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GLOSSARY
Abbreviation

Description

Definition

ADZ

Active Dredge Zone

A defined zone within a
production licence where
dredging is permitted to occur

AIS

Automatic Identification System

The Automatic Identification
System is an automatic tracking
system used on ships and by
vessel traffic services (VTS) for
identifying and locating vessels by
electronically exchanging data
with other nearby ships AIS base
stations and satellites

Benthic

Relating to the seabed or
organisms that live there

BGS

British Geological Survey

The BGS provides expert services
and impartial advice in all areas of
geoscience. Their client base is
drawn from the public and private
sectors both in the UK and
internationally

BMAPA

British Marine Aggregate
Producers Association

The representative trade body for
the British marine aggregate
industry

Cefas

Centre for Environment,
Fisheries and Aquaculture
Science

The Government’s technical
advisor on the marine and
freshwater natural environment,
fisheries science, aquaculture,
mariculture and marine pollution

The Crown Estate

Governed by an Act of Parliament
acting as the property manager
for the Crown (where such is not
the private property of HM the
Queen). It works supportively
with government; in
Westminster, in Scotland, Wales,
Northern Ireland and at a local
level regarding leasing the UKCS
to allow business development

DEAL

Digital Energy Atlas and Library

A web‐based service which
provides information about UK
exploration and production of
hydrocarbons on the UKCS

DECC

Department of Energy and
Climate Change

The Government department
acting as the Regulator regarding
energy infrastructure plans and
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projects
Draghead

Equipment on the end of a dredge
pipe that is in contact with the
seabed during dredging

Dredge Pipe

Equipment through which water
and sediment is drawn from the
seabed to the dredger

Dredger

A generic term describing a ship
capable of removing sediment
from the seabed

EIA

Environmental Impact
Assessment

Process by which the effects of a
plan or project on the
environment, and its constituent
parts, is determined

EIA Directive

Environmental Impact
Assessment Directive
2011/92/EU

The Directive from the European
Commission that requires an EIA
to be undertaken for certain
projects

EMS

Electronic Monitoring System

The ‘black box’ monitoring system
on board a dredger that records
the vessel’s position and activity
to ensure that dredging is only
undertaken within permitted
zones

Entrainment

The direct uptake of benthic
organisms and fish by the
draghead during dredging
operations

HAWG

Herring Assessment Working
Group

The ICES Working Group on
Herring Assessment for the Area
South of 62oN (HAWG) provides
scientific advice on the Atlantic
Herring stocks in the North Sea
and the adjacent areas spanning
from the Celtic Sea to the
Western Baltic

ICES

The International Council for the
Exploration of the Sea

ICES is a leading multidisciplinary
scientific forum for the exchange
of information and ideas on all
aspects of marine sciences
pertaining to the North Atlantic,
including the adjacent Baltic Sea
and North Sea, and for the
promotion and coordination of
marine research by scientists
within its member nations
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IFCA

Inshore Fisheries and
Conservation Authority

The Government’s statutory
agencies tasked with managing
inshore fisheries and the
sustainable use of the UK seas at
a regional scale. There are 10
regional IFCAs in total

IHLS

International Herring Larvae
Survey

The International Herring Larvae
Survey is coordinated by ICES and
conducted annually by vessels
from the Netherlands and
Germany. The survey gives
inference on the total biomass of
autumn spawning Atlantic Herring
in the North Sea

JNCC

The Joint Nature Conservation
Committee

The Government’s statutory
advisor on the marine natural
environment from 12 to 200 nm
and UK territories

0‐ringer

Herring larvae of <10 mm size (for
reference in this report) generally
with yolk‐sac still attached and
associated with the benthos; or
just post yolk‐sac and liberating
into the plankton

MAREA

Marine Aggregate Regional
Environmental Assessment

Assessment of marine aggregate
extraction environmental effects
at a regional sea scale considering
cumulative effects. It is a non‐
statutory instrument

Marine Aggregate EIA WG

Marine Aggregate
Environmental Impact
Assessment Working Group

A quorum of marine
environmental consultants
(engaged in production of
Environmental Statements or
technical reports for marine
aggregate production companies)
consisting of: ABPmer Ltd; ERM
Ltd; Fugro EMU Ltd; MarineSpace
Ltd; and Marine Ecological
Surveys Ltd

MMO

Marine Management
Organisation

The executive non‐departmental
public body responsible for most
activities licensed within the
marine environment

MWR

Marine Works (Environmental
Impact Assessment) Regulations
(as amended 2011)

The domestic legislation that
transposes the EIA Directive into
UK law and applies to marine
licence applications for marine
aggregate extraction licenses
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NE

Natural England

The Government’s statutory
advisor on the English natural
environment out to 12 nm

PINS

The Planning Inspectorate

A Governmental executive agency
responsible for determining final
outcomes of planning and
enforcement appeals and public
examination of local development
plans

PIZ

Primary Impact Zone

The zone within which impacts
resulting from the passage of the
draghead over the seabed surface
occur – also known as the direct
impact zone

RAG

Regulatory Advisors Group

A group of statutory and technical
advisors to the Regulator (the
MMO) regarding marine
aggregate extraction operations
and impacts. Members include
Natural England, Cefas, the JNCC
and English Heritage

REC

Regional Environmental
Characterisation

Broadscale description at a
regional sea scale of the
environment associated with
marine aggregate extraction
licenses

SIZ

Secondary Impact Zone

The footprint of effects arising as
a result of the proposed dredging
activity not associated with the
PIZ – also known as the indirect
impact zone

Subsea Cables UK

An organisation of submarine
cable owners, operators and
suppliers, primarily aimed at
promoting marine safety and
protecting cable installations on
the UKCS

UKCS

United Kingdom Continental
Shelf

The region of waters surrounding
the United Kingdom, in which the
country claims sovereign rights

UKOOA

UK Offshore Operators
Association

Trade representative for the UK
offshore oil and gas industry. It
works closely with companies
across the entire sector,
governments and other
stakeholders to address key issues
for the sector
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VMS

Vessel Monitoring System

Vessel monitoring systems are
used in commercial fishing to
allow fisheries regulatory
organizations to monitor the
position, time at a position, and
course and speed of fishing
vessels. They are usually deployed
on fishing vessels >10 m length
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Screening Spatial Interactions between Marine Aggregate
Application Areas and Atlantic Herring Potential Spawning Habitat:
A Method Statement
1. Introduction
Atlantic Herring Clupea harengus spawning grounds and spawning events appear to have a relatively
wide range of seabed habitat and broader environmental requirements and parameters, making
fine‐scale mapping of these habitats difficult (de Groot, 1979, 1980, 1986, 1996; Bowers, 1980;
Rankine, 1986; Aneer, 1989; Blaxter, 1990; Morrison et al., 1991; Heath et al., 1997; Maravellias et
al., 2000; Maravellias, 2001; Mills et al., 2003; Skaret et al., 2003; Geffen, 2009; Nash et al., 2009;
Greenstreet et al., 2010; Payne, 2010; ECA and RPS Energy, 2010a, 2010b, 2011; ICES, 2012). Habitat
and water quality changes can affect the spawning and recruitment success of sensitive fish species.
Demersal or benthic spawning species may be especially sensitive to the effects of activities which
interact directly with the seabed, or result in changes to turbidity and subsequent settling and
transportation of sediment particles. Atlantic Herring are such a species, reported as being sensitive
to disturbance to spawning habitat from direct removal, or to alteration of particle size distribution
(fining) of the sediments with potential to act as spawning habitat (de Groot, 1980, 1986; Aneer,
1989; Morrison et al., 1991; Geffen, 2009; ICES, 2012).
There are several seabed user industry activities that are likely to interact with Atlantic Herring
potential spawning habitat in English territorial waters such as: dredge and benthic trawl fisheries;
offshore windfarm arrays; marine aggregate extraction; dredge disposal sites; telecommunications
cable routes; and oil and gas supply pipelines. These activities should be considered as part of a
cumulative impact assessment, at a suitable scale, when assessing any possible damage or
deterioration to potential spawning habitat.
There are a number of marine aggregate licence renewals and new applications expected within the
next 11‐25 months – many of which are business critical to the operators concerned, and of great
strategic importance to the UK marine aggregates industry as a whole. To aid the efficient delivery
of marine aggregate licence applications under the Marine Works Regulations (as amended 2011)
(MWR), MarineSpace Ltd has been engaged by the British Marine Aggregate Producers Association
(BMAPA) and The Crown Estate, on behalf of the marine aggregate production companies, to
facilitate the delivery of a strategic protocol to address the environmental effects of marine
aggregate extraction in relation to areas that have the potential to support Atlantic Herring
spawning habitat.
This method statement sets the context and rationale and outlines the methodology to enable the
Environmental Impact Assessment (EIA) of marine aggregate extraction activities and associated
environmental effects on Atlantic Herring potential spawning habitat. The methodology has evolved
and been agreed through discussions (and a workshop) held by a quorum of marine environmental
consultants (engaged in production of Environmental Statements or technical reports for marine
aggregate production companies) as members of the Marine Aggregate EIA Working Group: ABPmer
Ltd; ERM Ltd; Fugro EMU Ltd; MarineSpace Ltd; and Marine Ecological Surveys Ltd.
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The methodology builds upon consultation and advice provided by the Marine Management
Organisation (MMO) and the Regulatory Advisors Group (RAG).
The metrics, parameters and thresholds describing the environmental characteristics of Atlantic
Herring potential spawning habitat, and the spatial analysis and screening exercise presented in this
report, are intended to generate information of sufficient resolution and confidence to support an
EIA for any marine aggregate licence application under the MWR application process. However, it is
acknowledged that the methodology in this report will be subject to periodic review, and
subsequent revised versions may be released as the scientific understanding of Atlantic Herring
spawning habitat preferences advances, and/or when new data become available.
The method can be applied to any area of seabed supported by British Geological Survey 1:250,000
scale seabed sediment maps, and can incorporate any species of demersal fish with ecosystem
importance i.e. keystone species, where metrics and parameters for habitat preference are known
or can be calculated.
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2. Method
Each part of the methodology depends upon screening spatial interactions between marine
aggregate application areas and the Atlantic Herring potential spawning habitat or ecological and
key life‐stage indicators i.e. larvae dispersion areas. The autecology of Atlantic Herring
Clupea harengus in the North Sea and English Channel is considered, and the validity of mapping
appropriate data‐layers (including any limitations and confidence) is applied using a structured and
tiered methodology.
The MMO and the RAG has advised (at a meeting held on 01 May 2013 (MMO, 2013)) the types of
effect and effect‐receptor pathways that need to be considered as part of the methodology, in order
to satisfy the requirements of the EIA Directive as transposed to the MWR. In lieu of actual impact
hypotheses to test, the environmental effects and effect‐receptor pathways of potential impact on
Atlantic Herring potential spawning habitat from marine aggregate dredging are associated with
both the primary impact zone (PIZ) and secondary impact zone (SIZ). Direct removal of potential
spawning habitat and eggs, along with physical alteration of the structure of the sediments from
direct contact with the draghead, needs to be assessed. These effect‐receptor pathways relate to
the PIZ. Environmental effects from the sediment plumes and sediment mobilisation are considered
to possibly affect in situ eggs through smothering, and alteration of potential spawning habitat by
fining from settling sands. These effect‐receptor pathways relate to the SIZ.
It is also important to note that some historic spawning grounds which currently have very little or
no spawning activity can be re‐colonised (subsequent seabed recovery from impacts and ability to
support spawning activity over time) (ICES, 2012). The area of seabed associated with re‐colonisation
potential, post‐dredging, is represented by both the PIZ and the SIZ. Determinations regarding the
potential for re‐colonisation will also be drawn from an application’s Environmental Statement (ES)
regarding requirements to leave the seabed in an appropriate state (similar to pre‐dredge) at the
end of the term of the licence period.
The MMO and RAG has considered the environmental issues regarding entrainment of adult Atlantic
Herring and larvae by the dredger draghead (MMO, 2013) and has indicated that entrainment
effects are not considered significant in the context of an EIA. Therefore entrainment effects will not
be considered in any marine aggregate area application under the MWR.
Marine aggregate licence applications in relation to an EIA of likely effects on Atlantic Herring
potential spawning habitat will specifically need to consider effect‐receptor pathways for:
The Primary Impact Zone:





Direct removal of suitable sediment;
Direct removal of eggs;
Alteration of habitat structure; and
Recovery of suitable habitat to support future possible
spawning activity (re‐colonisation).
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Marine aggregate licence applications in relation to an EIA of likely effects on Atlantic Herring
potential spawning habitat will specifically need to consider effect‐receptor pathways for:
The Secondary Impact Zone:




Smothering of eggs;
Fining of suitable habitat; and
Recovery of suitable habitat to support future possible
spawning activity (re‐colonisation).

The MMO and RAG has advised that the population level effect of marine aggregate dredging on
Atlantic Herring will not be required to be assessed under the MWR application process
(MMO, 2013). This advice is linked to the latest review by the ICES Herring Assessment Working
Group (HAWG), which has assessed the North Sea populations of Atlantic Herring as presently being
at sustainable levels (ICES, 2012). Recruitment of larvae and juveniles is currently a cause for
concern; therefore the focus of this methodology is with effect pathways on habitat with the
potential to support spawning activity (ICES, 2012). If the HAWG indicates that successful
recruitment of larvae to the adult population becomes an issue within future population
assessments then there may be a requirement to extend the assessment of effects to an adult
population level. However, at the present time, the advice from the RAG and the MMO is that this is
not required (MMO, 2013).
Therefore, no consideration will be provided of the effects associated with:



Sediment plumes on the larvae e.g. fines affecting the feeding of post‐yolk sac larvae;
and
Any effects resultant at an adult population scale from receptor‐effect pathways listed
in the box above (from the PIZ or the SIZ).

The MMO and RAG has advised that a statement should be included in all marine aggregate licence
area ESs detailing that adult population level effects are not required to be assessed (MMO, 2013).
The methodology presented in this report uses a tiered approach to map habitat and ecological
space and assess appropriate receptor‐exposure pathways: scoping down from population
distributions at an international/national level; potential habitat at a sea/basin‐scale; to potential
habitat extent at an appropriate regional scale (Figure 1). This part of the methodology results in the
broadscale potential spawning habitat characterisation map (the base‐map) used in Step 4. Fine‐
scale, application area‐specific screening and cumulative assessment follows, building upon the
base‐map – Step 4 (Section 2.2; also see Figure 5).
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It is not envisaged that any additional survey data, or re‐analyses of existing national or
regional data, will be required to deliver the proposed methodology, above or beyond that
already conducted during development of any Environmental Statement. However it is
acknowledged that the methodology in this report will be subject to periodic review and
subsequent revised versions may be released as the scientific understanding of Atlantic
Herring spawning habitat preferences advances, and/or when new data become available.
Figure 1: Screening and mapping levels to develop Atlantic Herring potential spawning habitat
characterisation.

Step 1 ‐ Atlantic Herring populations
Screen overlap of marine aggregate regions with international/national Atlantic
Herring population distribution

Step 2 ‐ UK Seas ‐ Sediments
British Geological Survey 1:250,000 seabed sediment maps

Step 3 ‐ Regional ‐ Sediments
Marine Aggregate Regional Environmental Asssessment and Regional
Environmental Characterisation maps

Step 4 ‐ Broadscale Habitat Characterisation
Base‐map
2.1.

Production of the broadscale potential spawning habitat
characterisation base-map

Step 1 Determination of the extent of Atlantic Herring Populations ‐ Atlantic
Herring spawning has been shown to be geographically variable from year‐to‐year, with a wide larval
dispersal pattern and a limited amount of site fidelity in relation to the total possible herring
spawning habitats demonstrated at a regional seas/basin scale (Bowers, 1980; Rankine, 1986; Aneer,
1989; Stephenson and Power, 1989; Coull et al., 1998; Stratoudikis et al., 1998; Maravellias et al.,
2000; Morrison et al., Maravellias, 2001; Mills et al., 2003; Skaret et al., 2003; Geffen, 2009; Payne,
2010; ECA and RPS Energy, 2010a, 2010b, 2011; Ellis et al., 2012). As such, information detailing the
national populations of Atlantic Herring is appropriate to set a context for site‐specific assessments.
The distribution of the known breeding populations of Atlantic Herring in English waters (the
Orkney/Shetland, Buchan, Central North Sea and Southern North Sea populations) is considered as
the highest screening layer (Figure 2).
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The known spawning populations of Atlantic Herring will be mapped at an international/national
seas scale. Given the distance of the Orkney/Shetland and Buchan populations from the marine
aggregate extraction regions these populations will be screened out of the assessment, leaving the
Central and Southern North Sea populations to be used in the screening exercise.
Further, considering the geographical area associated with the known populations of Atlantic
Herring, and the fact that they are not associated with the Southwest Approaches, the Bristol
Channel, Irish or Celtic Seas; it is proposed that the Southwest (including Bristol Channel and Severn
Estuary), and Irish Sea strategic marine aggregate regions (and all marine aggregate licenses and
application areas within them) are screened out of assessment at this stage of the methodology.
The Orkney/Shetland and Buchan populations are distant from the marine aggregate
extraction regions; hence these populations are screened out of the assessment.
The Central North Sea and Southern North Sea populations are screened into the assessment
considering their proximity to the Humber, Anglian, Outer Thames and South Coast marine
aggregate regions.
Application areas in the Southwest region (Bristol Channel and Severn Estuary) and the Irish
Sea are screened out of the assessment, due to the absence of Atlantic Herring populations.

Figure 2: Areas of the International Herring Larvae Survey: Orkney/Shetland, Buchan, Central
North Sea and Southern North Sea. (From: The Herring Network, 2006)
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Step 2 - UK Seas – Determining suitable habitat for Atlantic Herring
spawning at an international/national sea/basin-scale ‐ The initial seabed surface
habitat layer is set at a biogeographic sea/basin (national) scale derived from the British Geological
Survey (BGS) 1:250,000 scale seabed sediment maps (BGS, various dates. 1:250,000 seabed
sediment map series). Considering the geographical location of the marine aggregate production
regions in English territorial waters, the focus for this mapping layer will be the central and southern
North Sea, including the English Channel.
Suitable Atlantic Herring potential spawning habitat has been described in various peer review
papers, technical working group reports (ICES HAWG) and grey literature (Bowers, 1980; Rankine,
1986; Aneer, 1989; Morrison et al., 1991; Maravellias et al., 2000; Maravellias, 2001; Mills et al.,
2003; Skaret et al., 2003; Geffen, 2009; Payne, 2010; ECA and RPS Energy, 2010a, 2010b, 2011). In
developing the methodology presented in this report, the Marine Aggregate EIA WG has reviewed
the available data and classifications, liaised closely with fish ecologists and scientists at Cefas, and
consulted the Marine Management Organisation (MMO). Particular attention has been given to the
available parameters concerning particle size distribution data, and any ranges of preference or
thresholds used previously to categorise potential spawning habitat for Atlantic Herring. Appendix A
presents relevant extracts of the source material and data used in this method statement and
provides an interpolation of these data using the Folk sediment triangle (Folk, 1954).
The Folk sediment classification has been used as this is also the classification scheme used to
underpin the BGS 1:250,000 scale seabed sediment maps. This sediment classification has
subsequently been used within the Regional Environmental Characterisation (REC) and Marine
Aggregate Regional Environmental Assessment (MAREA) reports. These data are fundamental to
Step 3 of the method as detailed below. Using the Folk (1954) classification enables compatibility of
the final Atlantic Herring potential spawning habitat Environmental Impact Assessment (EIA) with
different products (e.g. MAREAs, marine planning areas) and data sources (e.g. BGS 1:250,000
maps).
The review and analysis of the source data for potential spawning habitat (Appendix A) resulted in
the development of the seabed surficial sediment classification presented in Figure 3. The sediment
divisions with the potential to support Atlantic Herring spawning are:




gravelly Sands – gS;
sandy Gravels – sG; and
Gravels ‐
G
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Figure 3: The Folk sediment triangle with representative Atlantic Herring potential spawning
habitat. (Source: Folk, 1954)

This classification, and the sediment divisions proposed, was ratified by the MMO and RAG at a
meeting held on 01 May 2013 (MMO, 2013). It is important to note that the use of these sediment
divisions will over‐represent the full range of habitat with the potential to support Atlantic Herring
spawning events. This is due to the percentage of muds component within the sediment divisions.
However without a complete re‐working of all the BGS data used in developing the 1:250,000 scale
sediment maps a direct representation of the <5% muds (<63 µm) is not possible. The MMO and
RAG agreed that such an exercise is beyond the requirements of any specific EIA (as required under
the MWR). Therefore the best fit Folk sediment classification, as described in Appendix A and
presented in Figure 3, will be used in this methodology.
Step 2 uses the BGS data (as identified above) to map the habitat with the potential to support
Atlantic Herring spawning at an international/national scale. The total extent of the habitat can be
identified and calculated. This value will subsequently be used when calculating the level of
interaction between application areas, either alone or cumulatively, and the habitat receptor.
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Step 3 - Regional – Determining the potential habitat for Atlantic Herring
spawning in a regional context – Subsequently, a detailed regional‐scale consideration of
potential habitat using MAREA/REC maps can be made. This should be done using the Folk
classification (Figure 3) and the same habitat criteria used in Step 2. These data will allow an
enhanced regional‐scale representation of the potential spawning habitat to be set in context of the
wider seas/basin‐scale resource (from Step 2).
An example of the regional seabed sediment from a REC (the Humber) is presented in Figure 4, as an
indication of the data resolution available.
Figure 4: Example of seabed sediments and Folk triangle for the Humber region. (From: Tappin et
al., 2010)

Note: Figure 4 is indicative only. Reference to the Humber REC (Tappin et al., 2010) should be made
to ascertain the full resolution of detail available for use in the methodology.
Steps 1‐3 provide the Broadscale Habitat Characterisation Layers, the base‐map, used in Step 4. A
calculation of potential spawning habitat can be conducted at this stage of Step 3. All sediments
which fall outside the specified classifications do not need to be considered further in this
assessment. This regional extent can subsequently be related as a percentage of the total habitat
9
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available at the international/national seas‐scale (as identified in Step 2). This value, along with the
base‐map, can be used to inform both the individual application and cumulative assessments at
Steps 4a) and b) respectively, through parallel processes (Figure 5).
2.2.

Production of the application area-specific maps and cumulative
effects assessment

Figure 5: Screening levels to enable application area and cumulative assessment between Marine
Aggregate Application Areas and Atlantic Herring potential spawning habitat.

Step 4 ‐ BROADSCALE HABITAT CHARACTERISATION LAYERS
BASEMAP

Step 4 a) ‐ Application Area
Assessment

Step 4 b) ‐ Cumulative
Assessment

Add Application Area boundary

Add seabed user layers:

+ SIZ

Marine aggregate; Offshore
renewables; Trawl fishery;
Dredge fishery; Dredge disposal
sites; Cables and Pipelines

Apply Coull et al. (1998) layer

Atlantic Herring fishing fleet
AIS/VMS data

International Herring Larvae
Survey data
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Calculate % habitat area overlain
by seabed user footprints
Determine % contribution of
footprint per activity
(Scale of Effect)

Confirm screening in or out

Assess marine aggregate relative
to other activities

Assess Significance

Assess Significance
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Step 4a) – Application Area Assessment – i. Application Area boundary and SIZ ‐ The
first layer under the application assessment approach (Figure 5) is to map the application area
boundaries and indicative SIZs. The method assumes that the boundary of the application area (the
licence area) is representative of the potential PIZ i.e. an active dredge zone (ADZ) may occur
anywhere within the application boundary during the period of the term applied for (15 years). The
SIZ footprint is to be sourced from the ES and is likely to be either modelled from the relevant
MAREA or indicative of a precautionary halo which has been tidally adjusted (derived from
appropriate validated tidal prism/diamond data).
The resolution of mapping at Step 4a) is intended to allow separate pressures to be assessed at a
licence‐specific scale (see Section 2) e.g. application area boundary = PIZ = potential area for habitat
or egg removal; SIZ sediment plume footprint = potential egg smothering zone and habitat
loss/alteration through sediment fining (the addition of fine sands that will ‘clog up’ the sediment
interstices, effectively removing the potential for the habitat to support eggs). Both the PIZ and SIZ
can be used to support determinations regarding post‐dredging habitat recovery and the potential
for re‐colonisation of these seabed areas as spawning grounds.
No application areas (and associated SIZs) are screened out at the end of Step 4a)i
Not screening out any application area at this step allows an initial mapping layer to be
established, against which further screening layers may be applied through Steps 4a)ii‐iv.
Therefore, although an application area may not directly overlap a mapped area of spawning
habitat, there may be additional data e.g. larvae survey data, which indicate exposure pathways.
This enables a reasonable level of conservatism to be incorporated into the methodology and
ensures that all possible exposure pathways are considered before the final screening exercise at
Stage 4a)v. This rationale is also applied to Steps4a)ii‐iv.

ii. Coull et al. (1998) layer ‐ This data‐layer draws upon the spawning ground assessment conducted
by Coull et al. (1998), rather than the more recent assessment conducted by Ellis et al. (2012). Coull
et al. (1998) considered both the known location of larvae and the relationship with suitable benthic
habitat. Ellis et al. (2012) updated the distribution of fish larvae and information presented in Coull
et al. (1998) but they related the mapping of this information to the ICES sub‐rectangles in which
they were sampled. In effect the resolution of effective mapping of these data for environmental
considerations has been reduced (although it is useful as a fisheries management tool). For
assessment at a regional‐scale and in relation to Atlantic Herring the focussed habitat‐related data
from Coull et al. (1998) support more meaningful analysis.
The Coull et al. (1998) data‐layer is mapped, and overlaps with any application area boundary (and
associated SIZ) are identified. Comparing the available Atlantic Herring larvae distribution data
(identified in Step 4a)ii) against the Atlantic Herring potential spawning sediments identified in Steps
2 and 3 increases the confidence in identifying areas of seabed which are known to have not only
Atlantic Herring present, but also the potential habitat.
Due to uncertainties (low confidence) with the validity of the Coull et al. (1998) data‐layer capturing
the full range of Atlantic Herring spawning areas (due to age of and inability to acquire and re‐

11

Screening Spatial Interactions between Marine Aggregate Application Areas and Atlantic Herring Potential
Spawning Habitat: a Method Statement ‐ Version 1.1

analyse the data), application areas that fall outside the envelope are still progressed to the next
stage of screening.
No application areas (and associated SIZs) are screened out at the end of Step 4a)ii
iii. Atlantic Herring fishing fleet AIS/VMS data ‐ Given the uncertainty (low confidence) of the Coull
et al. (1998) data‐layer describing all of the Atlantic Herring potential spawning areas, this spatial
layer should be enhanced where possible. The method will supplement the Coull et al. (1998) layer
with Atlantic Herring‐targeted fisheries data (where these data are available) to enhance the
distribution map. The application of Automatic Identification System (AIS) and Vessel Monitoring
System (VMS) data‐layers may extend the boundary of the Coull et al. (1998) envelope. It should be
noted that there are limitations in the use of AIS and VMS associated with fishing vessel size as
vessels <10 m length are not required to use AIS or VMS. Therefore these data will not be fully
representative of the actual fishing activity occurring within the region. Data and information
presented in any specific marine aggregate licence application ES will be used to enhance Step 4a)iii
where possible. Using the finest resolution of data, areas of Atlantic Herring‐targeted fisheries will
be mapped and considered part of the exposure pathway.
Fisheries landings data are not considered fit‐for‐purpose to be included in this methodology as an
indication of targeted fisheries activity (due to the high uncertainty associated with linking any port
of landing to the area of seabed where fish were caught). This rationale is deemed sound and
supported by the MMO and RAG (MMO, 2013).
No application areas (and associated SIZs) are screened out at the end of Step 4a)iii
iv. International Herring Larvae Survey data ‐ The next stage of the assessment is to consider any
spatial overlap with the presence of Atlantic Herring yolk sac larvae (0‐ringers), derived from suitable
data sources such as the International Herring Larvae Surveys (IHLS). Cefas fish ecologists have
advised that larvae <10 mm for the central and southern North Sea should be used to filter the
spatial extent of potential spawning habitat (MMO, 2013).
The IHLS data‐layers are used to enhance the information used in Steps 4a)ii and iii, and are mapped
over the preceding layers. These spatial data will be used to filter and refine the spatial extent of
potential spawning habitat.
It is important to note that there is limited IHLS data coverage for parts of the central and southern
North Sea Atlantic Herring populations within UK Territorial Waters. Significant areas of the marine
aggregate Humber, Anglian and Outer Thames regions fall within the IHLS data voids. Where this is
the case, other relevant data sources for Atlantic Herring larvae distribution can be used.
Appropriate data available at the time of the assessment (at the pre‐application stage) may be
derived from published technical reports and ESs associated with other plans or projects in a
consenting, planning or licensing application e.g. offshore wind farms, oil and gas pipelines etc.
No application areas (and associated SIZs) are screened out at the end of Step 4a)iv
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v. Confirm screening in or out ‐ Spatial overlap between an application area, the SIZ footprint and
the data layers described above will be used to screen application areas into/out of further
assessment for effects i.e. a receptor‐exposure pathway exists or it does not.
A higher confidence in exposure pathway is expected where there are multiple overlaps between
any single application area (or associated SIZ) and more than one of the data‐layers from
Steps 4a)i‐iv. Sediment habitat layers (the base map, Steps 1‐3) and IHLS and plan/project‐specific
larvae data layers (Step 4a)iv) will possess the highest confidence (and weight). Descending
confidence will be ascribed to targeted fisheries data, then the Coull et al. (1998) layer. Individually
these data‐layers each hold a degree of confidence that Atlantic Herring potential spawning habitat
is present, this is increased when 2 or more of these layers overlap with one another; with the
highest confidence associated with a convergence of all 4 data‐layers. Application areas in which 2
or more data‐layers are present but with no overlap between them will also carry a high level of
confidence that Atlantic Herring potential spawning habitat is present.
Application areas with no spatial overlap with any of the data layers described in Steps 4a)i‐iv above
will be screened out of further assessment. They will not have to undergo further assessment for
Herring potential spawning habitat as it is demonstrated that there is no receptor‐exposure
pathway.
For any application area not screened out then the resolution from Step 4a) is intended to allow
separate pressures to be assessed at a licence‐specific scale e.g. application area boundary = PIZ =
potential area for habitat removal; SIZ sediment plume footprint = potential smothering zone
(habitat loss) etc.
Any application area (or associated SIZ) that overlaps with an extent of suitable potential
spawning habitat identified at Step 4a)i, and which has an overlap with any of the data‐layers
associated with Steps 4a)ii‐iv, is screened into further assessment i.e. there is a receptor‐
exposure pathway.
Step 4b) – Cumulative Assessment ‐ The cumulative impact assessment (CIA) process
allows a characterisation of the seabed footprint of relevant seabed activities (Figure 5). This step
enables an assessment of the cumulative two dimensional footprints of seabed user activities that
interact with the characterisation base‐map produced at the end of Step 3 and used in Step 4. The
percentage of area of habitat overlap and scales of effect (percentage of contribution per activity) at
a regional (MAREA) scale are calculated through this stage. These values can be related to the
potential spawning habitat extents from the characterisation base‐map to enable a cumulative
assessment.
The methodology adopts the rationale and metrics determined as fit‐for‐purpose for the MAREAs.
The worst case scenario aligns with the rationale used to develop the MAREAs and Step 4a)i such
that it is assumed that the boundary of the application area (the licence area) is representative of
the potential PIZ i.e. an ADZ may occur anywhere within the application boundary during the period
of the term applied for (15 years). The SIZ footprint is likely to be either modelled from the relevant
MAREA or indicative of a precautionary halo which has been tidally adjusted (derived from
appropriate validated tidal prism/diamond data).
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The cumulative assessment will consider the footprint of all the appropriate seabed user activities at
a regional‐scale. The boundary of the regional‐scale cumulative assessment will be the same as that
indicated and mapped at Step 3 of this methodology. The relevant seabed user activities identified
as interacting with potential spawning habitat are listed in Table 1 below.
The footprint of marine aggregate operations can then be ranked with the other seabed user
footprints allowing determinations of scale of effect to be made. At this stage of the process there
will be sufficient information to enable a cumulative assessment be conducted as part of the EIA.
The RAG has confirmed its advice that impacts on potential spawning habitat relating to any Atlantic
Herring sub‐population’s distribution (e.g. the Downs or Banks sub‐populations) will require
consideration within an EIA and as part of any CIA. This consideration should be presented as a
qualitative statement acknowledging that there are cumulative impacts possible outside of the
MAREA study areas and within the range of sub‐populations. The qualitative statements should
present consideration of the seabed user activities likely to impact potential spawning habitat. These
statements are required and will be supported by expert judgements on possible effects relating to
each seabed user sector e.g. likely negligible habitat loss, damage or deterioration relating to the use
of offshore windfarm monopiles. It is also acknowledged that certain sectors, such as marine
fisheries, are much harder to parameterise due to the inter‐annual variation in seabed use/impact
footprint.
Table 1: Seabed user activities likely to interact with Atlantic Herring potential spawning habitat at
a regional scale
Seabed User Activity
Marine aggregate licence areas
Offshore renewables arrays

Trawl fisheries
Dredge fisheries
Oil and gas pipelines
Telecommunication cables

Dredge fines disposal sites
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Data
Application boundary; predicted/modelled
SIZ; MAREAs; RECs; The Crown Estate
Array footprint; EIA worst case habitat loss
predictions; The Crown Estate; Planning
Inspectorate; DECC
VMS data; IFCA plots – related to preceding
10 year data
VMS data; IFCA plots – related to preceding
10 year data
EIA worst case habitat loss predictions;
Planning Inspectorate; MMO; DEAL; DECC
Subsea Cables UK; EIA worst case habitat
loss predictions; Planning Inspectorate;
MMO
Cefas data with plume footprints where
known
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Appendix A
A sediment classification to enable the determination of Atlantic Herring

Clupea harengus potential spawning habitat
Suitable Atlantic Herring potential spawning habitat has been described in various peer review
papers, technical working group reports (ICES HAWG) and grey literature (de Groot, 1979, 1980,
1986, 1996; Bowers, 1980; Rankine, 1986; Aneer, 1989; Blaxter, 1990; Morrison et al., 1991; Heath
et al., 1997; Maravellias et al., 2000; Maravellias, 2001; Mills et al., 2003; Skaret et al., 2003; Geffen,
2009; Nash et al., 2009; Greenstreet et al., 2010; Payne, 2010; ECA and RPS Energy, 2010a, 2010b,
2011; ICES, 2012). In developing the methodology presented in this report these data have been
reviewed with particular attention paid to the parameters concerning particle size distribution data.
Translation of the sediment data to the Folk sediment classification (Folk, 1954; Figure A1) has been
conducted as this is the classification scheme used to underpin the BGS 1:250,000 scale seabed
sediment maps. These maps (and sediment classification) have been used within the REC and
MAREA reports. Therefore it is considered paramount that the mapping of Atlantic Herring potential
spawning habitat uses the same system and data to allow compatibility and comparability with these
reports.
Figure A1: The Folk sediment triangle. (Source: Folk, 1954)

Consulting the papers and reports it is evident that Atlantic Herring are considered to have a strong
affinity to spawn on seabeds consisting of ‘gravel’ with minimal fines and good oxygenation/high
levels of aeration. The following papers provide coarse environmental categorisation for herring
spawning ground:
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de Groot (1979)


Herring lay demersal eggs which adhere on stones or gravel. The eggs stick to the stones by
an adhesive mucus produced in the ovary. The spawning beds are small and it is not
understood what makes the herring select one locality rather than another.



Bolster and Bridget (1957) described a typical Downs herring spawning area in the English
Channel (Sandettie). They found that spawn was generally attached to flints, 2.5‐‐25 cm in
length, where these occurred over gravel. The heaviest concentration was found within an
area 3.5 km long and 400 m wide. The long axis of this narrow strip lay in line with the main
direction of the tidal current. Parrish et al. (1959) surveyed a spawning bed in the Firth of
Clyde and found that the boundary of the egg patch coincided with a change from gravel and
small stones to large stones and rocks.



Hemmings (1965) also made underwater observations on a patch of herring spawn in the
Firth of Clyde (Ballantrae Bank). He observed the herring spawn lying as a carpet on fairly
coarse gravel of uniform size. Also that herring select not only the right size of gravel on
which to deposit their eggs, but also the crest of a ridge instead of the hollows.



Dorel and Maucorps (1976) made an attempt to correlate the sedimentologic characteristics
of the substrate with herring catches and hydrological data of the Downs herring spawning
grounds in the Channel and Seine Bay. Despite the lack of herring eggs among the dredged
sediments during their survey, they could distinguish three spawning areas. The average
composition of the sediment was boulders 42.2%, gravel 34.0% and sand 23.8%. On Fig. 2 is
shown the positions of capture of spawning herring based on all available data from Dutch
vessels over the period 1955‐‐1973. If compared with Fig.3 showing the gravel deposits of the
North Sea, the overlap is a striking feature.



From the above‐given data on herring spawning grounds and their nature, it is clear that
essential are a high bottom velocity (1 m/sec), no silt and a high concentration of gravel,
with or without seaweed, for the eggs to adhere to.

de Groot (1980)


Deposits its eggs on the sea bed attaching them to gravelly material.



Iles and Caddy (1972) made an underwater survey of herring spawning on the Georges Bank,
Boston, USA. They located the egg beds on a flat gravel‐covered plain at a depth of 50 m. The
gravel was rounded, varying in particle size from0.5‐5 cm to stones from 8‐15 cm and
boulders.

de Groot (1986)


It is still not known why herring select a specific spawning ground.



Gravel to be left on the seabed to enable herring to spawn.

de Groot (1996)


A2

Also re‐deposition of fines from the plumes, which may extend beyond the actual dredging
area, may smother eggs laid on the bottom
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Herring lay demersal eggs which adhere on stones or gravel. The eggs stick to the stones by
an adhesive mucus produced in the ovary. The spawning beds are small and it is not
understood what makes the herring select one locality rather than another.

Heath et al. (1997)


Herring eggs are laid and adhere strongly to stones and gravel on the seabed.

Maravelias et al. (2000)


Herring is the only marine clupeoid which lays demersal eggs. Eggs are laid on gravel areas
on the seabed (Blaxter, 1990).

Geffen (2009)


The depth and substratum of the spawning beds may vary to some extent but, for the most
part, herring spawn coastally and on offshore banks, and deposit their eggs on gravel or
rocks.

Nash et al. (2009)


North Sea herring eggs are spawned on gravel beds thus leading to spatial constraints on
spawning.

HAWG (2012)


The spawning grounds in the southern North Sea are 1 [located in the beds of rivers which
existed in geological times] and some groups of spring spawning herring still spawn in very
shallow in‐shore waters and estuaries. 2 [Spawning typically occurs on coarse gravel (0.5‐5
cm) to stone (8‐15 cm) substrates] and often on the crest of a ridge rather than hollows.



For example, in a spawning area in the English Channel, eggs were found attached to flints
2.5‐25 cm in length, where these occurred in gravel, over a 3.5 km by 400m wide strip.

Therefore in order to define suitable herring spawning habitat with regard to PSA data, Cefas fish
ecologists and scientists advised a high gravel content (majority of the sediment being gravel), with
minimal fines and good oxygenation for herring spawning ground.
Sedimentary analysis routinely separates samples based on the particle size of the component
grains. The resulting size fractions have been described and standardised by Wentworth (1922) and
are the accepted form of reporting the particle size distribution of sediments (Table A1). Folk (1954)
produced a matrix to describe seabed sediments based upon the ratio of Sand to Mud in relation to
the percentage Gravel within a sample (Figure A1). The British Geological Survey (BGS) has utilised
the Folk (1954) classifications for mapping the seabed and cross referenced with the Wentworth
scale for the divisions between Mud, Sand and Gravel (Table A2). This has become the standard
particle size arrangement utilised in the broadscale 1:250,000 BGS scale seabed sediment maps and
is widely reported elsewhere.
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Table A1: Wentworth particle size descriptions. (From: Wentworth, 1922)
Particle size
(mm)
>64
64‐32
32‐16
16‐8
8‐4
4‐2
2‐1
1‐0.5
0.5‐0.25
0.25‐0.125
0.125‐0.062
0.062‐0.031
0.031‐0.016
0.016‐0.008
0.008‐0.004
<0.004

Size terms (after
Wentworth, 1922)
Cobbles
very coarse
coarse
Pebbles
medium
fine
very fine
very coarse
coarse
Sand
medium
fine
very fine
coarse
medium
Silt
fine
very fine
Clay

Table A2: The British Geological Society division of Folk sediment classifications based upon the
Wentworth (1922) scale. (Source: Wentworth, 1922; Folk, 1954)
Particle size
(mm)
>64
64‐32
32‐16
16‐8
8‐4
4‐2
2‐1
1‐0.5
0.5‐0.25
0.25‐0.125
0.125‐0.062
0.062‐0.031
0.031‐0.016
0.016‐0.008
0.008‐0.004
<0.004

A4

Size terms (after
Wentworth, 1922)

Size terms (after
Folk, 1954)

Cobbles

Pebbles

Sand

Silt

Clay

very coarse
coarse
medium
fine
very fine
very coarse
coarse
medium
fine
very fine
coarse
medium
fine
very fine

Gravel

Sand

Mud
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The review and analysis of the source data for potential spawning habitat resulted in the overlay of
the seabed surficial sediment classification presented in Figure A2. The over‐riding physical
parameters are interpreted (from Cefas advice and source material, translated to the Folk
classification, Table A2) such that:



High gravel content (majority of the sediment being gravel) = >50% gravel; and
Minimal mud content = <5% mud (silt and clay particles < 63 µm).

The particle size thresholds listed above also follow the rationale and thresholds used in the East
Channel Regional assessment of Atlantic Herring spawning habitat (ECA and RPS, 2010a, 2010b,
2011). The sediment divisions with the potential to support Atlantic Herring spawning have been
classified according to the ‘preference’ that the fish appear to make, as drawn from the data. These
use a similar nomenclature to that used by Greenstreet et al. (2010) when describing and classifying
sandeel ‘preferred’ habitat. The particle size thresholds, Folk sediment units and ‘preference’ of
habitat to support habitat are presented in Table A3.
Table A3: The partition of Atlantic Herring ‘preferred’ spawning habitat.
% Particle contribution
(Muds = clays and silts <63 µm)
<5% muds, >50% gravel
<5% muds, >10% gravel

Habitat preference

Folk sediment unit

Prime
Sub‐prime

<5% muds, >25% gravel
>5% muds, <10% gravel

Suitable
Unsuitable

Gravel and part sandy Gravel
Part sandy Gravel and part
gravelly Sand
Part gravelly Sand
Everything excluding Gravel,
part sandy Gravel and part
gravelly Sand

The translation of the sediment particle distribution from Tables A1 and A2 and Figure A2 is to a
degree arbitrary, considering the wide range of habitat parameters in the literature reviewed.
Therefore the final potential spawning habitat classification has been extrapolated to each of the
wider over‐arching Folk sediment units as presented in Figure A3 (and Figure 3 in the main body of
the report). This has resulted in the following Folk sediment divisions/units being considered as
‘preferable’ (equivalent to prime, sub‐prime and suitable) potential spawning habitat for Atlantic
Herring:




gravelly sands – gS;
sandy Gravels – sG; and
Gravels ‐
G

These Folk sediment units are mapped as Atlantic Herring potential spawning habitat in the
methodology presented in this report to create the base map (Steps 2 and 3) and subsequently used
in the screening exercise (Step 4).
As comparison between Figure A2 and Figure A3 shows, the use of these sediment divisions will
over‐represent the full range of habitat with the potential to support Atlantic Herring spawning
events due to the percentage of fines component within the sediment divisions. However without a
complete re‐working of all the BGS data used in developing the 1:250,000 scale sediment maps a

A5

Screening Spatial Interactions between Marine Aggregate Application Areas and Atlantic Herring Potential
Spawning Habitat: a Method Statement ‐ Version 1.1

direct representation of the <5% mud (<63 µm) is not possible. The MMO and RAG have advised that
such an exercise is beyond the requirements of any specific EIA (as required under the MWR) (MMO
meeting note, 2013).
Figure A2: The Folk sediment triangle with partition of Atlantic Herring ‘preferred’ spawning
habitat. (Source: Folk, 1954)

Figure A3: The Folk sediment triangle with Atlantic Herring potential spawning habitat used in the
methodology. (Source: Folk, 1954)
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