exist within the MAREA region, which underpin the current Natura

A number of species and habitats listed under the UK BAP have been identified

The MAREA region falls under the Norfolk and Suffolk LBAPs (Suffolk Biodiversity

2000 SPA designations awarded to these sites (shown in Figure 13:6 and

within the MAREA region (further details can be found in Chapter 9: Benthic

Partnership, 2010 and Norfolk Biodiversity Partnership, 2010). A number of

Appendix C; Natura 2000, 2007):

Ecology baseline). These are listed opposite:

marine habitats and species requiring BAPs have been identified by the relevant

qualifying for protection as an SPA under the EC Wild Birds Directive. IBAs are key
sites for conservation which are often already part of a protected-area network

place every three years. Data from the latest reporting round in 2008 will be

authorities and LBAPs developed in response (Table 13:2). The Marine Conservation

l

Great Yarmouth North Denes IBA;

l

Benacre To Easton Bavents IBA;

l

Sabellaria spinulosa Biogenic ross worm reef; and

l

Minsmere-Walberswick IBA; and

l

Subtidal sands and gravels - includes habitat/biotope complexes:

l

Alde-Ore Estuary IBA.

UK BAP Habitats:

Society (MCS) has produced the Marine Local Biodiversity Action Plan Manual for
England. The MAREA region is covered by the East of England BAP. Mobile priority
BAP species are also outlined (for more detail see Solant, 2008).

Sublittoral coarse sediment (unstable cobbles and pebbles, 		

13.3.8 Nationally Important Marine Features

gravels and coarse sands)

13.3.7 Biodiversity Action Plans

Sublittoral sands and muddy sands

The UK Biodiversity Action Plan was published in 1994 as the UK Government’s

Infralittoral coarse sediment

Nationally Important Marine Features (NIMF) were established under the
Defra Marine Stewardship Report (Safeguarding our Seas: A strategy for the
conservation and sustainable development of our marine environment) in 2002.

response to signing the Convention on Biological Diversity (CBD) at the 1992
Rio Earth Summit.
The plan sets out a programme for conserving the UK’s biodiversity. It has

				

Priority Habitats						

Birds

Mammals		

Corals

Crustacea

also led to the production of 436 action plans between 1995 and 1999 to help
many of the UK’s most threatened species and habitats to recover. Following
on from the initial strategy publication, 391 Species Action Plans (SAPs) and 45
Habitat Action Plans (HAPs) were published for the UK's most threatened (i.e.
‘priority’) species and habitats. These plans describe the status of each habitat

Local
Biodiversity
Action Plans

Coastal												
Lagoon
floodplain		
Littoral
Maritime						
Harbour		Startlet
and
Coasta
and
cliff					
Little Tern
Porpoise		Sea Anemone
grazing
sand	Sublittoral
and		Saline		Seagrass
Sternula
Phocoena
Otter
Nematostella
marsh
dunes
Chalk
slopes
Mudflats
lagoons	Saltmarsh
beds
albifrons
phocoena
Lutra lutra
vectensis

Norfolk BAP

✔

✔

✔

✔

Suffolk BAP

✔

✔

✔

✔

sand
shrimp
Gammarus
insensibilis

and species, outlines the threats they face, set targets and objectives for their
management, and propose actions necessary to achieve recovery.

✔

✔

✔

✔

✔

✔

✔

✔

✔

✔

✔

✔

✔

✔

The current list of UKBAP priority species and habitats was published in August
2007, following a 2-year review of the BAP process and priorities. The list
now contains 1150 species and 65 habitats that have been listed as priorities
for conservation action under the UK BAP. UK species were considered by

Table 13:2

✔

✔

LBAPS within the MAREA region and their priority species.
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The Report commits the Government to a framework of new initiatives that will

The NIMF list is not considered a priority for action and is not currently being

The development of CHaMPS has been trialled through seven pilot studies

enhance marine nature conservation, conserve biodiversity, improve management

taken forward, in light of the governments push for Marine Protected Areas

conducted within the Living with the Sea project (completed in 2003), which

of our marine resources and develop scientific research to assist Government in

(MPAs) and Marine Conservation Zones (MCZs) to be delivered through the

aimed to develop understanding of long term (30 - 100 year) coastal change

making more informed policy decisions. Through the Irish Sea pilot project in

Marine and Coastal Access Act (explored in more detail in Section13.4.1; Tyler-

resulting from sea level rise, develop sustainable integrated coastal management

2002, a test list of 25 marine features proposed as meriting consideration for

Walters, pers. comm.). The Anglian REA and REC surveys identified two potential

policies and address the ownership of shared issues and common solutions

‘nationally important’ status was developed (JNCC, 2010). The term ‘nationally

cNIMF habitats, detailed in Table 13:3.

important’ is used to distinguish features and areas of importance in a UK context.
‘Marine features’ include seascape, habitats and species that are identified as
important throughout their range in the UK (Connor et al., 2002).

affecting designated areas (SAC, SPA, Ramsar sites and corresponding SSSIs).

Two candidate NIMF (cNIMF) habitats have been identified as a priority protection
in English waters, because as yet they are not found within any MPAs. These are
sparse horse mussel Modiolus modiolus, dense Cerianthus lloydii and burrowing

Defra reviewed the lessons learnt from these pilots and produced the guidance
‘Coastal Habitat Management Plans: An Interim Guide to Content and Structure’
(available at http://www.eclife.naturalengland.org.uk/champs/default.asp).

The test list included features such as the sponge Axinella damicornis; the pink

holothurians on sheltered circalittoral stones and mixed sediment; and Spisula

A series of assumptions and predictions has been made in relation to future

seafan Eunicella verrucosa; spiny lobster Palinurus elephas; Sabellaria spinulosa

subtruncata and Nephtys hombergii in shallow muddy sediment. Neither of these

processes such as sea-level rise, climate change and existing shoreline

reefs, deep sponge communities and intertidal mussel beds etc. (for a full list see

habitats has been found within the MAREA region.

management systems. Table 13:4 indicates that the most significant loss will be
from saltmarshes (58 - 75% by 2100), with many areas predicted to be replaced

Lieberknecht et al., 2004).
The features from the test list which qualify as nationally important are not

13.3.9 Coastal Habitat Management Plans

considered a comprehensive list to cover nationally important marine features

Coastal Habitat Management Plans (CHaMPs) are non-statutory documents that

for the entire UK. Instead, a provisional list of nationally important features was

quantify habitat change (loss and gain) and recommended measures to prevent

compiled from features which are currently considered to be of conservation

future losses. These include modifying flood and coastal defence options to avoid

concern by other initiatives, e.g. priority features listed under the OSPAR

damage, or identifying the necessary habitat restoration or recreation works to

Convention and UK BAP (OSPAR, 2010; JNCC, 2010a).

compensate for unavoidable losses.

13.4

It is anticipated that over 300 features might eventually meet the criteria in the UK

CHaMPs are being produced to provide a way for the UK Government to fulfil its

and adjacent waters, ranging from relatively static benthic features known from

obligations under the Habitats and Birds Directives and the Ramsar Convention.

The JNCC and NE are still determining the Natura 2000 network, therefore until

only one or two localities, to highly mobile, wide-ranging species (Lieberknecht et

The aims are to avoid damage to Natura 2000 and Ramsar sites; especially when

al., 2004).

designing Shoreline Management Plans (SMPs), Flood and Coastal Defence

Data collection for the main Irish Sea Pilot, plus an additional data collation

by mudflats. Net effect is estimated as a loss of approximately 10% of the

Strategies (FCDSs), and planning maintenance.

existing intertidal resource (Bray and Cottle, 2003). CHaMPs are being developed
further; a coastal evolution study has been commissioned which will enable a
very precise measurement of coastal change using GIS (Solent HAP, 2004).

Potential future designations

the network is in place and all sites are designated, any Annex I habitats that are
identified may be considered worthy of submission as a qualifying feature and
afforded the level of protection as if they were designated. The JNCC has undertaken
a number of habitat mapping initiatives to provide a better understanding of the

exercise has been carried out by the MarLIN programme at the Marine Biological

distribution and extent of marine habitats, both at particular protected sites

Association (MBA) which hosts the NIMF database (MarLIN, 2008). At present

and across the wider environment. Initiatives include The Irish Sea pilot project

there is not yet an agreed NIMF list, however a candidate NIMF (cNIMF) list has

that commenced in 2002 and included the development of a broad scale marine

been established (Hiscock and Breckels, 2007).

Habitat

UK	EUNIS		
cNIMF	
Biotope Code
Biotope 	EUNIS	Habitat
(Conner et al., 2004) (JNCC, 2007)
definition
(Jackson et al., 2008)
SS.SCS.ICS
A5.12	Infralittoral 	Infralittoral
		
coarse
coarse
		
sediment
sediment
SS.SCS.CCS	
A5.13
		
		
Table 13:3

Circalittoral
coarse
sediment

Circalittoral
coarse
sediment

REC and REA survey biotopes identified as corresponding with candidate NIMF habitats

2001 (ha.)

2100(ha.)

Change (ha.)

% Change

1,361

404 - 570

-792 - -957

-58 - -70

Intertidal mud
and sandflats

6,521 - 7,283

6,582 - 7,415

+61 - +132

+1 - +2

Saline Lagoon

122

122

-

-

Vegetated
Shingle

200

212

+12

+6

Saltmarsh

Intertidal
(total saltmarsh
and flats)
Table 13:4

landscape maps, the ’Development of a Framework for Mapping European Seabed
Habitats' (MESH) which started in spring 2004, and the UKSeaMap 2010 project
which has updated the seabed habitat maps for the UK continental shelf area.
These assessments provide comprehensive yet high level findings and further data
mining is required before designations are secured.
Continued high resolution surveys are required to accurately identify the location
of Annex I features. The REA (and REC) surveys were not sufficiently detailed to
determine exactly where Annex I features are located. The 2010 survey identified
a number of sandbanks present within the MAREA region, which might match the

7,882 - 8,644

7,151 – 7,819

-731 – -825

-9 - -10

CHaMP summary of habitat changes based on assumptions of future processes

Annex I definition of ‘sandbanks that are slightly covered by seawater all of the
time’ (further detail can be found in Chapter 9: Benthic Ecology baseline).
Future potential Annex I habitats derived from the present data have been difficult
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to define as Natura 2000 have released only a limited list of protected biotopes

areas (rMCZ) within the MAREA region. The Net Gain project area extends from

Winterton cSAC and Outer Thames Estuary SPA overlap with the MAREA region

(Level 4 EUNIS; Cooper, 2005) and future definitive biotopes of Annex I habitats

the Scotland-England border to just north of Felixstowe (Net Gain, 2011).

by approximately 1107.07 km² (~75%) and 1417.94 km² (~35.6%) respectively.

can only be developed on a regional level. As a result, there are limitations to
the data used by the JNCC and NE to infer Annex I habitats which, if left open
to interpretation, could lead to inaccurate assumptions to the distribution of
potential future designated features.

13.4.1	Marine Protected Area (MPA) network
The Marine and Coastal Access Act received Royal Assent in November 2009 and
contains legislation which facilitates the establishment of an ‘ecologically coherent
network of MPAs’ by 2012, agreed by the UK Government as a Contracting Party
to the OSPAR Convention. The Act aims to ensure clean, healthy, safe, productive
and biologically diverse oceans and seas, by putting in place better systems for
delivering sustainable development of marine and coastal environments.
The Marine and Coastal Access Act creates a new type of MPA called a Marine

The regional MCZ projects in England submitted their recommended MCZ (rMCZ)
to Natural England and the JNCC in September 2011. Once these are accepted,

However, only 12% (12.09 km²) of the cSAC and 5.5% of the SPA (220.38 km²)
overlap with the dredging areas.

Ministers will draft designation orders, and carry out formal public consultation in

To combat any degradation to the protected sites in the proximity of dredging

accordance with Section 119 of the Act. Formal public consultation is expected to

areas, impact assessments and mitigation measures are enforced as part of the

take place in early 2012. Ministers will consider objections and representations

licensing procedures.

received before deciding whether to make a designation order.

Designated sites with fully marine components are the primary receptors of any

The management measures required within rMCZs will be decided on a site-by-

potential direct impact from future aggregate dredging. Protected coastal areas

site basis and will depend on the site designated licences. In a similar way to

have the potential to be affected by indirect disturbance such as sedimentation,

protected areas on land, there will be sites where some activities are not allowed

increased erosion, increased turbidity and changes to wave and tidal regimes.

but others can occur, or where there are seasonal restrictions on activities rather

The primary receptors that need to be assessed are the international and national

than a complete ban. Not all sites will need the same management measures

designations encompassing fully marine components within the MAREA region –

and there is no presumption that any specific type of activity will be restricted.

namely the SACs, SPAs and EMS. Secondary receptors that will receive indirect

There may however, be some sites where many activities are restricted.

impacts are the international and national coastal designations within the MAREA

Conservation Zone (MCZ). MCZs can be designated anywhere in English and
Welsh inshore and UK offshore waters to protect nationally important marine

The following rMCZ’s fall within the Anglian MAREA boundary:

wildlife, habitats, geology and geomorphology. In English inshore and English,

l

region – namely the Ramsar sites, OSPAR sites, SSSIs, NNR, LNR, MNR, NP,
AONB, the Heritage Coast, RSPB Reserves, Important Bird Areas and Wildlife Trust

Cromer Shoal Chalk (rMCZ NG2) has been proposed for the following

Reserves.

Welsh and Northern Irish offshore waters, MCZs will be identified through the

features: high energy infralittoral rock, moderate energy infralittoral rock,

Marine Conservation Zone Project. MCZs together with other types of MPA, will

moderate energy circalittoral rock and subtidal chalk (Net Gain, 2011);

Annex I, OSPAR, BAP and cNIMF habitats are all found within the MAREA region.

deliver the Government’s obligation to OSPAR, meaning the MPA network will be
a collection of areas that work together to provide more benefits than an individual

l

area could on its own.
The Marine and Coastal Act has nine key areas of interest:
l

l

Marine Management Organisation;

l

Marine Planning;

l

Marine Licensing;

l

Marine Nature Conservation;

l

Fisheries Management and Marine Enforcement;

l

Environmental Data and Information;

l

Migratory and Freshwater Fisheries;

l

Coastal Access; and

l

Coastal and Estuary Management.

Four regional projects were set up to engage with local groups and businesses
to identify which areas will be designated as MCZs within the UK. Within the

l

Sites may need to be confirmed through additional surveys; however all of these

North Norfolk Blue Mussel Beds (rMCZ RA1) has been proposed for the

habitats need to be considered further for aggregate extraction impact assessment.

following features: moderate energy infralittoral rock, blue mussel beds,

The presence of a number of these protected habitats within the MAREA region’s

subtidal chalk and subtidal sands and gravels (Net Gain, 2011);

active dredging areas suggest that the presence of dredging may not be harmful

The Orford Inshore (rMCZ NG1b) has been proposed for the following

or may even be beneficial to these habitats. Future designations arising from

features: subtidal mixed sediments (Net Gain, 2011); and

Natura 2000 have been considered where possible, although data are limited and a

Alde Ore Estuary (rMCZ NG1c) has been proposed for the following features:

definitive prediction of future designations is unfeasible. Annex II, OSPAR, BAP and

estuarine rocky habitat, sheltered muddy gravels and smelt (Net Gain, 2011).
None of the rMCZs described above, nor any other rMCZs, overlap with the
dredging areas within the Anglian MAREA boundary.

13.5

cNIMF species are also found within the MAREA region (see Figure 13:4), although
the majority do not fulfil the criterion for a conservation area to be specifically
designated for them alone. Chapters 10 - Fish and shellfish ecology; 11 - Marine
mammals and turtles, and 12 - Ornithology provide more detail on specific species
designations, and specific species will not be considered further in this section.

Importance of receptors (nature
conservation and protected species).

Legal requirements exist to ensure that any form of development, including
aggregate extraction, does not lead to an adverse effect on biodiversity targets
(established through the UK Biodiversity Action Plan) and/or other areas, habitats
and species of nature conservation importance.

Anglian MAREA region the development of MCZs is being coordinated by the

The majority of conservation designations within the MAREA region are coastal

Net Gain programme, Figure 13:6 shows the locations of the recommended MCZ

and concentrated away from aggregate areas. The Haisborough, Hammond and

The presence of the Annex I, OSPAR, BAP and cNIMF habitats are only a guide,
as classification of habitats to a high level (above EUNIS level 4) is difficult.
Consequently, habitats are within designated biotope definitions despite being
common (e.g. Crepidula fornicata) or having a low biodiversity and will not
eventually qualify for protection. The presence of a habitat does not necessarily
guarantee protection and current protection must also be taken into consideration.
If a UK network of protected sites for the habitat is in place, further measures are
not required.
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Figure 13:7

Species of conservation interest within the MAREA region (Data Sources: MES, 2006-07; CEFAS, 2009; The Crown Estate, 2010; MFA 2009, Emu Ltd 2002 - 2010)
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Special Areas 			
of Conservation
Area		
(SAC) Site Name (km2)
Site characteristics

Annex I habitats
primary reason for
selection of site

Annex I habitats present as a
qualifying feature, but not primary
reason for selection of site

Annex II species
primary reason for
selection of site

Annex II habitats present as a
qualifying feature, but not primary
reason for selection of site

Coastal lagoons

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Tidal rivers. Estuaries. Mudflats. Sandflats. Lagoons
(including saltwork basins) (5%)
Coastal sand dunes. Sand beaches. Machair (5%)
Benacre to Easton
Bavents Lagoons

3.67

Shingle. Sea cliffs. Islets (25%)
Bogs. Marshes. Water fringed vegetation. Fens (30%)
Heath. Scrub. Maquis and garrigue. Phygrana (5%)
Mixed woodland (30%)

Tidal rivers. Estuaries. Mudflats. Sandflats.
Lagoons (including saltwork basins) (25%)
Orfordness Shingle Street

9.01

Salt marshes. Salt pastures. Salt steppes (15%)

Coastal lagoons

Shingle. Sea cliffs. Islets (40%)

Annual vegetation of drift lines

Improved grassland (18%)

Perennial vegetation of stony banks

Other land (including towns, villages, roads, waste places,
mines, industrial sites) (2%)

Tidal rivers. Estuaries. Mudflats. Sandflats. Lagoons
(including saltwork basins) (11%)
Coastal sand dunes. Sand beaches. Machair (46%)
WintertonHorsey Dunes

4.26

Inland water bodies (standing water, running water) (0.2%)
Heath. Scrub. Maquis and garrigue. Phygrana (12%)
Dry grassland. Steppes (13.8%)

Atlantic decalcified fixed dunes
Calluno-Ulicetea
Humid dune slacks

Embryonic shifting dunes
Shifting dunes along the shoreline with
Ammophila arenaria (‘white dunes’)

Humid grassland. Mesophile grassland (15%)
Broad-leaved deciduous woodland (2%)
SACs with Marine Components

Alde-Ore & Butley
Estuaries

15.62

Tidal rivers. Estuaries. Mudflats. Sandflats. Lagoons (including saltwork
basins) (70%)
Salt marshes. Salt pastures. Salt steppes (25%)

Estuaries

Shingle. Sea cliffs. Islets (5%)

Mudflats and sandflats not covered by seawater at
low tide
Atlantic salt meadows Glauco-Puccinellietalia
maritimae

Coastal sand dunes. Sand beaches. Machair (5%)
Minsmere to
Walberswick Heaths
and Marshes

Shingle. Sea cliffs. Islets (15%)
12.66

Bogs. Marshes. Water fringed vegetation. Fens (20%)

Annual vegetation of drift lines
European dry heaths

Perennial vegetation of stony banks

Heath. Scrub. Maquis and garrigue. Phygrana (40%)
Mixed woodland (20%)

cSACs

Haisborough,
Hammond and
Winterton
Table 13:5

1467

Sandbanks which are slightly covered by sea water
all the time

Sandbanks which are slightly covered by sea water
all the time

Reefs

Reefs

N/A

Grey seal Halichoerus grypus
(non-qualifying)
Harbour Porpoise Phocoena phocoena
(non qualifying)

Special Areas of Conservation (SAC) in the MAREA region and their qualifying features (JNCC, 2010a)
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Special Prorected			
Areas and/or
Area		
Ramsar Site Name (km2)
Site characteristics

Special Protected Areas (SPA)

Ramsar sites

Annex I
habitats

Annex I birds and regulary occurring migratory birds
not listed on Annex I

Ramsar Criteria

Eurasian marsh harrier Circus aeruginosus

Ramsar criterion 2:
The site supports a number of nationally-scarce plant species and British Red Data Book
invertebrates.

Tidal rivers. Estuaries. Mudflats. Sandflats. Lagoons (including saltwork
basins) (50.0%)
Alde-Ore Estuary

24.17

Salt marshes. Salt pastures. Salt steppes (20.0%)

Lesser black-backed gull Larus fuscus (Western Europe/Mediterranean/Western Africa)
Ruff Philomachus pugnax (Western Africa )
N/A

Pied avocet Recurvirostra avosetta (Western Europe/Western Mediterranean)

Shingle. Sea cliffs. Islets (25.0%)

Little tern Sterna albifrons (Eastern Atlantic)

Bogs. Marshes. Water fringed vegetation. Fens (5.0%)

Sandwich tern Sterna sandvicensis (Western Europe/Western Africa)
Common redshank Tringa totanus (Eastern Atlantic).

Ramsar criterion 3:
The site supports a notable assemblage of breeding and wintering wetland birds.
Ramsar criterion 6 - species/populations occurring at levels of international importance.
Qualifying Species/populations (as identified at designation):
Species regularly supported during the breeding season:
Lesser black-backed gull Larus fuscus graellsii
Species with peak counts in winter:
Pied avocet Recurvirostra avosetta
Common redshank Tringa totanus totanus

Tidal rivers. Estuaries. Mudflats. Sandflats. Lagoons (including saltwork
basins) (30.0%)
Benacre to Easton
Bavents

5.17

Coastal sand dunes. Sand beaches. Machair (5.0%)
Shingle. Sea cliffs. Islets (5.0%)

N/A

Eurasian marsh harrier Circus aeruginosus
Little tern Sterna albifrons (Eastern Atlantic).

N/A

Bogs. Marshes. Water fringed vegetation. Fens (50.0%)
Broad-leaved deciduous woodland (10.0%)

Ruff Philomachus pugnax (Western Africa)

Tidal rivers. Estuaries. Mudflats. Sandflats. Lagoons (including saltwork
basins) (42.0%)
Breydon Water

12.03

Salt marshes. Salt pastures. Salt steppes (3.0%)

N/A

Humid grassland. Mesophile grassland (55.0%)

Pied avocet Recurvirostra avosetta (Western Europe/Western Mediterranean)
Common tern Sterna hirundo (Northern/Eastern Europe)
Northern lapwing Vanellus vanellus (Europe)

Northern shoveler Anas clypeata (North-western/Central Europe)
Eurasian teal Anas crecca (North-western Europe)
Gadwall Anas strepera (North-western Europe)
MinsmereWalberswick

20.19

N/A

Great white fronted goose Anser albifrons albifrons (North-western Siberia/North-eastern & Northwestern Europe)
Eurasion marsh harrier Circus aeruginosus
Hen harrier Circus cyaneus
Pied avocet Recurvirostra avosetta (Western Europe/Western Mediterranean)

Great Yarmouth
North Denes

Table 13:6

1.49

Coastal sand dunes. Sand beaches. Machair (100%)

N/A

Ramsar criterion 5:
Internationally important waterfowl assemblage (greater than 20,000 birds)
Ramsar criterion 6:
Over winter the site regularly supports internationally important numbers of Bewick's Swan Cygnus
columbianus bewickii and Lapwing Vanellus vanellus.

Ramsar criterion 1:
The site contains a mosaic of marine, freshwater, marshland and associated habitats, complete with
transition areas in between. Contains the largest continuous stand of reedbeds in England and Wales
and rare transition in grazing marsh ditch plants from brackish to fresh water.
Ramsar criterion 2:
This site supports nine nationally scarce plants and at least 26 red data book invertebrates. Supports
a population of the mollusc Vertigo angustior (Habitats Directive Annex II; British Red Data Book
Endangered), recently discovered on the Blyth estuary river walls.
An important assemblage of rare breeding birds associated with marshland and reedbeds including:

Little tern Sterna albifrons (Eastern Atlantic)

Botaurus stellaris, Anas strepera, Anas crecca, Anas clypeata, Circus aeruginosus,
Recurvirostra avosetta, Panurus biarmicus

Little tern Sterna albifrons

N/A

Special Protected Areas (SPA) and Ramsar sites in the AODA region and their qualifying features (JNCC, 2010b)

13.12
EMU-EC-MAREA Volume 1 29/06/2012.indd 12

12/07/2012 14:33

Marine Aggregates Regional Environmental Assessment

Special Prorected			
Areas and/or
Area		
Ramsar Site Name (km2)
Site characteristics

Special Protected Areas (SPA)

Ramsar sites

Annex I
habitats

Annex I birds and regulary occurring migratory birds
not listed on Annex I

Ramsar Criteria

N/A

Wintering red-throated divers Gavia stellata in numbers of both European and
national importance (38% of the resident GB population of this species)

Sandbanks
Outer Thames SPA

3792.68

High tidal current streams
Range of mobile sediments, large areas of mud, silt and gravelly sediments.

This site qualifies under Article 4.2 of the Directive (79/409/EEC) by supporting populations of
European importance of the following migratory species:
Flamborough Head
and Bempton Cliffs
SPA

2.13

N/A

During the breeding season; Kittiwake Rissa tridactyla, 83,370 pairs representing at least 2.6% of
the breeding Eastern Atlantic - Breeding population (Count, as at 1987).

N/A

Assemblage qualification: A seabird assemblage of international importance
The area qualifies under Article 4.2 of the Directive (79/409/EEC) by regularly supporting at least
20,000 seabirds
During the breeding season; the area regularly supports 305,784 individual seabirds including:
Puffin Fratercula arctica, Razorbill Alca torda, Guillemot Uria aalge, Herring Gull Larus argentatus,
Gannet Morus bassanus, Kittiwake Rissa tridactyla.

This site qualifies under Article 4.1 of the Directive (79/409/EEC) by supporting populations of
European importance of the following species listed on Annex I of the Directive:
During the breeding season; Avocet Recurvirostra avosetta, Bittern Botaurus stellaris,
Common Tern Sterna hirundo, Little Tern Sterna albifrons, Marsh Harrier Circus aeruginosus,
Mediterranean Gull Larus melanocephalus, Roseate Tern Sterna dougallii and Sandwich Tern
Sterna sandvicensis,
Over winter; Avocet Recurvirostra avosetta, Bar-tailed Godwit Limosa lapponica, Bittern Botaurus
stellaris, Golden Plover Pluvialis apricaria, Hen Harrier Circus cyaneus, Ruff Philomachus pugnax,
This site also qualifies under Article 4.2 of the Directive (79/409/EEC) by supporting populations of
European importance of the following migratory species:
During the breeding season; Redshank Tringa totanus and Ringed Plover Charadrius hiaticula.
North Norfolk
Coast SPA

On passage; Ringed Plover Charadrius hiaticula.
78.87

Low lying barrier coast

N/A

Over winter; Dark-bellied Brent Goose Branta bernicla bernicla, Knot Calidris canutus,
Pink-footed Goose Anser brachyrhynchus, Pintail Anas acuta, Redshank Tringa totanus and
Wigeon Anas penelope,

N/A

Assemblage qualification: A wetland of international importance.
The area qualifies under Article 4.2 of the Directive (79/409/EEC) by regularly supporting at least
20,000 waterfowl. Over winter, the area regularly supports 91,249 individual waterfowl (5 year
peak mean 1991/2 - 1995/6) including: Shelduck Tadorna tadorna, Avocet Recurvirostra avosetta,
Golden Plover Pluvialis apricaria, Ruff Philomachus pugnax, Bar-tailed Godwit Limosa lapponica,
Pink-footed Goose Anser brachyrhynchus, Dark-bellied Brent Goose Branta bernicla bernicla, Wigeon
Anas penelope, Pintail Anas acuta, Knot Calidris canutus, Redshank Tringa totanus, Bittern Botaurus
stellaris, White-fronted Goose Anser albifrons albifrons, Dunlin Calidris alpina alpina, Gadwall
Anas strepera, Teal Anas crecca, Shoveler Anas clypeata, Common Scoter Melanitta nigra, Velvet
Scoter Melanitta fusca, Oystercatcher Haematopus ostralegus, Ringed Plover Charadrius hiaticula,
Grey Plover Pluvialis squatarola, Lapwing Vanellus vanellus, Sanderling Calidris alba, Cormorant
Phalacrocorax carbo.

Table 13:6

continued
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14. COMMERCIAL AND RECREATIONAL FISHERIES
		

14.1

Regional overview

The Anglian MAREA region supports a range of fishing types, both commercial
and recreational, targeting seasonally available catch. The low-lying exposed
coast, much of it formed of fine sediment, means most fishing has developed from
inland ports on estuaries; or by fishermen using beach launched vessels known
locally as ‘longshore boats’ (Walmsley & Pawson, 2007). Historically, commercial
fishing has been a major industry in the region, however, in the last thirty years
the industry has been in decline. Landings have decreased, as has the number of
fishing vessels operating from the region’s ports (Plumb, 2009). Local fishermen
cite total allowable catch quotas, a reduction in stock, competition with foreign
vessels and aggregate dredging as potential reasons for the decline (Plumb, 2009).

value of recorded fish and shellfish species taken from ICES rectangles 33F1,
33F2, 34F1 and 34F2 per month, per port, over a five year period (2003-2009
inclusive). It is recognised that the official data greatly under estimate the total
amount of fish landed, as vessels of less than 10 m are not obligated to declare
their landings. Despite this, the landings data do indicate relative values of
target species and provide an overview of trends in seasonality of fisheries.
Landings data are not required for recreational fishing and therefore do not
appear in the official data.
Vessel Monitoring System data: Surveillance data include aerial and ship
based sightings and satellite Vessel Monitoring System (VMS) data. These
data show the locations of various fishing activities and are used in the spatial

14.2

Commercial fishing

Commercial fishing activity within the MAREA region involves a variety of
different fishing methods including trawling (single and pair boat trawling),
beam trawling for whitefish and shrimps; fixed and drift netting; long lining, and
potting. The principle fish species taken are cod, whiting, plaice, sole, dogfish
including spur, lesser spotted and smooth-hound dogfish, herring, and mackerel.
Other fish taken in smaller quantities, or as a bycatch, include bass, pollack,
saithe, red mullet, grey mullet, gurnard, dab, lemon sole and others with less
significance. Both crab and lobster are targeted through potting.
Broadly the fishing in the area can be split into three categories based on the

mapping of the extents of usage of gear types throughout the MAREA region.

vessel’s range and fishing methods:

Commercial fishing in the area is regulated at a regional level by the Eastern

However, limitations in the data are noted, principally that ICES rectangles

l

Sea Fisheries Joint Committee (ESFJC), and at a national level by the Marine

Inshore activity;

are not visited regularly for aerial sightings or with equal frequency, and that

Management Organisation (MMO). The most popular fishing method tends to

the majority of sightings flights are made between 0900hrs and 1700hrs with

l

Middle Grounds activity; and

be potting, with netting, trawling and long lining being the other main fishing

no sightings recorded at night or in poor visibility. A particular shortcoming

l

Offshore activity.

methods within the region. Many vessels carry multiple gear types in addition

of the VMS data is that only vessels of above 15 m in length are tracked and

to their primary gear; this is especially true of the smaller and part time vessels

recorded. This has implications for the MAREA region as the vast majority of

which look to fish opportunistically (Emu Ltd & Esseen, 2005).

the fleet comprises vessels of less than 10 m and are not represented by the

Offshore fleets target all commercial species in the region, with the most important

satellite records.

being cod, plaice and sole. The Middle Grounds and Inshore fleets target a range

Specialist fisheries studies: Fishing in the Anglian offshore MAREA is

of species opportunistically, and their importance changes seasonally and annually

characterised predominantly by small inshore vessels under 10 m length that

depending on abundance and accessibility. The principal whitefish species include

are currently not captured by official statistics. To capture knowledge of this

cod, whiting, plaice, sole, dogfish (including spur, lesser spotted and smooth-hound

		Usage		Length
Home Ports within the		Full
Anglian Region
Total
Time

Part
Time

<10m

>10m

Aldburgh

6

4

2

6

.

inshore fleet, a fisheries activity study by Plumb (2009) was commissioned

Caister

7

4

3

7

.

dogfish), herring, and mackerel. Shellfish are becoming increasingly important,

specifically to support the MAREA. Vessel numbers for regional ports were

Cromer

8

8

0

8

.

especially to the inshore fleet that targets crab and lobsters when the traditional

gathered from the ESFJC and the MMO. The Plumb (2009) study involved

Dunwich

1

1

0

1

.

whitefish species do not come inshore or are only present in the area for short periods.

consultation with the region’s fishermen – the aim of which was to refine

Felixstowe Ferry

12

7

5

12

.

Great Yarmouth

9

1

8

7

2

and the species targeted. Consultation with fishermen gave an insight into

Lowestoft

22

15

7

18

4

local fishing activity that would not be possible without direct communication.

Mundesley

3

3

0

3

.

This process was particularly important due to the limitations of landings, VMS

Orford

4

3

1

4

.

and surveillance data.

Overstrand

3

3

0

3

.

It is considered that these data, taken in parallel with official statistics, are

Sizewell

1

1

0

1

.

sufficient to provide an indicator of the overall regional distribution of activity.

Southwold

6

3

3

6

.

Sub total

82

53

29

76

6

64.6

35.4

92.7

7.3

Recreational angling is also an important component of the fishing fleet. Many
sea angling clubs operate along the coast, mostly fishing from the shore. The
main recreational catch includes cod, whiting, flounder, dogfish, eel, sole, dabs,
thornback ray, and plaice. Bass are also caught in the summer months.
The region is very popular with tourists, and visitors account for a large part of
fish sales in the region, especially in the smaller ports. As a result both fish sales
and recreational fishing increase during the summer months due to the influx of
tourists from outside of the area (ESFJC, 2009a).

14.1.1 Data and Information Sources
Official landings data: The ICES statistical rectangle data have been provided
by Defra’s Fisheries Statistics Unit. They include the monthly tonnage and

existing surveillance data and characterise the region’s fishing activity by
allowing fishing organisations to identify the areas they fish, the gear they use

However, it is noted that the consultation exercise, although extensive in
geographical range across the region, only provides representative data for
fisheries contacts. Given the dynamic and opportunistic nature of the fleet,

% of full & part time vessels

caution in using the spatial extents as fixed boundaries is recommended.
Table 14:1

Fishing vessels in the Anglian region by port
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14.2.1 Inshore activity

range of gears to target species opportunistically. These vessels target sole,

Table 14:1 summarises the vessels in the Anglian region by port and confirms
that the majority of vessels are within the sub-10 m category.

cod, bass, mackerel and skate; but shellfish species have become increasingly
important as whitefish have declined in inshore waters. The decline in landings

£1,000,000

for some whitefish species can be seen in Figure 14:1 and Figure 14:2, and this
is a common trend for most species.

The majority of this fleet is made up of ‘longshore’ boats launched from the
beaches. These vessels fish close to the shore, usually within 8 km, and use a

£1,200,000

14.2.2	Middle Grounds activity

Longline Landings (£)

The inshore fleet comprises small vessels (<10 m) usually manned by one person.

These vessels operate between 8 and 50 km offshore with their range influenced
by seasonal variation in abundance and distribution of their target species.
1,800

Landings (tonnes)

1,600

Value of Landings (£)
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The target species of the Middle Grounds fleet are cod, skate, spurdog, mackerel,

£2,000,000

and sole; although other species are targeted when in season and are caught

800

£400,000

Southwold, and the main techniques used are long-lines, trawling and netting.

1,400
1,200

£600,000

The fleet is mainly based at the larger ports of Lowestoft, Great Yarmouth and

£3,000,000

Value of Landings (£)

Weight of Landings (tonnes)

2,000

£800,00

Long-Line vessel landings into the ports of Lowestoft and Great Yarmouth, 1999-2003 (Emu
and Esseen, 2005).

Figure 14:3

opportunistically.
Reports from the local fishing industry do suggest a serious decline in the size

The general decline in landings is demonstrated in Figure 14:3 which shows the

and activity of the Middle Ground fleet in the region since the 1970’s. Some

decrease in landings from long-liners between 1999 and 2003, and Figure 14:4

fishermen lay the blame squarely on the effects of aggregate dredging (Plumb,

which shows landings of all fish and shellfish from ICES sub-rectangles 33F1,

2009) whilst others acknowledge that there may be more complex reasons behind

22F2, 34F1 and 43F2 between 2003 and 2007. It is acknowledged, however, that

the decline. A recent Aggregate Levy Sustainability Fund (ALSF) study (Kenny et

the decline in landings may be exaggerated by the shift towards using smaller

al., 2010) identified that long term trends of the ecological status of the east coast

fishing vessels under 10 m in length that are not required to log catch data.

aggregate region appear to be dominated by factors which also govern the trends
observed at the North Sea scale e.g. declines in fish stocks are observed across

Decline in cod landed into Eastern Sea Fisheries Joint Committee region from 1996 to 2005
(ESFJC, 2005).

both the North Sea and ALSF study areas. Kenny et al. (2010) also concluded that
there is no evidence of dredging having displaced the main areas of fishing activity
and that both trends in dredging and fishing effort off the east coast have to a
large extent been similar since the mid 1980s.

4,000
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£4,000,000

2,500

£3,000,000
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length, which target all commercial species. The fleet predominantly employ trawl
gear but large long-liners also operate. This fleet generally comes from ports

and 34F2 dropped from 83% to 8%. It has been suggested that a major part of this

£1,750,000

decline was due to the sale of the last remaining seven ships of a fleet of beam

£1,500,000

trawlers owned by the Colne Shipping Company in 2002. These were based in
Lowestoft and landed much of their fish in local markets, supplying up to 75% of
the market (Knapman, 2002; cited in Emu & Esseen, 2005). However, the decline
had already set in at Lowestoft before the turn of the century, mainly driven by the
fall in plaice landings due to a decline in stocks - between 1991 and 2000 plaice

1,000

The offshore fleet is comprised of large commercial vessels, often over 15 m in

From 1999 to 2003 the regional share of landings from ICES sub-rectangles 33F2

Value of Landings (£)

Weight of Landings (tonnes)

3,000

14.2.3	Offshore activity

£1,000,000

landings at Lowestoft fell from £8.5 million to £3 million (ESFJC, 2000).

£0

The activity of the Middle Ground fleet is hard to quantify as much of the fleet

Others

Decline in plaice landed into Eastern Sea Fisheries Joint Committee region from 1996 to
2005 (ESFJC, 2005).

£750,000
£500,000
£250,000
£0

consists of vessels less than 10 m that do not have to log landings. In addition,
lines, and this means that aerial sightings vastly underestimate their activity.

International

£1,000,000

2005

2006

2007

2008

2009

Year

long-lining is carried out predominantly at night, so that the fish cannot see the
Figure 14:2

AODA Ports

£1,250,000
Landings value (£)

Figure 14:1

Figure 14:4

Landings of all fish and shellfish by value at ports within the MAREA region and outside the
region for 2003-2009. Data from ICES sub-rectangles 33F1, 33F2, 34F1 and 34F2
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14.3.1 Trawling
Regulation in the Anglian MAREA region
Fishing out to 6 nm is undertaken solely by UK registered boats. In
addition to this, the EU Common fisheries policy gives sole rights to the
UK for fisheries out to 12 nm. However, due to historical precedence,
both Belgian and French vessels fish in the 6-12 nm zone for demersal
and all species respectively. The UK also has exclusive fishing rights in
its Exclusive Economic Zone (EEZ), which extends seawards from the
UK’s territorial sea 12 nm limit to a 200 nm limit, or median line.
Quotas for total allowable catch (TAC) for over 130 species are set each
year by EU fisheries ministers. It is the responsibility of each member
state to police fisheries in their own EEZ for both home and foreign
vessels. In addition to the EU fish quotas there are many National and
Sea Fisheries Regulations that apply to all vessels when fishing in the
UK’s EEZ. Enforcement of these regulations is carried out by the Royal
Navy’s Fisheries Protection Squadron at sea, and the MMO in ports.
Additional local bylaws are created by the region’s local sea fisheries
committee; in this case the Eastern Sea Fisheries Joint Committee

A trawl is essentially a cone-shaped net, closed at one end. The headrope
has a number of floats attached to give vertical opening, while the footrope is
generally heavily weighted with chain, rubber discs and steel rollers to give firm
contact with the seabed. Horizontal opening is achieved either through a strong
steel beam mounted on skids (beam trawl) or a pair of flat metal (sometimes
wooden) plates, known as trawl doors or otter boards. These are rigged so as to
exert an outwards shearing force when dragged through the water and hold the
net open horizontally (otter trawl). The trawl is towed along the seabed on a pair
of steel warps until winched back on board where the catch is released from the
closed end of the net (the cod end).
An alternative arrangement occurs where the horizontal opening is achieved by
using two boats, one on either side of the net. This method does not require the

Figure 14:5

Drift net fishery

use of trawl doors, and is known as pair trawling. All demersal (bottom living) fish
can be taken in the trawl. The principal target species in the region is sole, though

Drift Nets

bass, turbot, brill, plaice and rays are also valuable elements of the catch.

A drift net (Figure 14:5) is built in a similar manner to a gill net, with a weighted

14.3.2 Netting

footrope and a headrope with floats; the difference is in the relative effect of
each of these ropes. Less weight on the footrope or more floats on the headrope

(ESFJC). These by-laws are aimed at the sustainable management of

Trammel Nets

allows the drift net to float at the surface, with a curtain of netting hanging

commercial stocks within the district.

A trammel net consists of three sheets of netting joined together at the headrope

vertically downward in the water.

and footrope. The outer two are of a large mesh size (typically 250 mm) whilst

Drift nets are not anchored but left to drift with the tide. Sometimes the net is

the inner sheet is of a smaller size (typically around 100 mm). The two outer
outside of the region although sometimes vessels do land catch into Lowestoft
(Emu and Esseen, 2005). Figure 14:4 illustrates that in 2009 around 60% of the
total fish and shellfish catch from the four ICES sub-rectangles in the MAREA
region was landed at other UK or international ports; around 20% were landed at
other UK ports and 40% at international ports. The remaining ~40% was landed
at ports within the Anglian region. However, internationally landed catches were
usually less than those landed at other UK sites, and were at Dutch, French and
Belgian ports. While historically there was a strong fleet of offshore vessels at
Lowestoft this has diminished drastically in recent years and now only comprises
four vessels >10 m (Table 14:1).

14.3

Gear types

Fishing fleets in the MAREA region employ a wide range of gear types, many

sheets are considerably lower in height than the inner sheet, thereby causing
the inner sheet (sandwiched between the two large meshed outer sheets which
take the upward force of the floats on the headrope) to remain loose and baggy.
A fish will swim through one of the outer meshes, hit the middle sheet and carry
a bag or pocket of this smaller mesh out through the other side. It can therefore
catch fish that would be too large to get trapped in a gill net. Principal target

left attached to the boat, and sometimes it is allowed to drift free; in the latter
case a number of nets (each up to 1000 m in length may be used).
The main species targeted by drift nets in the Anglian MAREA region is herring,
though bass and other species will also be taken. As they are fished at the
surface the principal problem for fishermen with the use of drift netting is
damage from other shipping.

species are sole and bass, though all species of finfish and crustaceans are

Seine Nets

caught.

Similar to drift nets, a seine net hangs in the water due to weights along the

Gill Nets
These are constructed from a single sheet of netting, attached to a weighted

bottom edge and floats along the top. There has been little or no seine netting in
recent years within the Anglian MAREA region.

footrope along the bottom and a floating headline along the top. There is more

Push Nets

weight than flotation, therefore the footrope maintains contact with the seabed

A few shrimp are fished using push nets. This occurs inshore in shallow waters

and the netting rises up vertically. Fish swim into the nets and are caught by

(Plumb, 2009).

their gills (hence the name), though some fish too large to become gilled may
become entangled and trapped by their fins or spines.

14.3.3 Rodding and Long-Lining

include trawling, netting, rodding and long-lining, and potting. However, the

Principal target species are sole, bass and plaice; though a wide range of finfish

Longlines comprise a main back-line with a number of shorter lines (droppers

types of gear can change annually depending on fish stocks and quotas.

and crustaceans will be caught according to area and season.

or snoods) attached at intervals along the length. Each of the droppers has a

used seasonally to target specific species. The most common techniques
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hook attached. The gear is generally baited ashore and then shot away, with

Trawling distribution

Potting and whelking distribution

an anchor and marker buoy at either end and smaller anchors generally placed

Trawlers are by far the most frequently recorded type of fishing vessel from

Figure 14:10 shows that surveillance data indicate that potting and whelking

at intervals along the main line. Length varies according to target species and

both surveillance and VMS data between 2007 and 2010 in the MAREA

in the MAREA region appears to be concentrated around two main areas –

grounds, but up to 5000 hooks may be used at a time. Lines are generally baited

region. The main areas for trawling occur within six miles of the coast and

Adleburgh Napes and Cromer. The majority of the recordings for potters and

with squid or herring. All bottom feeding fish can be caught on longlines, though

Figure 14:6 shows there is a clear increase in trawling intensity around the

whelkers are from sightings rather than VMS.

cod, skate and spurdogs are the main target species in the region.

Aldeburgh Napes, the Sizewell and Dunwich Banks and north to Lowestoft.
Figure 14:6 also indicates that trawlers generally appear to avoid the dredging

14.3.4 Potting
Nowadays most pots are made from a plastic coated steel frame covered with
netting. One or more entrances allow access to the pot, but also act as ‘nonreturn valves’, helping to prevent the catch from escaping. Parlour pots have a
second chamber inside, again with an entrance made of netting that prevents
escape back into the main part of the pot; once inside this parlour the catch is

areas, which correlate with consultation data; however there is an overlap in
activity with Area 251. Other trawling areas include The Would, Winterton
Ridge, Smith Knoll Ridge and within 3 miles of the shore all along the coast to

Netting distribution

areas for lobsters and rocks or gravel banks for crab. Most of the pots used in the
region are set around wrecks to catch lobsters. Other species that may be caught
include spider crabs, velvet swimming crabs and fish, especially conger eels.
Increased use of parlour pots over recent years has effectively allowed fishing
effort to increase, as the gear, which previously had to be hauled and cleared
every day to fish effectively, can now be left for a number of days and still catch.
Consequently more gear can be fished on a 2 or 3 day rotation. Potting for crabs,
lobsters and whelks occurs anywhere within 12 miles of the coast. The main
concentrations, however, fall within 3 miles of Cromer, just north of the region.

14.4

showing activity in 2007 and 2008.

Aldeburgh Napes and the Sizewell and Dunwich Banks and within three miles

Pots are generally fished in ‘strings’ – a number of pots (depending on deck space

Pots are baited, usually with fish, and set over suitable ground – mostly rocky

Shrimp potting is concentrated through the Adleburgh Napes with VMS data

Beam trawling for shrimp is concentrated within 5 miles of the coast around the
of the coast northwards from Lowestoft.

marker floats at either end.

VMS and surveillance sightings for shrimp potting are shown in Figure 14:11.

as far north as Cromer.

secure.
on the boat and other factors) attached to a single back-line with anchors and

Shrimp potting distribution

Netting occurs across the area in both fixed and drift forms. Figure 14:7 shows
netting activity is concentrated 3 to 4 miles off Aldeburgh Napes, the Sizewell
and Dunwich Banks; north of Smith Knoll Light Vessel and the Smith Knoll
Ridge with sporadic use of nets over the rest of the Anglian region. In addition,
Figure 14:8 shows that no seine netting was recorded within the study region
between 2007 and 2010; however, some activity was seen in VMS data outside
the MAREA region in 2007 and 2009. The fisheries consultation exercise
confirmed the lack of seine activity within the MAREA region.
Long-lining distribution
The majority of long-lining activity identified by VMS occurred in 2007 and
extended from Great Yarmouth, through the dredging areas, and out to the
Horne and Wren Gas Fields, and Figure 14:9 shows that long-lining appears
to be the main fishing activity overlapping with dredging areas. Another
area of long-lining activity extends in a north easterly direction from Caister,

Fisheries Distribution

Fisheries distribution has been mapped through surveillance data, (both aerial
and ship based sightings), as well as Vessel Monitoring Systems (VMS) based
on GPS data. There are, however, significant issues with these data sources and
these are described in Section 14.1.1.
Data issues are especially prominent in the MAREA region where the majority of
vessels are below 10 m in length. VMS and surveillance data can, therefore, only
be used as indicator of fishing activity and locations rather than a comprehensive
guide and information collected through consultation is especially important to
qualify patterns seen in VMS data.

across the Caister Sands, through the Winterton Ridge to the Camelot Field.
Sightings data from 2007 through to 2010 also show long-lining occurring off the
coast from Aldeburgh to Southwold around the Aldeburgh Napes as illustrated
in Figure 14:9.
There do seem to be some errors within the VMS data for long-lining as there
are a number of sightings of long-lining within the Great Yarmouth Harbour.
This is probably the due to the VMS filter for low speeds being triggered when
vessels are manoeuvring near the quays. The majority of fishing ports in the
area have vessels that carry long lines but it is not the main fishing method at
any port.

14.4
EMU-EC-MAREA Volume 1 29/06/2012.indd 4

12/07/2012 14:33

Marine Aggregates Regional Environmental Assessment

Figure 14:6

Trawling Areas Identified from Consultation, Vessel Monitoring Systems and Sightings
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Figure 14:7

Netting Areas Identified from Consultation, Vessel Monitoring Systems and Sightings
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Figure 14:8

Seiner Netting Areas Identified from Consultation, Vessel Monitoring Systems and Sightings
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Figure 14:9

Long Lining Areas Identified from Consultation, Vessel Monitoring Systems and Sightings
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Figure 14:10

Potting Areas Identified from Consultation, Vessel Monitoring Systems and Sightings
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Figure 14:11

Shrimping Areas Identified from Consultation, Vessel Monitoring Systems and Sightings
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14.4.1	Fisheries Value

In most locations there is no requirement for a permit to fish in tidal waters. The

The fisheries landings data supplied by the MMO for 2003-2009 show that the
most consistently valuable ICES sub-rectangle of the Anglian MAREA region
is 33F1 which covers the south west of the region (Figure 14:12). This is most
likely to be due to the Adleburgh Napes, which Figures 14:6 to 14:11 show is a
favoured fishing ground for most gear types.

exceptions are for migratory species such as salmon and trout, where a licence
is required from the Environment Agency. Some ports and harbour require a
permit to fish off some piers and jetties; however this is at the discretion of the
harbour authority. Bait digging is also restricted in some areas close to or within
shellfish beds and sites of nature conservation (Pawson et al, 2007).
Recreational fishing is required to comply with the minimum landing sizes of certain

Species 		J	F	M	

A	M	J	J	

A

S	O	

N

D

Bass
Coalfish
Cockles

species of fish that are set out in the EU, National and SFC’s fisheries regulation.
In addition to this The National Federation of Sea Anglers (NFSA) set their own

£1,800,000

minimum size below which certain species must be returned to the sea. In the

£1,600,000

£1,400,000

33F1

event that a commercial species has reached its monthly or annual quota limit

33F2

the Department of Environment, Food and Rural Affairs (DEFRA) has the powers to

34F1

prohibit ‘fishing for pleasure’. This does not include angling from the shore.

34F2

There are well documented social and economic benefits of recreational fishing

Landings value (£)

£1,200,000

including an industry built around sea angling (mainly boat charter) and tackle and
bait shops. In addition to this, secondary businesses benefit economically through

£1,000,000

increased tourism brought about by visiting anglers (Drew Associates, 2004).
£800,000

14.5.1 Charter vessels, ports, and angling locations

£600,000

The most prominent ports for recreational fishing in the MAREA region,
where there are the largest numbers of charter vessels, are Great Yarmouth

£400,000

and Lowestoft. There are also charter vessels in Aldeburgh, Southwold,
£200,000

£0

Walberswick, and Blakeney.
2003

2004

2005

2006

2007

2008

2009

Year

Shore angling has the potential to occur all along the coast with availability

Total catch value of the four ICES Rectangles partially within the MAREA region
from 2003-2009

competitions being held at Pakefield and Southwold (Drew Associates, 2004).
However, given the correct season and conditions, shore angling occurs off most
accessible beaches.

14.5

Charter vessels and recreational fishing
activity

Recreational fishing, especially outside of competition, clubs or when done on a
private boat is difficult to quantify. As participation in recreational fishing does
not require the production of data there are few definitive records of recreational
fishing intensity and catch. As such, grey literature must be relied upon to gauge
intensity. There are projects set up including an ‘angler logbook scheme’ by
the Centre for Environment, Fisheries and Aquaculture Science (2009) that may
provide better data in the future.

Crab
Dabs
Dogfish
Eels
Flounder
Grey Mullet
Herring
Pouting
Red Mullet

of stock being the main driver in site selection for events. The most common
locations for shore angling are Aldeburgh, Lowestoft, Cromer and Dunwich; with

Figure 14:12

Codling

14.5.2 Fishing areas and species caught
A range of species are caught by recreational anglers in the region. These
include cod, whiting, flounders, dogfish; eels, and sole, dabs, thornback ray and
plaice. Bass is also fished in the summer months. Table 14:2 shows the main
species caught and the typical season of catch.
In the MAREA region, both chartered boats and private angling boats are day

Sea Trout
Shrimp
Smooth hounds
Sole
Thornback Ray
Tope
Whiting

runners; leaving port in the early hours and returning in the evening of the same day.
Table 14:2

Recreational Fish Species and Season Fished (Green) (ESFJC, 2009a).
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14.6

Conclusions

The MAREA region supports a range of fisheries from traditional fishing ports
along the coast. However, decline has been evident, most notably at the larger
ports and for the Middle Grounds and Offshore fleets. Fishermen have cited
aggregate extraction as a possible driver for this downturn, but also accept
other causes such as catch quotas, reduction in stocks (especially plaice and
cod), and a movement away from large trawlers to smaller vessels (<10 m). In
addition Kenny et al. (2010) have identified that long term trends across the
region appear to be dominated by factors which also govern the trends observed
at the North Sea scale i.e. there has been a general decline across the North

references
Cefas (2009). Improved understanding and management of recreational sea angling. Retrieved on July
3rd, 2010 from http://www.cefas.co.uk/projects/recreational-sea-angling/improved-understanding-andmanagement-of-recreational-sea-angling.aspx
Drew Associates (2004). Research into the Economic Contribution of Sea Angling. Final report to the
Department of Environment , Food and Rural Affairs.
Eastern Sea Fisheries Joint Committee [ESJFC] (2000). Eastern Sea Fisheries Joint Committee: Annual
Report 2000.
Eastern Sea Fisheries Joint Committee [ESJFC] (2005). Eastern Sea Fisheries Joint Committee: Annual
Report 2005.
Eastern Sea Fisheries Joint Committee [ESJFC] (2009a). Eastern Sea Fisheries Joint Committee:
Business Plan 2009-2010.

Sea as a whole.

Eastern Sea Fisheries Joint Committee [ESJFC] (2009b). Eastern Sea Fisheries Joint Committee: Annual
Report 2009.

The fleet is dominated by smaller vessels, less than 10 m in length, fishing

Emu Ltd and Esseen, M. (2005). Area 401/2 Licence Renewal Application, Technical Appendices. Report
No. JXL/SXH/J/1/06/0664/0480

opportunistically for whatever commercially exploitable species appear in the
area. As such, many of the vessels operate a range of gear types to enable
flexibility for changes in available fisheries. Most vessels fish with a sole
fisherman on board, partly due to the size of the craft, and partly due to the extra
cost in employing additional crew. The principle whitefish species targeted are
cod, whiting, plaice, sole, dogfish (including spur, lesser spotted and smoothhound dogfish), herring, and mackerel. Lobsters and crab are also potted for as
an alternative when traditional whitefish catch or prices are low.

Kenny A., Johns D., Smedley M., Engelhard G., Barrio Frojan C., and Cooper K., (2010). A Marine
Aggregate Integrated Ecosystem Assessment: a method to Quantify Ecosystem Sustainability. Marine
Aggregate Levy Sustainability Fund - Project Code: 08/P02. 84pp.
Pawson, M.G., Tingley, D., Padda, G. and Glenn, H. (2007). EU contract FISH/2004/011 on “Sport
Fisheries” (or Marine Recreational Fisheries) in the EU. Cefas: Lowestoft
Plumb, T. (2009). Historical Analysis of the Fishing Activity within the East Coast AODA Study Area over
the Part 30 years.
Walmsley, S.A. and Pawson, M.G. 2007. The Coastal Fisheries of England and Wales, Part V: A Review
of their Status 2005–6. Sci. Ser. Tech Rep., Cefas Lowestoft, 140: 83pp.

In the MAREA region there is a vibrant recreational fishing scene with an industry
built around it. This includes tackle and bait shops, charter vessels and tourism.
A range of species are caught; including cod, whiting, flounders, dogfish, eel,
sole, dab, thornback ray, and plaice. Bass is also fished in the summer months.
Angling predominantly occurs along beaches, piers and harbours with small
vessels also being used.
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15. Navigation and Shipping
15.1

The VMS is used, as part of the sea fisheries enforcement programme, to track the

regional overview

two-hourly positions of fishing vessels over 15 m in length. However, owing to an

The Anglian Offshore MAREA region encompasses the ports of Great Yarmouth

EU ruling in December 2009 and the Data Protection Act, raw vessel information

and Lowestoft. In addition to dredgers, a number of cargo vessels, tankers and

is unavailable and only density plots are provided by the MMO. Since the majority

passenger ferries engaged in coastal shipping between the UK and the near

of fishing vessels operating in the Anglian Offshore MAREA region falls below the

continent transit the region in a north to south or northwest to southeast direction.

300 gross tonne threshold requiring AIS to be fitted, VMS density plots showing

Ship-to-ship transfer between vessels carrying various cargoes occurs frequently

data from May 2009 – May 2010 aided the determination of fishing vessel activity.

in the region. Fishing activity consists largely of trawlers with some potter, long
line, drift net and gill net vessels, while recreational boating includes RYA sailing

15.2.3	Fisheries Surveillance Data

and racing areas in inshore waters with cruising routes between Great Yarmouth,

Surveillance data for 2005-2010 have informed understanding of fishing vessel

Lowestoft and the near continent.

activity in the Anglian Offshore MAREA region. Surveillance data include

Details of different vessel activities and their known distributions are outlined in

aerial and ship based recordings of fishing vessels sighted during patrols of

this chapter, based upon information provided in a Navigation Risk Assessment

International Council for the Exploration of the Sea (ICES) statistical rectangles

produced by MARICO Marine (2011) (see Appendix F). The report has also informed

as part of the sea fisheries enforcement programme, coordinated by the MMO.

the impact assessment process, addressed in Chapter 26 – Impact Assessment:

However, limitations in the data are noted, principally that ICES rectangles are

Navigation and Shipping.

not visited regularly for aerial sightings or with equal frequency, and that the
majority of sightings are made between 0900 hrs and 1700 hrs with no sightings

15.2

Data and Information Sources

Figure 15:1

This chapter reviews the navigational features and vessel activity occurring
within the Anglian offshore MAREA region, as reported by MARICO Marine (2011)

l

areas;

Identification System (AIS) survey data; as well as Vessel Monitoring System
Yachting Association (RYA), Cruising Association (CA), the Marine Accident
Investigation Branch (MAIB) and the Royal National Lifeboat Institution (RNLI).

l

Dredger vessel traffic working in the licence areas;

l

Presence of deep-draught vessels transiting within the Anglian Offshore
MAREA region; and

Information was also determined through consultation with representatives
of recreational associations, fishing organisations, local port authorities and
search and rescue (SAR) organisations.

15.2.1 Automatic Identification System (AIS)

Vessel traffic (commercial and non-commercial) currently transiting within
the Anglian Offshore MAREA region and specifically the region’s licence

(see Appendix F). The report assesses activity in the region using Automatic
(VMS) data, fisheries surveillance data, and information acquired from the Royal

The area and gates analysed in the AIS traffic survey (Data Source: MARICO Marine, 2011,
and The Crown Estate, 2011)

l

Non-transiting vessels where AIS is fitted (e.g. fishing vessels, recreational
craft (cruising and/or racing)).

AIS data were gathered for the Yarmouth sub-region for 14 days between the
4th and the 18th October 2009; and for the Southwold sub-region for 14 days

Automatic Identification System (AIS) is an international safety standard that

between the 1st and the 14th April 2010. In total, 28 days of AIS data have

aids vessel tracking and collision avoidance. AIS is used by vessels greater than

been used for the assessment, which has comprised general ‘Area analyses’

300 gross tonnes to provide information on their identity, type, position, course,

and more detailed ‘Gate analyses’ of vessels transecting the Yarmouth and

speed, navigational status and other safety-related information to other vessels,

Southwold sub-regions (see Figure 15:1).

aircraft, port-based Vessel Traffic Services (VTS) and other specially equipped
shore-based stations.

15.2.2 Vessel Monitoring System (VMS)

Vessel traffic surveys were undertaken using AIS to allow assessment of the

The Marine Management Organisation (MMO) operates a satellite Vessel

following:

Monitoring System (VMS) from its fisheries monitoring centre in Newcastle.

recorded at night or in poor visibility.

15.2.4 Royal Yachting Association (RYA) and Cruising
Association (CA) Data
The Royal Yachting Association (RYA), supported by the Cruising Association (CA),
maintains a database of identified recreational cruising routes, general sailing
and racing areas. The database is compiled through extensive consultation and
qualitative data collection by RYA and CA members, through the organisations’
specialist and regional committees and through RYA affiliated clubs.

15.2.5	MAIB and RNLI Incident Data
Under the Merchant Shipping (Accident Reporting and Investigation) Regulations
2005, all marine accidents occurring within UK territorial waters must be reported
and investigated. The circumstances and causes of maritime accidents are
investigated by the Marine Accident Investigation Branch (MAIB), in line with a
framework set out in the Shipping Act 1995. Further, marine accidents, especially
involving recreational craft, are commonly responded to by the Royal National
Lifeboat Institute (RNLI). Ten years of both MAIB and RNLI incident data were
analysed by MARICO Marine (2011) for the Anglian Offshore MAREA region.
The data included numerous incidents associated with inshore areas some
distance from dredging licence areas. Analysis was therefore limited to incidents
within 1 nm of the licence areas to more accurately reflect those that may be
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relevant to dredging activities. MARICO Marine (2011) analysed incident data in

the Gate and the green bars represent vessel numbers and direction of travel in

relation to commercial vessel movements recorded by AIS, in order to accurately
assess exposure to risk and determine likely incident rates expressed per day

occurs in the Yarmouth sub-region, with the busiest vessel transit routes yielding
day survey period (see Figure 15:3). In addition to these routes, high vessel
2009

2008

2007

2006

2005

2004

2003

2002

2001

2000

1999

densities are evident where traffic converges on the ports of Great Yarmouth

0

exposure to risk calculations for these vessel groups may not be accurate;

Year

Whilst all incidents should be reported, there is no guarantee that minor
incidents such as machinery failures and hazardous incidents are always
reported to the MAIB.

15.3

A significant number of vessels were bound for near continental ports located

Figure 15:2

Vessel arrivals at ports located within the Anglian Offshore MAREA region, 1994-2009.

the gate were bound for ports or sea areas within the Anglian offshore MAREA
region. 22% of vessels were bound for Humber ports (e.g. Immingham, Hull,

Much of the traffic arriving at the Port of Lowestoft is related to supply of offshore

Goole, Grimsby and River Ouse/Trent wharfs), 12% to north-east ports (e.g.

gas and oil rigs in the southern North Sea. An increase in vessel arrivals may

Teesport, Newcastle, Blyth), and 6% to Scottish Ports (e.g. Grange Mouth,

occur as a result of the development of offshore wind farms in the area.

Aberdeen, Hound Point). Vessels serving offshore oil and gas platforms in the
southern North Sea were also observed.

ports

A number of medium and small ports are located within the Anglian Offshore
MAREA region. The only two commercial ports of significance are Great
Yarmouth and Lowestoft. Data from the Department for Transport from 1994 to
2009 show a marked reduction in vessel arrivals at both ports over this period
(see Figure 15:2).
Great Yarmouth Port has recently undergone changes and a privately owned and
operated company, East Port, has operated the harbour since May 2007. Since
this time there has been a major development of the outer harbour, designed to
service the needs of a large range of vessels. The outer harbour development
includes the following:

15.4

Routing Measures and Vessel Traffic Services

Anglian offshore MAREA region. However, there is an IMO Deep Water Route

traffic crosses from east to west (average 15 vessels per day). While vessel

located 25 nautical miles to the East. No Vessel Traffic Services (VTS) are in

traffic occurs 24 hours a day, night time is generally the busiest period.

operation for the Anglian offshore MAREA region.

The types of vessels recorded passing through Gates A and B are presented in
Table 15:1. The majority of vessels (approximately 50%) were cargo vessels,

15.5

Vessel Traffic and Density

followed by tankers (approximately 22%). Typically, vessels were between 50 m
and 150 m in length, and between 4 m and 7 m in draught, indicating that most

The vessel traffic transiting the Anglian Offshore MAREA region consists

vessels transiting in this area are small to medium sized vessels, most probably

predominantly of traffic transiting the area in a north to south or northwest

engaged in coastal shipping between the UK and the near continent.

to southeast direction, as is evident from the Area analysis of AIS data

l

1,000 m of quay space;

of both sub-regions, while vessels transiting northwest to southeast affect

l

Sheltered water;

l

Up to 250 m of developable quay; and

l

Heavy lift and project cargo capability.

increase in vessel arrivals has occurred (see Figure 15:2).

per hour) pass through the Yarmouth sub-region in a northwest to southeast
trending direction, while Figure 15:4, Gate B demonstrates that lighter vessel

(Figure 15:3). Vessels transiting north to south pass through the western side

The outer harbour was constructed in 2007 and since then no appreciable

Figure 15:4, Gate A indicates that, on average, 40 vessels per day (1.7 vessels

There are no International Maritime Organisation designated routes with the

Harbour dredged to 10 m below Chart Datum;

l

and Lowestoft.
in Belgium, The Netherlands and France. Only 4% of vessels passing through

Information on incident consequences was limited, and could not be
represented; and

l

Lowestoft

100

and small fishing vessels are not required to carry AIS, any incident rate and

l

The highest density of vessel traffic in the Anglian Offshore MAREA region
in excess of 100 vessels per 500 x 500 m grid cell during the sub-region’s 14

1998

Movement data used were purely from vessels carrying AIS. As recreational

Great Yarmouth

200

1997

l

300

1996

vessel for the 10 years of incident data from 2000-2010;

400

1995

survey multiplied to provide an approximation of the total dwell time per

15.5.1 Yarmouth sub-region

500

1994

Vessel movement data were extrapolated from the aforementioned AIS

600
Vessel Arrivals

l

transiting across that section during the survey period.

Source: Department for Transport: Maritime

700

spent by vessels (vessel dwell time) within the accident analysis areas.
The possible limitations of these analyses are;

each section. The length and darkness of the bar represent the vessel numbers

800

the northeast part of the Yarmouth sub-region. A significant number of small
vessels transit the region inshore of the aggregate areas. Typically, vessels
were en-route between the UK and the near continent or between ports along
the east coast of the UK
Figure 15:4 presents the results of detailed Gate analyses, and shows bar
graphs along the lines of the Gates. Each bar represents a 110 m wide section of

15.5.2 Southwold sub-region
Very low vessel densities occur in the Southwold sub-region, with the highest
densities occurring where the north-to-south route passes through the subregion’s western side. Typically, fewer than 40 vessels per 500 x 500 m were
recorded during the 14 day survey period (see Figure 15:3).
Detailed gate analysis of Gate C (Figure 15:4) shows that the number of transits
varied widely between 0 and 17 vessels in a day; or no more than one vessel per
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Figure 15:3

AIS Area analysis of the Yarmouth and Southwold sub-regions (Data Source: MARICO Marine, 2011, and The Crown Estate, 2011)
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Transits through
Transits through
Transits through
Vessel Type	Gate A	Gate B	Gate C
Tanker

130 (23.5%)

45 (21.3%)

24 (25.3%)

General Cargo

280 (50.6%)

96 (45.5%)

46 (48.4%)

Passenger

41 (7.4%)

6 (2.8%)

1 (1.1%)

Dredger

53 (9.6%)

34 (16.1%)

6 (6.3%)

Recreational

4 (0.7%)

0 (0.0%)

0 (0.0%)

Fishing

4 (0.7%)

2 (0.9%)

3 (3.2%)

Other

41 (7.4%)

28 (13.3%)

15 (15.8%)

553 (100%)

211 (100%)

95 (100%)

TOTALS
Table 15:1

Vessel types and numbers passing through Gates A, B and C during the AIS survey.

hour. Overall, an average of just 6.8 vessels per day passed. Vessel traffic in the
Southwold sub-region tends to be greater during the daytime.

Outer Harbour Ro-Ro berth at Great Yarmouth, to Ijmuiden in The Netherlands.
Three passenger vessels are known to cross the Yarmouth sub-region, namely:
l

Norfolk Line’s Scottish Viking Ro-Ro passenger service, from Rosyth in
the Firth of Forth to Zeebrugge in Belgium (passed through Gate A on 12
occasions during the AIS survey);

l

P&O Line’s Pride of York Ro-Ro passenger service, from Hull to Rotterdam
in The Netherlands (passed through Gate A on 13 occasions during the AIS
survey); and

l

P&O Line’s Pride of Bruges Ro-Ro passenger service, from Hull to Zeebrugge
in Belgium (passed through Gate A on 16 occasions during the AIS survey).

15.8

Existing Dredging Activity

The aggregate dredgers recorded during the AIS survey periods for both the
Yarmouth and Southwold sub-regions were transiting to their specific licence
areas. The dredging operations were typically oriented parallel with the tidal

The types of vessels recorded passing through Gate C are also presented in

flow, in a north-south direction. Dredgers were mostly between 50 m and 100 m

Table 15:1. Like the Yarmouth sub-region, the majority of vessels (approximately

in length. The track plots of dredgers in the MAREA region are shown in Figure

50%) were cargo vessels, followed by tankers (approximately 25%).

15.5. Dredger movements are evidently more extensive in the Yarmouth subregion where there are a greater number of licences.

15.6

Cargo Vessels and Tankers

Typically cargo vessels and tankers in the Anglian Offshore MAREA region are 50
m to 150 m in length and 4 m to 7 m in draught, as recorded in the Yarmouth subregion during the AIS survey. Larger cargo vessels and tankers were, however,
also recorded including the 202 m long cargo vessel Pauline, and the 200 m long
tanker Seapike. Pauline provides a regular service between North Killingholme on
the Humber Estuary (north of the MAREA region), and Zeebrugge in Belgium. In
total, this vessel passed through Gate A on 13 separate occasions during the 14
day AIS survey. The Seapike was recorded undertaking a ship-to-ship transfer in
the region, an activity which occurs frequently between vessels carrying various
cargoes. The deepest draught vessel recorded in the Yarmouth sub-region was the
Noble Spirit, a tanker with a draught of 12.1 m.

Track plots of transiting and operational aggregate dredgers in the MAREA region (Data
Source: MARICO Marine, 2011, and The Crown Estate, 2011)

More detail on commercial fishing activity can be found in Chapter 14 –
Commercial Fisheries.

For assessment purposes, the MAREA takes a highly precautionary approach
by assuming a maximum development scenario of 11.75 Mt p a. This equates
to nine dredgers operating full time in the region, dredging a cargo a day. Their

15.10 Recreational Boating

activity is split between the sub-regions with 93% of the activity occurring in

The closest MAREA region licence areas are over 6 km from the coast, and as

the Yarmouth sub-region.

such are unlikely to be used by day sailors and many other recreational craft
users. The RYA recreational craft database shows that activity is focused near

15.9

Fishing Vessels

the shore where there are sailing and racing areas, sailing clubs and marinas.
The presence of heavy, medium and light use cruising routes converging upon

The number of large fishing vessels in the Anglian Offshore MAREA region, during

Great Yarmouth and Lowestoft indicates that, occasionally, some craft will travel

the survey, and fitted with AIS was limited. However, four such fishing vessels

further afield and from the near continent. Further information can be found in

passed through Gate A and two fishing vessels through Gate B in the Yarmouth

Chapter 16 – Infrastructure and Figure 16:3.

sub-region. In the Southwold sub-region, three vessels passed through Gate C.
VMS density plots and MMO surveillance data indicate that fishing activity in

15.7

Figure 15:5

the Anglian Offshore MAREA region is mainly comprised of trawlers, with

15.11 maib incidents

some potters. Occasional long-liners/drift netters/gill netters were seen to the

15.11.1		Yarmouth sub-region

Currently there are no regular Roll-on/Roll-off (Ro-Ro) car or passenger ferry

southwest of the Yarmouth sub-region. Trawlers are more densely concentrated

In total, 21 MAIB incidents involving 27 vessels were recorded for the Yarmouth

services operating from the MAREA region’s ports of Great Yarmouth and Lowestoft.

to the northeast of Anglian licence areas. Virtually all local fishing vessels are less

sub-region for 2000-2010 (see Table 15:2). The incidents have been plotted

However, there is a possibility that a regular Ro-Ro service will operate from a new

than 10 m in length and tend to remain in inshore waters, as do potters.

by incident type/location and vessel type/location and shown as Figure 15:6

Passenger Ferries

15.4
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Figure 15:4

Results of AIS Gate Analysis (Data Source: MARICO Marine, 2011, and The Crown Estate, 2011)
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Accident per person
Contact 	Fire/Explosion 	Flooding/Floundering 	Groundings 	Hazardous Incident	Machinery Failure

Vessel Type

Totals

Incident
VesselType

Number of Incidents
(10 years)

Return
Period

Derived incident rate
per day of vessel dwell time

4

Tankers

4

1 in 2.5 years

1.23 x 10-3

1

4

General cargo vessels

4

1 in 2.5 years

9.16 x 10-4

Passenger			

1					

1

Passenger vessels

1

1 in 10 years

2.84 x 10-3

Dredger

1			

4		

7

Dredger

7

1 in 1.4 years

2.81 x 10-3

1				

1

Recreational

1

1 in 10 years

1.41 x 10-2

Fishing vessels

3

1 in 3.3 years

3.80 10-2

Other vessels

7

1 in 1.4 years

5.25 x 10-3

Tanker

2

1			

1			

General Cargo						

2		

Recreational				

3

Fishing						

2

1

3

Other Vessels

4

2

7

1					

TOTALS

Table 15:2

5

1

2

1

1

13

4

27

Extract from MAIB incident data for the Yarmouth sub-region (2000-2010).

Table 15:4

and Figure 15:7 respectively. Seven incidents involved dredgers, four of which

Calculated incident rates in the Yarmouth sub-region by vessel type.

Number of Incidents
(10 years)

Return
Period

Derived incident rate
per day of vessel dwell time

Accident to person

5

1 in 2 years

4.19 x 10-4

Tanker

2

3

Contact

1

1 in 10 years

8.38 x 10-5

General Cargo			

0

type respectively.

Fire / Explosion

2

1 in 5 years

1.68 x 10-4

Passenger			

0

By comparison, the RNLI data for the same ten year period are likely to account

Flooding / Floundering

1

1 in 10 years

8.38 x 10-5

Dredger

1		

1

for more incidents involving small vessels, including recreational craft. The

0

1

1 in 10 years

8.38 x 10-5

Recreational			

Grounding

Fishing

1		

1

period. The largest category with 16 incidents (37%) was ‘machinery failure’.

Hazardous Incident

7

1 in 1.4 years

5.87 x 10-4

Other Vessels

1		

1

The next most significant at 5 incidents (12%) was ‘ill crewman’. In terms of the

Machinery Failure

4

1 in 2.5 years

3.35 x 10-4

TOTALS

4

6

were classed as ‘hazardous incidents’. Hazardous incidents are termed by the

Incident Type

Vessel		Hazardous		
Type
Incident
Collision
Totals

MAIB as a near miss; e.g. where a vessel may have taken action to avoid a
collision. No ‘collisions’ have occurred in the sub-region. Incident rates for the
Yarmouth sub-region, normalised against the approximated 10 years of vessel
movements, are presented in Table 15:3 and 15:4 for incident type and vessel

Yarmouth sub-region had 43 incidents recorded over the ten year analysis

1

2

vessel types involved in these incidents the highest was 14 incidents with ‘yacht
with an aux engine’ (33%). The next most significant was seven incidents with

Table 15:3

Calculated incident rates in the Yarmouth sub-region by incident type.

Table 15:5

Extract from MAIB incident data for the Southwold sub-region (2000-2010)

‘large power boat with cabin’ (16%). The incidents have also been plotted by
incident type/location and vessel type/location in Figure 15:6 and Figure 15:7.

against the approximated 10 years of vessel movements, are presented in

15.11.2		Southwold sub-region

Table 15:6 and Table 15:7 for incident type and vessel type respectively.

In total, three MAIB incidents involving six vessels were recorded for the

It can be seen that there are some vessel groups that show an incident rate with

Southwold sub-region for the 10 year duration 2000-2010 (see Table 15:5).

a value of zero. This will be for two reasons, either there were no incidents for

The incidents have also been plotted by incident type/location and vessel type/

the vessel group over the 10 year period or during the survey period nothing was

location in Figure 15:6 and Figure 15:7. The only incident involving a dredger

recorded for a group. A zero value does not mean, however, that there is no

was recorded as a ‘hazardous incident’ (near miss). The only recorded ‘collision’

likelihood of a future incident. Some vessel groups may not have been involved

involved two tankers and was not a result of dredging. Incident rates, normalised

in an incident to date or nothing has been reported.

Number of Incidents
(10 years)

Return
Period

Derived incident rate
per day of vessel dwell time

Hazardous Incident

2

1 in 5 years

8.24 x 10-4

Collision

1

1 in 10 years

4.12 x 10-4

Incident Type

Table 15:6

Calculated incident rates in the Yarmouth sub-region by incident type.
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Figure 15:6

MAIB and RNLI Incident Types for the MAREA region (Source: MARICO Marine, 2011, and The Crown Estate, 2011)
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Figure 15:7

MAIB and RNLI Incident Vessel Types for the MAREA region (Source: MARICO Marine, 2011, and The Crown Estate, 2011)
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Incident
Vessel Type

Number of Incidents
(10 years)

Return
Period

Derived incident rate
per day of vessel dwell time

	Great Yarmouth	Great Yarmouth			
Details
& Gorleston
& Gorleston	Lowestoft
Southwold

between 2000 and 2010, reflecting the differences in vessel densities between
the sub-regions. MARICO Marine (2011) has normalised these statistics against
vessel movements and the likely dwell time spent by vessels within aggregate

-3

Tankers

3

1 in 3.3 years

1.48 x 10

General cargo vessels

0

0

0

Range

3 hrs

250 nm

240 nm

3 hrs

Passenger vessels

0

0

0

Length

8.5m

14 m

14 m

8.5m

Dredger

1

1 in 10 years

0

Displacement

1.8 tonnes

27.5 tonnes

25 tonnes

1.8 tonnes

Recreational

0

0

0

Crew

3-4

6

6

3-4

Fishing vessels

1

Other vessels
Table 15:7

1

1 in 10 years
1 in 10 years

2.70 x 10

Class

B Class	Trent	Tyne

B Class

Table 15:8

Details of lifeboats stationed in the Anglian offshore MAREA region.

transiting vessels pass in a northwest to southeast direction. There is also a
The RNLI data for the same ten year period in the Southwold sub-region indicated
seven recorded incidents in total. The most significant was three incidents
(43%) for ‘machinery failure’, and the next most significant at two incidents
(29%) was for ‘vessel thought to be in trouble’. In terms of the vessel types

to all vessel incidents, especially those involving recreational craft. There were
43 recorded RNLI incidents in the Yarmouth sub-region and seven incidents in the
Southwold sub-region between 2000 and 2010.
The MAREA region is served by four RNLI lifeboats, stationed at Great Yarmouth,
the RAF Wattisham, near Ipswich. However, standard operating procedures,
navigational safety measures, routine VHF radio broadcasts prior to dredging

vessel densities occur in the Yarmouth sub-region where a large proportion of

Calculated incident rates in the Yarmouth sub-region by vessel type.

Chapter 26 – Impact Assessment: Navigation and Shipping. The RNLI responds

Gorleston, Lowestoft and Southwold. Two SAR helicopters also operate from

-2

9.80 x 10-3

licence areas in order to inform risk assessment and the determination of impact in

traffic lane transiting north to south, along the East coast. Vessel densities in

operations, and the experience of the dredger skippers and crew allow for dredging
to be undertaken in relative safety. Risk assessment and potential impacts are
addressed in Chapter 26 – Impact Assessment: Navigation and Shipping.

the Southwold sub-region are notably lower than in the Yarmouth sub-region. A
significant number of small vessels transit the region inshore of the aggregate
areas.

involved in these incidents the most common was two incidents involving ‘yacht

The majority of vessels occurring in the region are cargo vessels and tankers,

with an aux engine’ (29%). Other incidents involved various vessel types. The

typically between 50 m and 150 m in length, and between 4 m and 7 m in

incidents have been plotted by incident type/location and vessel type/location

draught. Most transiting vessels are probably engaged in coastal shipping

in Figure 15:6 and Figure 15:7.

between the UK and the near continent. Ship-to-ship transfer between vessels

references
MARICO Marine (2011). AODA Navigation Risk Assessment in support of a Regional Environmental
Assessment. Report No. 10UK718, March 2011.
The Crown Estate (2011). Dredge Areas and Statistics. Available [Online] at http://www.thecrownestate.
co.uk/dredge_areas_statistics. Last accessed 21/03/2011.

carrying various cargoes occurs frequently in the region. Other traffic in the

15.11.3		RNLI Lifeboat Service and Search and Rescue
The Anglian Offshore MAREA region is well covered by the RNLI for response to
possible incidents, with lifeboats stationed at Great Yarmouth & Gorleston, Lowestoft
and Southwold. In total four lifeboats service the region, including two offshore
boats (one Trent and one Tyne class) and two inshore boats (both B class – formerly
called Atlantic Class). Details of these lifeboats are presented in Table 15:8.
The Anglian Offshore MAREA region is in the East of England Search and
Rescue (SAR) area and two helicopters operate from the RAF Wattisham, near
Ipswich. The helicopters typically require up to 15 minutes to be airborne and at
their normal flying speed would reach the Yarmouth or Southwold sub-regions
in under 15 minutes.

region consists of passenger ferries, dredgers, fishing vessels, recreational
craft, and a small number of “other” unspecified vessel types. Three passenger
ferry services cross the Yarmouth sub-region between ports to the north of the
Anglian offshore MAREA region and Belgium and The Netherlands. There is
also potential for a future service to operate between Great Yarmouth and The
Netherlands.
The majority of local fishing vessels are less than 10 m in length, though
occasionally fishing vessels over 10 m in length operate from either local ports
or other areas of the UK and the EU. In the Yarmouth sub-region, there are
mainly trawlers, some potters and a few long liner/drift netter/gill netters. In
the Southwold sub-region, there are mainly trawlers and some potters.
RYA clubs, marinas, sailing and racing areas are present in inshore waters with
cruising routes bisecting the region between the continent and Great Yarmouth

conclusions

and Lowestoft.

The Anglian Offshore MAREA region encompasses the ports of Great Yarmouth

In total, 21 MAIB incidents involving 27 vessels were recorded for the Yarmouth

and Lowestoft, towards which vessel traffic converges.

sub-region, and six incidents involving three vessels in the Southwold sub-region

Relatively high
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16. Infrastructure and other marine users
16.1

Introduction

There is a wide range of interaction between human activities and marine assets
along the East Anglian coast. The main centres of development in the region
include Lowestoft, Great Yarmouth, and Norwich which offer employment, leisure,
retail and cultural activities. Suffolk and Norfolk are well known for tourism
with the Norfolk Broads being the UK’s largest nationally protected wetland and
an important area for wildlife; and many small villages being popular tourist
destinations.

Lowestoft

resident fleet of inshore vessels and deep-sea beam trawlers. Lowestoft, which

Lowestoft is Britain’s most easterly port, and serves the sea routes between

is a designated fish-landing port, is an important marine centre for Cefas with its

the UK, Europe, Scandinavia and the Baltic States. The port is linked to the UK

main laboratory located nearby and its research vessels based at the port.

motorway network, and has quayside rail links to the UK rail freight network.
Norwich Airport is located nearby, with flights to the UK and Europe. A wide range

16.2.2 Renewable Energy

of facilities is available at Lowestoft for handling container, bulk and general cargo.

There is currently one wind farm in the Anglian offshore MAREA region. This is

Specialist paper products and Scandinavian timber are imported on a regular basis
while Lowestoft’s principle dry-bulk export is grain, which is handled at Plasmor
(Lowestoft) Ltd’s 14,000-tonne capacity silo and storage facility at Silo Quay. The
facility also handles a variety of bulk materials and Stena Shipping UK Ltd imports

16.2

Existing developments

16.2.1 Commercial ports and shipping

aggregates. Recovery Systems Ltd operates a mud cutting reprocessing facility
located within the inner harbour.
The port is a major centre for servicing the offshore oil and gas industry, with a

There are two commercial ports in the region; Lowestoft and Great Yarmouth.

large fleet of supply and safety vessels. Shell UK Exploration and Production Ltd

Many smaller ports do exist but are focused around recreation and fishing. The

operate an offshore supply base from Lowestoft, which supports its North Sea gas

main fishing ports are discussed in the commercial and recreational fishing

operations. SLP Engineering Ltd offers extensive facilities for the construction of

baseline Chapter 14.

large topside deck structures and jackets destined for the North Sea and other oil

The Department for Transport (DfT) is responsible for ports policy to ensure

and gas fields. Rig structures and modules are fabricated at facilities located in

they operate efficiently, safely and sustainably; however investment and

both the port's inner and outer harbours. Extensive ship repair facilities, including

the 30 wind turbine farm at Scroby Sands (Figure 16:1). It was commissioned in
2004 and generates power for up to 30,000 homes. The wind farm is operated by
E.ON UK and can produce up to 60 MW of energy. Scroby Sands covers an area
of 8.65 km2 and lies 5 km west of Area 202.
Under the Round 3 Offshore Wind Licensing Arrangements the second largest
area (7,200 MW capacity) was awarded to East Anglia Offshore Wind Limited
(EAOW). This Zone (designated by The Crown Estate as Zone 5) lies off the East
Anglia coast and overlaps the boundaries of the Anglian offshore MAREA region
(Figure 16:1). Zone 5 will be developed as a number of individual wind farms,
all of which will require the appropriate statutory consents and approvals. The
first wind farm within the Zone, known as ‘East Anglia ONE’, is currently in the
pre-application process and is discussed in Section 16.3.4.

development comes through the private sector, especially in the development

a dry dock, are located at the port.

16.2.3	Oil and gas

of ro-ro terminals. The development goals are set out in the DfT Modern Ports

Lowestoft is also a major fishing port with a modern fish market, auction and

policy framework (2000) for which a review was published in July 2007. Policy

The southern North Sea is dominated by natural gas hydrocarbon reserves. The

processing facilities serving a fleet of inshore and deep-sea vessels. The fish

execution is achieved through the Marine Safety Agency and the Maritime and

offshore extraction of natural gas requires the presence of several types of

market, located in the Waveney Dock, also incorporates a number of fish

Coastguard Agency. Navigation is overseen nationally.

installation both in exploration and production. These installations include rigs,

processing facilities capable of servicing both visiting vessels and the port’s large

wells, pipelines, platforms and substations. All structures that sit prominent from
the water at any low tide automatically gain a 500 m safety zone, while subsea

Great Yarmouth
Great Yarmouth is situated at the mouth of the River Yare and is within 160 km

Current	Licence	Effective	Expiry
Quadrant	Operator
Type
Date
Date

infrastructure can gain a safety zone if applied for. The oil and gas infrastructure
present within the Anglian offshore MAREA regions is shown in Figure 16:2.

of a range of European Ports and hence is well positioned for trade with Europe.
Major cargoes include dry and neo-bulks such as fertiliser, coal, and forest

52/4b	Tullow Oil SK Ltd

Production

01/04/2007

01/04/2033

Oil and Gas Licences

products. It is also a major supply base for the southern North Sea energy fields.

52/3a	Tullow Oil SK Ltd

Production

01/04/2007

01/04/2033

UK waters are divided into blocks and are licensed by DECC for oil and gas

The river port has 36 wharves and quays accommodating a wide range of cargo

52/4a

Eni Hewett Ltd

Production

09/07/1970

09/06/2016

52/5a

Conoco Phillips Petroleum
Company U.K. Ltd

Production

18/09/1964		

the licensee has made enough progress to earn the chance to move into the next

52/5b	Tullow Oil SK Ltd

Production

01/04/2007

Term (DECC, 2010).

Development of a deep outer harbour was completed in February 2010 and

53/1a

Perenco UK Ltd

Production

18/09/1964

offers berthing facilities for large modern ships, carrying a combination of ro-ro

53/2b

Perenco UK Ltd

Production

18/09/1964

handling facilities, including gas and oil field support, forest products, ro-ro,
general cargo, fishing and serving small craft. Currently the port can handle
vessels up to 4,000 dwt, with a capacity for up to 50 vessels at one time. There
are 130,000m2 of open storage and 20,000m2 of high quality warehousing.

Table 16:1

Seaward Production Licences and Petroleum Exploration and

Development Licences on these blocks are valid for a sequence of periods,
called Terms. Each licence expires automatically at the end of each Term, unless

01/04/2033

trucks, containers and cars, while at the same time offering facilities to ferries
serving ports further afield.

exploration.

Currently licensed Oil and Gas blocks partially or completely within the Anglian region
(Source: UK DEAL 2010).

There are five oil and gas current licence blocks partially within, and two licence
blocks entirely within the MAREA region - all in the very north of the region. All
other blocks in the MAREA region are up for offer in the 26th licensing round. A
list of current licences is given in Table 16:1.
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Figure 16:1

Proposed and constructed offshore wind farms in the Anglian offshore MAREA region
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Figure 16:2

Offshore oil and gas infrastructure, cables and disposal sites in the Anglian offshore MAREA region. Source: Crown Estate, 2010; KISCA, 2010; UK Deal, 2010; UK Ports and Harbour, 2010; CEFAS, 2010
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Wells

gas field, and is owned by Perenco. The buoy is a yellow diagonal cross marker

northwest of the Anglian region and exits in the south east. A list of pipelines,

There are 23 wells in the MAREA region with the majority located to the north-

and is in active use.

the chemical transported and their operator is given in Table 16:4.

16.2.4 Cables and Pipelines

16.2.5 Disposal sites

There are ten active and three inactive cables in the MAREA region, one of

Marine disposal sites in English waters are designated by Defra, with the

which is partially dismantled and now rests in six sections. The locations of

disposal of dredged material controlled under the Food and Environmental

these cables are shown in Figure 16:2. None of the cables in the MAREA

Protection Act (FEPA) 1985. The disposal sites in the region are summarised in

region crosses any aggregate extraction areas and the majority make landfall

Table 16-5 and their locations are shown in Figure 16:2.

east, near to the Arthur, Aberdonia, Camelot and Hewett gas fields (Table 16:2).
The majority are plugged and abandoned exploration wells with two completed
gas producing wells in the very northeast of the study area. The wells nearer
the aggregate licence areas were operated by BP and are all now plugged and
abandoned. They were exploration wells, with two showing gas (53/16- 1 and
53/07- 2).
Only one well exists in a currently licensed aggregate area and that is well

near Lowestoft, with others making landfall near Adleburgh in the south of the

53/16-1. This is a plugged and abandoned exploration well, owned by BP

region. Table 16:3 gives the names and operators of all cables, both active and

Exploration and released in 1977. It is located on the southern tip of Aggregate

inactive in the Anglian region.

Licence Area 401/2. UK DEAL data in Table 16:2 state that gas showed in the
exploration hole. A list of wells in the Anglian region is given in Table 16:2 and
the well locations are shown on Figure 16:2.

Four open waste disposal sites occur within the wider study region. Disposal site
HU150 (Great Yarmouth) is located approximately 2 km east of Great Yarmouth.
Site HU175 (Cross Sands) is approximately 25 km from the shore, in Licence Area

There are twenty-five pipelines partially within the Anglian region with most

401/2 and is used to dispose of unwanted dredge material when the aggregate

making landfall at Bacton in the north of the Anglian study area. The majority of

extracted falls short of specification. The third disposal site is TH005 (Lowestoft

the pipelines service gas fields predominantly found in the southern North Sea,
but also the central North Sea fields Shearwater and Elgin. The exception is the

Surface Infrastructure
Only one item of oil and gas surface infrastructure is present in the MAREA
region. A Suswell Buoy exists in the very northeast of the region over the Arthur

Bacton Interconnector gas pipeline which transfers gas to and from Zeebrugge
in Belgium depending upon demand. This pipeline goes from Bacton in the

ID

Cable
Name

3

Atlantic Crossing 1 (AC1)	Global Crossing	Sennon To Beverwijk

Active

12

Circe North

Zandvoort To Lowestoft

Active

15

Concerto 1N	Interoute

Zandvoort To Sizewell

Active

16

Concerto 1S	Interoute	Thorpness To Zeebrugge

Active

8

Farland

Active

Company

VTL (UK) Ltd

Region

Status

Well Name

Class

Status

Completion Date

Current Owner	Hydrocarbons

Release Date 	Latitude	Longitude

552/05b- 12

Exploration

Completed

25/03/1996

ExxonMobil

22/10/2001

1.9639

52.9220

52/05- 11

Exploration

Plugged & Abandoned

12/04/1964

Phillips Petroleum Company UK Ltd	Gas Shows

21/01/1977

1.8718

52.8541

53/01- 3

Exploration

Plugged & Abandoned

04/11/1969

ExxonMobil	Gas Shows

08/08/1977

2.0655

52.9180

53/01- 12

Exploration

Plugged & Abandoned

25/01/1992

ExxonMobil

Dry Hole

04/09/1997

2.0936

52.8956

53/01- 2

Exploration

Plugged & Abandoned

29/02/1968

ExxonMobil

Dry Hole

21/01/1977

2.1184

52.8532

53/01a- 6

Appraisal

Plugged & Abandoned

16/10/1987

ExxonMobil	Gas Well

01/11/1993

2.1383

52.9352

53/01- 4

Exploration

Plugged & Abandoned

12/08/1972

ExxonMobil	Gas Shows

01/12/1980

2.1665

52.9333

53/01a- 11

Appraisal

Plugged & Abandoned

12/03/1990

ExxonMobil

12/04/1996

2.1709

52.9163

12
UK-Germany 5 - Seg 1-6
BT		
Out Of
			
	Service

53/01a- 13

Exploration	Suspended

17/08/1996

ExxonMobil	Gas Shows

22/04/2002

2.1519

52.9049

21
UK-Netherlands 12
BT	
Out Of 		
				Service

53/01a- 9

Exploration

Plugged & Abandoned

18/04/1988

ExxonMobil

19/09/1994

2.1749

52.9083

53/02- 13Z

Development

Completed

06/06/2006

Perenco	Gas Producing Well

19/07/2010

2.2169

52.9070

Table 16:2

Wells in AODA Study Area (Source: UK DEAL 2010).

Dry Hole

Dry Hole

Dry Hole

BT	

Aldeburgh To Domberg

21
Hermes North	Global
Aldeburgh To Zandvoort
Out Of
		Telesystems		Service
7	Norsea Coms	Norsea 		
		
Coms AS	

Active

13

Active

Pangea South-UK/Neth

ASN	

Lowestoft To Egmond

17
Rembrandt 1
Kpn Telecom Bv
Castricum To Lowestoft
				

22

UK-Netherlands 14

C&W

Winterton To Egmond

Active

Active

27
Ulysses 2
Verizon Business
Lowestoft To Ijmuiden
Active
					
Table 16:3

Cables in the MAREA Region (Source: KIS-CA, 2010)
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Reference

Pipe
Name

Diameter
(cm)	Fluid	Operator

Disposal Year (Weight in wet tonnes)		

Disposal site Code

Type

2005

2006

UK’s largest nationally protected wetland area and is located wholly within the
2007

2008

2009

Anglian region. The beaches and inlets of the Anglian coast are also popular
with walkers and birdwatchers (Visit Norfolk, 2010).

PL877

Bacton To Lancelot

7.62

Chemical

PERENCO

PL632

Clipper Pt To Bacton

60.96	Gas	SHELL UK

HU150

Maintenance
dredgings

HU175

28,289

14,610

30,018

3,855

Re-deposited
5,204
dredgings		

680

177

5,389

4,590

PL311	Sean PP To Bacton

76.2	Gas	SHELL UK

PL25

76.2	Gas	SHELL UK

HU202

Capital dredgings		

393,687

281,205		

TH005

Maintenance
dredgings

84,924

132,320 146,923 64,635

Leman AP To Bacton

PL29

Leman 49/26-BT To Bacton

76.2	Gas	SHELL UK

PL253

Esmond To Bacton

60.96	Gas

PL1570	Shearwater To Bacton (Seal)
PL876

Lancelot To Bacton

PERENCO

116,965

Recreational activities, such as sailing, diving, kayaking, angling, surfing, paddle
surfing, wind surfing, kite surfing, waterskiing and wakeboarding take place
along the whole of the MAREA region coastline.
Recreational sailing
Dinghy sailing occurs inshore, but is popular within the region with national
competitions being held by the Royal Norfolk and Suffolk Yacht Club in

HU146

Lowestoft. This dinghy racing typically occurs within 2 nm of the shore occurring

86.36	Gas	SHELL UK

HU148

most weekends between May and October, although the main regatta season

50.8	Gas

HU155

is during August. Smaller regattas and club events tend to be run inland on the

HU160	No disposals in last 10 years

Broads, rather than off the seafront.

NS111

One light and two medium use cruising routes pass through currently licensed

PERENCO

PL1339
Bacton To Zeebruge
0	Gas	INTER-		
				
CONNECTOR
PL24

Leman BT To Bacton A2

76.2	Gas

PERENCO

TH010

aggregate areas within the MAREA region. In addition to these routes there

PL23

Leman 49/27 AP To Bacton A1

76.2	Gas

PERENCO

TH026

are medium and heavy use recreational routes which pass within 7 nm of the

Bacton To Leman AP

10.16

Chemical	SHELL UK

TH075

coast (RYA, 2009). The RYA also identifies an area along the coast north of Great

PL121
PL996

Bacton To Clipper Pt

8.89

Chemical	SHELL UK

PLU2048	Thames To Arthur

20.32

Chemical

PERENCO

PLU2048JP1

Arthur P1 To Arthur Manifold UMB

7.62

Chemical

PERENCO

North Circular) and is 10 km away from the coast between Lowestoft and Great

The most prominent ports for recreational fishing and charter vessels in the

PL2047

Arthur To Thames

30.48	Gas

PERENCO

Yarmouth. There is also Licence HU202 which was a temporary disposal site

Anglian region are Great Yarmouth and Lowestoft. There are also charter vessels

for sediment generated by the burial of BBL pipeline. The sediment disposed of

available from Aldeburgh, Southwold, Walberswick, and Blakeney.

Table 16:5

Yarmouth out to about 10 nm as a general sailing area. These are shown in
Active and In-active disposal sites in the MAREA region and associated disposed tonnages
(MMO pers. comm., 2010)

Figure 16:3.
Angling

PL2047JP2

Arthur Well 2 To Arthur Manifold

20.32	Gas

PERENCO

PLU2048JP2

Arthur Well 2 To Arthur Manifold UMB

7.62

PERENCO

(MMO pers. comm., 2010).

PL2047JP3

Arthur Well 3 To Arthur Manifold

20.32	Gas

PERENCO

Disposal sites where no returns have been made for ten years are classified as

shore angling are Aldeburgh, Lowestoft, Cromer and Dunwich; with competitions

BBL

closed and are also listed in Table 16:5. There are five closed sites within 10 km

being held at Pakefield and Southwold (Drew Associates, 2004). However, given

of the coast; two near Lowestoft (HU160 and TH010) and the third near Great

the correct season and conditions shore angling occurs off most accessible

Yarmouth (HU155). The remaining two (HU146 and HU148) are near Bacton in

beaches.

BBL Balgzand To Bacton

Chemical

0	Gas

PL020

Hewett Southern
Export A-Line To Bacton

76.2	Gas

ENI

PL021

Hewett Northern
Export B-Line To Bacton

76.2	Gas

ENI

PL370

Bacton To Thames

60.96	Gas

PERENCO

PL2047JP1

Arthur P1 To Arthur Manifold

20.32	Gas

PERENCO

PLU2048JP3

Arthur Well 3 To Arthur Manifold UMB

7.62

PERENCO

Table 16:4

along this line was then later removed and used to back fill the pipeline trench

the very north-west of the region.
There are also three unused disposal sites further offshore in the MAREA region,

Pipelines in MAREA Region (Source: UK DEAL, 2010)

Chemical

Shore angling has the potential to occur all along the coast with availability of
stock the main driver in site selection for events. The most common locations for

Further details on charter vessels and recreational fishing activity are given in
baseline Chapter 14 Commercial and Recreational Fisheries, Section 14.5.

however two (TH075).

16.2.6 Tourism and recreational activities
The MAREA region provides a wide range of tourist attractions and amenities.
The coastline of the MAREA region contains nature reserves and open spaces
that are enjoyed by visitors throughout the year. The Norfolk Broads is the

Diving
There is comparatively little recreational diving carried out in the region due to
the notoriously bad visibility in the region (Emu Ltd, 2002). There are, however,
dive sites identified in Seasearch data (2008, 2009) and these are shown in
Figure 16:3. Several wrecks are dived, five of which are located near Sea
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Figure 16:3

Recreational Sailing and Diving in the AODA Region (RYA, 2009 & Seasearch, 2008)
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Palling in the north-west of the MAREA region, over 26 km from the nearest

epochs. The first epoch is 20 years, running from 2005. The second epoch is 20-50

Scarborough. This chart shows that the MAREA region is not within any practice

licensed area. The remaining dive site is the FV Dilston Castle, located between

years and the third 50-100. This allows for both future planning and flexibility to

or exercise areas, however it lies just south of a defined Helicopter Corridor.

Licence Areas 296 and 254. The recreational diving season is during the summer

account for changes in technology, knowledge and social opinion. In some areas

months when calm and warmer weather is more likely. However, often the

there can be a short term policy for holding the line, with a longer term policy of

amount of diving has been reduced considerably due to poor weather and

managed realignment or no active intervention. The SMP for Sub-cell 3c has been

16.3

submitted for final draft 2010. The SMP for Sub-cell 3b has been produced in draft

16.3.1 Commercial ports and shipping

visibility (Seasearch, 2008, 2009).

form for comment in July 2009 and is due in final draft.

16.2.7 Coastal management and defence
generally soft geology (see baseline Chapter 8 – Regional Coastal and Geological

Hold the line;

Baseline) and this change will be exacerbated by sea level rise. In order to

l

Advance the Line;

l

Managed realignment; and

l

No active intervention.

Plans (SMP’s) were created. The plans were developed by a steering group
headed by the local council, but also including the Environmental Agency (EA),
Natural England and English Heritage. The MAREA region is covered by two
SMP’s; Sub-cell 3b (Kelling Hard to Lowestoft Ness) in the north and Sub-cell 3c
(Lowestoft Ness to Landguard Point) in the south (Figure 16:4).
The first SMP’s were developed to consider a 50 year timescale however this
was extended to 100 years under the second phase of SMP’s completed March
2010. The SMP’s are structured to consider targets over three time periods or

Lowestoft is undergoing development of the Waveney Dock to accommodate
the presence of wind farm related companies in anticipation of the development

l

coordinate management plans in the region a number of Shoreline Management

Lowestoft

Shoreline management policy options include:

The coastline in the MAREA region is subject to inevitable change due to the

infrastructure developments

of the Inner Gabbard and Galloper Offshore Wind Farms (Sea Vision UK, 2010).
Great Yarmouth
Great Yarmouth has only recently undergone significant redevelopment with the
creation of a deep water outer harbour. The quayside is yet to be fully developed,

A breakdown of the locations of different policy actions can be obtained from
the Suffolk and Norfolk County Councils.

however being the closest deep water facility to the East Anglia Offshore Wind
Farm site and the near Continent it is expected the majority of development will
be related to the offshore wind farm industry (East Port UK, 2010).

Further beach management within the region has been undertaken in the form of
beach recharge. Volumes of aggregate placed on beaches within the region have been

16.3.2	Oil and gas

provided by the Environment Agency (pers. comm.) and are shown in Table 16:6.

Bar the Arthur, Aberdonia Camelot fields in the very far northeast of the MAREA
region there are unlikely to be any oil and gas developments in terms of newly
licensed blocks or wells. This is because outside of these two gas fields there
is thought to be no currently exploitable hydrocarbon resource in the region. No

Beach

1991

1996

1997

2000

2002

2004

2006

2008

wells have been drilled in the region since 1977 and all wells, outside of those
in the northeast, were found to be dry of any hydrocarbon.

Hunstanton/Heacham

400 		

Happisburgh to
Winterton frontage		

300

Southwold

930

450

196

350		

520

		

Aldeburgh (Slaughden)

The most likely oil and gas infrastructure developments will be in the installation
of new pipes or replacement of current ones. This is discussed in section 16.3.3.

16.3.3 Cables and pipelines

76

With the development of the East Anglia Offshore Wind Farm there will be a

75

Felixstowe

Table 16:6

1050

		

		

220

Beach recharge volumes for Norfolk and Suffolk 1991-2008 (in thousands of cubic
metres of aggregate).

need to connect wind turbines with the UK grid. This will require the installation
of offshore sub-stations and a main sub-station to land electrical cables, all of
which will have to be present in the MAREA region. It is difficult to speculate
about the location of such cables, however due to its proximity to the coast
and UK grid connection coupled with its use as a landfall site for the Greater

16.2.8	Military Areas
Practice and Exercise Areas (PEXA) charts show the seas and coastline around
Figure 16:4

Shoreline Management Plan Sub-cells in the AODA Region

Gabbard electrical cables, Sizewell would seem to be a candidate.

16.3.4 Renewables

the UK and illustrate areas that are used by the Ministry of Defence. The relevant

The UK currently has an obligation under the EU Renewables Energy Directive

PEXA chart for the MAREA region is Q.6401 which encompasses Poole to

to generate 15 % of its energy from renewables by 2020. In order to promote
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investment in renewable power generation, the UK Government set up the

references

Renewables Obligation (RO). Under this, energy suppliers are obliged to source a

Department of Energy and Climate Change [DECC], (2010). Renewables Obligation. Available [Online]
at http://www.decc.gov.uk/en/content/cms/what_we_do/uk_supply/energy_mix/renewable/policy/
renew_obs/renew_obs.aspx. Last accessed 11th August 2010.

percentage of their energy from renewable sources each year. There are penalty
fees for companies that do not meet this target. The percentage required from
renewable sources rises year on year (DECC, 2010). The RO is regulated by
Ofgem, who also issue Renewable Obligation Certificates (ROC) to companies
producing renewable electricity.
In April 2009 a new rating system was introduced, meaning that different types
of renewable energy have a different value in contributing towards the RO. As

Department for Transport [DfT], (2000). Modern Ports: A UK policy. Available [Online] at http://www.dft.
gov.uk/pgr/shippingports/ports/modern/modernportsaukpolicy. Last accessed 5th November 2010.
DfT, (2007). Update of UK Port Demand Forecasts to 2030 & Economic Value of Transhipment Study. Final
Report. Available [Online] at http://www.dft.gov.uk/pgr/shippingports/ports/portspolicyreview/207015_
Final_Report_2.pdf. Last accessed 5th November 2010.
East Port UK, (2010). Activities – Renewables – Offshore Wind. Available [Online] at http://www.
eastportuk.co.uk/Renewables. Retrieved 9th August 2010.

of 2009 offshore wind power provides twice as much contribution towards the

Emu Ltd, (2002). Area 254 Cross Sands Licence Renewal. Report No. SDK/RQ/SXB 02/J/1/06/0365/0315.

RO compared to onshore wind power per unit of energy produced. This has led to

KIS-CA, (2010). Kingfisher Information Service – Cable Awareness. Available [Online] at http://www.
kisca.org.uk/. Last accessed 4th December 2010.

offshore renewables being a more attractive investment for developers (DECC,
2010).
East Anglia Offshore Windfarm
ScottishPower Renewables and Vattenfall have been awarded development
rights to Zone 5, which they have called the East Anglia Offshore Windfarm
Zone. The zone is 14 km off the Norfolk and Suffolk coast at its closest point and
covers an area over 6000 km2. The location of the site is shown in Figure 16:1.
The East Anglia Offshore Windfarm is targeting an initial 7200 MW capacity,
which could provide for up to 5 million homes. The first development project
within the zone will be known as East Anglia ONE Offshore Windfarm and is
located in the south of the zone, covering an area of 300 km2. At its closest
point to land it is 43.4 km off the coast of Suffolk (ScottishPower Renewables

Royal Yachting Association [RYA], (2009). UK Coastal Atlas of Recreational Boating.
ScottishPower Renewables and Vattenfall, (2010). East Anglia Offshore Windfarm Zone. Available
[Online] at http://www.eastangliawind.com/project-details.aspx. Last accessed 9th August 2010.
Seasearch, (2008). East Anglian Seasearch – 2008 Report. Available [Online] at http://www.seasearch.
org.uk/downloads/East%20Anglia%20Seasearch%202008%20Summary%20B%20smaller.pdf. Last
accessed 4th November 2010.
Seasearch, (2009). East Anglian Seasearch – 2009 Report. Available [Online] at http://www.seasearch.
co.uk/downloads/East%20Anglia%20summary%202009.pdf. Last accessed 4th November 2010.
Sea Vision UK, (2010). Wind of change blows through Lowestoft’s port. Available [Online] at http://www.
seavisionuk.org/news/latest_news.cfm?widCall1=customWidgets.contentItem_show_1&cit_id=4539.
Last accessed 9th August 2010.
Visit Norfolk, (2010). Norfolk Broads. Available [Online] at http://www.visitnorfolk.co.uk/norfolk/norfolkbroads.aspx. Last accessed 31st August 2010.
UK DEAL, (2010). DEAL – Facilitating access to data for the Oil & Gas industry. Available [Online] at
https://www.ukdeal.co.uk/dp/jsp/DealSummary.html. Last accessed 3rd December, 2010

and Vattenfall, 2010). According to ScottishPower Renewables and Vattenfall
construction is expected to begin in 2015.
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17. Archaeology
17.1

Regional Overview

An archaeological assessment undertaken by Wessex Archaeology in 2010
considered the known and potential archaeological record of the MAREA region
according to the following three broad areas of archaeological enquiry:

This outline of the known prehistoric archaeology of the southern North Sea

by the NRHE and the records for World War II Air/Sea Rescue Operations. These

was used as a basis to discuss the known and potential archaeological and geo-

data were used to understand the density and general distribution of aircraft

archaeological sites in the MAREA Study Area that may be impacted by existing

activity, thus highlighting the potential for the discovery of aircraft crash sites

and future dredging operations.

within the MAREA region.

Geophysical and geotechnical data were also used to supplement the assessment

This chapter addresses for each archaeological theme what is known, the
potential for currently unknown archaeological material within the MAREA

l

Prehistoric archaeology;

of the prehistoric archaeology within the region.

l

Maritime archaeology; and

Geophysical datasets, comprising sidescan sonar, magnetometer and multibeam

l

Aviation archaeology.

A number of national inventories, primary datasets and secondary sources were
used to identify the baseline archaeological resource within the MAREA region.
The aim of this archaeological assessment is to consider the potential cumulative
and in-combination effects of the existing and planned future dredging operations
on the marine environment as a whole and the archaeological record in particular,
within the MAREA region.

17.2

Sources and Methodology

In order to assess the potential for prehistoric sites (i.e. from the Palaeolithic to the
Iron Age) within the MAREA region, the Suffolk and Norfolk Historic Environment
Records (HER) and National Record of the Historic Environment (NRHE) datasets

echosounder and acquired as part of the East Coast Regional Environmental
interest. In-filled palaeochannels, peats and fine-grained sediment horizons as
indicators of former land surfaces were identified and any discernable patterns
to these features at the regional scale were mapped.
To better understand the sedimentary sequence within the MAREA region and
evaluate the geoarchaeological and palaeoenvironmental potential of sediments

climatic conditions.

acquired as part of the East Coast REC survey and their positions were based

Quaternary sediments laid down during the Pleistocene overlie the Tertiary

on an initial interpretation of the REC sub-bottom profiler data. The remainder
were provided by the aggregate industry and selected for review based on their
proximity to the sub-bottom profiler data lines. An additional 109 vibrocores that
were reviewed as part of the Seabed Prehistory: Site Evaluation Techniques

through a consideration of:

finds reported under the BMAPA Protocol for Reporting finds of Archaeological
l

were the results of a number of previous studies carried out within the MAREA
l

A particularly important source with respect to the prehistoric archaeology of the

bison, mammoth, horse and reindeer (Wessex Archaeology, 2008a, 2008g, 2009a,

of unconsolidated sediments reflecting deposition in differing environments and

Formation, a Lower Eocene mudstone (Allen and Sturdy, 1980; Cameron et al., 1992).

of previous archaeological investigations, books and journals. Offshore prehistoric

artefacts, including handaxes, flakes and cores, and faunal remains, including

The shallow geology of East Anglia comprises a complex and varied sequence

to the results of the geophysical review. Thirty-eight of the vibrocore logs were

The known and potential maritime archaeology of the region was reviewed

240, commissioned after the discovery in the licence area in 2008 of archaeological

Shallow Geology of the MAREA Region

The region is underlain by Tertiary bedrock sediments comprising the London Clay

were compared with information drawn from secondary sources such as reports

region were the series of Wessex Archaeology Seabed Prehistory reports on Area

17.3

within the region a review of 337 vibrocore logs was undertaken and compared

(Area 240) project were also taken into account (Wessex Archaeology 2009a).

area (see Appendix F).

of key sensitivities is also provided.

Characterisation (REC) survey were reviewed to identify prehistoric features of

for the terrestrial prehistoric record within the onshore extent of the MAREA region

Interest (BMAPA and English Heritage 2005) were also included in this review, as

region, its likely importance and its possible survival into the present. A summary

l

bedrock and reflect a mixture of depositional environments: glacial and
interglacial, marine and terrestrial.
Recent work (Wessex Archaeology, 2011) has indicated that the late Quaternary
sediments in Area 240 are more complex than previously thought, and has
suggested that the same may be true for the wider MAREA region.
During the late Early and early Middle Pleistocene, East Anglia lay within
the coastal margins of a shallow marine ebayment fed by three major river

the list of wrecks charted by the United Kingdom Hydrographic Office

systems (the Thames, Bytham and Ancaster rivers) which drained eastwards

(UKHO) and provided through SeaZone;

across southern and central Britain and into the North Sea (Rose et al., 2001).

the records of recorded shipping losses for which there are currently no

Sediments, deposited prior to the Anglian Glaciation (c.478,000-423,00 Before

known seabed remains, held by the NRHE; and

Present (BP)), therefore comprise mainly shallow marine sands, gravels, silts

a range of secondary sources related to the maritime history of the UK, with

containing organic remains (Rose, 2008).

respect to the potential for unknown and uncharted shipwreck sites within
the MAREA region.

and clays with occasional terrestrial sediments, river gravels and sands, some
For example, the Yarmouth Roads Formation is a Cromerian period (478,000
to 787,000 BP) sediment formation which correlates with Cromer Forest-bed

2010b, 2011). This discovery shorted that significant archaeological material can

Anomalies of potential archaeological interest were identified as part of the

Formation, Kesgrave Group and Bytham sands and gravels (Moorlock et al.,

be present in deposits that are being targeted for marine aggregate extraction.

archaeological interpretation of the geophysical data and where possible these

2000) in the terrestrial portion of the MAREA region. It is associated with large

were linked with known wrecks.

river systems cutting into the underlying early Pleistocene sediments and was

The HER and NRHE records were superimposed on a base map of the MAREA

deposited as part of a complex delta-top sequence (Cameron et al., 1992).

region and queried in a GIS on the basis of their period classification to generate

Aviation archaeology, both known and potential, was reviewed through a

maps of the distribution and density of known prehistoric archaeological sites and

comparison of historic aviation activity within the MAREA region and the records

Post-Anglian sediments include the Egmond Ground Formation, which sub-

finds within the MAREA region.

of charted aircraft crash sites listed by SeaZone, records of aircraft losses listed

crops the Holocene sediments in the northeast of the MAREA region. This
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formation was deposited in the latter stages of the Hoxnian interglacial as the

l

Unit 6: Recent, seabed sediment comprising mainly a lag deposit or mobile

re-establishment of a shallow sea caused by rising sea levels and continued

sand. This unit was not observed in all the reviewed vibrocores, indicating

tectonic subsidence following the decay of the Anglian ice sheet.

older sediments present at the seabed in some areas of the MAREA region,
a finding confirmed by the seabed grabbing element of the Area 240 study

The youngest of the Pleistocene sediments documented in the MAREA region
l

of the MAREA region and including fine-grained sediments, peats and other

MAREA region these sediments were deposited in outer estuarine or lagoonal

organic matter associated with early Holocene deposition, prior to the last

environments. Further to the west the Brown Bank Formation may comprise

marine transgression. Dates for this unit obtained from vibrocore WA_

more fluviatile, current-bedded silt and finely laminated clays filling deep, late

VC061 in Area 240 range between 10,710 - 10,280 cal. BC (10,470 +/- 35

Ipswichian/Early Devensian channels (BGS, 1984; 1991).

BP, SUERC-11978) and 7,530 - 7,350 cal. BC (8,370 +/- 25 BP, SUERC-11975)
(Wessex Archaeology, 2011);

Post-Devensian sediments are likely to be limited to near shore areas of the
l

Unit 4: Brackish/lagoonal/shallow marine restricted clays, sands and gravels

from the south of the area (Moorlock et al., 2000) and remnants of peat and

associated with the Brown Bank deposits in the MAREA region, particularly

other fluvial deposits of this age have been documented off Great Yarmouth

the upper infill sediments of channels associated with this formation. Infill

(Arthurton et al., 1994).

sediments associated with channels also include glaciofluvial and fluvial
sediments. Wessex Archaeology (2011) identifies this unit as two, probably

Modern seabed topography is generally variable across the MAREA region.

contermporaneous units in Area 240, dated by Optically Stimulated

The northern part of the region is dominated by a series of large sandbanks,

Luminescence (OSL) to the mid-Devensian (35,000 +/- 5,000 years BP);

predominantly orientated parallel to the coastline (northwest to southeast).
These features are up to 30 m high.

l

Unit 3: Shallow marine sands and gravels observed in the northeast of the
MAREA region and predominantly associated with the Egmond Ground

Across the MAREA region there is a general deepening from the coast to the

Formation. Shallow marine sands and gravels are also associated with

east with a deep channel observed in the southeast of the MAREA Study Area

basal infill deposits of channel features within the MAREA region, including

and a maximum water depth of around 70 m in the east of the MAREA region.

Area 240 where they are associated with a channel feature probably cut
during the Late-Anglian glaciation (Wessex Archaeology, 2011);

17.4

Prehistoric Land Surfaces and Deposits

l

Unit 2: Pleistocene sands and gravels observed throughout the central

17.4.1	Geotechnical Assessment

and northern portions of the MAREA region, including Area 240 where

An assessment of 337 vibrocore logs was conducted in order to better

to be a minimum age estimate of 735,000 +/- 134,000 years BP (Wessex

an OSL date on this unit from vibrocore VC3b returned what is considered

understand the sedimentary sequence within the MAREA region and evaluate

Archaeology, 2011). This place the unit within the Cromerian Complex and

the geoarchaeological and palaeoenvironmental potential of sediments in the

equivalent in age to the Yarmouth Roads Formation; and

region. Thirty eight of the vibrocores assessed were acquired as part of the East
Coast REC survey. The remainder were provided by the aggregate industry.
The interpretation of a number of vibrocores collected in Area 240 as part of the
Seabed Prehistory project (Wessex Archaeology, 2011) referred to above has

Channel

Channel cuts and associated infill deposits. May indicate
extensions of present-day terrestrial system or now
unconnected channels. May include both fluvial and estuarine
environments. Can be described as filled, underfilled
and unfilled. Archaeological potential for in situ and
secondary context artefacts. Infill deposits may also be of
palaeoenvironmental interest.

Unit 5: Intertidal/saltmarsh peats and clays observed in the near shore area

marine regression at the onset of the last glaciation. In the eastern area of the

MAREA region. Remnant deposits of inter-tidal mudflat sediments are known

Description

(Wessex Archaeology, 2011);

belong to the Brown Bank Formation deposited in the Late Ipswichian/Early
Devensian, c.110,000 - 75,000 BP. This formation was deposited during the

Feature type

l

Unit 1: Pliocene sands observed primarily in the south of the MAREA region.
This unit, also noted in Area 240 (Wessex Archaeology, 2011) is associated
with the Red Crag and Westkapelle Formations.

also been used to inform the discussion of sedimentary horizons below.

17.4.2 Palaeo-Geographic Assessment

The MAREA geotechnical assessment identified six sedimentary units within

Stone artefacts have long been found in sediments associated with river

the core logs reviewed:

channels, either in sand and gravel layers or associated fine-grained sediments
and peats (e.g. Wymer, 1999). The presence of these artefacts is closely linked

Gravel terrace		 Features associated with the edge of channel features, or
within channel features. Archaeological potential for in situ and
secondary context artefacts.
Bank
Cut and fill		 As channel features. Cut and fill is used as a descriptor
when the feature of interest can not be traced over distance.
Generally used for isolated features.
Can be described as simple (one phase of fill) or complex
(multiple phases of infill).
Depression		Small isolated infilled features which may include remnant
features formed by erosion or be associated with inter-tidal
deposits. Potential for in situ and secondary context artefacts.
Infill deposits may also be of palaeoenvironmental interest.
Fine-grained
unit
Peat		Indicator of former terrestrial land surface. Potential for
in situ and secondary context artefacts. Deposits are of
palaeoenvironmental interest. Generally associated with other
features such as channels or cut and fill features.
	Organic matter
	Gas blanking		Gas blanking masks the seismic reflectors and is caused by
the presence of shallow gas. Shallow gas may indicate the
presence of organic matter/peat at a particular layer caused by
microbial activity. Shallow gas can also originate at depth and
then migrate towards the surface along migration pathways.
Discrimination is made during the assessment and only shallow
gas thought to be associated with the presence of organic
matter is recorded. Generally associated with channel infills, cut
and fill features and erosion surfaces.
Strong reflector		 May indicate either hard ground layer or layer containing
organic matter.
	Erosion surfaces		These tend to be broad scale features associated with erosion
during marine transgression and regression. May include
ravinement surfaces, which are transgressive erosion surfaces
resulting from near shore marine and shoreline erosion
associated with a sea level rise.

Table 17:1

Features of potential prehistoric archaeological interest.
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to the environmental processes that formed the associated deposits. Near the

Wolstonian, Devensian) have shaped the landscape within the MAREA region.

970,000 - 936,000 BP (Parfitt et al., 2010). This recent discovery pushes back the

MAREA region, terrestrial archaeological finds of this sort have been documented

These changes in sea level have at times exposed the floor of the southern

previous estimate of c. 720,000 BP for the earliest evidence of hominins in the

along the course of the Rivers Yare, Wensum and Waverney (Wymer, 1999).

North Sea, including the MAREA region, as a terrestrial land surface beyond the

UK obtained from another coastal site in the MAREA region, at Pakefield near

These finds are generally single, isolated artefacts of Lower Palaeolithic age, and

limits of the glacial ice sheets, creating an inhabitable environment suitable for

Lowestoft in Suffolk (Parfitt et al., 2005).

come predominantly from re-worked fluvial or glacial sediments rather than from

hominin/human occupation and exploitation.

in situ contexts (Wymer, 1985). Exceptions to this rule are the sites at Pakefield
and Happisburgh where in situ artefacts have been recovered from fluvial and
estuarine sediments (Parfitt, 2008; Parfitt et al., 2010).
Peats are indicative of the remains of previous land surfaces, potentially used by

For the purposes of this chapter the discussion of prehistoric archaeology has

and Pakefield finds come contain a rich faunal assemblage including elephants,

been divided into three phases:

deer and other large mammals, all potential food sources for early hominins

l

(Parfitt et al., 2010) and corresponding to the Lower and Middle Palaeolithic;

insects and pollens they contain enable archaeologists to construct a detailed
l

This period includes the Middle and Early Upper Palaeolithic during which

MAREA region the geotechnical data described above and available geophysical

Neanderthals were replaced by modern humans; and

data (sub-bottom profiler and multibeam echosounder) were compared with the

The geophysical data were analysed for evidence of the specific features of
archaeological interest detailed in Table 17:1. Only features thought to have
formed during the period of potential human occupation of the MAREA region
(i.e. from c. 970,000 to the last transgression c.7,000 BP) were interpreted. In the
near shore portions of the MAREA region numerous cut features were observed,

Devensian to Late Glacial Maximum, c.110,000-18,000 BP (MIS 5d to MIS
2), from the onset of the last glaciation up to and including its maximum.

To identify features with archaeological potential within the offshore portions of the

known geology of the MAREA region (Wessex Archaeology 2008c).

Pre-Devensian, c. 970,000-110,000 BP (Marine Isotope Stages (MIS) 25 – 5e),
covering the period from the earliest evidence of hominin occupation of the UK

people in the past. The preserved vegetation and other organic remains, such as
picture of the environment at the time the peat was laid down.

The Cromer Forest-bed sediments, from within which both the Happisburgh

l

(Parfitt et al., 2005; Wymer, 1999). The evidence from the Pakefield fossils and
plant and beetle remains suggest a warm, almost Mediterranean climate and an
environment rich in resources attractive to hominins (Parfitt et al., 2005).
The Bytham River was one of the largest rivers in Britain during the pre-Anglian
Lower Palaeolithic and seems to have provided an attractive environment for the
earliest hominin colonists of the UK to exploit. A large proportion of known Lower
Palaeolithic sites dating to the Cromerian Complex (for example, High Lodge,
West Dereham, Feltwell, Brandon, Hengrave, Lakenheath and Mildenhall) have

Post- Late Glacial Maximum and early Holocene, c.18,000-7,000 BP (MIS 1),

been found along the course of the palaeo-Bytham to the west of the MAREA

covering the period of re-inhabitation of the British Isles by modern humans

region.

following the Late Glacial Maximum through to the final inundation of the

The Cromer Forest-bed Formation and associated Bytham River sands and

MAREA region during the Mesolithic.

17.5.1 Pre-Devensian (970,000-110,000 BP)

gravels are partially equivalent of the Yarmouth Roads Formation (which dates
from approximately 2.3MA – 480,000 BP) found offshore in the MAREA region.
Yarmouth Roads Formation sediments reflect a transition from a fully marine

associated with the edges of modern channels such as the Holm Channel and

During the pre-Devensian period the landscape of north-western Europe was

environment to low energy, shallow water conditions, and were deposited in a

Barley Picle. These cut features are associated with the development of these

shaped by a series of marine transgressions and regressions that are associated

prograding deltaic environment supplied, in the MAREA region, with sediment

banks since the last marine transgression, and are thus of no relevance to the

with fluctuating glacial and interglacial conditions arising from changes in

by the palaeorivers described above (Wessex Archaeology, 2011).

prehistory of the MAREA region.

global climate. There are still large gaps in our knowledge of the relative sea

Marine geophysical and geotechnical surveys at Pakefield have demonstrated

level history of the southern North Sea and the configuration of the coastline

that sediment units identified onshore can be traced offshore and that not all of

during this time.

the very early terrestrial sediments associated with the Lower Palaeolithic finds

Within the MAREA region a total of 171 features of archaeological interest
were identified and divided into five groups based on their possible age,

have been removed by subsequent glacial and/or marine processes (Wessex

associated deposits, type and geographic location. Descriptions of all features

Pre-Anglian

are detailed in Appendix F. At the level of a single aggregate area, the Area

The earliest archaeological remains in the MAREA region are also the earliest

240 Seabed Prehistory project identified a number of seabed features which

in the UK, and are from Cromer Forest-bed sediments associated with two large

are also referred to below (Wessex Archaeology, 2011). The key results of the

palaeorivers, the Bytham and Ancaster, which flowed from the Midlands across

palaeo-geographic assessment are included in the sections below devoted to

East Anglia and Norfolk and into the North Sea prior to the Anglian glaciation

The geotechnical and geophysical assessment carried out as part of the MAREA

the prehistoric archaeological potential of the MAREA region.

(i.e. more than 478,000 years ago). These rivers and their floodplains were

identified six features which have been described as pre-Anglian in date. These are:

probably the most important routes of colonisation for Britain’s first hominin

17.5

Prehistoric Archaeology

inhabitants and it is within the sediments associated with the Ancaster that

Archaeology, 2008g). There may thus be remnants of these sediments offshore,
which have the potential to contain Lower Palaeolithic archaeological material
as well as palaeoenvironmental remains.

l

feature measuring 200 m x 70 m x 15 m which is listed by the UKHO (UKHO

the earliest current evidence for a hominin presence in the UK has been found

The prehistoric archaeological record of the British Isles covers the period from

at Happisburgh (Site 3) on the north Norfolk coast and within the MAREA

the earliest human occupation c.970,000 BP to 2,000 years BP. During this long

region. This site consists of an assemblage of Lower Palaeolithic flints and

span of time sea level fluctuations caused by three major glaciations (the Anglian,

contemporary faunal remains which indicate a hominin presence in Britain c.

Feature 7000 – the Cross Sands Anomaly (Figure 17:1, a probable geological
10774) as a live obstruction;

l

Feature 7001 – a cut into the Westkapelle Ground Formation infilled with up
to 4 m of fine-grained, possibly Yarmouth Roads Formation sediment; and
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Figure 17:1

Feature 7000 – the Cross Sands Anomaly
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l

Features 7002 – 7005 – cut and fill features which may represent the

a shallow marine environment, whilst the remainder was probably coastal or

ongoing debate (Flemming, 2002; Wymer, 1999) but it is likely that even during

remnants of a more extensive channel feature.

influenced by the Palaeo-Yare River estuary.

the cold periods the MAREA region would have remained either free of ice, or

There is archaeological evidence that hominins returned to the UK during the

only partially covered. Sea level is estimated to have been in the region of 120m

Each of these features is described in greater detail in Appendix F.
It is thus possible that Lower Palaeolithic material is preserved in situ within
late Cromerian Yarmouth Road deposits. The potential might be greatest
where later Yarmouth Roads Formation deposits are associated with features
(river valleys, shorelines, etc.) cut into earlier Pleistocene or pre-Pleistocene
formations.

Hoxnian. Lower Palaeolithic archaeological material has been found associated
with lake deposits at Hoxne (after which the Hoxnian is named), west of the
MAREA region (Wymer, 1999) and a Lower Palaeolithic living site has been
discovered at West Stow, comprising Acheulian flint artefacts and numerous
charred bones and flints, indicating the repeated use of fire. Discrete areas of
burning at the site have been interpreted as hearths, with the spatial distribution

below its current stand during the cold phases, which means that parts, if not
all, of the MAREA region would have been exposed as a peri-glacial terrestrial
landscape (Allen and Sturdy, 1980) with a fauna dominated by cold species such
as mammoth, woolly rhinoceros, reindeer and arctic fox (Wessex Archaeology,
2009a). Gibbard (2007) has proposed that the ice sheet caused the formation of
a dammed lake in the southern North Sea. The MAREA region is located on the

Although Wessex Archaeology (2011) reported no channel features within Area

of flints suggesting fireside flint knapping and tool making (Preece et al., 2006).

western edge of this postulated glacial lake.

240, a deep cut and fill feature was observed on the western edge of the licence

Palaeoenvironmental evidence suggests that the site was located within a

area, which they suggest may extend to the west.

Although the climate and environment were extreme for long periods of time,

closed deciduous forest in a fully temperate climate (Preece et al., 2006).

the presence of game suggests that hominins could also have been present in

Within the terrestrial portion of the MAREA region the NRHE contains two

the MAREA region during much of the Wolstonian.

records of mid-Hoxnian Acheulian handaxes (Darvill, 1987) – one found on the

Dated archaeological evidence in the UK from the Wolstonian is scarce, the

coast 6 km to the south-east of Happisburgh and the second at Oulton Broad,

longevity of stone artefact traditions means that it is difficult to differentiate

4 km inland from Lowestoft. Seven terrestrial records attributed to the Lower

Wolstonian age materials from that which preceded and followed it (Wessex

Palaeolithic, but not specifically identified as being Acheulian in age, are listed

Archaeology, 2011). Within the MAREA region Wolstonian finds are limited to

in the Norfolk HER, mostly concentrated along the coast between Happisburgh

a possible Levallois or late Acheulian handaxe found on the surface of a cliff

and Hemsby. In Suffolk five finds of Acheulian handaxes are recorded in the HER,

talus near Dunwich to the south of Southwold and a Levallois flake found on the

all inland in an area between Beccles and Brampton.

beach at Lessingham, 4 km from Happisburgh. Traditionally the transition from

Offshore, sediments of the Egmond Ground Formation were laid down during the

the Lower to the Middle Palaeolithic (c.300,000-140,000 BP), which is reflected

Hoxnian interglacial transgression sequence associated with the development

in flint tool technologies with appearance of Mousterian or Levallois techniques,

of a shallow sea to the east of the MAREA region (Cameron et al., 1992).

is dated to the onset of the Avelely interglacial during the Wolstonian.

Wessex Archaeology (2011) suggest that the greatest potential for Hoxnian

The Aveley interglacial was followed by a final Wolstonian glacial expression,

Anglian
The Anglian (c. 478,000-423,000 BP) was the most extensive of the late
Pleistocene glaciations and had a significant impact on the MAREA region. For
much of the Anglian the MAREA region lay behind the ice front, which at its
maximum reached as far south as the north Cornwall coast and the Thames
Valley (Wymer, 1999). The effect for the MAREA region was the extensive
modification of the pre-Anglian landscape. The Bytham River ceased to exist
and all other pre-existing landscape features are assumed to have been either
eroded or buried under glacial till (Rose, 2008). The Thames and its tributaries
were diverted to the south. A large ice-dammed lake developed in the southern
North Sea, directly to the south of the ice front, into which the Thames and
other major European rivers, such as the Rhine, flowed (Gibbard, 2007).
For most of the Anglian it is unlikely that hominin presence in the MAREA region
existed. Any hominin population would most likely have been forced out of the
region as climatic and environmental conditions worsened with the onset of the
glaciation, and will not have been able to return until the climate ameliorated
towards the end of the Anglian. The potential for any Anglian age archaeological
material in the MAREA is thus unlikely for most of the period.
Hoxnian
The Hoxnian interglacial (c. 423,000-380,000 BP) was a temperate phase
following the Anglian, during which the UK appears to have remained a
peninsula of north-western Europe.

archaeological material offshore is in the near-shore areas of the MAREA region
where remnant river terraces or valleys may be buried by these transgressive
sediments. Where Egmond Ground Formation deposits form the infill of offshore
channel deposits they may contain derived artefacts.
Two features (7095 and 7101) of possible Anglian/Hoxnian age were identified
during the MAREA palaeo-geographic assessment. They are both distinct deep
cuts infilled with a series of strong, sub-parallel reflectors interpreted as Hoxnian
age Egmond Ground Formation. However, a vibrocore from the latter indicates
that the upper 4.3 m of this fill comprises organic silts and clays overlying finemedium grained sands indicative of Devensian Brown Bank Formation sediments
rather than the Egmond Ground Formation.

from c.180,000 - 40,000 BP, during which the UK appears to have been
uninhabited by hominins.
Offshore in the MAREA region there are documented occurrences of Wolstonian
age sediments in Area 254 and 240. In the former, there is a sand and gravel
bank feature, possibly associated with an extension of the Palaeo-Yare channel
and dated by OSL to be Wolstonian in age (Wessex Archaeology 2008a).
In the latter, Wessex Archaeology (2011) suggests that similar sand and gravel
deposits were deposited as Wolstonian glaciofluvial outwash in a possible
estuarine environment. The final Area 240 report identifies these Wolstonian,
cold climate estuarine deposits as one of the likely sediment horizons from
which the lithic material found in 2008 were dredged.

Initially, sea level rose rapidly and by 40,000 BP was around 10 m below its

Wolstonian

current stand. According to Wessex Archaeology (2011) the coastline and outer

The Wolstonian (c. 380,000-130,000 BP) comprised three cold stages

Ipswichian

estuarine limit of the Palaeo-Yare River was, at this time, approximately 5 km

interspersed with two temperate phases – the Purfleet and Aveley. The extent

For the purposes of this report the Ipswichian Interglacial is dated to c.130,000-

east of where it lies today. Much of the MAREA region would thus have been

of the Wolstonian ice sheet as it waxed during the cold stages is a matter of

110,000 BP. The onset of the interglacial appears to have been marked by an
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abrupt climatic transition from the end of the Wolstonian. The southern North

of a terrestrial peri-glacial landscape south of the limit of the ice, conditions

Sea, and thus the offshore MAREA region was submerged during this time, and

probably similar to those experienced previously during the Wolstonian.

with the sea level 5-6 m higher than it is today much of the coastal area of the

17.5.3 Post-Last Glacial Maximum and Early Holocene
(18,000-6,000 BP)

Onshore Devensian sediments in the MAREA region are characterised by

As mentioned above, the earliest evidence for the re-colonisation of the UK

cold-climate gravels, possibly equivalent to the sands and gravels of the Yare

following the Devensian glacial maximum is c.13,000 - 12,500 BP. The warmer

Valley Formation (Arthurton et al., 1994). Offshore the sediments from the

conditions of the Windermere Interstadial encouraged a landscape containing a

At the height of the interglacial the climate was similar to, or even slightly

early Devensian are ascribed to the Brown Bank Formation and were deposited

mixture of light birch woodland, grassy meadow and areas of wetland vegetation

warmer than that of today (Barton, 2005). Faunal remains from this period

during the marine regression at the onset of the glacial stage. In the eastern

within the MAREA region, favourable for human occupation and exploitation

discovered at sites such as Bobbitshole near Ipswich indicate a climate suitable

area of the MAREA region these sediments were deposited in outer estuarine

(Wessex Archaeology, 2010).

for large mammals such as lion, hippopotami, straight-tusked elephant,

or lagoonal environments. Inshore the Brown Bank Formation is a fluviatile

rhinoceros, giant deer, red deer, fallow deer, aurochs and bison (Wymer, 1999).

deposit, filling late Ipswichian/early Devensian channels.

Evidence from Essex suggests that within the general vicinity of the MAREA

The UK’s terrestrial archaeological record suggests that Britain was uninhabited

general climatic trend was one of amelioration, as the current Holocene period

from c.180,000-60,000 BP. The possibility of a hominin presence throughout

gained momentum from approximately 10,000 BP.

MAREA region would also have been inundated and the UK cut off from the
Continent.

region vegetation comprised predominantly mixed oak forests (Allen and
Sturdy, 1980).

the Devensian, prior to the glacial maximum (c.18,000 BP), should not be

With the exception of low energy fluvial deposits in the Waverney Valley at

disregarded within the MAREA region as it is unlikely that the initial cooling

Wortwell near Lowestoft, there is little terrestrial evidence of Ipswichian

stages of the glaciation would immediately have excluded hominins.

sediments in the MAREA region (Moorlock et al., 2000). Offshore, Ipswichian age

Following a climatic shift c.60,000 BP, during the late Middle Palaeolithic, cool

sediments are currently limited to the late interglacial Brown Bank Formation.
However, organic freshwater sands and silts will occasional brackish indicators
of possible Ipswichian date (116,700 +/- 11,200 BP) have been identified in
dredging Area 254 overlying Wolstonian gravel deposits (Wessex Archaeology,
2008a; 2011).
Despite the favourable climate and the availability of large mammal fauna there
appears to have been no hominin presence in the UK during the Ipswichian,
although Middle Palaeolithic hominins are known to have occupied northwestern
Europe during this period (Wymer, 1999; Ashton and Lewis, 2002). This hiatus
in the record of hominin occupation of the UK is reflected in the dearth of
archaeological finds from this period in the MAREA region. With the exception
of the two Middle Palaeolithic Levallois flakes described above, which could
date from either the Wolstonian or the Ipswichian, there is no other evidence
for hominins in the MAREA region.

17.5.2 Devensian to Last Glacial Maximum (110,000 BP18,000 BP)

dry conditions encouraged the development of rich arid grasslands (mammoth
steppe) which supported large mammals. The migration of these animals
probably coincided with the arrival in the UK of the Late Neanderthals, who
were followed c.31,000 BP by Early Upper Palaeolithic, anatomically modern
humans (Homo sapiens) (Barton, 2005: 28).
The presence of Neanderthals in the southern North Sea basin during this period
is confirmed by the discovery in 2001 of a portion of a Homo neanderthalensis
skull in sediments extracted from the Zeeland Ridges, 15 km off the coast of the

Despite a final sharp cooling event, known as the Loch Lomond Stadial (c.11,00010,000 BP), when glaciers once again formed in the Scottish Highlands, the

At the start of the Holocene sea level was approximately 65 m below its current
stand and most of the offshore portion of the MAREA region would still have been
a terrestrial landscape, probably covered by a closed birch forest environment
(Allen and Sturdy, 1980).
As sea level gradually rose during the subsequent three millennia the MAREA
region would have been subject to marine transgression and inundation, until by
c.7,000 BP it was entirely marine.
Archaeologically the period between the post-Last Glacial Maximum and the
middle of the Holocene coincided with the Mesolithic and it is likely that much of
the MAREA region was occupied by Mesolithic people until the area was finally
inundated.

Netherlands. The specimen was dredged up from sediments containing Late

The Atlantic period (7,200-5,500 BP) saw the end of the Late Mesolithic period and

Pleistocene faunal remains and Middle Palaeolithic artefacts, including well-

the start of the Neolithic in the UK. During this time the landscape within the East

finished small handaxes and Levallois flakes (Hublin et al., 2009).

Anglian region and elsewhere in lowland Britain developed predominantly into

At the height of the Devensian the UK again seems to have been deserted
by humans and is not thought to have been re-colonised until the mid-Upper

mixed oak forest, comprising of alder, oak, elm and lime (Allen and Sturdy, 1980;
Austin, 1997).

Palaeolithic, around 12,500 BP, during the Windermere Interstadial (Wessex

The confluences of the Rivers Bure and Yare at Great Yarmouth has resulted in

Archaeology, 2010).

a large complex of alluvium peat and fen silts adjacent to the coast (Geological

In Area 240, sedimentary Unit 4, described above, is thought to be associated
with the mid-Devensian period, and Wessex Archaeology (2011) suggests that

The Devensian glaciation (110,000-13,500 BP) was the last glacial stage to

this unit may be the alternative source of the artefactual material recovered in

occur before the present, Holocene climatic amelioration. The Devensian glacial

2008. The likelihood that these sediments occur more widely beyond Area 240

maximum occurred c.18,000 BP, during the Upper Palaeolithic. At the height of

suggests that this potential therefore exists more widely across the MAREA

the Devensian, sea level was approximately 120 m below its current level and

region.

Society of Great Britain, Sheet 12). Peat of freshwater and brackish origins is
a major component in the valleys of the River Yare and overlies the Yare Valley
Formation gravels (Arthurton et al., 1994). These post-glacial peats are identified
as the Breydon Formation, a fill of the buried valley system underlying present-day
marshland.
Wessex Archaeology (2011) reports that based on seismic data of the near coastal

the southern edge of the ice sheet extended in a line from the Severn to the

area of the MAREA region the Breydon Formation is thought to be preserved

Wash (Flemming, 2002). The entire MAREA region would thus have been part

offshore in two distinct areas approximately 6 km off Great Yarmouth. Sediment
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Unit 5 described above, which partially infills a channel feature in Area 240, is

17.5.5 Archaeological Potential in the MAREA Region

Number of Records

		
Period
NRHE	

Suffolk

Norfolk

Total

Palaeolithic (700,000-10,500 BP)

45

16

36

97

Mesolithic (10,500-5,500 BP)

22

13

25

60

during the last approximately 970,000 years sea level fluctuations exposed the

continued since the transgression (Wessex Archaeology, 2011).

Likely Early Prehistoric sites/findspots

4

27

155

186

floor of the southern North Sea, including the MAREA region, as a terrestrial

Two groups of geological features (21 in total) of Late Devensian/early Holocene

Total

71

56

216

343

considered to be a continuation of the Breydon Formation, and is believed to have
formed during the Early Holocene with the development of a regional saltmarsh
environment. It is possible that the saltmarsh deposits were much more extensive
in the past but were eroded during the last transgression. Evidence of rolled and
reworked peat recovered during the Stage 3 survey indicates that erosion has

date with archaeological potential were identified in the palaeo-geographic
assessment within the MAREA region. With the exception of features 7125 and

Table 17:2

Prehistoric sites listed by the NRHE and regional HERs, queried by period

Pre-Devensian (700,000-110,000 BP)
From the evidence presented above it is clear that there is a substantial
prehistoric archaeological potential within the MAREA region. For long periods

land surface beyond the limits of glacial ice sheets and suitable for hominin
occupation and exploitation.
For a good portion of the Middle and Late Pleistocene, this landscape was
dominated with the extension of existing rivers beyond present-day shorelines

7126 this group is a series of cut and fill features or infilled depressions associated

and onto the continental shelf where they formed a drainage system of

with a broad, shallow meandering channel evident on the regional bathymetry.

archaeological material in the marine environment and should not be considered

According to Limpenny et al. (2011) this broad, shallow meandering channel flows

to indicate a lack of hominin activity within the offshore extent of the MAREA

south through Area 254, into Area 240 cutting through an earlier channel and the

Study Area.

early Devensian sediments (Unit 4) into the underlying Wolstonian sediments. The

It is not unreasonable to assume, however, that the hominin/human presence

channel then meanders through Area 319 and continues south through Area 251

indicated by the known prehistoric sites within the terrestrial portion of the

for approximately 20 km, before heading southeast.

MAREA region can be used as a proxy for a similar presence in the submerged

Many of the features (7116 – 7118, 7120, 7123 and 7124) are associated with

portion of the area at times when it was exposed as dry land. The following

very strong, bright reflectors which are indicative of a high peat or organic matter

table (Table 17:2) shows the number of records available from the NRHE and

Although geological and other natural processes over the same span of time

content.

Norfolk and Suffolk HERs for prehistoric terrestrial archaeological findspots and

have impacted the sediment horizons within which the archaeological record of

sites within the MAREA region.

this presence is preserved, the archaeological and other evidence set out above

Features 7125 and 7126 are bank structures within the limits of the channel and
comprise a unit of chaotic fill, interpreted as coarse-grained sediments. The

Two particularly important coastal sites are situated within the MAREA region

bathymetry data indicate that the banks form small plateaus and they have been

at Pakefield and Happisburgh. The Pakefield site lies on the course of the palaeo-

interpreted as remnant bank deposits within the confines of the channel.

Bytham River, which is known for a series of Lower Palaeolithic sites along its

These shallow features may be remnants of early Holocene tidal flats deposits
comparable to those documented by Moorlock et al. (2000). Reedswamp and fen
vegetation would have developed in the outer regions of former river valleys
forming wide floodplains. These sediments would have become more intertidal
and marine as sea level rose. Although these deposits were originally probably
widespread in the MAREA region, their remnants are discontinuous, probably
due to erosion during the last marine transgression (Moorlock et al., 2000).
There is a possibility of Mesolithic artefacts associated with these saltmarch
deposits (Wessex Archaeology, 2011).

length. Numerous artefacts have been recovered since 2000 at the site which

considerable size (Bridgland, 2002).
Based on the geophysical and geoarchaeological results of the Area 240 project,
it is thought that the channel features and associated sediments observed in Area
240 are linked to the continued development of the Palaeo-Yare River system
from the late Anglian through to the mid-Holocene when the area was inundated
for the final time during the last transgression (Wessex Archaeology, 2011).

suggests that prehistoric archaeological material from the following periods can
be expected to survive in some form within the seabed and buried sediments of
the MAREA region:
l

The Cromerian;

l

The Hoxnian interglacial;

2008). In addition to the flint artefacts well-preserved faunal and plant remains

l

The Purfleet and Aveley interglacials of the Wolstonian glacial;

have also been recovered at the site (Parfitt et al., 2005; Stuart and Lister, 2001).

l

The Early to mid-Devensian, prior to the glacial maximum; and

At Happisburgh (Site 1) a lithic assemblage has been collected from organic

l

The post glacial maximum Devensian and Holocene, until the last marine

suggest that flint-knapping was undertaken at the site and that the raw material
source was probably locally collected from the banks of the channel (Parfitt,

muds on the foreshore and is considered to be in a primary context (Ashton et
al., 2002). Recent discoveries at Happisburgh (Site 3) include an assemblage of
78 flint artefacts excavated from fluvial and estuarine sediments which are also

transgression c. 7,500 - 7,000 BP.
The following sections summarise the archaeological potential for each of these

considered to be in situ rather than in secondary context (Parfitt et al., 2010).

periods within the MAREA region.

17.5.4 Known Prehistoric Sites

Lastly, more than 30 prehistoric finds have been reported through the BMAPA

Pre-Devensian (970,000 - 110,000 BP)

With the exception of a relatively small number of sites and finds, the known

(Wessex Archaeology, 2006, 2007b, 2008f, 2009). These finds include a collection

submerged prehistoric archaeology of the MAREA region is sparse. This
paucity of evidence is largely due to the difficulty in locating and identifying

Protocol between 2005 and 2010 from aggregate areas off the East Coast
of handaxes, flakes and cores from Area 240, fossilised animal bones and peat
deposits, one of which has been dated to earlier than 47,000 BP.

Cromerian and Anglian glacial
The earliest archaeological remains in the MAREA region also also the earliest
in the UK, and are from Cromer Forest-bed sediments associated with two large
palaeorivers, the Bytham and Ancaster, which flowed from the Midlands across
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East Anglia and Norfolk and into the North Sea, prior to the Anglian glacial.
The finds consist of an assemblage of Lower Palaeolithic flint artefacts at

of mid-Hoxnian Acheulian handaxes and archaeological material attributed to

techniques, is dated to the onset of the Aveley interglacial, c. 140,000 BP.

the Lower Palaeolithic but not specifically identified as being Acheulian in age.

Archaeological evidence of this transition in the MAREA region is limited to a
possible Levallois or late Acheulian handaxe found on the surface of a cliff talus

Happisburgh and Pakefield which indicate a hominin presence in Britain more

Offshore, sediments of the Egmond Ground Formation were laid down during the

than 780,000 BP, and possibly as early as 990,000 BP (Parfitt et al., 2010).

Hoxnian interglacial transgression sequence associated with the development

The Cromer Forest-bed sediments, from within which both the Happisburgh and

of a shallow sea to the east of the MAREA region (Cameron et al., 1992).

The Aveley interglacial was followed by a final Wolstonian glacial expression

The potential thus exists for archaeological material to be buried by these

during which the UK appears to have been uninhabited by hominins.

Pakefield finds come, contain a rich faunal assemblage and suggest a warm,
almost Mediterranean climate and an environment rich in resources attractive

transgressive sediments. Where Egmond Ground Formation deposits form the

near Dunwich and a Levallois flake found on a beach at Lessingham.

Offshore in the MAREA region there are documented occurrences of Wolstonian

to hominins (Parfitt et al, 2005; Wymer, 1999:129).

infill of offshore channel deposits they may contain derived artefacts.

The Cromer Forest-bed Formation and associated Bytham River sands and

The MAREA palaeo-geographic assessment identified two features (7095 and

bank feature, possibly associated with an extension of the Palaeo-Yare channel

7101) of possible Anglian/Hoxnian age, both of which are distant deep cuts

and dated by OSL to be Wolstonian in age (Wessex Archaeology, 2008a). In

infilled with a series of strong, sub-parallel reflectors interpreted as Hoxnian age

the latter, Wessex Archaeology (2011) suggests that similar sand and gravel

Egmond Ground Formation.

deposits were deposited as Wolstonian glaciofluvial outwash in a possible

gravels are partially equivalent of the Yarmouth Roads Formation found offshore
in the MAREA region.
Marine geophysical and geotechnical surveys at Pakefield have demonstrated
that sediment units identified onshore can be traced offshore and that not all of
the very early terrestrial sediments associated with the Lower Palaeolithic finds
have been removed by subsequent glacial and/or marine processes (Wessex

However, a vibrocore from the later indicates that the upper 4.3 m of this fill
comprises organic silts and clays overlying fine-medium grained sands indicative
of Devensian Brown Bank Formation sediments rather than the Egmond Ground

Archaeology, 2008g:20). There may thus be remnants of these sediments

Formation.

offshore in the MAREA region, which have the potential to contain Lower

Despite this, and on the basis of the available archaeological the other evidence,

Palaeolithic archaeological material as well as palaeoenvironmental remains.

there appears to be a strong likelihood that Hoxnian period Lower Palaeolithic

It is thus possible that Lower Palaeolithic material is preserved in situ within

sites and materials are present in the MAREA region.

Yarmouth Roads Formation deposits. The potential might be greatest where later
Yarmouth Roads Formation deposits are associated with features (river valleys,

The Purfleet and Aveley interglacials of the Wolstonian glacia

shorelines etc.) cut into earlier Pleistocene and pre-Pleistocene formations

The Wolstonian glacial (c. 380,000 to 130,000 BP) comprised three cold stages

(Wessex Archaeology, 2011). For example, the six features identified in the

interspersed with two temperate phases - the Purfleet (c. 300,000 BP) and Aveley

geotechnical and geophysical assessment carried out as part of the MAREA and

(c. 140,000 BP). The extent of the Wolstonian ice sheet as it waxed during the

described as pre-Anglian in date.

cold stage is a matter of ongoing debate (Flemming, 2002:8; Wymer, 1999:18)

With the onset of the Anglian glaciation, the most extensive of the late
Pleistocene glaciations, any hominin population would have been forced out of

but it is likely that even during the cold periods that MAREA region would have
remained either free of ice, or only partially covered by it.

age sediments in Area 254 and 240. In the former there is a sand and gravel

estuarine environment. The final Area 240 report identifies these Wolstonian,
cold climate estuarine deposits as one of the likely sediment horizons from
which the lithic material found in 2008 were dredged.
Twenty-two features (7006 - 7022, GY_7007 - 7009, GY_7012) were identified
during the MAREA region palaeo-geographic assessment associated with this
channel and floodplain are discussed in detail in Appendix F. By identifying
specific features associated with the Brown Bank Formation (which is present
across extensive areas of the MAREA region), it is possible to highlight areas
where there is a greater potential for the occurrence and preservation of preDevensian archaeological materials within the MAREA region.
The Early Devensian, prior to the glacial maximum
The UK appears to have been uninhabited by bominins during the Ipswichian
interglacial c. 135,000 - 110,000 BP, possibly because a rapid, post-Wolstonian
rise sea level to five to six metres above its current stand effectively cut the area
off from the continent (Wymer, 1999; Ashton & Lewis, 2002).

the region as climatic and environmental conditions worsened. It is unlikely that

Sea level is estimated to have been up to 120 m below its current stand during

hominins would have been able to return to the MAREA region until the climate

the cold phases, which means that parts, if not all, of the MAREA region would

ameliorated towards the end of the Anglian. The potential for any Anglian age

have been exposed as peri-glacial terrestrial landscape (Allen & Sturdy, 1980:3)

archaeological material in the MAREA is thus nonexistent for most of the period.

with a fauna dominated by cold species such as mammoth, woolly rhinoceros,

After c. 110,000 BP the onset of the Devensian resulted in global sea levels

reindeer and arctic fox (Wessex Archaeology, 2009a).

beginning to fall from their Ipswichian high stands and the MAREA region is

The Devensian glaciation, which followed the Ipswichian was the last glacial
stage to occur before the present, Holocene climate amelioration.

likely to have been exposed sub-aerially once again.

Hoxnian interglacial (c. 424,000 - 380,000 BP)

Although the climate and environment were extreme for long periods during

A hominin population - probably early Homo neanderthalensis - returned to the

the Wolstonian, the presence of game suggests that hominins could also have

The cool, dry conditions that prevailed during the onset of the glaciation

UK during the temperate Hoxnian interglacial (c. 424,000 to 380,000 BP) when

been present in the MAREA region during much of the period, particularly in the

encouraged the development in the North Sea basin of rich arid grasslands

the UK appears to have remained a peninsula or northwestern Europe and the

temperate Purfleet and Aveley interglacials.

(mammoth steppe) which supported large mammals.

Traditionally the transition from the Lower to the Middle Palaeolithic, which is

The migration of these animals into the North Sea basin and the availability

reflected in flint tool technologies with appearance of Mousterian or Levallois

of protein rich foods within the river valleys that ran through the MAREA

MAREA regiona was again a sub-aerial terrestrial landscape.
Within the terrestrial portion of the MAREA region, the NRHE contains records
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region, suggests that the area would have provided an environment suitable for

from Area 240 in 2008. The likelihood that these sediments occur more widely

occupation, and were followed by the transition from the final Upper Palaeolithic

human exploitation during the early stages of the Devensian glaciation. This is

beyond Area 240 suggests that this potential therefore exists more widely

to the Mesolithic (Wenban-Smith, 2002).

supported the archaeological evidence for the arrival in the UK c. 59,000 BP of

across the MAREA region.

Late Middle Palaeolithic Neanderthals, who were followed c. 31,000 BP by Early
Upper Palaeolithic, anatomically modern humans.
Late Middle and Early Upper Palaeolithic archaeological sites and material
predating the Devensian glacial maximum should thus be expected in the
MAREA region.
Despite this, the Early Upper Palaeolithic are currently very poorly represented
across the wider region. This may be due to a low human population density
in East Anglia, and also the lack of caves which have proved so important for
the preservation of Upper Palaeolithic sites in other areas of Britain (Austin,
1997:9). It is also reasonable to assume that many Early Upper Palaeolithic
sites within the wider area of the MAREA region are now submerged offshore.
The known Early Upper Palaeolithic material in the MAREA region consists of
stray artefacts, although the potential exists for the favourable preservation
of archaeological material within the alluvial deposits of the river valleys and
under fen deposits (Austin, 1997:9). Where such material is found, it is likely
to represent the remains of short-term occupation sites, such as hunting camps
(Wymer, 1985:11). As the glacial maximum approached, conditions became
too cold for a hominin presence and rendered the MAREA region uninhabitable
between c. 22,000 - 13,000 BP.
The BMAPA finds referred to earlier are associated with the floodplain deposits
of a channel feature observed in dredging Areas 254, 240, 228 and 251
(Figure 17:2) and suggest that archaeological deposits of the Devensian and
pre-Devensian age can survive in submerged contexts in the MAREA region. The
vibrocore data indicate that the sediment infilling this buried channel comprises
outer estuarine/shallow marine sands and gravels overlain by glaciofluvial
gravel, which is in turn overlain by estuarine alluvium of clayey sand deposits
(Wessex Archaeology, 2010b). There is some evidence of oxidation which may
be a result of weathering and exposure to oxygen and the formation of a gley

Devensian period archaeological material in the MAREA region would

of adaptation to new subsistence strategies in the more heavily wooded and well-

potentially be of great interest for what it may reveal about the transition from

watered post-glacial environment rather than a change of population (Wenban-

a Neanderthal population in the UK to a modern human one.

Smith, 2002). Early Mesolithic sites and find spots are often found adjacent to

Post-Last Glacial Maximum and Early Holocene to marine transgression
At the height of the Devensian c. 18,000 BP, the UK seems to have been deserted
by humans and it was not until c. 13,500 BP, during the Late Upper Palaeolithic,
that the warming Windermere Interstadial provided climatic conditions conducive
to human re-occupation and exploitation of Britain.
It was during this period that Britain is thought to have been re-colonised by modern
humans - nomadic Late Upper Palaeolithic and then Mesolithic hunter-gatherers
from the continent - and areas of the southern North Sea and the MAREA region
are likely to have been populated with human groups. The butchered or worked
animal bones trawled from Dogger Bank certainly support this contention (Coles,
1998:60) and the flint and bone artefacts trawled up around Brown Ridge and
Dogger Bank (Louwe Koojmans, 1970; Verhart, 1995; Flemming, 2002) confirm the
presence of archaeological sites on the seabed in these areas.
The terrestrial extent of the MAREA region would have begun to shrink as sea
level started to rise during the Holocence, a process that continued to c. 7,000 BP
when the marine transgression of the MAREA region was completed.
Within the onshore extent of the MAREA region, only the Norfolk HER lists sites
specifically dated to the Late Upper Palaeolithic. These five findspots comprise
a flint blade found during field working 2.5 km west of Happisburgh, Upper
Palaeolithic material recorded at two locations along the river Thames near
Hemsby, an Upper Palaeolithic flint and some Mesolithic material found near
Hopton-on-Sea, and three Upper Palaeolithic flint blades found along the River
Waveney, west of Beccels. Offshore within the MAREA region a barbed bone
point dating to 11,740 +/- 150 BP was trawled up between the Leman and Ower

type soil (Wessex Archaeology, 2009a).

Banks off Lowestoft in 1931 (Dix & Westley 2004; Verhart, 1995).

The floodplain of this channel is extensive and comprises sands and gravels,

Although secure, datable evidence for the Late Upper Palaeolithic in the MAREA

probably deposited in an outer estuarine environment (Wessex Archaeology,
2010b). The age of the channel cut-and-fill deposits is, at present, unknown, but
the channel may have been cut as early as the Late Anglian Glacial (c. 430,000

The advent of the Mesolithic (c. 10,000 - 5,500 BP) probably represents a change

region is limited, this dearth of evidence should not be taken to imply a lack of
human activity in the area during this period. Given a landscape with access to
major river valleys and a rich plant and animal resource, it is highly likely that

BP) (Arthurton et al., 1994) or during the Late Ipswichian / Early Devensian

Late Upper Palaeolithic human groups were present within the MAREA region.

(Cameron et al., 1992). Wessex Archaeology (2011) suggested that these mid-

The eventual end of the ice age c. 10,000 BP was presaged by at least two

Devensian sediments may be the source of the artefactual material recovered

shortlived returns to cold conditions, which may have interrupted human

wetlands and estuaries (Oxford Archaeology, 2007:11), suggesting a preference
by these human communities for areas in which they could exploit the riverine
and marine resources available in such environments.
In the Early Mesolithic period, the MAREA region would have comprised
undulating lowland drained by a complex of Pleistocene river systems. This
extensive lowland would have been attractive for human occupation, not only
providing access to both terrestrial and marine resources, but also enabling
these early Mesolithic communities to exploit the herds of red deer and other
such mammals which migrated into Britain from the continent as the climate
ameliorated (Sumbler et al., 1996:136).
East Anglia is quite rich in Mesolithic material with a more widespread
distribution of known remains than for the Upper Palaeolithic (Austin, 1997:9).
Much of this material, however, comprises surface finds, with very few sites
containing archaeological material in primary context (Austin, 1997:9).
Terrestrial data for the Mesolithic finds and sites recorded in the NRHE and
regional HERs (Figure 17:3) indicates a total of 50 sites with dated Mesolithic
material within the onshore portion of the MAREA region. Twenty-six of these
records are in Norfolk where the majority represents isolated findspots located
inland of the coast, or material which from multi-period sites. No clear patterning
is apparent in the distribution of this material nor are there any sites with secure
Mesolithic contexts or other associated Mesolithic features.
The distribution of the 24 records of Mesolithic material in Suffolk is more
readily identifiable within river valleys, in particular the clustering of sites near
Kessingland which appear to follow the current Hundred River and Latymere
Dam, once a sea inlet and Kessingland's harbour.
By the Late Mesolithic period rising sea level was starting to alter the river
estuaries of the MAREA region and the low-lying ground that now comprises
the seabed of the region would have been subject to periodic flooding and
the creation of marshlands (Wessex Archaeology, 2003:17). The potential for
Mesolithic occupation sites within the offshore MAREA region during the Late
Mesolithic period is low as the rising sea level was gradually inundating the
area and forcing people back onto what is now the British mainland. Mesolithic
communities would, however, have continued to exploit marine and other
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Figure 17:2

Devensian to LGM geophysical anomalies and palaeo-channel feature
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Figure 17:3

Known prehistoric sites
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resources within this marshland boundary between land and sea until its full

Class A: Pre-1508 AD: Covers the period from the earliest Prehistoric

or archaeological importance. It is a criminal offence to tamper with, damage

inundation c. 7,500 - 7,000 BP, and there is thus considerable potential in these

evidence for human maritime activity to the end of the medieval period,

or remove any part of a designated vessel; to deposit anything on site; or to

areas for the presence of archaeological material.

AD 1508. So little is known of watercraft or vessels from this period and

salvage or dive on these wreck sites.

l

archaeological evidence of them is so rare that all examples of craft of this

Although a good deal of post-Devensian and Holocene archaeological material

period are likely to be of special interest;

will have been reworked and lost during the mid-Holocene marine transgression,
there is a strong potential for the survival of sites and material from this period

l

Class B: 1509-1815: Covers the period from 1509-1815, encompassing the

There are two specifically protected wrecks within the MAREA region:
l

The Dunwich Bank wreck, the remains of an armed cargo vessel thought

in the palaeolandscape features of the MAREA region. The incised nature of

Tudor and Stuart periods, the English Civil War, the Anglo-Dutch Wars and

to have foundered some time between 1536 and 1699, is designated under

many of these palaeo-features means that they may preferentially preserve

later the American Independence and French Revolutionary Wars. Wrecks

the terms of the Protection of Wrecks Act (1973). The site lies close to the

archaeological material and palaeoenvironmental data.

and vessel remains from this date range are also rare and can thus be

coast, south of Southwold;

expected to be of special interest;

17.5.6 Prehistoric Archaeology: Summary

l

HMS Exmoor, a Hunt class destroyer which was torpedoed and sank with

Class C: 1816-1913: Covers the period 1816-1913, which witnessed great

the loss of 104 lives on 25 February 1941, is designated a protected place

Within the MAREA region there are records of 343 terrestrial prehistoric

changes in vessel construction and use, corresponding with the introduction

under the Protection of Military Remains Act (1986). This wreck lies close to

archaeological sites and findspots, which date to the same periods as those

of metal to shipbuilding and steam to propulsion technology. Examples of

western edge of Area 401/2A.

during which the offshore portions of the region would have been exposed and

watercraft from this period are more numerous and as such it is those that

thus open to occupation by hominins. These include two of the most important

specifically contribute to an understanding of these changes that should be

pre-historic sites in the UK - Happisburgh and Pakefield. In addition, 171 seabed

regarded as having special interest;

features of prehistoric interest have been identified in the palaeo-geographic

l

l

assessment of the MAREA region, which together with the offshore finds
reported through the BMAPA Protocol highlight the potential for the occurrence
The potential for finding in situ archaeological sites and material attributable
to the pre-Devensian period within the MAREA region is likely to be limited
to deposits that have not been disturbed by fluvial or marine action. However,
because archaeological material from this entire period is rare, even if

losses listed by the NRHE, were used to develop a broad understanding of the nature

UK’s highest volume of recorded boat and ship losses. Those which might

and density of maritime activity within the MAREA region.

changes and to local and global activities during this period;
l

Baseline data, in the form of the charted sites listed by SeaZone and the recorded

Class D: 1914-1945: Covering the two World Wars, this period saw the
be regarded as having special interest are likely to relate to technological

of prehistoric archaeological material offshore in the region.

17.6.2 Recorded Wrecks

SeaZone data comprise the UKHO Wreck Index, which is the record of charted
wrecks and seabed obstructions whose positions are known and whose existence

Class E: Post 1946: The last category extends from 1946 through the post-

has generally been confirmed through survey. SeaZone data contain co-ordinates for

war years to the present day. Vessels from this date range would have to

each wreck or obstruction, a description of the site and the survey history of each site.

present a strong case if they are to be considered of special interest.

The marine component of the NRHE originally comprised just the UKHO Wreck Index,

discovered in secondary context, any finds can still be of great archaeological

Records of known wreck sites and losses in UK waters are biased towards

but has since been enhanced by the addition of substantial numbers of historical

value, as demonstrated by the Area 240 finds.

Classes D-E. Although the existence and survival in the UK of Palaeolithic

records of shipping casualties drawn from documentary and archival sources. The

watercraft is highly speculative, Bronze Age and Iron Age sea-going vessels are

records which originated with the UKHO are associated with charted positions, but

likely to have been lost in the MAREA region and some may have survived in the

those drawn from archival sources are associated only with the descriptions of the

archaeological record.

area of loss in the documents and thus are generally not precise.

Maritime archaeological sites can be defined as broadly comprising ships or boats,

The seabed of the MAREA region is characterised by a series of long, shallow

In certain instances the NRHE has created Named Locations (NL) which are

and ship-related debris, such as cargo items accidentally lost or deliberately

sandbanks running northwest to southeast across the southern North Sea.

aggregations at a single, arbitrary position of one of more maritime records for which

thrown overboard. As an island nation, the UK has a long maritime history and

These sandbanks have been identified not only as having a high potential

no other grid reference or position is available. These positions reflect the general

there is potential within the MAREA region for the archaeological evidence of

for contributing to historical shipping losses, but also for the preservation of

loss locations of ships, usually drawn from descriptions in the documentary records,

maritime sites of all periods, from the Mesolithic to the present.

archaeological material (Bournemouth University, 2007).

or the indicative positions of seabed finds and do not (except by chance) relate to the

17.6

Maritime Archaeology

The evidence for coastal and maritime activity in the vicinity of the MAREA region

position of the physical remains of the sites on the seabed which they list.

will be discussed using a time line developed to describe shipwrecks around

17.6.1 Designated Historic Wreck Sites

Together these datasets serve to give a general idea of maritime casualties in the

England (Wessex Archaeology, 2008d). The timeline takes into account the broad

The Protection of Wrecks Act (1973) allows the Government to protect individual

survey area in the last 250-300 years, but give no indication of the survival of any of

chronology of ship building and, dividing wrecks into five classes draws out a
few generalisations regarding the age and special interest of vessels, as follows:

wrecks through designation. Designated sites are identified as being likely to
contain the remains of a vessel, or its contents, which are of historical, artistic

the uncharted wrecks and should also not be viewed as representing the totality of
maritime archaeological remains in the area.
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Box 1: Archaeology protection and regulation
Protection of Wrecks (1973) (PWA)

National Heritage Act (2002) (NHA)

Code of Practise for Seabed Development (JNAPC 2006)

Under the 1973 Act, wrecks and wreckage of historical, archaeological or artistic
importance can be protected by way of designation. It is an offence to carry out
certain activities in a defined area surrounding a wreck that has been designated,
unless a licence for those activities has been obtained from the Government.
Generally, the relevant Secretary of State must consult appropriate advisors prior
to designation, though it is also possible to designate a wreck in an emergency
without first seeking advice. There are currently a total of 60 sites in UK waters
protected the under Section 1 of the Act.

This legal document modifies English Heritage’s functions in order to take
responsibilities for maritime archaeology within the limit of the United Kingdom’s
territorial waters adjacent to England.

To ensure a best practice model for seabed development both within and beyond the
remit of the formal Environmental Impact Assessment (EIA) process.
COWRIE Guidance (2007, 2008 and 2010)

Planning Policy Guidance
l

Merchant Shipping Act (1995) (MSA)
Within the context of the Merchant Shipping Act 1995, ‘wreck’ refers to flotsam,
jetsam, derelict and lagan found in or on the shores of the sea or any tidal water.
It includes a ship, aircraft or hovercraft, parts of these, their cargo or equipment. It
may be of antique or archaeological value such as gold coins, or a yacht or dinghy
abandoned at sea or items such as drums of chemicals or crates of foodstuffs
(Definition from the Receiver of Wreck (RoW)). The ownership of underwater
finds that turn out to be ‘wreck’ is decided according to procedures set out in the
Merchant Shipping Act 1995. If any such finds are brought ashore the salvor is
required to give notice to the RoW that he has found or taken possession of it and,
as directed by the RoW, either hold it to the Receiver’s order or deliver it to the
Receiver. This applies whether material has been recovered from within or outside
UK Territorial Waters, unless the salvor can prove that title to the property has
been vested in him (e.g. by assignment to him of rights devolving from the owner of
the vessel or its contents at the time of loss). Even if ownership can be proved the
salvor is still required to notify the RoW.
Protection of Military Remains Act (1986) (PMRA)
Under the Protection of Military Remains Act 1986, all aircraft that have crashed
in military service are protected, and the Ministry of Defence (MoD) has powers to
protect vessels that were in military service when they were wrecked.
See the following terms:
‘Protected places’ - the vessel must have been lost after 4 August 1914 and there is
no need to know its position. Diving is not prohibited but it is an offense to tamper
with, damage, move or remove sensitive remains.
‘Controlled site’ - where no more than 200 years must have elapsed since loss,; and
there is a need to know its position. Diving, salvage and excavation prohibited.
Ancient Monuments and Archaeological Areas Act (1979) (AMAA)
This act has been used to provide some level of protection for underwater sites.
In order to be eligible for scheduling, a monument must be of national importance.
In relation to maritime scheduled monuments, once a wreck would have been
scheduled, it would be an offence to demolish, destroy, alter or repair it without
scheduled monument consent.

l

Planning Policy Statement (PPS) 5: Planning for the Historic Environment sets
out the Government's planning policies on the conservation of the historic
environment in England and replaces PPG 15 and 16. PPS 5 recognises that
planning has a central role to play in conserving our heritage assets and
utilising the historic environment in creating sustainable places and therefore
comprises policies that will enable the Government’s vision for the historic
Environment, as set out in the Statement on the Historic Environment for
England 2010, to be implemented through the planning system, where
appropriate.
Planning Policy Guidance 20: Coastal Planning (PPG 20): sets out the
importance of the coast as a national resource. States that the coastal zone
also has a rich heritage both above and below the low water mark. This
includes buildings and areas of architectural or historic interest, industrial
archaeology, scheduled and other ancient monuments and other archaeological
sites. As a consequence, it is recommended that policies should encourage
conserving and restoring structures of special historic, architectural or
archaeological interest.

l

NB (I): PPG20 is to be replaced by a new Planning Policy on Development and
Coastal Change.

l

(II): The concept of Integrated Coastal Zone Management (ICZM) will also be
paramount to future coastal planning in terms of combining all involved in
the management of a particular coastal zone to achieve common goals more
effectively.

l

The Historic Environment Guidance for the Offshore Renewable Energy Sector
(COWRIE / WA 2007): it is intended to promote an understanding of the
conservation issues arising from the impacts of offshore renewable energy
projects on the historic environment, and in this way develop capacity amongst
developers, consultants and contractors.

l

The Guidance for Assessment of Cumulative Impacts on the Historic
Environment from Offshore Renewable (COWRIE / Oxford Archaeology
& George Lambrick Archaeology and Heritage 2008): aimed at producing
guidance on the assessment of cumulative impacts on the historic environment
engendered by offshore renewable energy projects.

l

Offshore Geotechnical Investigations and Historic Environment Analysis:
Guidance for the Renewable Energy Sector (COWRIE / Gribble &Leather (for
Emu Ltd) 2010) provides practical guidance to developers and best practice
options in relation to the integration of archaeological assessment into
offshore renewable energy project-led geotechnical investigations.

BMAPA/EH Guidance (English Heritage and British Marine Aggregate
Producers Associations 2003)
The guidance note sets out the character and importance of the marine historic
environment and describes best practice in dealing with archaeological matters in
the course of planning marine waters. It became part of the conditions attached to
dredging permissions

Identifying and Protecting Palaeolithic Remains; Archaeological Guidance
for Planning Authorities and Developers (English Heritage 1998)
IThe document notes that Palaeolithic remains have particular importance if: any
human bone is present in relevant deposits; the remains are in an undisturbed,
primary context; the remains belong to a period or geographic area where evidence
of a human presence is particularly rare or was unknown; organic artefacts are
present; well-preserved indicators of the contemporary environment (floral,
faunal, sedimentological) can be directly related to the remains; there is evidence
of lifestyle (such as interference with animal remains); one deposit containing
Palaeolithic remains has a clear stratigraphic relationship with another; any
artistic representation, no matter how simple, is present; any structure, such as a
hearth, shelter, floor, securing device etc. survives; the site can be related to the
exploitation of a resource, such as a raw material; artefacts are abundant.
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mid 18th century onwards. The NRHE recorded losses should not, therefore, be
SeaZone Label

Number of Sites

Class

Date

Shipping Casualties

viewed as more than indicative of the number of wreck sites within the MAREA
region and there is high potential for uncharted and unknown, and earlier wreck

Known Wrecks

375

A

<1508

Obstructions and Foul

209

B

1509-1815

1052

C

1816-1913

1368

D

1914-1945 (including aircraft)

468

E

>1946

No SeaZone label

229

Total
Table 17:3

813
SeaZone charted vessels and unspecified sites

Unknown
Total
Table 17:5

30

1
137
3,056

NRHE shipping casualties within the MAREA region, queried by date range

17.6.3	Maritime Geophysical Assessment
Geophysical data acquired as part of the East Coast REC were interpreted
to assess the maritime archaeological potential of the MAREA region. The
results of previous archaeological assessments of geophysical data in the
MAREA region, in particular, data acquired as part of the Seabed Prehistory:
Great Yarmouth project (Wessex Archaeology, 2008a), were also reviewed.

Class

Date	Wrecks	Unspecified

The SeaZone data show that a large number of WWII wrecks are located in the

methodologies of all geophysical data assessed for the MAREA are detailed in

A

<1508

0

0

0

area of sandbanks referred to above, predominantly to the east of Winterton

Appendix F.

B

1509-1815

1

0

1

Ridges and Hearty Knoll and to the west of Smiths Knoll. In the south of the

C

1816-1913

11

2

13

region a smaller concentration of wrecks appears to correlate with the natural

D

1914-1945

248

33

281

hazard of Aldeburgh Napes close to Area 496.

E

>1946

51

17

68

Unknown

243

210

453

Total

554

262

816

Table 17:4

Total

sites in the MAREA region.

SeaZone wrecks and unspecified sites within the MAREA region, queried by date range

The technical specifications, survey coverage and geophysical characterisation

Shipping Casualties (NRHEdata)
A total of 3,056 recorded losses were listed in the NRHE within the MAREA region.

The geophysical datasets comprised sidescan sonar, magnetometer and
multibeam echosounder.
A total of 461 geophysical anomalies of potential archaeological interest were
identified in these data (see Table 17:6 below and Figure 17:6) and were linked,
where possible, with SeaZone and NRHE records.

This includes a total of 58 aircraft, which are considered in Section 17.7 below.

Of the 816 UKHO records listed by SeaZone and the NRHE for the MAREA region

The NRHE data were also queried according to the composite timeline date ranges

only 124 fall within the coverage of the geophysical data. Fifty one of the wrecks

and the results are presented in Table 17:5 and illustrated in Figure 17:5.
SeaZone (UKHO data)
A total of 816 charted sites (including three aircraft which are discussed in
Section 17.7 below) were listed in the SeaZone data for the MAREA region.

Class A, B and C recorded losses generally lie close to the coast, with concentrations
of wrecks in the approaches to Lowestoft and Great Yarmouth. Additionally there
are some recorded losses associated with the sandbanks in the MAREA region,

Using the ‘Label’ attribute in the SeaZone data these records were subdivided

particularly Hammond Knoll, Winterton Ridge, Smiths Knoll, Winterton Shoal and

into known wrecks, obstructions and foul and those with no label at all (see

North Cross Sand.

Table 17:3).

During the period represented by Class D (i.e. 1914-1945) recorded casualty

To provide an overview of the nature and range of maritime archaeological sites

distribution is more evenly spread across the MAREA region. This may be

within the MAREA as shown by the SeaZone data a number of further queries

attributable to improved navigation and position fixing, the advent of radio

were run, based on the date of the charted wrecks and obstructions and sorted

technology which allowed distress signals and positions to be broadcast, and the

according to the shipwreck timeline described above. Table 17:4 shows the

recording of wrecks that occurred out of sight of the coast.

results of these queries.

Because of the nature of NRHE records, as a general rule the positions ascribed to

The charted wrecks are dispersed fairly evenly across the MAREA region,

recorded losses should not be assumed to be accurate. Furthermore, it must not

although some distinct concentrations are clear in the different periods shown

be forgotten that the records only represent those shipping casualties which were

in Figure 17:4. The highest density of wreck sites is between Caister-on-Sea

actually recorded.

and Southwold and within 10 km of the coast, with large numbers of wrecks in
the approaches to Lowestoft and Great Yarmouth.

Prior to 1741 there was no official record of ship losses and as such the existing
record of shipping casualties is biased towards wrecking incidents from the

Interpretation

Anomaly Classification

Anthropogenic origin
of archaeological
interest (A1)

• Wrecks

54

• Debris (27)
• Dark Reflector (24)
• Bright Reflector (9)
• Seafloor Disturbance (14)
• Mound (18)

92

• Magnetic

315

Uncertain origin of
possible archaeological
interest (A2)

Uncertain origin of
possible archaeological
interest, located by
magnetic response only
(A2 – Magnetic only)

Total		

Table 17:6

Number of Anomalies

461

Number and classification of anomalies of potential maritime archaeological interest
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Figure 17:4

SeaZone charted wrecks sites within the MAREA region
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Figure 17:5

NRHE Shipping casualties within the MAREA region
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Figure 17:6

Geophysical anomalies (seabed features)
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noted in the geophysical data corresponded with known wreck or obstruction

taken place. As such there is the potential for the survival of evidence of early

Although England’s major point of import trade was London, to the south of

locations recorded by SeaZone and the NRHE. The remaining three wrecks

watercraft as part of the submerged prehistoric archaeological record preserved

the MAREA region, there is evidence that ports on the Suffolk and Norfolk

observed in the survey data are previously unrecorded. These are:

offshore.

coasts and rivers were developed in the Romano-British period, essentially to

l

Anomaly 7212 – a wreck observed in the bathymetric, sidescan sonar and

Neolithic and Bronze Age (4,000-700 BC)

establishment made extensive use of the MAREA region’s coastal waters for

Although there is archaeological evidence for the human exploitation of marine

transporting goods from garrison to garrison (Rippon 2008: 86). One such garrison

resources in the MAREA region during the Neolithic (see Wilkinson and Murphy,

and small market town existed at Caister-on-Sea (Venta Icenorum, market-place

1995; Bradley et al., 1997) logboats provide the only direct archaeological

of the Iceni), north of Great Yarmouth. Archaeological finds from Caister provide

Anomaly 7254 – a partially buried wreck in the southwest of the MAREA

evidence of maritime activity from this period in the UK. Indirect evidence for

evidence for extensive North Sea maritime trade and the site may have been

region.

the fact that Neolithic watercraft were used at sea, rather than only in inland

used as a supply base as well as a coastal defence (Gurney, 2005). There is some

waters, comes, for example, from the discovery of Irish Neolithic porcellanite

evidence that Dunwich was also a Roman port (Comfort, 1994), as was Ipswich.

magnetometer data, (Figure 17:7) within a large sandwave;
l

Anomaly 7211 – a well-defined wreck located in an area of sandwaves and
megaripples, approximately 1.6 km east of 7212; and

l

protect the exposed eastern reaches of Roman-occupied Britain. The military

The bulk of the anomalies identified (407) have been classified as A2 and are
interpreted as anthropogenic in origin and of possible archaeological interest. A
number of these anomalies are close to wreck and obstruction positions given
by the NHRE and SeaZone, and may thus represent buried wrecks or wreck

stone axes on the UK mainland and the Western Isles of Scotland. This implies
that the transport of goods was possible by sea during this period (Breen and

Early Medieval and Medieval (AD 500-1508)

Forsythe, 2004).

Archaeological evidence for early medieval seafaring in the UK is thin but the

material. It is also possible that many of the A2 anomalies are either natural

Other maritime finds from around the UK, such as the collection of Middle Bronze

features or modern seabed debris, and further investigation would be required

Age objects, including bronze palstaves, axe heads and rapiers of Continental

to establish their true nature.

origin found in Langdon Bay, Dover (Fenwick and Gale, 1998) suggest that sea-

A total of 315 A2 anomalies were observed in the magnetometer data only.

borne transport, trade and exchange were well-established by the Bronze Age.

Magnetic anomalies are likely to be of anthropogenic origin, but on the basis

Some of the earliest examples of Bronze Age watercraft in Northern Europe

of magnetometer data alone the nature of these anomalies cannot be more

have also been found on the east coast of the UK. North of the MAREA region in

accurately established.

the Humber Estuary, the Kilnsea boat fragment dating to 1,870-1,670 BC (Van de

17.6.4 Coastal and Seafaring Activity in the MAREA Region
and Vicinity: Pre-1508

Noort et al., 1999) and the Ferriby boats 1, 2 and 3 built between c.2,000-1,700

Saxon migrations imply continued and sustained maritime activity around the UK
during this period and there are notable examples of their capacity for seafaring
during this period within and around the MAREA region.
Saxon settlers introduced the Scandinavian-style clinker-built vessels during the
Early Medieval period (410-1066 AD) examples of which, within the MAREA region,
are the Sutton Hoo burial ship (Evans, 1994) and a wooden vessel discovered in an
old watercourse near Ashby Dell in 1830, thought by Bruce-Mitford (1972) to be
from the 4th or 5th centuries (NHRE MON: 1244923).

BC, suggest watercraft suitable for riverine, estuarine and possibly even sea-

An extensive network of trade and migration routes existed in the southern North

going use during the Bronze Age (Lillie, 2005).

Sea during this period, with a number of important ports or landing places along
the East Anglia coast, including Great Yarmouth and Dunwich (Comfort, 1994).

Early Prehistoric (Palaeolithic-Mesolithic)

Within the MAREA region, a small jet plaque of Bronze Age date, found at a

There is currently no archaeological evidence of watercraft that pre-date the

multi-period occupation site in South Lowestoft in 2006 originated in the north

Mesolithic in Western Europe. This lack of evidence should not, however, be

of England. This suggests that large scale trade networks were becoming

taken to indicate a lack of maritime activity during this period, as the resources

established at this time, some of which were certainly maritime.

(Rogerson, 1998). Documentary evidence from 11th – 15th centuries provides a

Iron Age and Roman (700 BC to 500 AD)

place within the MAREA region.

It is clear from archaeological and documentary evidence – the trading ports

By the time of the Norman invasion of AD1066 many East Anglian ports had

excavated at Mount Batten in Plymouth and Hengistbury in Dorset, and the

developed into busy trading centres, with Norfolk and Suffolk playing a major role

It has been suggested by human settlement patterns around the North Sea that

Roman accounts of the Veneti people of Brittany – that England’s Iron Age

in the development of shipbuilding, and in establishing larger fleets than any other

open water voyages were conducted as early as 7,000 BC, during the Mesolithic

population was using sea-going sailing ships (Wessex Archaeology, 2009).

region of England at this time (Williams, 1988).

period (McGrail, 2004). The type of craft used for these voyages and how

Despite this, evidence for early Iron Age sea craft is rare in the UK.

and technology required to construct watercraft would certainly have been
available to these communities. The lack of evidence for watercraft from the
Palaeolithic may thus be due to questions of survival in the archaeological
record rather than an absence of such craft prior to the Mesolithic.

extensively they were undertaken is unknown.

Direct maritime archaeological evidence from the Romano-British period (43-

Viking raids on the eastern British coast began in the 8th century, and in AD 870
Vikings killed the East Anglian King Edmund and began to settle in East Anglia
clear picture of the scale and diversity of maritime activity and trade that took

The NHRE documents losses of vessels voyaging during the 13th and 15th centuries
within and across the MAREA region, including La Nicholas which stranded at

The Holocene marine transgression saw the fairly rapid inundation of the

410 AD) is represented by, amongst other finds, three wrecks discovered in the

Kirkley in 1352 while en route from Sluis in the Netherlands to Berwick-upon-

southern North Sea, including the MAREA region, and the deposition of alluvial

Thames – the 2nd century Blackfriars ship I, the New Guy’s House boat and the

Tweed (NRHE Mon No.: 913642) (Larn and Larn, 1997), and a French cargo vessel,

muds over the former land surfaces on which Mesolithic activity may have

late 4th century County Hall ship (Marsden, 1994; McGrail, 2004).

La Grace De Dieu, also wrecked near Kirkley in 1362 while travelling from Great
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Figure 17:7

Sidescan sonar and magnetometer and multibeam echosounder images from possible uncharted wreck 7212
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Yarmouth to Bayonne with a cargo of herring. It is possible that these vessels

reported under the BMAPA Protocol from Areas 430, 240, 242, and 296 may also

of shipping around the UK during this period continued to be wooden sailing

were cogs or hulcs, and similar to the large clinker built vessel found in Newport

be linked to these battles.

vessels (Graham, 1957; Ville, 1993; Breen and Forsythe, 2004).

At the beginning of the 18th century the total British shipping tonnage was

Examples of the early steam powered vessels in the MAREA region are

Fishing was a major maritime activity in the MAREA region during the medieval

approximately 323,000 tons. By 1788 this figure was over one million tons.

listed in the NHRE and SeaZone. The Prince Frederick (NHRE UID 1239644), a

period, driven by the increasing European demand for preserved fish. Local fleets

Statistics drawn from the Lloyds Register for England and Wales in 1776

composite metal and wood paddle steamer foundered after grounding on Corton

of ‘Doggers’ began fishing in Icelandic waters from the 14th century onwards and

attribute 10% of the total of shipbuilding tonnage of this period to East Anglia

Sand (south of Great Yarmouth), while en route from Kingston-upon-Hull to

Great Yarmouth in particular become a major European herring market (Hutchinson,

(Goldenberg, 1973; Stammer, 1999).

London with cargo and passengers in 1835. The Seagull (UKHO10550, 7215,

in south Wales in 2002.

1994; Heath, 1969).

The single largest contributor to this massive expansion in shipping was the

Figure 17:8) was a two-masted steam paddle schooner built in 1848 in Belfast
which sank after a collision with another steamship, the Swan, whilst on

By the late medieval period, shipbuilding practices for both warships and

coal trade, particularly between north-east coast and London (Mathias, 1983).

merchant vessels were being adapted to cope with increases in tonnage and

This is an important reminder that alongside overseas ventures, inland and local

carvel (or flush planking) construction became the norm for larger vessels.

coasting trade continued to be important in the region in the post-medieval

Paddle steamers were gradually superseded by screw or propeller driven

Improvements in maritime navigation techniques also had implications for

period (Gilman, 1997).

vessels, and their superior efficiency became evident after the development of

medieval maritime activity, facilitating long oceanic voyages (Kemp, 2002).

During the post-medieval period, the MAREA region was thus an area of

The level of medieval maritime activity along the east coast of England,

concentrated commercial and military maritime activity. Much of the evidence

suggests that the potential for future finds of medieval period shipwrecks within

for this will be found in the maritime archaeological record of the region,

the MAREA region in the future is high, particularly where anaerobic sediments

which comprises, predominantly, wreck material. A significant proportion of

which aid shipwreck preservation, characterise the seabed.

the recorded maritime casualties of this period date to the late 18th and early

17.6.5 Coastal and Seafaring Activity in the MAREA Region
and Vicinity: 1508-1815
The period 1508 – 1815 witnessed a massive expansion in maritime activity as

During the 16th century East Anglia became increasingly prosperous - a state
of affairs driven by a thriving coastal and foreign trade which ranged from the
Baltic Sea to the Iberian Peninsula (Williams, 1988). There were particularly
strong links with the Netherlands and a strong trade in corn, fish and cloth.

Xanthe built in 1862 in Hull. The Xanthe sank after a collision in December 1869
(UKHO10660, 7217, Figure 17:9) and is situated approximately 1.5 km to the
west of the wreck of the Seagull.

discoveries of such sites are of potentially great significance.

and by the 1870s British merchant shipping tonnage was larger than the combined
tonnage of the next three major European maritime nations (Simper, 1982).

17.6.6 Coastal and Seafaring Activity in the MAREA Region
and Vicinity: 1815-1913

Although the general trend was for steam to dominate the shipping across the
North Sea from the MAREA region during the 19th century, there remained a

The Industrial Revolution had a profound effect on the use of the landscape

strong local core of maritime activity in the region which retained the more

and the coastal communications network of the UK. The Broads of Norfolk

traditional vessel types. For example, at the turn of the 20th century, a fleet of

and Suffolk adjacent to the MAREA region were at the forefront of this

around two thousand sailing smacks from Great Yarmouth and Lowestoft were

transformation, becoming a patchwork of model farms. Until a reliable railway

trawling in the North Sea.

was developed in the 1860s most of the produce of these farms and other local
industrial output of the MAREA region had to be transported by sea (Gould,
1997). The principal export trade of the area within and beyond the MAREA

MAREA region. The battle of Lowestoft in 1665 was the opening engagement of

region during the 19th century was agricultural produce such as grain. The

the Second Anglo-Dutch War and 20 Dutch and two English vessels were lost,

major imports into the region were timber from Scandinavia and the Baltic

including the Dutch flagship Eendracht which exploded. The Battle of Sole Bay

and until railways took over the role late in this period, coal from northeast

(Southwold Bay) in June 1672 was the first engagement of the third, and final,

England.

French fleet lost four vessels.

of a screw driven vessel of the mid-19th century is the steam screw barque

The steamship was at the forefront of Britain’s trade expansion during this period,

During the 17th century, two significant naval battles took place within the

Anglo-Dutch War. The Dutch lost three ships, while the combined English and

the compound steam engine in 1854. A notable example in the MAREA region

19th centuries. Material from the earlier Tudor and Stuart periods is rare and

global trans-oceanic trade networks were developed between northern Europe,
the East and the New World.

passage from Hull to Rotterdam with a cargo of raw cotton.

During the 19th century the technological innovations of the Industrial
Revolution were applied to maritime technology, and saw the gradual

The regional fishing industry also serves to highlight the wider range of maritime
activities that took place within the MAREA region. In the late 19th and early
20th centuries the Yarmouth/Lowestoft autumn herring fishery was by far the
biggest fishery on the East Coast. Huge shoals of ‘silver darlings’ would gather
in the southern North Sea and the vast East Anglian fleet, and visiting Scottish
fishing boats, would reap the harvest.
This intense fishing activity is reflected in the SeaZone data for the MAREA
region where fishing vessels account for approximately 16% of all vessels with
a known function lost in the area.

None of the lost warships from either battle has been located but their wrecks

introduction of iron and steel into ship construction and steam technology

may lie within the MAREA region. For example, the wreck of the Royal James,

into vessel propulsion. Although the use of iron in shipbuilding can be dated

In addition to fishing, other shipping activity is represented by the wrecks of

a first rate ship of the line, lost during the Battle of Sole Bay, is thought to lie

back to at least the late 18th century, it did not displace wood as the primary

estuarine craft such as barges and coasters, which linked the inland waters

approximately 6 km due east of Southwold harbour. Finds of isolated cannonballs

construction material in shipbuilding until the 1860s and 1870s and the bulk

of the Broads to the coast and beyond. This activity drove the development of
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Figure 17:8

Sidescan sonar and magnetometer and multibeam echosounder images from possible known wreck 7215 (UKHO10550)
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Figure 17:9

Multibeam echosounder images from possible known wreck 7217 (UKHO10660)
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Lowestoft’s Parkeston Quay, in particular, as an important centre during the 19th

Although the u-boat campaign was extremely effective, the use of mines also

coast. Sixteen of these losses are situated within east coast dredging areas within

century (Gould, 1997).

contributed to the total of one million tons of Allied merchant shipping lost during

the MAREA region, while another substantial cluster of thirteen losses to the north

Our knowledge of the historical shipping casualties within the MAREA region

World War I (Steffen, 2005). Within the MAREA region some 64 World War I

of the region lie between the sandwaves of the Winterton Ridge and Smiths Knoll.

losses can be attributed to mines, with a concentration of casualties near the coast

This spread of losses suggests a much wider area of passage by convoys during

between Southwold and Lowestoft. The Southford (UKHO10349, 7248, Figure

World War II, but also the use of larger vessels with deeper drafts requiring deeper

in particular, is a comprehensive record of maritime casualties quite unlike

17:10) for example, whose wreck lies 10 km east of Southwold, was a mine casualty.

water.

anything from earlier periods, and is a valuable indication of the number of

The scale of German mine-laying operations off the East Coast of England initially

The area of coast encompassed by the MAREA region was well defended during

wrecks that are likely for any area of the UK’s seabed.

confounded the Royal Navy, as the number of Armed Merchant Cruisers known to

World War II in particular. Artillery emplacements are recorded at Southwold,

The incorporation of metal structural elements into vessel designs from the mid

be laying mines did not seem capable of deploying the number of mines needed

Dunwich, Minsmere, Sizewell and Aldeburgh in 1941 (Foynes, 1994). A number

to inflict the casualties being experienced. The answer was provided in July 1915

of features dating to this period survive in the MAREA region, including anti-tank

when a diver investigation of an underwater obstruction struck by the coaster

cubes, pillboxes, anti-aircraft batteries and gun emplacements. These sites are at

Cottingham found the wreck of a German u-boat with an unusual opening in its

risk from current coastal erosion.

hull. The wreck, which lies in the MAREA region was that of the UC-2 (UKHO10473,

Maritime activity within the MAREA region since 1945 has been multi-faceted. The

7719), a Type SM UC 1 minelayer submarine, a secret vessel previously unknown to

area has seen continued and sustained military and commercial maritime traffic and

in contrast to the periods discussed previously.

the Royal Navy. The submarine had been in transit to Lowestoft from Zeebrugge as

a huge growth in leisure maritime activity and a diverse array of boats and ships has

part of a 15 vessel operation to disrupt the British cargo carrying network when it

continued to enter the archaeological record, such as the Marsworth (UKHO10547,

17.6.7 Coastal and Seafaring Activity in the MAREA Region

was sunk (Messimer, 2002).

7220, Figure 17:14).

during this period is greatly enhanced by the development of centralised
recording of ship losses during the late post-medieval period. The Lloyds List,

18th century onwards means that wrecks for the 19th and early 20th centuries
are also often more visible on the seabed than their wooden predecessors. They
are physically visible to bathymetric and geophysical survey and also generate
strong magnetic anomalies and this is reflected in the increased number of
known wrecks (i.e. those that have been located) for the period under discussion,

and Vicinity: 1914-Present
The list of losses and known wrecks within UK waters dating to both World Wars
is large. The maritime archaeological record of the period in the MAREA region is
dominated by recorded losses and known wrecks which were usually accompanied
by loss of life.
After a decade of preparation, which saw the Royal Navy undergo a rapid,

Coastal convoys were also utilised in World War II to ensure that the vital east coast
sea route remained open in the face of a new u-boat, mine and air threat (Hewitt,

17.6.8	Maritime Archaeology: Summary

2008). The main convoy route was known as FS/FN, and was a passage used from

The UK has a long maritime history and there is potential within the MAREA region

1939 onwards between Methil, Fife and Southend-on-Sea in the Thames, which
passed through the MAREA region. During the war the seaside resort of Southendon-Sea would witness over 2,000 convoy vessels arrive and depart.

for archaeological evidence of maritime sites of all periods, from Mesolithic to
the present. Furthermore, the seabed of the MAREA region is characterised by
a series of long, shallow sandbanks running northwest to southeast across the

During World War II, large numbers of steam trawlers and drifters were bought or

southern North Sea. These sandbanks have been identified not only as having high

hired by the Admiralty to supplement the Royal Navy’s resources. Dozens of these

potential for contributing to historical shipping losses, but also for the preservation

small vessels were lost off Norfolk and Suffolk through enemy action; some sunk by

of archaeological material (Bournemouth University, 2007).

torpedoes or gunfire from submarines, with the additional threat of German motor

Two designated wreck sites exist within the MAREA region, that of HMS Exmoor,

torpedo boats, known as E-Boats and fighter and bomber aircraft (Larn and Larn,

which sank in 1941 and is designated as a protected place under the PMRA 1986

1997).

and the Dunwich Bank wreck, which foundered sometime between 1536 and 1699

Examples of vessels lost during World War II in the MAREA region are three

and is designated under the PWA 1973.

merchant ships surveyed using geophysics by Wessex Archaeology: the Stad

A total of 816 charted wreck sites (including three aircraft wrecks) are found fairly

Alkmaar (UKHO10992, 7227, Figure 17:11), the Cormead (UKHO11031, 7228,

evenly dispersed within the MAREA region. The highest density of wreck sites is

Figure 17:12), and the Rye (UKHO10544, 7229).

between Caister-on-Sea and Southwold and within 10 km of the coast, and in the

half of April seeing an average of 13 ships sinking each day (IWM Website, 2010

In the SeaZone data for the MAREA region there is a clear difference between

approaches to Lowestoft and Great Yarmouth.

and Hewitt, 2008). The u-boat campaign threatened the East coast trade route

the distribution of World War I and II merchant shipping losses. The bulk of World

A total of 3,056 recorded losses (including 58 aircraft wrecks) are listed within the

which supplied London with coal from the ‘Great North Coalfield’, and which passed

War I casualties are close to the coast of Suffolk, particularly between Hopton and

MAREA region. Up to 1913, recorded losses generally lie close to the coast with

through the MAREA region (Hewitt, 2008). To protect the maritime trade upon which

Southwold (Figure 17:13). This is probably due to the German strategy of deploying

concentrations in the approaches to Lowestoft and Great Yarmouth, as well as with

Britain relied, the system of coastal convoys was introduced which saw merchant

mines and u-boats outside ports such as Great Yarmouth, Lowestoft and Southwold.

the sandbanks in the MAREA region. Post 1914, recorded losses are more evenly

vessels escorted between ports in groups by naval vessels (Steffen, 2005).

World War II losses are far less concentrated and are also generally further from the

spread across the MAREA region, thought to be a result of improved navigation

revolutionary change which effectively saw the total replacement of the frontline
ships of the fleet with the Dreadnought class (Roberts 1997:7), it was involved in
only four major sea encounters in the North Sea during World War I. The Battle of
Jutland in May 1916 was the most notable, and after which the German battleships
refused to engage with the British Grand Fleet and their blockade in the high seas
again.
A far more successful strategy of the German Navy developed around a u-boat
campaign which aimed to bring Britain’s merchant fleet operations to a standstill
with unrestricted attacks from September 1915. At the height of the war (between
February and April 1917) German u-boats sank 500 merchant ships, with the second
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Figure 17:10

Sidescan sonar and magnetometer and multibeam echosounder images from possible known wreck 7248 (UKHO10349)
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Figure 17:11

Sidescan sonar and magnetometer and multibeam echosounder images from possible known wreck 7227 (UKHO10992)
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Figure 17:12

Sidescan sonar and magnetometer and multibeam echosounder images from possible known wreck 7228 (UKHO11031)
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and position fixing, the advent of radio which allowed distress signals and

There is archaeological evidence for human exploitation of marine resources

During the Iron Age and Roman periods, there is evidence that ports on the

positions to be broadcast and additionally the recording of wrecks that occurred

within the MAREA region during the Neolithic and Bronze Age. Neolithic

Suffolk and Norfolk coast were being developed. The military establishment

out of sight of the coast.

logboats provide the only direct archaeological evidence of maritime activity

made extensive use of the MAREA region's coastal waters for transporting

No evidence of watercraft that pre-date the Mesolithic in Western Europe

in the UK, however, indirect evidence exists in discoveries relating to the

goods between garrisons. Within the MAREA region, evidence from Caister-on-

transportation of goods by sea during this period (Breen and Forsythe, 2004).

Sea, north of Great Yarmouth, shows that the area may have been a supply base

Within the MAREA region, a small jet plaque of Bronze Age date was found at

as well as a coastal defence (Gurney, 2005).

exists, however, the lack of evidence may be due to a lack of survival in the
archaeological record rather than an absence of such craft prior to the Mesolithic.
There is potential for the survival of evidence of early watercraft as part of the
submerged prehistoric archaeological record preserved offshore.

Figure 17:13a

SeaZone World War I charted Merchant Navy casualties

a multi-period occupation site in South Lowestoft suggesting large scale trade
networks were becoming established, some of which were certainly marine.

Figure 17:13b

SeaZone World War II charted Merchant Navy casualties
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Figure 17:14

Sidescan sonar and multibeam echosounder images from possible known wreck 7220 (UKHO10547)
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Archaeological evidence for early medieval seafaring is scarce, but the Saxon

Since 1945, maritime activity has been multi-faceted, with continued and

SeaZone

migrations imply continued and sustained capacity for seafaring. Examples such

sustained military and commercial maritime activity and a huge growth in

Only three of the 816 charted sites listed by SeaZone contain references to aircraft

as an extensive network of trade and migration routes existed with a number of

leisure maritime activity.

crash sites and all of these are post-1946 in date (Figure 17:15). These sites are:

ports or landing places along the East Anglian coast (Comfort, 1994). Examples
of clinker vessels have been found within the MAREA region, including the
Sutton Hoo burial ship (Evans, 1994) and a wooden vessel at Ashby Dell thought
to be from the 4th or 5th centuries.

l

17.7

By AD1066, many East Anglian ports had developed into busy trading centres, with

the advent of powered human flight in the early 20th century. There are over

Norfolk and Suffolk playing a major role in shipbuilding (Williams, 1988). The level

10,000 thousand aircraft crash sites in UK waters, mainly associated with

of activity in the medieval period suggests that the potential for medieval finds is

military activity. Although this means the potential resource is very large, there

high, particularly where anaerobic sediments characterise the seabed.

are relatively few known aircraft crash sites recorded by SeaZone and the NHRE.

From 1508 to 1815, a massive explosion in marine activity occurred as global
trans-oceanic trade networks were established.

During this period, two

significant naval battles took place within the MAREA region - the battle of
Lowestoft in 1665 and the battle of Sole Bay in 1672. It is thought that isolated

There is, therefore, a reasonable potential for discovering previously unrecorded
aircraft sites during any seabed development works, especially off the east and
south coasts of the UK, including the MAREA region. For the purpose of this
study, aviation archaeology is divided in three temporal divisions:

cannonball finds reported under the BMAPA Protocol may be linked to these
battles. During the post-medieval period, the MAREA region was thus an area

l

the UK during this period, examples of only 24 survive today anywhere in

During the 19th century, the technological innovations of the Industrial
Revolution were applied to maritime technology and saw the introduction of
steel into ship construction and steam technology into vessel propulsion.
Examples of early steam powered vessels in the MAREA region are listed in
the NRHE and SeaZone - The Prince Frederick (NRHE UID 1239644) and The

Pre-1939: The period of intense and rapid development of a new technology.
Although at least 119 different aircraft models were used by the military in

of concentrated commercial and military activity.

MAREA region being recorded as fishing vessels.

aviation and as such has special significance.
l

Post-1945: A period characterised by the rapid development of jet
propulsion technology and its use in both military and civilian aviation
applications. It is also a period characterised by relatively low numbers of
aircraft casualties. Aircraft from this date range would have to present a
rather strong case if they are to be considered of special interest.

Wars is large. At the height of World War I (February - April 1917), over 500

for example, the Stad Alkmaar (UKHO 10992), the Cormead (UKHO 11031) and
the Rye (UKHO 10544).

There are 58 NHRE records within the MAREA region which refer to aircraft losses.
These sites are illustrated in Figure 17:16. All but one of these casualties date
to World War II, and they include 17 German, 38 British and three aircraft whose
origins are not recorded. The existence of four of the German aircraft – a Dornier,
a Heinkel, and two Junkers – have been confirmed through finds reported from
aggregate Licence Area 454, whilst finds have been made in Areas 454 and 251 of
British aircraft remains.

1939-1945: By the start of WWII, advances in technology had greatly

number of aircraft and associated human casualties in the history of

Dozens of these vessels were lost off Norfolk and Suffolk through enemy action,

NRHE Recorded Losses

under the terms of the Protection of Military Remains Act (1986).
l

occur, with approximately 16% of all vessels with a known function lost in the

numbers of steam trawlers and drifters were brought or hired by the Admiralty.

extreme south of the MAREA region.

aircraft wrecks found within the MAREA region are subject to automatic protection

took place across the MAREA region. This period also saw the highest

merchant vessels were sunk by German u-boats. During World War II, large

a Piper Comanche, recorded lost 31 km off the coast of Aldeburgh in the

period are likely to be of special interest.

situated within the MAREA region. Intense fishing activity was also known to

The list of losses and known wrecks within the UK waters dating to both World

l

are unlikely to represent the precise locations of any of the wrecks. Any military

enabled aircraft to increasingly undertake long-range flights, many of which

wrecks are often more visible on the seabed than their wooden predecessors.

beach south of Dunwich near East Bridge in August 1961; and

scarcity of flights over water, mean that any aircraft remains dating to this

extended the reliability and range of aircraft. Such technological innovation

incorporation of metal structural elements into vessel design has meant that

an American Voodoo fighter bomber lost less than a kilometre from the

The locations of the 58 recorded aircraft losses in the NRHE data are indicative, and

or propeller driven vessels, such as the wreck of the Xanthe (UKHO 10660)

the development of a centralised recording of ship losses. Furthermore, the

l

the world. This, alongside the fragility of the airframes and the relative

Seagull (UKHO 10550). Paddle steamers were gradually superseeded by screw

Knowledge of historical shipping casualties has been greatly enhanced by

approximately 4 km offshore, south of Kessingland Beach;

Aviation Archaeology

Thousands of military and civilian aircraft have been lost around the UK since

a Royal Air Force Buccaneer believed to have crashed on 29 July 1975

17.7.1 Known Aircraft Crash Sites
SeaZone and the NHRE list a number of known aircraft crash sites and recorded
losses within the MAREA region.

17.7.2 Aviation Archaeology Pre-1939
Fixed wing aviation first began in the UK in the early 1900s with the first flight
across the English Channel in 1909. The development of military and naval
aviation began with WWI, but despite the increase in aircraft numbers and
flights there was comparatively little aviation activity over the sea.
Norfolk, however, has had a long and close association with aviation. In 1915,
during World War I, Boulton and Paul started manufacturing aircraft in Norwich,
flying them from Mousehold Heath. During the war Narborough was the biggest
aerodrome in the country, and Pulham was a major airship base. The Royal Navy
Air Service (RNAS) also had airfields on the coast as a defence against Zeppelin
raids.
A number of British aircraft were lost around the UK during World War I, as
were 28 German fixed wing aircraft and 15 airships involved in raids on the UK
mainland (Wessex Archaeology, 2009). It is possible that some of these losses
occurred at sea.
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The wartime use of aircraft prompted the mass-production of fixed wing aircraft

were established (Wessex Archaeology, 2008). The Department of Transport’s Air

in large numbers for the first time and also spurred technological advances during

Accident Investigation Branch (AAIB) records 20 civil aircraft losses at sea around

the interwar years. This resulted in the low-powered wood and cloth biplanes

the UK between 1920 and 1939. None are known to lie in the MAREA region,

being replaced by larger, high-powered monoplanes made of aluminium (Wessex

although this list is not regarded as comprehensive (Wessex Archaeology, 2009).

Archaeology, 2009).

17.7.3 Aviation Archaeology: 1939-1945
It has been estimated that an average of five aircraft crashes per day took place in the
UK during WWII, and many of these were in the sea (Bédoyère, 2001). The potential
for finding the remains of these aircraft is high. By WWII, advances in aircraft

Pre-1939 aircraft crash sites at sea are likely to be relatively rare, and the lightweight

The construction of aircraft designed to carry passengers and cargo, led to a

technology enabled overseas flights to take place with a much lower risk. The North

construction of the earlier airframes means they are less likely to survive in the

significant increase in commercial civil aviation during the 1920s and 1930s and

Sea and English Channel formed a frontier between the Allies and Axis Europe during

marine environment unless buried in seabed sediments. Any air crash site from this

various cross-channel services to a number of European and worldwide destinations

this period and became a significant focus for this high volume of aviation activity.

period is likely to be important.

Figure 17:15

SeaZone aircraft crash sites

Figure 17:16

NRHE aircraft losses within the MAREA Study Area
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East Anglia’s long coast and sweeping, flat landscape was a significant focus
for aircraft activity during World War II. In 1934 there were only four active air
bases in the region, but by 1939 this number had grown to 15 with five satellite
landing grounds. By 1945 the area contained 107 bases in use by the RAF and

17.7.4 Aviation Archaeology: 1945-Present
After WWII and until the early 1990s, military aviation was dominated by the
Cold War. Accordingly, military aircraft research, design and development

suggest that 217 RAF aircraft were recorded off Norfolk, with a further 73 off
Suffolk (Wessex Archaeology, 2008). Within the MAREA region, over 130 World
War II Air/Sea Rescue Operations were undertaken, whilst the NRHE lists
57 recorded aircraft casualties associated with four Named Locations within

the United States Air Force (USAF) (Williamson 2006: 77).

was further pushed forwards, much of which was also applied to commercial

Suffolk and Norfolk were entry and exit points for offensive operations over

there have been very few major losses. The Air Accident Investigation Branch

continental Europe and the North Sea, with the RAF mainly flying at night and

(AAIB) lists 120 civil aircraft losses at sea around the UK between 1946 and

the USAF undertaking daylight bombing raids over Germany. There were also

1994, most of which were light aircraft or, in more recent years, helicopters

After World War II there have been relatively few major losses, with 120 civil

significant anti-aircraft defences built across East Anglia against sustained

associated with the North Sea oil and gas industry. The Piper Comanche lost off

aircraft losses at sea between 1946 and 1994, most of which were light aircraft,

German air raids.

Aldeburgh and referred to earlier is one modern aircraft casualty known to lie

or in more recent years, helicopters associated with the North Sea oil and gas

within the MAREA region.

industry.

town in the country, were considerable. A total of 1,140 British aircraft were

17.7.5 Aviation Archaeology: Summary

destroyed or written-off, and RAF fighter pilots destroyed at least 1,733 German

The potential for the discovery of previously unrecorded aircraft sites during any

17.8

aircraft (Bowyer, 2003).

seabed activity is high, especially off the east and south coasts, including the

Aircraft losses during the Battle of Britain and the Blitz, during which Great
Yarmouth in the MAREA region suffered more bombing than any other coastal

One of the most complete sources of aircraft loss information was provided
by aviation researcher Ross McNeill whose records suggest 217 RAF aircraft

aircraft. Despite the high level of aviation activity across the UK since WWII,

MAREA region. This is due to the large number of aircraft crash sites within
UK waters but relatively few known sites recorded by SeaZone and the NRHE.

or close to dredging areas. Eleven discoveries associated with aircraft have
been reported through the BMAPA Protocol since 2005 from the MAREA region
(Wessex Archaeology, 2007b).

Summary of Baseline and Key Sensitivities

Aggregate extraction areas tend to focus on river systems and their gravel
deposits. These have the potential to contain both primary and secondary
(derived) context prehistoric archaeological material. The highest potential for
deposits in primary context is within fine-grained infill and fluvial sediments,

losses off the coast of Norfolk and a further 73 off of Suffolk during World

Three SeaZone charted sites have been recorded in the MAREA region, while the

War II (Wessex Archaeology, 2008). These figures are supported by a survey of

NRHE records 58 sites. The locations of the sites are indicative and are unlikely

crash sites in England carried out by English Heritage, in consultation with the

to represent the precise locations of any of the wreck. Any military remains

Ministry of Defence as part of the Monuments Protection Programme which

would be subject to automatic protection under the terms of the Protection of

showed aircraft losses along the southern and eastern margins of England, with

Military Remains Act (1986).

some 1,000 estimated off the coast of Suffolk (English Heritage, 2000; English

Prior to 1939, Norfolk had a long and close association with aviation, with

prehistoric interest have been identified within the palaeo-geographic assessment

Narborough being the biggest aerodrome in the country and Pulham having a

of the MAREA region, which together with the offshore finds reported through

major airship base during World War I. The RNAS also had airfields on the coast

the BMAPA Protocol highlight the potential for the occurrence of prehistoric

as a defence against Zeppelin raids. During the interwar years, technological

archaeological material offshore in the region.

Heritage, 2002).
Within the MAREA region maps of the locations of World War II Air/Sea Rescue
Operations suggest that over 130 such operations took place during the war
(Figure 17:17), whilst the NMR lists 57 recorded World War II aircraft casualties

advances resulted in low-powered wood and cloth biplanes being replaced by

while river gravels are more likely to contain derived archaeological material.
This assessment has demonstrated that while known prehistoric archaeological
sites and materials exist in the terrestrial environment, some of which date to
the same period as those during which the offshore portions of the region would
have been exposed and thus open to hominin occupation. Seabed features of

The potential for finding in situ archaeological sites and material attributable

associated with four Named Locations within or close to the licensed dredging

larger, high-powered aluminium monoplanes (Wessex Archaeology, 2009).

areas (Figure 17:16). For example, the Named Location in Area 454 has nine

Commercial civil aviation also increased during the 1920's and 1930's with

aircraft associated with it, whilst the location just to the north of Area 328B has

deposits that have not been disturbed by fluvial or marine action. However, if

various cross-channel services and worldwide destinations being established.

16 aircraft assigned to it.

any finds of prehistoric sites and materials were discovered, even in secondary

Twenty civil aircraft losses are recorded at sea between 1920 and 1939 although

context, within the MAREA region they are likely to be considered of special

none are known to lie in the MAREA region (Wessex Archaeology, 2009).

archaeological interest, as demonstrated by the Area 240 finds.

II within the MAREA region comes in the form of finds reported through the

Pre-1939 crash sites at sea are likely to be relatively rare and the lightweight

With respect to maritime archaeology, this assessment has demonstrated that

BMAPA Protocol since 2005. Eleven such discoveries have been recorded from

construction of the early airframes means they are leas likely to survive in the

within the MAREA region there is potential for archaeological evidence of

licence areas within the MAREA region and include a pedal from either a USAF

marine environment unless buried in seabed sediments.

maritime sites of all periods from Mesolithic to present. The sandbanks within

P-51 Mustang or a B-25 Mitchell bomber and a human upper arm bone thought

During World War II, East Anglia's long coast and sweeping, flat landscape

the MAREA region have been identified as not only having high potential for

was the significant focus for aircraft activity. By 1945, the area contained 107

contributing to historical shipping losses, but also for the preservation of

bases in use by the RAF and USAF (Williamson, 2006:17). Aircraft loss records

archaeological material (Bournemouth University, 2007). Within the MAREA

Direct evidence of the presence of aviation archaeology from World War

to be that of a German airman, possibly associated to a Heinkel 111 or Junkers
88 shot down during the Battle of Britain (Wessex Archaeology, 2007b).

to the pre-Devensian period within the MAREA region is likely to be limited to
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Figure 17:17

World War II Air & Sea Rescue Operations in the MAREA region

17.32
EMU-EC-MAREA Volume 1 29/06/2012.indd 32

12/07/2012 14:36

Marine Aggregates Regional Environmental Assessment

region, known and recorded elements of the archaeological record are large and

l

damage or destroy prehistoric archaeological evidence and wrecks, if

of varying degrees of archaeological interest.

present in the area;

No evidence of watercraft that pre-date the Mesolithic exist in Western Europe,
however, the lack of evidence may be due to a lack of survival in the archaeological

Direct disturbance of the seabed caused by substrate removal which can

l

Changes to bathymetry as a result of substrate removal which can indirectly

record rather than an absence of such craft, any discovery of watercraft or vessel

expose, damage or destroy prehistoric archaeological evidence and wrecks;

would be of special interest both nationally and internationally. During the Neolithic

and

and Bronze Age, logboats provide direct evidence of maritime activity in the UK,
however, indirect evidence exists in discoveries relating to the transportation of
goods by sea (Breen and Forsythe, 2004). During the Iron Age, Roman and Saxon
periods, there is evidence for the development of ports with the MAREA region,
along with evidence for extensive use of coastal waters for the transportation of

l

The sediment plume created by aggregate extraction which can indirectly aid
the preservation of archaeological sites and materials by covering or burying
them, thereby reducing the effects of erosion and biological and chemical
agents on the archaeology.

goods between ports. By AD1066, many ports had developed into busy trading
centres and the level of activity within the Medieval period suggests that there
is high potential for finds, particularly where anaerobic sediments characterise
the seabed. During the post-Medieval period, the MAREA region was an area
of concentrated commercial and military activity with two significant naval
battles taking place within the MAREA region. Throughout the 19th century,
technological advances saw the introduction of steel into ship construction,
steam and eventually screw or propeller technology into vessel propulsion, with
three known examples listed in the NRHE and SeaZone records. During both the
World Wars, the list of losses and known wrecks within UK waters is large and
the MAREA region is no exception however, since 1945 maritime activity within
the MAREA region has been multi-faceted, with continued and sustained military
and commercial activity and a huge growth in leisure activities.
With respect to aviation archaeology, the potential for the discovery of previously
unrecorded aircraft sites during any seabed activity is high, especially within the
MAREA region, due to the large number of aircraft crash sites but relatively few
known sites recorded by the NRHE and SeaZone. Any military remains discovered
would be subject to automatic protection under the Protection of Military Remains
Act 1986. Pre-1939 crash sites are likely to be relatively rare and the lightweight
construction means they are less likely to survive in the marine environment
unless buried in seabed sediments. During World War II, the MAREA region’s
long coast and sweeping, flat landscape was a significant feature for aircraft
activity with 107 bases in use by the RAF and USAF (Williamson, 2006:17). Post
World War II, there have been relatively few major losses with, in more recent
years, the majority being helicopters serving the North Sea oil and gas industry.
The range of aggregate extraction effects may have an impact on the
archaeological resource in any of the licence, application and prospecting areas
within the MAREA region. These include:

17.33
EMU-EC-MAREA Volume 1 29/06/2012.indd 33

12/07/2012 14:36

Marine Aggregates Regional Environmental Assessment

references
Allen, R.H. and Sturdy, R.G. 1980. The Environmental Background in Buckley, D.G (ed.) Archaeology in
Essex to AD150. CBA Research Report No.34. London: Council for British Archaeology pp 1-7
Arthurton, R.S., Booth, S.J., Morigi, S.J., Abbott, M.A.W., and Wood, C.J. (eds) 1994. Geology of the
country around Great Yarmouth, Memoir of the British Geological Survey (England and Wales) Sheet
162, London: HMSO
Ashton, N. and Lewis, S. 2002. Deserted Britain: declining populations in the British Late Middle
Pleistocene. Antiquity 76: 388-396
Austin, L., 1997. Palaeolithic and Mesolithic in Glazebrook, J, (ed.) Research and Archaeology: A
Framework for the Eastern Counties, 1. Resource Assessment. East Anglian Archaeology, Occasional
Paper No.3:5-11

Flemming, N.C. 2002. The Scope of Strategic Environmental Assessment of North Sea Areas
SEA 3 and SEA 2 in regard to prehistoric archaeological remains: Technical Report SEA3_TR014,
Department of Trade and Industry
Foynes, J.P., 1994, The Battle of the East Coast (1939-1945), J.P. Foynes, Isleworth, Middlesex
Gibbard, P.L. 2007. Palaeogeography: Europe cut adrift. Nature 448, 259-260
Gilman, P. 1997. Fortifications in Glazebrook, J, (ed.) Research and Archaeology: A Framework for the
Eastern Counties, 1. Resource Assessment. East Anglian Archaeology, Occasional Paper No.3:67-69
Goldenberg, J. A. 1973. An analysis of shipbuilding sites in Lloyd’s Register of 1776. Mariners Mirror.
59: 419-435

Parfitt, S.A, Barendregt, R.W, Breda, M, Candy, I, Collins, M.J, Coope, G.R, Durbidge,P, Field, M.H,
Lee, J.R, Lister, A.M, Mutch, R, Penkman, K.E.H, Preece, R.C, Rose, J, Stringer, C.B, Symmons, R,
Whittaker, J.E, Wymer J.J. and Stuart, A.J. 2005. The earliest record of human activity in Northern
Europe. Nature, 438: 1008-1012
Parfitt, S.A., Ashton, N.M., Lewis, S.G., Abel, R.L., Russell Coope, G., Field, M.H., Gale, R., Hoare,
P.G., Larkin, N.R., Lewis, M.D., Karloukovski, V., Maher, B.A., Peglar, S.M., Preece, R.C., Whittaker
J.E. and Stringer, C.B. 2010 Early Pleistocene human occupation at the edge of the boreal zone in
northwest Europe. Nature, 466, pp 229-233
Preece, R.C., Gowlett, J.A.J., Parfitt, S.A., Bridgland, D.R. and Lewis, S.G. 2006. ‘Humans in the
Hoxnian: habitat, context and fire use at Beeches Pit, West Stow, Suffolk, UK’, Journal of Quaternary
Science, 21(5), 485-496

Barton, N. 2005. Ice Age Britain, London: Batsford and English Heritage.

Gould, S. 1997. The Archaeology of Industrialisation and Manufacture 1750-1960 in Glazebrook, J,
(ed.) Research and Archaeology: A Framework for the Eastern Counties, 1. Resource Assessment.
East Anglian Archaeology, Occasional Paper No.3:73-79

Bédoyère, G. de la, 2001, Aviation Archaeology in Britain, Buckinghamshire: Shire Publications Ltd

Graham, G. S. 1957. The ascendency of the sailing ship, 1850-1855. Economic History Review. IX: 77

Roberts, J. 1997. Battlecruisers. Great Britain: Caxton Editions

Bellamy, A. G. 1998. The UK marine sand and gravel dredging industry: an application of Quaternary
geology, in Latham, J-P. (ed.), Advances in Aggregates and Armourstone Evaluation. London:
Geological Society, Engineering Special Publication 13, 33-45

Gurney, D. 2005. Roman Norfolk (c.AD 43-110) in Ashwin, T., & Davison, A. (eds) An Historical Atlas
of Norfolk, Phillimore and Co. Ltd: 19-20

Rogerson, A. 1998. Vikings and the new East Anglian towns. Council for British Archaeology, Issue
no. 35, June 1998

Heath, P. 1969. North Sea Fishing in the Fifteenth Century, the Scarborough Fleet. Northern History
53-69

Rose, J., Moorlock, B.S.P., and Hamblin, R.J.O. 2001. Pre-Anglian fluvial and coastal deposits in
eastern England: lithostratigraphy and palaeoenvironments. Quaternary International 79, 5-22

Hewitt, N. 2008. Coastal Convoys 1939-1945. Pen & Sword Maritime

Rose, J. 2008. Palaeogeography of Eastern England during the Early and Middle Pleistocene, in
Candy, I, Lee, JR and Harrison, AM (eds) The Quaternary of Northern East Anglia Field Guide.
Edinburgh: Quaternary Research Association

BMAPA and English Heritage, 2005. Protocol for Reporting Finds of Archaeological Interest, pp 25
Bournemouth University, 2007. Enhancing our understanding of the marine historic environment:
Navigational Hazards Project, unpublished report
Bowyer, C. 2003. Air War over Europe 1939-1945. Yorkshire: Leo Coooper.
Bradley, R, Bradley, R.J, Fulford, M.G. and Tyson, H.J. 1997. The archaeological resource: A regional
review in Fulford, M. Champion, T. and Long, A. (eds.) England’s Coastal Heritage: A survey for
English Heritage and the RCHME England: English Heritage. Archaeological Report 15 pp 154-178
Breen, C. and Forsythe, W., 2004. Boats and shipwrecks of Ireland. Gloucestershire: Tempus
Publishing Ltd
Bridgland, D. R. 2002. Fluvial Desposition on periodically emergent shelves in the Quaternary:
example records from the shelf around Britain. Quarternary International 92:25-34.
British Geological Survey. 1984. 52N 02E Flemish Bight (Q)., 1:250,000 Series. Seabed Sediments and
Quaternary Geology
British Geological Survey. 1991. 52N 00 East Anglia (Q). (Incl. onshore), 1:250,000 Series. Seabed
Sediments and Quaternary Geology
Bruce-Mitford, R. 1972. The Sutton Hoo Ship-Burial. London: The Trustees of the British Museum
Cameron, T.D.J, Crosby, A, Balson, P.S, Jeffery, D.H, Lott, G.K, Bulat, J. and Harrison, D.J. 1992.
The geology of the Southern North Sea. British Geological Survey, United Kingdom Offshore Report,
London HMSO
Comfort, N. 1994. The Lost City of Dunwich, Terence Dalton Ltd, Lavenham, Suffolk

Humblin, J. J., Weston, D., Gunz, P., Richards, M., Roebroeks, W., Glimmerveen, J. and Anthonis, L.
2009. Out of the North Sea: the Zeeland Ridges Neandertal. Journal of Human Evolution 56 (6):775785.
Hutchinson, G. 1994. Medieval Ships and Shipping. Leicester University Press
Kemp, P. 2002. The History of Ships. Rochester: Grange Books
Larn, R. and Larn, B. 1997. Shipwreck Index of the British Isles: The East Coast of England
Lillie, M. 2005. Deconstructing reconstruction: The Bronze Age sewn plank boats from North Ferriby,
River Humber, England, UK and their context. Journal of Wetland Archaeology 5:97-109
Limpenny, S. E., Barrio-Frojan, C., Cotterill, C., Foster-Smith, R. L., Pearce, B., Tizzard, L., Limpenny, D.
L., Long, D., Walmsley, S., Kirby, S., Baker, K., Meadows, W. J., Rees, J., Hill., J., Wilson, C., Leivers,
M., Churchley, S., Russell, J., Pacitto, S. and Law, R. 2011. The East Coast Regional Environmental
Characterisation. Cefas Open Report 08/04.

Steffen, D. 2005. Mine Warfare and Escort Vessels in Tucker, S. C. 2005 (Ed.) The Encyclopaedia of
World War I, a Political, Social and Military History. ABC
Stuart, A.J. and Lister, A.M. 2001. The mammalian faunas of Pakefield/Kessingland and Corton,
Suffolk, UK: evidence for a new temperate episode in the British early Middle Pleistocene, in
Quaternary Science Reviews, 20: 1677-1692
Sumbler, M. G., 1996, Introduction in Sumbler, M.G. (ed.) British Regional Geology: London and the
Thames Valley, (Fourth Edition) British Geological Survey, London HMSO pp1-7

Marsden, P. 1994. Ships of the Port of London: 1st to 12th centuries AD. London: English Heritage.
Archaeological Report No. 3

Verhart, L.B.M. 1995. Fishing for the Mesolithic. The North Sea: A submerged Mesolithic landscape,
in Fischer, A. (ed.) Man and sea in the Mesolithic: coastal settlement above and below current sea
level. Oxbow Monograph 53, London: Oxbox Books pp291-302

Mathias, P., 1983, The First Industrial Nation. An Economic History of Britain 1700- 1914. Second
Edition. Routledge, London and New York

English Heritage, 2000. Twentieth Century Military Sites. English Heritage Leaflet

Moorlock, B.S.P., Hamblin, R.J.O., Booth, S.J., and Morigi, A.N. 2000. Geology of the Country around
Lowestoft and Saxmundham. Memoir of the British Geological Survey, sheets 176 and 191 (England
and Wales). London: HMSO

Fenwick, V. and Gale, A. 1998. Historic Shipwrecks: Discovered, Protected and Investigated. Stroud:
Tempus Publishing Ltd

Stammer, M. 1999. Slipways and steamchests: the archaeology of the 18th and 19th century wooden
merchant shipyards in the United Kingdom. The International Journal of Nautical Archaeology 1999.
28.3: 253-264

Van de Noot, R, Middleton, R, Foxon, A. and Bayliss, A. 1999. The ‘Kilnsea-boat’ and some
implications from the discovery of England’s oldest plank boat remains. Antiquity 73:131-135

McGrail, S. 2004. Boats of the World: From the Stone Age to Medieval Times. Oxford: University Press

Evans, A.C. 1994. The Sutton Hoo Ship Burial. London: British Museum Press.

Simper, R. 1982. Britain’s Maritime Heritage. London: David and Charles Ltd.

Louwe Koojmans, L.P. 1970. Meolithic Bone and Antler Implements from the North Sea and from the
Netherlands. Berichten van de Rijksdienst voor het Oudheidkundig Bodemonderzoek 20-21:27-73

Darvill, T. 1987. Prehistoric Britain. London: B.T. Batsford Limited Dix, J. and Westley, K. 2004. A
Re-Assessment of the Archaeological Potential of Continental Shelves. University of Southampton:
Unpublished report (see Online-Resources)

English Heritage, 2002. Military Aircraft Crash Sites: Archaeological guidance on their significance
and future management, English Hertiage (www.englishheritage.org.uk/upload/pdf/Mil_Air_C_Sites.
pdf)

Rippon, S. 2008. Coastal Trade in Roman Britain: the Investigation of Cardon Bridge, Somerset, a
Romano-British Transhipment Port beside the Severn Estuary. Britannia XXXIX, 85-144

Messimer, D. R. 2002. Verschollen : World War I U-boat losses. Annapolis, Maryland: Naval Institute
Press

Ville, S. 1993. The Transition to Iron and Steel Construction, in Gardiner, R. (Ed.) Sail’s Last Century:
The Merchant Sailing Ships 1830-1930. London: Conway Maritime Press pp54-73
Wenban-Smith, F. 2002. Palaeolithic and Mesolithic Archaeology on the Sea-bed: Marine Aggregate
Dredging and the Historic Environment, Wessex Archaeology
Wessex Archaeology, 2003. England’s Shipping: Year 1 Report, unpublished report 51552.02
Wessex Archaeology, 2006. Protocol for reporting finds of archaeological interest, BMAPA annual
report 2005-2006

Oxford Archaeology. 2007. England’s Historic Seascapes Pilot Study: Southwold-to-Clacton final
project report, unpublished report

Wessex Archaeology, 2007b. Protocol for reporting finds of archaeological interest. Annual Report to
BMAPA 2006-2007

Parfitt, S.A. 2008. Pakefield Cliffs: Archaeology and Palaeoenvironment of the Cromer Forest-bed
formation, in Candy, I, Lee, JR and Harrison, AM (eds) The Quaternary of Northern East Anglia Field
Guide. Edinburgh: Quaternary Research Association

Wessex Archaeology, 2008. Aircraft Crash Sites at Sea: A Scoping Study. Archaeological Desk-based
Assessment, unpublished report 66641.02

17.34
EMU-EC-MAREA Volume 1 29/06/2012.indd 34

12/07/2012 14:36

Marine Aggregates Regional Environmental Assessment

Wessex Archaeology, 2008a. Seabed Prehistory: Gauging the Effects of Marine Aggregate Dredging.
Final Report. Volume IV Great Yarmouth, unpublished report 57422.34
Wessex Archaeology, 2008c. Area 202 Marine Aggregate Extraction. Archaeological Assessment of
Geophysical Data. Archaeological Monitoring Report, unpublished report 68090.05
Wessex Archaeology, 2008d. Marine Principles of Selection, unpublished report.
Wessex Archaeology, 2008f. Protocol for reporting finds of archaeological interest. Annual Report to
BMAPA 2007-2008
Wessex Archaeology, 2008g. Seabed Prehistory: Gauging the Effects of Marine Aggregate Dredging.
Final Report. Volume VII Happisburgh and Pakefield, unpublished report 57422.37
Wessex Archaeology, 2009. Protocol for reporting finds of archaeological interest. Annual Report to
BMAPA 2008-2009
Wessex Archaeology, 2009a. Seabed Prehistory: Site Evaluation Techniques (Area 240) Existing Data
Review, unpublished report 70751.01
Wessex Archaeology, 2010b. Seabed Prehistory: Site Evaluation Techniques (Area 240) Palaeoenvironmental Sampling, unpublished report 70753.01
Wessex Archaeology. 2011. Seabed Prehistory: Site Evaluation Techniques (Area 240) - Synthesis.
Unpublished Report 70754.04.
Wilkinson, T.J. and Murphy, P.L. 1995. The Archaeology of the Essex Coast, Volume I: The Hullbridge
Survey. Chelmsford: Essex County Council Archaeology Section. East Anglian Archaeology
Report No. 71
Williams S. 1988. Maritime Trade of the East Anglican Ports 1550-1590, Oxford.
Williamson, T 2006. England’s Landscape: East Anglia. English Heritage. England’s Landscape Series,
volume 2. London: Collins
Wymer, J. J. 1985. The Palaeolithic Sites of East Anglia., Norwich, Geo Books.
Wymer, J. 1999. The Lower Palaeolithic Occupation of Britain. England: Wessex Archaeology and
English Heritage
Websites
Imperial War Museum (2010) http://www.iwm.org.uk/searchlight/server.php?show=nav.24361
Royal Air Force Museum (2008) http://www.rafmuseum.org.uk/milestones-of-flight/british_
civil/1909.cfm

17.35
EMU-EC-MAREA Volume 1 29/06/2012.indd 35

12/07/2012 14:36

Marine Aggregates Regional Environmental Assessment

17.36
EMU-EC-MAREA Volume 1 29/06/2012.indd 36

12/07/2012 14:36

