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Introduction

1 Introduction

1.1 Legal bases and environmental
assessment tasks

Maritime spatial planning in the German Exclu-
sive Economic Zone (EEZ) is the responsibility
of the Federal Government under the Regional
Planning Act (Raumordnungsgesetz, ROG)".
In accordance with Article 17(1) of the ROG,
the competent Federal Ministry, the Federal
Ministry of the Interior, Building and Community
(BMI), in agreement with the federal ministries
concerned, draws up a spatial plan for the Ger-
man EEZ as a statutory instrument. In accord-
ance with Article 17(1) Sentence 3 of the ROG,
the BSH carries out the preliminary procedural
steps for drawing up the spatial plans (Rau-
mordnungsplans, ROP) with the consent of the
BMI. When drawing up the ROP, an environ-
mental assessment is carried out in accord-
ance with the provisions of the ROG and,
where applicable, those of the Environmental
Impacts Assessment Act (Gesetz Uiber die Um-
weltvertraglichkeitspriifung, UVPG)?, the so-
called Strategic Environmental Assessment
(SEA).

The obligation to carry out a strategic environ-
mental assessment, including the preparation
of an environmental report, is a result of the up-
dating, amendment and cancellation of the ex-
isting spatial plans from 2009, from Articles
7(7) and (8) of the ROG, in conjunction with Ar-
ticle 35(1) No. 1 of the UVPG and No. 1.6 of
Annex 5.

According to Article 1 of the SEA Directive
2001/42/EC, the aim of the Strategic Environ-
mental Assessment is to ensure a high level of
environmental protection in order to promote
sustainable development and to contribute to

' Of 22 December 2008 (BGBI. | p. 2986), last amended
by Article 159 of the Ordinance of 19 June 2020 (BGBI. |
p. 1328).

ensuring that environmental considerations are
adequately taken into account during the prep-
aration and adoption of plans well in advance
of the actual project planning. According to Ar-
ticle 8 of the ROG, the Strategic Environmental
Assessment has the task of determining the
likely significant impacts of implementing the
plan and to describe and evaluate them in an
environmental report at an early stage. It
serves to ensure effective environmental pre-
cautions in accordance with the applicable laws
and is performed according to uniform princi-
ples and with public participation. All protected
resources under Article 8(1) of ROG are to be
considered:

e people, including human health
e fauna, flora, and biodiversity

e site, soil, water, air, climate and land-
scape

e cultural and other material resources

e the interactions between the above-
mentioned protected resources.

In the context of spatial planning, definitions
are mainly made in the form of priority and re-
served areas and other objectives and princi-
ples.

The requirements and content of the environ-
mental report to be prepared are specified in
Annex 1 of Article 8(1) of the ROG.

Accordingly, the environmental report consists
of an introduction, a description and assess-
ment of the environmental impacts identified in
the environmental review, in accordance with
Article 8(1) of the ROG, and additional infor-
mation.

2 In the version promulgated on 24 February 2010, BGBI.
| p. 94, last amended by Atrticle 2 of the Act of 30 No-
vember 2016 (BGBI. | p. 2749).
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According to No. 2d) of Annex 1 of Article 8 of
the ROG, other planning options that may be
expressly considered should also be named,
taking into account the objectives and the geo-
graphical scope of the ROP.

1.2 Outline of the content and main
objectives of the spatial plan

According to Article 17(1) of the ROG, the spa-
tial plan for the German EEZ must take into ac-
count any interaction between land and sea, as
well as safety aspects

1. to ensure safety
and ease of navigation,
2. for further economic
uses,
3. for scientific uses
and
4. to protect and improve
the marine environment.

According to Article 7(1) of the ROG, spatial
plans for a specific planning area and a regular
medium-term period must contain specifica-
tions as objectives and principles of spatial
planning for the development, order and safe-
guarding of the area, in particular for the uses
and functions of the area.

Under Article 7(3) of the ROG, these provisions
may also designate areas. For the EEZ, these
may be the following areas:

Priority areas intended for certain spatially sig-
nificant functions or uses and excluding other
spatially significant functions or uses in the
area, where these are incompatible with the pri-
ority functions or uses.

Reserved areas, which are to be reserved for
certain spatially significant functions or uses, to
which particular weight is to be attached when
comparing them to competing spatially signifi-
cant functions or uses.

Suitability areas for the marine area in which
certain spatially significant functions or uses do
not conflict with other spatially significant inter-
ests, whereby these functions or uses are ex-
cluded elsewhere in the planning area.

In the case of priority areas, it may be stipulated
that they also have the effect of suitability areas
under Article 7(3) Sentence 2 No. 4 of the
ROG.

According to Article 7(4) of the ROG, the spatial
plans should also contain spatially significant
planning provisions and measures by public
bodies and entities under private law according
to Article 4(1) Sentence 2 of the ROG which are
suitable for inclusion in spatial plans, are nec-
essary for the coordination of spatial claims,
and can be secured by objectives or principles
of spatial planning.

1.3 Relationship to other relevant
plans, programmes and pro-
jects

In Germany, there is a tiered planning system
for the coordination of all spatial requirements
and concerns arising in a given area, consisting
of Federal, State and Regional planning au-
thorities. According to Article 1(1) Sentence 2
of the ROG, this system is used to coordinate
different spatial requirements in order to bal-
ance out conflicts arising at the respective plan-
ning level and to make provisions for individual
uses and functions of the space.

The tiered system allows the planning to be fur-
ther specified by the subsequent planning lev-
els. According to Article 1(3) of the ROG, the
development, organisation and safeguarding of
the subspaces should be integrated into the
conditions and requirements of the overall
area, and the development, organisation and
safeguarding of the overall area should take
into account the conditions and requirements of
its subspaces.
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The Federal Ministry of the Interior, Building
and Community (BMI) is responsible for spatial
planning at federal level in the EEZ. In contrast,
the respective federal state is responsible for
state planning for the entire area of the state,
including the respective coastal waters.

In addition to spatial planning for the respective
areas of responsibility, there are sectoral plans
based on sectoral laws for certain planning ar-
eas. Sectoral plans serve to define details for
the respective sector, taking into account the
requirements of spatial planning.

1.3.1

In the interests of coherent planning, coordina-
tion processes with the plans of the coastal fed-
eral states and neighbouring states are advisa-
ble and must be taken into account in the cu-
mulative assessment of impacts on the marine
environment. At present, the spatial planning of
both Lower Saxony and Schleswig-Holstein is
being updated. Regional spatial planning pro-
grammes of the coastal regions will be taken
into account, provided that significant defini-
tions are made for the coastal waters.

Spatial plans in adjacent areas

1.3.1.1

The spatial plan for the state of Lower Saxony,
including the coastal sea of Lower Saxony, is
the State Spatial Planning Programme
(Landesraumordnungsprogramm, LROP). The
Ministry of Food, Agriculture and Consumer
Protection of Lower Saxony, as the highest
state planning authority, is responsible for
drawing up and amending it; the final decision
on the LROP is the responsibility of the state
government. The LROP is based on a directive
from 1994 and has been updated several times
since then, most recently in 2017. At the end of
2019, the procedure for a new update was ini-
tiated.

Lower Saxony

1.3.1.2

In Schleswig-Holstein, the State Development
Plan (Landesentwicklungsplan, LEP S-H) is the

Schleswig-Holstein

basis for the state's spatial planning. The Min-
istry of the Interior, Rural Areas, Integration and
Equality of Schleswig-Holstein (MILIG) is re-
sponsible for drafting it and amending it. The
current LEP S-H, from 2010, forms the basis for
the spatial planning of the state until 2025. The
state of Schleswig-Holstein has initiated the
procedure for updating the LEP S-H 2010 and
carried out a participation procedure in 2019.

1.3.1.3 Netherlands

The Netherlands is in the fourth revision cycle
and is currently preparing the planning phase.
The plan is binding and covers a planning area.

1.3.1.4 United Kingdom

England consists of 11 planning areas and
each area is to receive its own plan. These are
to be designed for a long-term period of about
20 years and updated every three years. It is
envisaged that all plans will be in place by
2021.

The Scottish Plan is currently being revised
and is in its second cycle. The consultation on
the revision of the first plan has just been com-
pleted. Scotland has one national maritime
spatial plan and 11 spatial planning areas. The
spatial plans are also binding in Scotland.

1.3.1.5

Denmark is at an advanced stage of the spatial
planning process. Denmark is currently drafting
the first spatial plan as a comprehensive plan
for the North Sea and the Baltic Sea, which will
be binding and last until 2050.

Denmark

1.3.2 MSFD programme of measures

Each Member State must develop a marine
strategy to achieve good status for its marine
waters, which for Germany is the North Sea
and the Baltic Sea. The key to this is the estab-
lishment of a programme of measures to
achieve or maintain good environmental status
and the practical implementation of this pro-
gramme of measures. The establishment of the
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programme of measures (BMUB, 2016) is reg-
ulated in Germany by Article 45h of the Federal
Water Act (Wasserhaushaltsgesetz, WHG).
Under Objective 2.4 "Oceans with sustainably
and carefully used resources", the current
MSFD programme of measures mentions mar-
itime spatial planning as a contribution of exist-
ing measures to achieving the operational ob-
jectives of the MSFD. In addition, the catalogue
of measures also formulates a concrete review
mandate for updating the spatial plans with re-
gard to measures for the protection of migra-
tory species in the marine area. Both the envi-
ronmental objectives of the MSFD and the
MSFD programme of measures are taken into
account in the SEA.

1.3.3 Management plans for the North
Sea EEZ nature reserves

On 17 November 2017, the Federal Agency for
Nature Conservation (Bundesamt fir Na-
turschutz, BfN) initiated the participation proce-
dure under Article 7(3) of the Regulation on the
Establishment of the "Borkum Riffgrund" Na-
ture Conservation Area (NSGBRgV)?, Article
7(3) of the Regulation on the Establishment of
the Doggerbank Nature Conservation Area
(NSGDgbV) “and Article 9(3) of the Regulation
on the Establishment of the "Sylt Outer Reef -
Eastern German Bight" Nature Conservation
Area (NSGSyIV)® on the management plans for
the nature conservation areas in the German
North Sea EEZ. On 13 May 2020, the manage-
ment plans "Borkum Riffgrund"®, "Doggerbank"
"and "Sylt Outer Reef - Eastern German Bight"
were 8published in the Federal Gazette.

1.3.4 Tiered planning procedure for off-
shore wind energy and power lines
(central model)

3 Of 22 September 2017 (BGBI. | p. 3395).
4"Of 22 September 2017 (BGBI. | p. 3400).
5 Of 22 September 2017 (BGBI. | p. 3423).

For some uses in the German EEZ, such as
offshore wind energy and power cables, a
multi-stage planning and approval process—
i.e. a subdivision into several stages—is envis-
aged. In this context, the instrument of maritime
spatial planning is at the highest and superor-
dinate level. The spatial plan is the forward-
looking planning instrument which coordinates
the most diverse interests of users in the fields
of industry, science and research as well as
protection claims. A strategic environmental
assessment must be carried out when the spa-
tial plan is drafted. The SEA for the ROP is re-
lated to various downstream environmental as-
sessments, in particular the directly down-
stream SEA for the site development plan
(FEP).

The next level is the FEP. Within the framework
of the so-called central model, the FEP is the
control instrument for the orderly expansion of
offshore wind energy and electricity grids in a
tiered planning process. The FEP has the char-
acter of a sectoral plan. The sectoral plan is de-
signed to plan the use of offshore wind energy
and the electricity grids in a targeted manner
and as optimally as possible under the given
framework conditions—in particular the re-
quirements of spatial planning—by defining ar-
eas and sites as well as locations, routes and
route corridors for grid connections or for cross-
border submarine cable systems. In principle,
a SEA is carried out to accompany the estab-
lishment, updating and modification of the FEP.

In the next step, the sites for offshore wind tur-
bines defined in the FEP will undergo a prelim-
inary examination. If the requirements of Article
12(2) of the Wind Energy At Sea Act (Wind-
SeeG) are met, the preliminary examination is
followed by the determination of the suitability
of the site for the construction and operation of

6 Published on 17 April 2020, BAnz AT 13.05.2020 B9.
7 Published on 13 May 2020, BAnz AT 13.05.2020 B10.
8 Published on 13 May 2020, BAnz AT 13.05.2020 B11.
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offshore wind energy installations. The prelimi-
nary investigation is also accompanied by a
SEA.

If the suitability of a site for the use of offshore
wind energy is established, the site is put out to
tender and the winning bidder or corresponding
entitled entity can submit an application for ap-
proval (planning approval or planning permis-
sion) for the erection and operation of wind tur-
bines on the area specified in the FEP. As part
of the planning approval procedure, an environ-
mental impact assessment is carried out if the
prerequisites are met.

While the sites defined in the FEP for the use
of offshore wind energy are pre-examined and

Spatial Planning

tendered, this is not the case for defined sites,
routes and route corridors for grid connections
or cross-border submarine cable systems.
Upon application, a planning approval proce-
dure including an environmental assessment is
usually carried out for the construction and op-
eration of grid connection lines. The same ap-
plies to cross-border submarine cable systems.

Under Article 1(4) of the UVPG, the UVPG also
applies where federal or state legislation does
not specify the environmental impact assess-
ment in more detail or does not comply with the
essential requirements of the UVPG.

Strategic Environmental Assessment

Site development plan

Strategic Environmental Assessment

Preliminary assessment of sites

Suitability review

Strategic Environmental Assessment

Approval procedure

Environmental impact assessment / environmental audit

Figure 1: Overview of the tiered planning and approval process in the EEZ.

In the case of multi-stage planning and ap-
proval processes, it follows from the relevant
legislation (e.g. Federal Regional Planning Act,
WindSeeG and BBergG) or, more generally,
from Article 39(3) of the UVPG that, in the case

of plans, when defining the scope of the inves-
tigation, it should be determined at which of the
process stages certain environmental impacts
are to be assessed. In this way, multiple as-
sessments are to be avoided. The nature and
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extent of the environmental impacts, technical
requirements, and the content and subject mat-
ter of the plan must be taken into account.

In the case of subsequent plans and subse-
quent approvals of projects for which the plan
sets a framework, the environmental assess-
ment pursuant to Article 39(3) Sentence 3 of
the UVPG shall be limited to additional or other
significant environmental impacts as well as to
necessary updates and more detailed investi-
gations.

As part of the tiered planning and approval pro-
cess, a common feature of all reviews is that
environmental impacts on the protected re-
sources specified in Article 8(1) of the ROG
and Article 2(1) of the UVPG are considered,
including their interactions.

According to the definition in Article 2(2) of the
UVPG, environmental impacts within the
meaning of the UVPG are direct and indirect
impacts of a project or the implementation of a
plan or programme on the protected resources.

According to Article 3 of the UVPG, environ-
mental assessments comprise the identifica-
tion, description and assessment of the signifi-
cant impacts of a project or a plan or pro-
gramme on the protected resources. They
serve to ensure effective environmental protec-
tion in accordance with the applicable laws and
are carried out according to uniform principles
and with public participation.

In the offshore sector, avifauna has become
established as a sub-category of the objects of
protection of animals, plants and biological di-
versity: seabirds/resting and migratory birds,
benthos, biotope types, plankton, marine mam-
mals, fish and bats.
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Strategic Environmental Assessment
Environmental Impact Assessment
Environmental Assessment

Assessing the environmental impact on protected assets
in accordance with environmental assessment principles

Animals
plants
bio- Cultural assets People
diversity and other Human
material assets health

Benthos
Marine Water
Air

space Climate
Marine Sea floor Landscape
mammals
Interactions

Figure 2: Overview of the protected resources in the environmental assessments.
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The detail of the tiered planning process is as
follows:

1.3.4.1

At the highest and superordinate level is the in-
strument of maritime spatial planning. For sus-
tainable spatial planning in the EEZ, the BSH
prepares a spatial plan on behalf of the compe-
tent Federal Ministry, which comes into force in
the form of statutory orders.

Maritime spatial planning (EEZ)

The spatial plans should define, taking into ac-
count possible interactions between land and
sea, and safety aspects

e to ensure the safety and ease of navi-
gation,

o for further economic uses,

o for scientific uses and

e to protect and improve the marine en-
vironment.

In the context of spatial planning, specifications
are mainly made in the form of priority and re-
served areas and other objectives and princi-
ples. According to Article 8(1) of the ROG,
when drafting spatial plans, the body responsi-
ble for the spatial plan must carry out a strate-
gic environmental assessment in which the
likely significant impacts of the respective spa-
tial plan on the resources to be protected, in-
cluding interactions, must be identified, de-
scribed and evaluated.

The aim of the instrument of spatial planning is
to optimise overall planning solutions. A wider
spectrum of uses and functions is considered.
Fundamental strategic questions should be
clarified at the beginning of a planning process.
In this way, the instrument primarily functions,
within the framework of the legal provisions, as
a controlling planning instrument for the plan-
ning administrative bodies in order to create a
framework for all uses which is compatible with
the spatial and natural environment as far as
possible.

In spatial planning, the depth of examination
is generally characterised by a greater scope of
investigation, i.e. a fundamentally greater num-
ber of planning options, and a lesser depth of
investigation in terms of detailed analyses.
Above all, regional, national and global impacts
as well as secondary, cumulative and syner-
getic effects are taken into account.

The focus is therefore on possible cumulative
effects, strategic and large-scale planning op-
tions and possible transboundary impacts.

1.3.4.2 Site development plan
The next level is the FEP.

The specifications to be made by the FEP and
to be examined within the framework of the
SEA result from Article 5(1) of the WindSeeG.
The plan mainly specifies areas and sites for
wind energy plants as well as the expected ca-
pacity to be installed on these sites. In addition,
the FEP also specifies routes, route corridors
and sites. Planning and technical principles are
also laid down. Although these also serve,
among other things, to reduce environmental
impacts, they may in turn lead to impacts, so
that an assessment is required as part of the
SEA.

With regard to the FEP's objectives, it deals
with the fundamental questions of the use of
offshore wind energy and grid connections on
the basis of the legal requirements, especially
with the need, purpose, technology and the
identification of sites and routes or route corri-
dors. Therefore, the primary function of the
plan is as a steering planning instrument in or-
der to create a spatially and, as far as possible,
nature-compatible framework for the imple-
mentation of individual projects, i.e. the con-
struction and operation of offshore wind energy
plants, their grid connections, cross-border
submarine cable systems and interconnec-
tions.
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The depth of the assessment of the likely sig-
nificant environmental effects is characterised
by a wider scope of investigation, i.e. a larger
number of alternatives and, in principle, a lower
depth of investigation. At the level of sectoral
planning, detailed analyses are generally not
yet performed. Above all, local, national and
global impacts, as well as secondary, cumula-
tive and synergistic impacts in the sense of an
overall view, are taken into account.

As with the instrument of maritime spatial plan-
ning, the focus of the audit is on possible cu-
mulative effects as well as possible cross-bor-
der impacts. In addition, the FEP focuses on
strategic, technical and spatial alternatives, es-
pecially for the use of wind energy and power
lines.

1.3.4.3 Suitability test as part of the pre-

liminary examination

The next step in the tiered planning process is
the suitability testing of sites for offshore wind
turbines.

In addition, the power to be installed is deter-
mined on the site in question.

In accordance with Article 10(2) of the Wind-
SeeG, the suitability test assesses whether the
construction and operation of offshore wind en-
ergy installations on the site conflicts with the
criteria for the inadmissibility of defining a site
in the site development plan, in accordance
with Article 5(3) of the WindSeeG or, insofar as
they can be assessed independently of the
later design of the project, with the interests rel-
evant for the plan approval in accordance with
Article 48(4) Sentence 1 of the WindSeeG.

Both the criteria of Article 5(3) of the WindSeeG
and the matters of Article 48(4) Sentence 1 of
the WindSeeG require an assessment of
whether the marine environment is endan-
gered. With regard to the latter concerns, there
must be an assessment of whether pollution of
the marine environment within the meaning of

Article 1(1) No. 4 of the United Nations Con-
vention on the Law of the Sea is at risk and
whether bird migration is endangered.

Therefore, the preliminary examination with the
suitability assessment or determination is the
instrument connected between the FEP and
the individual approval procedure for offshore
wind energy plants. It refers to a specific site
designated in the FEP and is thus much
smaller than the FEP. It is distinguished from
the plan approval procedure by the fact that an
inspection approach which is independent of
the later specific type of plant and layout is to
be applied. So, the impact prognosis is based
on model parameters, e.g. in two scenarios or
ranges of scenarios which are intended to rep-
resent possible realistic developments.

Compared to the FEP, the SEA of the profi-
ciency test is characterised by a smaller exam-
ination area and a greater depth of examina-
tion. In principle, fewer and spatially limited al-
ternatives are seriously considered. The two
primary alternatives are the determination of
the suitability of a site on the one hand and the
determination of its (possibly partial) unsuitabil-
ity (see Article 12(6) of the WindSeeG) on the
other. Restrictions on the type and extent of de-
velopment, which are included as specifica-
tions in the determination of suitability, are not
alternatives in this sense.

The focus of the environmental assessment
within the framework of the suitability test is on
considering the local impacts of a development
with wind energy plants in relation to the site
and the location of the development on the site.

1.3.4.4 Approval procedure (planning ap-
proval and planning licensing
procedure) for offshore wind tur-
bines

The next step after the preliminary examination
is the approval procedure for the installation
and operation of offshore wind turbines. After
the site under examination has been put out to
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tender by the BNetzA, the winning bidder can,
once BNetzA has accepted the bid, submit an
application for planning approval or—if the pre-
requisites are met—for planning permission for
the construction and operation of offshore wind
energy plants, including the necessary ancillary
plants on the site under examination.

In addition to the legal requirements of Article
73(1) Sentence 2 of the VWVfG, the plan must
include the information contained in Article
47(1) of the WindSeeG. The plan may only be
established under certain conditions listed in
Article 48(4) of the WindSeeG, and only if, inter
alia, the marine environment is not endan-
gered, in particular if there is no cause for con-
cern about pollution of the marine environment
within the meaning of Article 1(1) No.4 of the
Convention on the Law of the Sea, and if bird
migration is not endangered.

Under Article 24 of the UVPG, the competent
authority prepares a summary of

¢ the environmental impact of the project

¢ the characteristics of the project and
the site, which are intended to prevent,
reduce or offset significant adverse en-
vironmental effects

e measures to prevent, reduce or offset
significant adverse environmental im-
pacts

e the replacement measures in case of
interventions in nature and landscape.

Under Article 16(1) of the UVPG, the project
developer must submit a report to the compe-
tent authority on the expected environmental
impacts of the project (EIA report), which must
contain at least the following information:

e adescription of the project, including in-
formation on the location, nature, scale
and design, size and other essential
characteristics of the project

o adescription of the environment and its
components within the project's sphere
of influence

e a description of the characteristics of
the project and of the location of the
project to exclude, reduce or offset the
occurrence of significant adverse envi-
ronmental effects of the project

e a description of the measures planned
to prevent, reduce or offset any signifi-
cant adverse effects of the project on
the environment and a description of
planned replacement measures

e adescription of the expected significant
environmental effects of the project

e adescription of the reasonable alterna-
tives, relevant to the project and its spe-
cific characteristics, that have been
considered by the developer and the
main reasons for the choice made, tak-
ing into account the specific environ-
mental effects of the project

e a generally understandable, non-tech-
nical summary of the EIA report.

Pilot wind energy plants are only dealt with in
the context of the environmental assessment in
the approval procedure and not at upstream
stages.

1.3.4.5 Approval procedure for grid con-
nections (converter platforms

and submarine cable systems)

In the tiered planning process, the establish-
ment and operation of grid connections for off-
shore wind energy plants (converter platform
and submarine cable systems, if applicable) is
examined at the level of the approval proce-
dures (planning approval and planning permis-
sion procedures) when implementing the spa-
tial planning requirements and the specifica-
tions of the FEP at the request of the respective
project executing agency—the responsible
TSO.
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According to Article 44(1) in conjunction with
Article 45(1) of the WindSeeG, the construction
and operation of facilities for the transmission
of electricity require planning approval. In addi-
tion to the legal requirements of Article 73(1)
Sentence 2 of the VwWVfG, the plan must in-
clude the information contained in Article 47(1)
of the WindSeeG. The plan may only be ap-
proved under certain conditions listed in Article
48(4) of the WindSeeG and only if, inter alia,
the marine environment is not endangered, in
particular if there is no cause for concern about
pollution of the marine environment within the
meaning of Article 1(1) No.4 of the Convention
on the Law of the Sea, and no threat to bird mi-
gration.

Moreover, according to Article 1(4) of the
UVPG, the requirements for the environmental
impact assessment of offshore wind energy in-
stallations, including ancillary installations, ap-
ply accordingly to the performance of the envi-
ronmental assessment.

1.3.4.6 Cross-border submarine cable

systems

According to Article 133(1) in conjunction with
Article 133(4) of the BBergG (Federal Mining
Act), the construction and operation of an un-
derwater cable in or on the continental shelf re-
quires a permit

e from a mining point of view (through
the competent state mining authority)

e concerning the organisation of the use
and exploitation of waters above the
continental shelf and the airspace
above these waters (through the BSH).

In accordance with Article 133(2) of the
BBergG, the above-mentioned permits may
only be refused if there is a risk to the life or
health of persons or material resources or an
impairment of overriding public interests which
cannot be prevented or compensated for by a
time limit, conditions or requirements. An im-
pairment of overriding public interests exists in

particular in the cases specified in Article
132(2) No. 3 of the BBergG. In accordance with
Article 132(2) No. 3 b) and d) of the BBergG,
an impairment of overriding public interests
with regard to the marine environment exists in
particular if the flora and fauna would be im-
paired in an unacceptable manner or if there is
reason to believe that the sea will be polluted.

In accordance with Article 1(4) of the UVPG,
the essential requirements of the UVPG must
be observed for the construction and operation
of transboundary submarine cable systems.
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1.3.5 Cables

On the upper level is the instrument of spatial
planning. In this framework, areas or corridors
for pipelines and data cables are defined.

According to Article 8(1) of the ROG, the likely
significant effects of the pipeline provisions on
the protected resources must be identified, de-
scribed and assessed.

According to Article 133(1) in conjunction with
Article 133(4) of the BBergG, the construction
and operation of a transit pipeline or underwa-
ter cable (data cable) in or on the continental
shelf requires a permit

¢ from a mining point of view (through
the competent state mining authority)
and

e concerning the organisation of the use
and exploitation of waters above the
continental shelf and the airspace
above these waters (through the BSH).

According to Article 133(2) of the BBergG, the
above-mentioned permits may only be refused
if there is a risk to the life or health of persons
or material resources or an impairment of over-
riding public interests which cannot be pre-

vented or compensated for by a time limit, con-
ditions or requirements. An impairment of over-
riding public interests exists in particular in the
cases specified in Article 132(2) No. 3 of the
BBergG. In accordance with Article 132(2) No.
3 b) and d) of the BBergG, an impairment of
overriding public interests with regard to the
marine environment exists in particular if the
flora and fauna are impaired in an unaccepta-
ble manner or if there is reason to believe that
the sea will be polluted.

In accordance with Article 133(2a) of the
BBergG, the construction and operation of a
transit pipeline, which is also a project within
the meaning of Article 1(1) No.1 of the UVPG,
is subject to an environmental impact assess-
ment in the licensing procedure with regard to
the organisation of the use and exploitation of
the waters above the continental shelf and the
airspace above these waters, as stipulated in
the UVPG.

In accordance with Article 1(4) of the UVPG,
the essential requirements of the UVPG must
be observed for the construction and operation
of data cables.
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Pipelines and data cables

Spatial Planning

Safetylefficiency
of navigation

Economic

e Scientific use

Pipelines
Data cables

Environmental
Assessment

SEA

No threat to the marine
environment

No expected significant

environmental impact

Protection and
improvement of the
marine environment

Focus:
Consideration of areas
(wide corridors)

Licensing procedure according to the Federal Mining Act

Concerning mining (through the Landesbergamt) and
Concerning the organisation of the use and

EIA/EA

No conflict with public interests
No expected significant

environmental impact

exploitation of waters above the continental shelf and

the airspace above these waters (by BSH)

Construction, operation and dismantling

Focus:

Local consideration on request,
based on project-specific information
and framework parameters
EEZ

Figure 4: Overview of the focal points of the environmental assessment for pipelines and data cables.

1.3.6 Raw material extraction

In the German North and Baltic Seas, various
mineral resources are sought and extracted,
e.g. sand, gravel and hydrocarbons. As a su-
perordinate instrument, spatial planning ad-
dresses possible large-scale spatial definitions,
possibly including other uses. The anticipated
significant environmental effects are reviewed
(cf. also Chapter 1.5.4).

During implementation, the extraction of raw
materials is regularly divided into different
phases: exploration, development, operation
and aftercare phase.

The exploration serves the purpose of explor-
ing raw material deposits in accordance with
Article 4(1) of the BBergG. In the marine area,
it is regularly carried out by means of geophys-
ical surveys, including seismic surveys and ex-
ploration drilling. In the EEZ, the extraction of
raw materials includes the extraction (loosen-
ing, release), processing, storage and transport
of raw materials.

In accordance with the Federal Mining Act,
mining permits (permission, licence) must be
obtained for exploration in the area of the con-
tinental shelf. These grant the right to explore
for and/or extract mineral resources in a speci-
fied field for a specified period. Additional per-
mits in the form of operating plans are required
for development (extraction and exploration ac-
tivities) (cf. Article 51 of the BBergG). For the
establishment and management of an opera-
tion, main operating plans must be drawn up for
a period not normally exceeding two years,
which must be continuously updated as re-
quired (Article 52(1) Sentence 1 of the
BBergG).

In the case of mining projects requiring an EIA
Act, the preparation of a general operating plan
is mandatory, and a planning approval proce-
dure must be carried out for its approval (Article
52(2a) of the BBergG). Framework operation
plans are generally valid for a period of 10 to
30 years.
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In accordance with Article 57c of the BBergG in
conjunction with the Regulation on the Environ-
mental Impact Assessment of Mining Projects
(UVP-V Bergbau), the construction and opera-
tion of production platforms for the extraction of
oil and gas in the area of the continental shelf
requires an EIA. The same applies to marine
sand and gravel extraction on mining sites of
more than 25 ha or in a designated nature re-
serve or Natura 2000 area.

The licensing authorities for the German North
Sea and Baltic Sea EEZ are the state mining
authorities.

1.3.7 Shipping

In the context of spatial planning, the shipping
sector is regularly defined in terms of areas
(priority and/or reserved areas), objectives and
principles. There is no tiered planning and ap-
proval process for the shipping sector, as is the
case for the offshore wind energy sector, grid
connections, cross-border submarine cables,
pipelines and data cables.

With regard to the consideration of the likely
significant effects of the provisions on the ship-
ping sector, reference is made to Chapter
1.5.4.3

1.3.8 Fisheries and marine aquaculture

Fisheries and aquaculture are considered as
concerns in the context of spatial planning.
There is no tiered planning and approval pro-
cess. The framework for authorised catches,
fishing techniques and gear is set within the
framework of the EU's Common Fisheries Pol-
icy (CFP).

With regard to the consideration of the likely
significant effects, reference is made to Chap-
ter 1.5.4.3

1.3.9 Marine scientific research

Marine scientific research projects can have an
adverse effect on the marine environment, e.g.
through underwater noise generated during
seismic surveys. On its website, the BfN men-
tions, among other things, the construction of
artificial islands, installations or structures, the
use of explosives, or measures of direct rele-
vance to the exploration and exploitation of re-
sources, which are in principle likely to have a
significant effect on the area and must be as-
sessed for their compatibility with the purpose
of protecting potentially affected Natura 2000
protected areas before they are approved.

In this case, a nature conservation examination
and approval are also required as part of the
approval procedure. Notification is required for
projects which do not require authorisation, and
which may significantly affect Natura 2000
sites.

In the reserved areas, research is predomi-
nantly carried out by the Thuenen Institute un-
der the technical supervision of the BMEL, es-
pecially within the framework of the CFP and
reporting obligations within ICES. This takes
place within the framework of long-term regular
sampling and is not subject to authorisation in
the EEZ.

1.3.10 National and alliance defence

National and alliance defence is considered a
concern in the context of spatial planning.
There is no tiered planning and approval pro-
cess.

With regard to the consideration of the likely
significant effects, reference is made to Chap-
ter 1.5.4.3
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1.3.11 Leisure

The issue of leisure is also considered. There
is no tiered planning and approval process.

With regard to the consideration of the likely
significant effects, reference is made to Chap-
ter 1.5.4.3

1.4 Presentation and consideration
of environmental protection ob-
jectives

The ROP and the SEA will be drafted and im-
plemented with due regard for the objectives of
environmental protection. These provide infor-
mation on the environmental status that is to be
achieved in the future (environmental quality
objectives). The objectives of environmental
protection can be found in an overview of the
international, EU and national conventions and
regulations dealing with marine environmental
protection, on the basis of which the Federal
Republic of Germany has committed itself to
certain principles and objectives. The environ-
mental report will contain a description of how
compliance with the requirements is checked
and what specifications or measures are taken.

1.4.1 International conventions on the
protection of the marine environ-

ment

The Federal Republic of Germany is party to all
relevant international conventions on marine
environmental protection.

1.4.1.1 Globally applicable conventions
that are wholly or partly aimed at
protecting the marine environ-

ment

e the 1973 Convention for the Prevention
of Pollution from Ships, as amended by
the 1978 Protocol (MARPOL 73/78)

e 1982 United Nations Convention on the
Law of the Sea

¢ Convention on the Prevention of Marine
Pollution by Dumping of Waste and
Other Matter (London, 1972) and the
1996 Protocol

1.4.1.2 Regional agreements on marine

environmental protection

o Trilateral Wadden Sea Cooperation
(1978) and Trilateral Monitoring and As-
sessment Programme of 1997 (TMAP)

e 1983 Agreement for Co-operation in
Dealing with Pollution of the North Sea
by Oil and Other Harmful Substances
(Bonn Agreement)

e 1992 Convention for the Protection of
the Marine Environment of the North-
East Atlantic (OSPAR Convention)

1.4.1.3 Agreements specific to protected
resources

e 1979 Convention on the Conservation
of European Wildlife and Natural Habi-
tats (Bern Convention)

e 1979 Convention on the Conservation
of Migratory Species of Wild Animals
(Bonn Convention)

Under the Bonn Convention, regional agree-
ments for the conservation of the species listed
in Appendix Il were concluded in accordance
with Article 4 No. 3 of the Bonn Convention:

e 1995 Agreement on the Conservation
of African-Eurasian Migratory Water-
birds (AEWA)

e 1991 Agreement on the Conservation
of Small Cetaceans of the Baltic, North
East Atlantic, Irish and North Seas
(ASCOBANS)

e 1991 Agreement on the Conservation
of Seals in the Wadden Sea

e 1991 Agreement on the Conservation
of Populations of European Bats (EU-
ROBATS)

¢ 1993 Convention on Biological Diversity

1.4.2 Environmental and nature protec-

tion requirements at EU level

The relevant EU legislation must be taken into
account:
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Directive 2014/89/EU of the European
Parliament and of the Council of 23 July
2014 establishing a framework for mar-
itime spatial planning (MSP Directive)
Council Directive 337/85/EEC of 27
June 1985 on the assessment of the ef-
fects of certain public and private pro-
jects on the environment (Environmen-
tal Impact Assessment Directive, EIA
Directive)

Council Directive 92/43/EEC of 21 May
1992 on the conservation of natural
habitats and of wild fauna and flora
(Habitats Directive)

Directive 2000/60/EC of the European
Parliament and of the Council of 23 Oc-
tober 2000 establishing a framework for
Community action in the field of water
policy (Water Framework Directive,
WEFD)

Directive 2001/42/EC of the European
Parliament and of the Council of 27
June 2001 on the assessment of the ef-
fects of certain plans and programmes
on the environment (Strategic Environ-
mental Assessment Directive, SEA Di-
rective)

Directive 2008/56/EC of the European
Parliament and of the Council of 17
June 2008 establishing a framework for
Community action in the field of marine
environmental policy (Marine Strategy
Framework Directive, MSFD),

1.4.3

Directive 2009/147/EC of the European
Parliament and of the Council on the
conservation of wild birds (Birds Di-
rective).

Environmental and nature conserva-
tion requirements at national level

There are also various legal provisions at na-
tional level, the requirements of which must be
taken into account in the environmental report:

Law on nature conservation and land-
scape management (Federal Nature
Conservation Act - BNatSchG)

Water Resources Act (WHG)

Law on Environmental Impact Assess-
ment (UVPG)

Regulation on the establishment of the
nature reserve "Sylt Outer Reef - East-
ern German Bight", the regulation on
the establishment of the nature reserve
"Borkum Riffgrund”, and the regulation
on the establishment of the nature re-
serve "Doggerbank” in the North Sea
EEZ

Management plans for nature conser-
vation areas in the German North Sea
EEZ

Energy and climate protection targets of
the Federal Government
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Related to sources Related to protected
assets

International/regional level

UNCLOS, Marpol, London
Convention, Helsinki, Ospar Trilat.
Wadden Sea Cooperation

Espoo Convention

Biodiversity Convention, Bern
Convention, Bonn Convention,
AEWA, Ascobans, Seals
Convention, Eurobats, Trilat.
Wadden Sea

European level

MSP Directive/
EIA/SEA
Directive

MSFD, WFD

Habitats Directive, Birds
Directive

National level

UVPG WHG

BNatSchG, nature reserve
acts

ROG

Figure 5: Overview of the levels of standardisation of the relevant legal acts for SEA.

1.4.4 Support for the objectives of the Ma-
rine Strategy Framework Directive

Spatial planning can support the implementa-
tion of individual objectives of the MSFD and
thus contribute to good environmental status in
the North Sea and Baltic Sea.

The following environmental goals (BMUB
2016) are taken into account when defining
goals and principles:

o Environmental objective 1: Oceans un-
affected by anthropogenic eutrophica-
tion—consideration in the objectives
and principles for ensuring the safety
and ease of navigation.

o Environmental objective 3: Oceans
without deterioration of marine species
and habitats due to the impact of hu-
man activities—consideration in the
objectives and principles for offshore
wind energy and nature conservation

o Environmental objective 6: Oceans
without adverse impacts from anthro-
pogenic energy inputs—consideration
in the objectives and principles for off-
shore wind energy and pipelines

In the environmental assessment, avoidance
and mitigation measures are formulated to sup-
port objectives 1, 3 and 6.

In addition, the spatial plan counteracts the de-
terioration of the environment by making cer-
tain uses possible only in geographically de-
fined areas and for a limited period of time. The
principles of environmental protection must be
taken into account. At the permit level, the de-
sign of the use is specified in detail, with condi-
tions if required, in order to prevent adverse ef-
fects on the marine environment.

An essential basis of the MSFD is the ecosys-
tem approach regulated in Article 1(3) of the
MSFD, which ensures the sustainable use of
marine ecosystems by managing the overall
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burden of human activities in a way that is com-
patible with the achievement of good environ-
mental status. The application of the ecosys-
tem approach is outlined in Chapter 4.3.

1.5 Strategic Environmental As-
sessment methodology

In principle, different methodological ap-
proaches can be considered when conducting
the Strategic Environmental Assessment. The
present environmental report builds on the
methodology already applied in the Strategic
Environmental Assessment of the federal sec-
toral plans and the site development plan with
regard to the use of offshore wind energy and
electricity grid connections.

For all other uses for which specifications are
made in the ROP-E, such as shipping, extrac-
tion of raw materials and marine research, sec-
tor-specific criteria for an assessment of possi-
ble impacts are used.

The methodology is based primarily on the pro-
visions of the plan to be examined. Within the
framework of this SEA, each of the specifica-
tions is identified, described and assessed to
see whether the specifications are likely to
have significant effects on the protected re-
sources concerned. According to Article 1(4) of
the UVPG in conjunction with Article 40(3) of
the UVPG, the competent authority shall provi-
sionally assess the environmental impacts of
the specifications in the environmental report
with a view to effective environmental precau-
tions in accordance with the applicable laws.
Criteria for the assessment are to be found, in-
ter alia, in Annex 2 of the Federal Regional
Planning Act.

The purpose of the environmental report is to
describe and assess the likely significant ef-
fects of the implementation of the ROP-E on
the marine environment for provisions on the
use and protection of the EEZ. The examina-
tion is carried out in each case on the basis of
the protected resources.

According to Article 7(1) of the ROG, spatial
plans must contain provisions as spatial plan-
ning objectives and principles for the devel-
opment, organisation and safeguarding of ar-
eas, in particular on the uses and functions of
areas. In accordance with Article 7(3) of the
ROG, these provisions may also designate ar-
eas.

Specifications on the following uses are the
subject of the environmental report, in particu-
lar

e Shipping
e Wind energy at sea
e Cables

e Raw material extraction

e Fisheries and marine aquaculture

e Marine Research

e Nature conservation/marine land-
scape/open space

In accordance with Article 17(1) No. 4 of the
ROG, provisions for the protection and im-
provement of the marine environment also play
arole.

1.5.1

The description and assessment of the state of
the environment refers to the North Sea EEZ,
for which the spatial plan stipulates conditions.
The SEA examination area covers the German
North Sea EEZ (Figure 7). It should be noted
that the data situation within the North Sea EEZ
is significantly better for the area up to shipping
route 10 than for the area northwest of shipping
route 10. This is due to the project-related mon-
itoring data available.

Examination area

For the area north-west of shipping route 10,
the spatial plan also defines the area. Based on
the available sediment data and findings from
monitoring for the "Doggerbank" protected
area, it is also possible to describe and assess
the environmental status of this area and eval-
uate potential environmental impacts.

The adjoining territorial sea and the adjacent
areas of the riparian states are not the subject
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of this plan, but they are included in the cumu-
lative and transboundary consideration in the
context of this SEA.
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Figure 6: Boundary of the SEA investigation area (Environmental Report ROP-E EEZ North Sea).

1.5.2 Implementation of the environmen-

tal assessment

The assessment of the likely significant envi-
ronmental effects of the implementation of the
spatial plan shall include secondary, cumula-
tive, synergistic, short-, medium- and long-
term, permanent and temporary, positive and
negative effects in terms of the resources to be
protected. Secondary or indirect effects are
those which are not immediate and therefore,
may take effect after some time and/or in other
places. Occasionally we also speak of conse-
quential effects or interactions.

Possible impacts of the plan implementation
are described and evaluated in relation to the
protected areas. A uniform definition of the
term "significance" does not exist, since it is an
"individually determined significance" which

cannot be considered independently of the
"specific characteristics of plans or pro-
grammes" (SOMMER, 2005, 25f.). In general,
significant effects can be understood to be ef-
fects that are serious and significant in the con-
text under consideration.

According to the criteria of Annex 2 of the ROG,
which are decisive for the assessment of the
likely significant environmental effects, the sig-
nificance is determined by

¢ "the probability, duration, frequency and ir-
reversibility of the effects

e the cumulative nature of the effects
e the cross-border nature of the effects

e the risks to human health or the environment
(e.g. in the event of accidents)

¢ the scale and spatial extent of the effect
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¢ the importance and sensitivity of the area
likely to be affected, due to its specific natu-
ral characteristics or cultural heritage, the
exceeding of environmental quality stand-
ards or limit values and intensive land use

o the impact on sites or landscapes whose
status is recognised as protected at na-
tional, Community or international level"

Also relevant are the characteristics of the plan,
in particular

o the extent to which the plan sets a frame-
work for projects and other activities in terms
of location, type, size and operating condi-
tions, or through the use of resources

¢ the extent to which the plan influences other
plans and programmes, including those in a
planning hierarchy

¢ the importance of the plan for the integration
of environmental considerations, in particu-
lar with a view to promoting sustainable de-
velopment

e the environmental issues relevant to the
plan

¢ the relevance of the plan for the implemen-
tation of Community environmental legisla-
tion (e.g. plans and programmes relating to
waste management or water protection)
(Annex Il of the SEA Directive)

In some cases, further details on when an ef-
fect reaches the significance threshold can be
derived from sectoral legislation. Thresholds
were developed under the law in order to be
able to make a delimitation.

The description and assessment of potential
environmental impacts is carried out for the in-
dividual spatial and textual specifications on
the use and protection of the EEZ in relation to
the protected property, including the status as-
sessment.

Furthermore, where necessary, a differentia-
tion is made according to different technical de-
signs. The description and assessment of the
likely significant effects of the implementation
of the plan on the marine environment also re-
late to the protected resources presented. All
contents of the plan that could potentially have
significant environmental effects are examined.

Both permanent and temporary—e.g. con-
struction-related—effects are considered. This
is followed by a presentation of possible inter-
actions, a consideration of possible cumulative
effects and potential cross-border impacts.

The following protected resources are consid-
ered when assessing the state of the environ-
ment:

e Site e Bats
e Soil o Biodiversity
e Water e Air
e Plankton e Climate
e Biotope o

types

e Benthos .

Landscape

Cultural and other
material resources

(underwater cultural

heritage)
e Fish o People, in particular
human health
e Marine e Interactions between
mam- protected resources
mals
e Avifauna

In general, the following methodological ap-
proaches are used in environmental assess-
ment:

¢ Qualitative descriptions and assess-
ments

¢ Quantitative descriptions and assess-
ments

¢ Evaluation of studies and technical liter-
ature, expert opinions

e Visualisations

o Worst-case scenarios

¢ Trend assessments (e.g. on the state of
the art of installations and the possible
development of shipping traffic)

o Assessments by experts/the profes-
sional public
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An assessment of the impacts resulting from
the provisions of the plan is made on the basis
of the status description and status assess-
ment, and the function and significance of the
individual areas for the individual protected re-
sources on the one hand, and the impacts em-
anating from these provisions and the resulting
potential impacts on the other. A forecast of the
project-related impacts when the ROP-E is im-
plemented is based on the criteria of intensity,
range and duration or frequency of the effects
(cf. Figure 7). Further assessment criteria are
the probability and reversibility of the impacts,
as specified in Annex 2 of Article 8(2) ROG.

Status description
= Spatial distribution
= Temporal variability

Effect of designation
(permanent / temporary )

$

Impact prognosis

» Depending on

= Intensity

Condition assessment

Criteria:

= Protection status

= Population/ population trends,
distribution patterns, species
number/ composition

= Existing pressures

= Function and importance of
the designated areas

= Duration / frequency
= Scope and spatial extension

Assessment of the likely

Environmental »
significant environmental effects

objectives

Figure 7: General methodology for assessing likely
significant environmental effects.

Site/Soil

1.5.3 Criteria for the description and as-
sessment of the condition

The condition of the individual protected re-
sources is assessed on the basis of various cri-
teria. For the protected resources of site/soil,
benthos and fish, the assessment is based on
the aspects of rarity and vulnerability, diversity
and peculiarity, and existing impacts. The de-
scription and assessment of marine mammals
and marine and resting birds is based on the
aspects listed in the figure. Since these are
highly mobile species, a similar approach to
that for the protected resources of site/soil,
benthos and fish is not appropriate. For sea-
birds, resting birds and marine mammals, the
criteria used are protection status, assessment
of occurrence, assessment of spatial units and
prior contamination. For migratory birds, the
aspects of rarity, endangerment and existing
pressures are taken into account, as are the
aspects of occurrence assessment and the ar-
ea's significance for bird migration over a large
area. There is currently no reliable data source
for a criteria-based assessment of bats as a
protected species. The biodiversity protected
resource is evaluated in text form.

The following is a summary of the criteria used
for the status assessment of the respective pro-
tected resource. This overview deals with the
protected resources which can be meaningfully
delimited on the basis of criteria and which are
considered in the focus area.

Aspect: Rarity and endangerment

forms.

Criterion: Percentage of sediment on the seabed and distribution of the morphological inventory of

Aspect: Diversity and individuality

Criterion: Heterogeneity of the sediment

morphological inventory of forms.

on the sea floor and formation of the

Aspect: Prior contamination

morphological inventory of forms.

Criterion: Extent of the anthropogenic prior contamination of the sediment on the sea floor and the
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Benthos

Aspect: Rarity and endangerment

Criterion: Number of rare or endangered species based on the Red List species identified (Red List by
RACHOR et al. 2013).

Aspect: Diversity and individuality

Criterion: Number of species and composition of the species communities. The extent to which species
or communities that are characteristic of the habitat occur and how regularly they occur is assessed.

Aspect: Prior contamination

For this criterion, the intensity of fishing exploitation, which is the most effective disturbance variable,
will be used as a benchmark. Eutrophication can also affect benthic communities. For other disturbance
variables, such as vessel traffic, pollutants, etc., there is currently a lack of suitable measurement and
detection methods to be able to include them in the assessment.

Biotope types

Aspect: Rarity and endangerment

Criterion: national conservation status and endangerment of biotope types according to the Red List of
Endangered Biotope Types in Germany (FINCK et al., 2017)

Aspect: Prior contamination

Criterion: Endangerment due to anthropogenic influences.

Fish

Aspect: Rarity and endangerment

Criterion: Proportion of species considered endangered according to the current Red List of Marine
Fish (THIEL et al. 2013) and for the diadromous species on the Red List of Freshwater Fish (FREYHOF
2009) and assigned to Red List categories.

Aspect: Diversity and individuality

Criterion: The diversity of a fish community can be described by the number of species (a-Diversity,
'Species richness'). The species composition can be used to assess the specific nature of a fish com-
munity, i.e. how regularly habitat-typical species occur. Diversity and specificity are compared and as-
sessed between the North Sea and the German EEZ as a whole, and between the EEZ and individual
areas.

Aspect: Prior contamination

Criterion: Through the removal of target species and bycatch, as well as the impact on the seabed in
the case of bottom-dwelling fishing methods, fisheries are considered to be the most effective disturb-
ance to the fish community and therefore, serve as a measure of the pressure on fish communities in
the North Sea. There is no assessment of stocks on a smaller spatial scale such as the German Bight.
The input of nutrients into natural waters is another pathway through which human activities can affect
fish communities. For this reason, eutrophication is used to assess the existing pollution.
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Marine mammals

Aspect: Protection status

Criterion: Status under Annex Il and Annex IV of the Habitats Directive and the following international
protection agreements: Convention on the Conservation of Migratory Species of Wild Animals (Bonn
Convention, CMS), ASCOBANS (Agreement on the Conservation of Small Cetaceans of the Baltic,
North East Atlantic, Irish and North Seas), Convention on the Conservation of European Wildlife and
Natural Habitats (Bern Convention)

Aspect: Assessment of the occurrence

Criteria: Population, population changes/trends based on large-scale surveys, distribution patterns and
density distributions

Aspect: Evaluation of spatial units

Criteria: Function and importance of the German EEZ and the areas defined in the FEP for marine
mammals as transit areas, feeding grounds or breeding grounds

Aspect: Prior contamination

Criterion: Endangerment due to anthropogenic influences and climate change.

Seabirds and resting birds

Aspect: Protection status

Criterion: Status under Annex 1 Species of the Birds Directive, European Red List by BirdLife Interna-
tional

Aspect: Assessment of the occurrence

Criteria: Population in the German North Sea and EEZ, large-scale distribution patterns, abundances,
variability

Aspect: Evaluation of spatial units

Criteria: Function of the areas defined in the FEP for relevant breeding and migratory birds as resting
areas, location of protected areas

Aspect: Prior contamination

Criterion: Endangerment due to anthropogenic influences and climate change.

Migratory birds

Aspect: The importance of bird migration over a large area

Criterion: Guidelines and areas of concentration

Aspect: Assessment of the occurrence

Criterion: migration and its intensity

Aspect: Rarity and endangerment
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of European Conservation Concern).

Criterion: Number of species and endangered status of the species involved according to Annex | of
the Birds Directive, the Bern Convention of 1979 on the Conservation of European Wildlife and Natural
Habitats, the Bonn Convention of 1979 on the Conservation of Migratory Species of Wild Animals, the
AEWA (Agreement on the Conservation of African-Eurasian Migratory Waterbirds) and SPEC (Species

Aspect: Prior contamination

Criterion: Prior contamination/endangerment due to anthropogenic influences and climate change.

1.5.4 Assumptions used to describe and
assess the likely significant effects

The description and assessment of the likely
significant effects of the implementation of the
ROP-E on the marine environment is carried
out for the individual provisions on the use and
protection of the EEZ on a protected resource
basis, taking into account the status assess-
ment described above. The following table lists,
on the basis of the main impact factors, the po-
tential environmental impacts which arise from
the respective use and which are to be exam-
ined both as a prior impact, in the event the
plan is not implemented, or as a likely signifi-
cant environmental effect resulting from the
provisions in the ROP. The effects are differen-
tiated according to whether they are permanent
or temporary.
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Table 1: Overview of potentially significant effects of the uses identified in the spatial plan.

Potential effect

Maritime uses with designations in the maritime spatial plan

!
;
i

Bats

Protected Assets

Habitat change X X X X
Loss of habitat and land X X X X X X
Placement of hard : ) :
substrate Attraction effects, increase in
(foundations) species diversity, change in X X
species composition
Change in hydrological X
conditions
Scounr_)glsedlment Habitat change X X X
relocation
Sediment swirls and |Impairment xt
turbidity plumes —
(construction phase) Physiological effects and xt
scaring effects
Resuspension of
sediment and Impairment xt
for sedimentation pal
E‘ wind ](construction phase)
Noise emissions Impairment / scaring effect xt xt
during pile driving
(construction phase) |potential disruption/damage xt xt
| o -
Visual dnsturbanfze Local scaring and barrier
due to construction ff xt
work effects
Scaring effects, loss of X
) |habitat
Obstacle in airspace
Barmier effect, collision X
Light emissions
(construction and Attraction effects, collision X
operation)
wind farm related
shipping traffic __
(maintenance, see shipping X X X X X X X xt
construction traffic)
) Habitat change X X X
Introduction of hard
substrate (stone fill) |} oss of habitat and space X X X X
Heat emissions . .
; Impairment/displacement of
(current-carrying cold water-lovi - X X
cables) water-loving species
Cables Routes
for submarine Impairment X
cable systems  |Magnetic fields
and pipelines (current-carrying Impairment of the orientation
cables) behaviour of individual X
migratory species
Impairment xt
Turbidity plume —
(construction phase) Phy;lologlcal effects and xt
scaring effects
Underwater Sound  |Impairment / scaring effect X X
Emissions and
discharges of
hazardous Impairment/ damage X X X X X X X
substances
(accidents)
Physncal dlstu_rbance Impact on the seabed xt xt xt xt
during anchoring
Shipping E(r)]I]II:tsz':gtnSOf ar Impairment of air quality X
Introduction and Chanae in species
spread of invasive Nge In Spe X X X
: composition
species
Bringing in waste Impairment/ damage X X X X
Risk of collision Collision X
Visual agitation Impairment / scaring effect X




Maritime uses with designations in the maritime spatial plan

Potential effect

2]
3
£
§
£
-
5
=

Protected Assets

Veranderung von Habitaten X X X X X
Removal of 7 r
substrates ebensraum- un
Flachenverlust X X X X X
Raw materials Impairment xt
Sand and gravel | Turbidity plumes
mining / Seismic Physiological effects and xt
investigations scaring effects
Physical disturbance |Ilmpact on the seabed X X X
Underwater sound
during seismic Impairment / scaring effect xt xt
surveys
. Reduction of stocks X
Sampling of selected
species —
IMarine Research ™" Deterioration of the food
base
Physical disturbance -
by trawds Impairment/ damage X X X
Maritime uses without designations in the maritime spatial plan
Underwater sound Impairment / scaring effect xt xt
Introduction of
) hazardous Impairment X X X X X X
|National defense |  \ 4o
Risk of collision Collision X
Surface sound Impairment / scaring effect
'Taking of species
(fishing) Reduction of stocks X
Underwater Sound Impairment / scaring effect X X
Recreation Emission of air . . :
( o) pollutants Impairment of air quality
Bringing in waste Impairment X X X
Visual agitation Impairment / scaring effect
Introduction of Impairment X X
nutrients pa
Aquakultur ) Habitat change X X X
Installation of fixed
installations Loss of habitat and land X X
Reduction of stocks X X
Sampling of selected
species Deterioration of the food N
base
Bycatch Reduction of stocks X X
Physical disturbance Impairment / dam « «
by trawls pa age X

potential effect on the protected resource

potential temporary effect on the protected resource
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In addition to the impacts on the individual pro-
tected resources, cumulative effects and interac-
tions between protected resources are also ex-
amined.

1.5.4.1 Cumulative consideration

In accordance with Article 5(1) of the SEA Di-
rective, the environmental report also includes
an assessment of cumulative effects. Cumula-
tive effects arise from the interaction of various
independent individual effects which either add
up as a result of their interaction (cumulative ef-
fects) or reinforce each other and thus generate
more than the sum of their individual effects
(synergistic effects) (e.g. SCHOMERUS et al.,
2006). Both cumulative and synergetic effects
can be caused by the coincidence of effects in
time and space. The effect can be reinforced by
similar uses or different uses with the same ef-
fect, thereby increasing the effect on one or more
protected resources.

| Energy |—>| Underwater noise
| Energy |—>| Underwater noise
| Energy |—>| Underwater noise

I Energy_l—b[ Underwater noise

| Shipping |—>| Underwater noise

National
defence

Underwater noise

Figure 9: Exemplary cumulative effect of different
uses.

| Energy l—bl Underwater noise

National
defence

Removal of
selected species

Underwater noise

Figure 10: Exemplary cumulative effect of different
uses with different effects.

In order to examine the cumulative effects, it is
necessary to assess the extent to which the pro-
visions of the plan, when taken together, can be
expected to have a significant adverse effect. An
examination of the provisions is performed on
the basis of the current state of knowledge within
the meaning of Article 5(2) of the SEA Directive.
The position paper on the cumulative assess-
ment of loons habitat loss in the German North
Sea (BMU, 2009) and the BMUB's noise abate-
ment concept (2013) form an important basis for
assessing the effects of habitat loss and under-
water noise.

1.5.4.2

In general, effects on a protected resource lead
to various consequences and interactions be-
tween the protected resources. The essential in-
terdependence of the biotic protected resources
exists via the food chains. Due to the variability
of the habitat, interactions can only be described
in very imprecise terms overall.

Interactions

1.5.4.3 Specific assumptions for the as-
sessment of the likely significant

environmental effects

In detail, the analysis and examination of the re-
spective provisions is as follows:

Offshore wind energy

With regard to the priority and reserved areas for
offshore wind energy, a worst-case scenario is
generally assumed. For the consideration of pro-
tected resources, certain parameters are as-
sumed in this SEA in the form of ranges spatially
separated into zones 1 and 2 and zones 3 to 5.
In detail, these are, for example, the power out-
put per installation [MW], hub height [m], rotor di-
ameter [m] and total height [m] of the installa-
tions.

As input parameters, the SEA takes particular
account of:

- installations already in operation or un-
dergoing the licensing procedure (as ref-
erence and existing load)
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- Transfer of the average parameters of
the plants commissioned in the last 5
years on the sites defined in the FEP
2019

- Forecast of certain technical develop-
ments for the offshore wind energy prior-
ity and reserved areas, which are also

defined in the ROP on the basis of the
parameters presented. It should be noted
here that these are only partly estimation-
based assumptions, as project-specific
parameters are not or cannot be checked
at the SEA level.

Table 2: Parameters for the consideration of areas for offshore wind energy

WTG Parameters Range Range
Zones 1 and 2 Zones 3-5
from to from to
Output per plant [MW] 5 12 12 20
Hub height [m] 100 160 160 200
Rotor diameter [m] 140 220 220 300
Total height [m] 170 270 270 350

For the connecting cables of the priority areas for
offshore wind energy, the route length (EEZ) var-
ies between about 10 km and 160 km. For the
priority areas in Zones 4 and 5, an average route
length of about 250 km is assumed. For the as-
sessment of the construction and operational en-
vironmental effects, certain widths of the cable
trench [m] and a certain site of the intersection
structures [™?] are assumed for submarine cable
system rout corridors. Above all, the environ-
mental effects due to construction, operation and
repair are considered.

For the route corridors for pipelines, cross-bor-
der submarine cable systems or data cables, the
cable lengths result from the specifications. For
pipelines, a width of 1.5 m is assumed for the as-
sessment of environmental effects for the over-
lying pipeline plus 10 m each for impairments
due to "reef effect" and sediment dynamics.

For other uses, evaluation criteria or parameters
for the environmental assessment have to be de-
veloped or specified in the later procedure.
Shipping

In order to assess the environmental effect of
shipping, there must be an examination of which

additional effects can be attributed to the provi-
sions of the ROP-E.

The priority areas identified must be kept free of
building use. This control in the ROP-E should
prevent or at least reduce collisions and acci-
dents. Based on the provisions in the ROP, the
frequency of traffic in the priority areas is ex-
pected to increase, in particular due to the in-
crease in offshore wind farms along the shipping
routes. Vessel movements on the shipping
routes SN1 to SN17 and SO1 to SO5 vary con-
siderably, with the most heavily used route, SN1,
sometimes carrying more than 15 vessels per
km? per day, while on the other, narrower routes
there are usually about 1-2 vessels per km? per
day (BfN, 2017).

The BSH has commissioned an expert report on
the traffic analysis of shipping traffic, which is ex-
pected to include current evaluations.

The designation of priority areas for shipping
only is not an expression of increased use, but
rather serves to minimise risk.

The general effects of shipping are presented in
Chapter 2 as prior contamination, especially for
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birds and marine mammals. The effects of ser-
vice traffic to the wind farms are dealt with in the
chapter on wind energy.

Raw material extraction
When assessing the potential environmental ef-

fect of raw material extraction, a distinction must
be made between sand and gravel extraction
and hydrocarbon extraction.

Sand and gravel extraction:

Sand and gravel are extracted by means of float-
ing suction dredgers. The extraction field is
driven over in strips of approximately 2 m width
and the subsoil is extracted to a depth of approx-
imately 2 m. The seabed remains unstressed be-
tween the excavation strips. During mining, a
sediment-water mixture is pumped on board the
suction dredger. The sediment in the desired
grain size is screened out and the unused por-
tion is returned to the sea on site. Turbidity
plumes result from the mining and discharge.
Potential temporary effects result from the turbid-
ity plumes, which can frighten and result in ad-
verse effects for the marine fauna. Potential per-
manent effects arise from the removal of sub-
strates and physical disturbance causes habitat
and area loss, habitat alteration and seabed deg-
radation.

Sand and gravel extraction is carried out on the
basis of operational plans on portions of the au-
thorised approval fields.

Gas production:

Exploratory and production wells are drilled for
the exploration and exploitation of gas deposits.
Drilling through the rock lying above the deposit
results in drilling abrasion. This is brought to the
surface by means of drilling fluids. The drilling
fluids have either a water or oil base. If a water-
based drilling fluid is used, it is discharged into
the sea together with the cuttings. If oil-based
drilling fluids are used, they are disposed of on
land together with the cuttings.

Seismic methods are used in the exploration of
hydrocarbon reservoirs, which lead to chase ef-
fects in marine mammals.

Operationally discharges of material into the sea
result from the discharge of production and spray
water, wastewater from the sewage treatment
plant, and the shipping traffic caused. Production
water is essentially reservoir water that may con-
tain components from underground, such as
salts, hydrocarbons and metals. As the deposit
ages, the amount of gas in production water in-
creases. Production water can also contain
chemicals that are used in mining to improve ex-
traction or to prevent corrosion of production
equipment. The production water is discharged
into the sea after treatment in accordance with
the state of the art and compliance with national
and international standards.

Fisheries and marine aquaculture

In the area of the southern silt floor, the sediment
provides a particularly suitable habitat for this
species, which can be quite clearly defined spa-
tially. The nephrops population in the North Sea
is considered stable and is classified as "least
concern" in the IUCN Red List (Bell, 2015). For
the German fishing fleet, the nephrops fishery
represents a valuable and reliable source of in-
come. Adverse effects of fishing in this area
mainly affect the seabed, sediment and the hab-
itats affected by it, which can be affected by the
trawls used.

Table 3: Parameters for the consideration of fisheries.

Fishing effort = Approximately 8,000 hrs/year
(German fleet) (2013) to 14,000 hrs/year
(2018)

12 (2014) - 18 (2015) vehicles

Fishing gear used @ Bottom trawls

200 - 350 t / year (plus non-
German fisheries)

Catches
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Marine Research

The designated areas for scientific marine re-
search (3 in the North Sea, 4 in the Baltic Sea)
correspond to standard investigation areas
("boxes") of the Thuenen Institute in the North
Sea and the Baltic Sea. In the North Sea, the
German Small-Scale Bottom Trawl Survey
(GSBTS), which has been carried out since
1987, has been collecting data on the develop-
ment of fish populations over many years. The
data sets form an important basis for assessing
long-term changes in the bottom fish fauna
(commercial and non-commercial species) of the
North Sea and the Baltic Sea caused by natural
(e.g. climatic) influences or anthropogenic fac-
tors (e.g. fisheries).

The GSBTS uses a standardised bottom trawl
net or a high-density GOV otter trawl to sample
small-scale bottom fish communities to deter-
mine abundances and distribution patterns. In
parallel, epibenthos (using a 2 m beam trawl), in-
fauna (using a Van Veen grab) and sediments
will be studied, and hydrographic and marine
chemical parameters in habitats typical of the re-
gion will be recorded.

Effects are to be expected from the equipment
used, in particular on the soil/sediment and the
habitats affected by it. To this end, fish of various
ages and sizes are taken (cf. also Chapter
5.5.3).

Table 4: Parameters for the consideration of marine research

Frequency of surveys per year/number
of hauls/duration per haul (approximate
values, vary from trip to trip)

Gear used (target species)

2 / in the range of approx. 40 - 50 (only GSBTS) / 30 min.

Standardised bottom trawlers, using high-density otter trawls

(bottom fishing communities)
2-metre beam trawl (epibenthos)
Van Veen grab (Infauna)

Catches

Total quantities for all (sampled) boxes (partly with other re-

search activities) in double-digit tonnes

Nature conservation / marine landscape /
open space

The nature conservation rules in the spatial plan
are not expected to have any significant adverse
environmental effects.

The rules contribute to the long-term preserva-
tion and development of the marine environment
in the EEZ as an ecologically intact open space
over a large area. The scope of the rules is of
particular importance in this context, with the
EEZ accounting for 37.92% of the area of the
North Sea. The nature conservation priority ar-
eas contribute to securing open spaces by ex-
cluding uses which are incompatible with nature
conservation. This helps to avoid possible dis-
turbances caused by the conversion of wind en-
ergy and to ensure the protection of the marine
environment. Keeping the protected areas free

of building structures also contributes to the pro-
tection of open spaces and the marine land-
scape on a large scale.

The designation of the main distribution area of
harbour porpoises and the main concentration
area of loons as reserved areas is of outstanding
conservation importance for the protection of the
disturbance-sensitive group of loons and har-
bour porpoise species.

The guiding principles of the careful and eco-
nomical use of natural resources in the EEZ, as
well as the application of the precautionary prin-
ciple and the ecosystem approach, are intended
to avoid or reduce damage to the balance of na-
ture.

The spatial plan thus contributes to achieving the
objectives of the MSFD. However, the ability of
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spatial planning to influence this is limited and
cannot affect all objectives.

National and alliance defence

The ROP-E contains textual provisions on na-
tional and alliance defence.

1.6 Data sources

The basis for the SEA is a description and as-
sessment of the environmental status in the
study area. All protected resources must be in-
cluded. The data source is the basis for the as-
sessment of the likely significant environmental
effects, the site and species protection assess-
ment and the assessment of alternatives.

According to Article 8(1) Sentence 3 of the ROG,
the environmental assessment refers to what
can reasonably be required on the basis of the
current knowledge and generally accepted as-
sessment methods, and the content and level of
detail of the spatial plan.

On the one hand, the environmental report will
describe and assess the current state of the en-
vironment, and describe the likely development
if the plan is notimplemented. It will also forecast
and assess the likely significant environmental
effects of implementing the plan.

The basis for the assessment of potential effects
is a detailed description and assessment of the
state of the environment. The description and as-
sessment of the current state of the environment
and the likely development in the event the plan
is not implemented will be carried out with regard
to the following protected resources

o Site/Soll e Bats

o Water e Biodiversity

e Plankton o Air

o Biotopetypes e Climate

e Benthos e Landscape

e Fish e Cultural and other

material resources

Marine mam- e

People, especially

mals human health
e Avifauna ¢ Interactions be-
tween  protected
resources.
1.6.1 Overview data source

The data and knowledge has improved signifi-
cantly in recent years, in particular as a result of
the extensive data collection in the context of en-
vironmental impact studies, the construction and
operational monitoring for the offshore wind farm
projects, and the accompanying ecological re-
search.

This information also forms an essential basis for
monitoring the 2009 spatial plans under Article
45(4) of the UVPG. Accordingly, the results of
the monitoring are to be made available to the
public and taken into account when the plan is
reinstated. The results of the accompanying plan
for monitoring the current plans are summarised
in the status report on the updating of spatial
planning in the German North Sea and Baltic
Sea EEZ, which is published in parallel (Chapter
2.5).

In general terms, the following data sources are
used for the environmental report:

e Data and findings from the operation
of offshore wind farms

¢ Data and findings from approval pro-
cedures for offshore wind farms,
submarine cable systems and pipe-
lines

¢ Results of the preliminary site inves-
tigations

¢ Results from the monitoring of
Natura 2000 areas

¢ Mapping instructions for Article 30
biotope types

¢ MSRL initial and progress assess-
ment

e Findings and results from R&D pro-
jects commissioned by the BfN
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and/or the BSH and from accompa-
nying ecological research

¢ Results from EU cooperation pro-
jects, such as Pan Baltic Scope and
SEANSE

e Studies/Technical literature

e Current red lists

e Comments from the technical au-
thorities

o Comments from the (specialist) pub-
lic

A detailed overview of the individual data and
knowledge sources is included in the annex to
the framework of the study.

1.6.2 Indications of difficulties in compiling

the documents

In accordance with No. 3a of Annex 1 to Article
8(1) of the ROG, indications of difficulties en-
countered in compiling the information, such as
technical gaps or lack of knowledge, must be
presented. There are still gaps in knowledge in
some places, particularly with regard to the fol-
lowing points:

o Long-term effects from the operation of
offshore wind farms

o [Effects of shipping on individual pro-
tected resources

e Effects of research activities

o Data for assessing the environmental
status of the various protected resources
in the outer EEZ.

In principle, forecasts on the development of the
living marine environment after the ROP has
been carried out remain subject to certain uncer-
tainties. There is often a lack of long-term data
series or analytical methods, e.g. for combining
extensive information on biotic and abiotic fac-
tors, in order to better understand the complex
interrelationships of the marine ecosystem.

In particular, there is a lack of detailed area-wide
sediment and biotope mapping outside the na-
ture reserves of the EEZ. As a result, there is a
lack of a scientific basis on which to assess the
effects of the possible use of strictly protected bi-
otope structures. At present, sediment and bio-
tope mapping is being carried out on behalf of
the BfN and in cooperation with the BSH, re-
search and higher education institutions and an
environmental office, with a focus on the nature
conservation areas.

In addition, there is a lack of scientific assess-
ment criteria for protected resources, both with
regard to the assessment of their status and with
regard to the effects of anthropogenic activities
on the development of the living marine environ-
ment, in order to fundamentally consider cumu-
lative effects over time and space.

Various R&D studies on assessment ap-
proaches, including those for underwater noise,
are currently being carried out on behalf of the
BSH. The projects serve the continuous further
development of a uniform, quality-assured basis
of marine environmental information for as-
sessing the potential impacts of offshore instal-
lations.

The environmental report will also list specific in-
formation gaps or difficulties in compiling the
documents for the individual protected re-
sources.

1.7 Application of the ecosystem ap-
proach

The application of the ecosystem approach con-
tributes to the achievement of "sustainable spa-
tial planning that reconciles the social and eco-
nomic demands on the spatial environment with
its ecological functions and leads to a sustaina-
ble, balanced order over a large area" (Article
1(2) of the ROG). The application of the ecosys-
tem approach is a requirement under Article 2(3)
No. 6 p. 9 of the ROG with the aim of controlling
human activities, sustainable development and
supporting sustainable growth (cf. Art. 5(1) of the
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Maritime Spatial Planning Directive (MSPD) in
conjunction with Art. 1(3) of the MSFD).

Recital 14 of the MSPD specifies that spatial
planning should be based on an ecosystem ap-
proach in accordance with the MSFD. It is also
clear here—as in Preamble 8 of the MSFD—that
sustainable development and use of the seas
should be compatible with good environmental
status.

In accordance with Article 5(1) of the MSPD:
“When establishing and implementing maritime
spatial planning, Member States shall consider
economic, social and environmental aspects to
support sustainable development and growth in
the maritime sector, applying an ecosystem-
based approach, and to promote the coexist-
ence of relevant activities and uses.”

Article 1(3) of the MSFD specifies that “Marine
strategies shall apply an ecosystem-based ap-
proach to the management of human activities,
ensuring that the collective pressure of such ac-
tivities is kept within levels compatible with the
achievement of good environmental status and
that the capacity of marine ecosystems to re-
spond to human-induced changes is not com-
promised, while enabling the sustainable use of
marine goods and services by present and future
generations.”

The ecosystem approach allows a holistic view
of the marine environment, recognising that hu-
mans are an integral part of the natural system.
Natural ecosystems and their services are con-
sidered together with the interactions resulting
from their use. The approach is to manage eco-
systems within the "limits of their functional ca-
pacity" in order to safeguard them for use by fu-
ture generations. In addition, understanding eco-
systems enables effective and sustainable use
of resources.

A comprehensive understanding, protection and
improvement of the marine environment and an
effective and sustainable use of resources within
the bearing capacity limit will safeguard marine

ecosystems for future generations. The ecosys-
tem approach can therefore contribute—at least
in part —to good status in the marine environ-
ment.

Based on the so-called 12 Malawi Principles of
the Biodiversity Convention, the ecosystem ap-
proach has also been substantiated by the HEL-
COM-VASAB working group on maritime spatial
planning and specified for maritime spatial plan-
ning (HELCOM/VASAB, 2016). The key ele-
ments formulated there represent a suitable ap-
proach for structuring the application of the eco-
system approach in the spatial plan for the Ger-
man EEZ.

The combination of content-related and process-
oriented key elements is intended to promote an
overall picture that is as comprehensive as pos-
sible:

= Best available knowledge and practice;
= Precautions;

= Alternative development;

» |dentification of ecosystem services;

= Prevention and mitigation;

= Relational understanding;

= Participation and communication;

» Subsidiarity and coherence;

= Adaptation.

The application of the ecosystem approach aims
at a holistic perspective, the continuous develop-
ment of knowledge about the oceans and their
use, the application of the precautionary princi-
ple and flexible, adaptive management or plan-
ning. One of the greatest challenges is dealing
with gaps in knowledge. Understanding the cu-
mulative effects that the combination of different
activities can have on species and habitats is of
great importance for sustainable use. It is im-
portant for the planning process to promote com-
munication and participation processes in order
to use the broadest possible knowledge base of
all stakeholders and to achieve the greatest pos-
sible acceptance of the plan.
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Figure 11 shows the understanding of the appli-
cation of the ecosystem approach. This takes
place equally in the planning process, the ROP
and in the Strategic Environmental Assessment

(SEA). The SEA has proven to be the central in-
strument for applying the ecosystem approach
(grandfather, 2019) and offers versatile points of
contact in the content- and process-oriented key

elements (see below).

Ecosystem approach

£ V .
Preliminary Review of
draft alternatives :

Best available knowledge and practice
Precautions

Alternative development

Identification of ecosystem services
Prevention and mitigation

Relational understanding
Participation and communication
Subsidiarity and coherence
Adaptation

Figure 11: The ecosystem approach as a structuring concept in the planning process, the ROP and the Stra-

tegic Environmental Assessment

The ecosystem approach is anchored in the
mission statement as the basis of the spatial
plan. Its importance is also explicitly empha-
sised in the following principles:

e General requirements for economic
uses: Principle of Best Environmental
Practice (8.1) and Monitoring (8.2)

¢ Principle of nature conservation
Preservation of the EEZ as a natural
area (5)

The graphic and textual rules on marine nature
conservation make a fundamental contribution
to the protection and improvement of the state
of the marine environment (see ROP model). In
addition, the ROP's rules promote the resili-
ence of the marine environment to the effects
of economic uses and to the changes caused
by climate change.

Due to a lack of data and knowledge, it is not
possible to conclusively quantify the bearing
capacity of the ecosystem. This represents a
task for the future development of the ecosys-
tem approach. Even if quantification is not pos-
sible at present, SEA and cumulative consider-
ation must ensure that the ROP and the defini-
tions of economic uses contained therein do
not exceed the limits of ecosystem functioning.

The assessment of the likely significant envi-
ronmental effects of the implementation of the
spatial plan is methodologically described in
Chapter 1.5.2The ecosystem approach does
not itself constitute an assessment but does
encompass a large number of important as-
pects and instruments for sustainable spatial
planning. Of these, the SEA serves compre-
hensively to identify, describe and assess the
impacts on the marine environment.

Application of the key elements

The ecosystem approach is highly complex
due to its diversity and the comprehensive view
of the relationship between the marine environ-
ment and economic uses. The key elements
also interact with each other, underlining the in-
terconnectedness and holistic perspective. Fig-
ure 12 portrays the relationships between the
key elements. This approach becomes tangible
and applicable when viewed at the level of the
individual key elements, in particular those of
the HELCOM/VASAB Directive (2016).

The application in the spatial plan for the Ger-
man EEZ is based on the understanding that
this approach needs to be continuously devel-
oped. Existing gaps in knowledge and the need
for conceptual broadening result in the need to
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consider the ecosystem approach as a perma-
nent task of further development.
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Figure 12: Networking between the key elements
Best available knowledge and practice

"The allocation and development of human
uses shall be based on the latest state of
knowledge of the ecosystems as such and the
practice of safeguarding the components of the
marine ecosystem in the best possible way."
(HELCOM/VASAB, 2016).

The use of the current (sound) level of
knowledge is fundamentally indispensable for
planning processes and forms the basis of the
planning understanding for updating the spatial
plan. This key element thus also affects the
other elements mentioned, such as the precau-
tionary principle, the avoidance and reduction
of impacts and the understanding of interrela-
tionships.

As part of the updating process, the knowledge
base is supplemented by the sector-specific
expertise of the stakeholders through an early
and comprehensive participation process. The-
matic workshops and technical discussions
with various stakeholders were held even be-
fore the concept for the update was developed.

The Scientific Advisory Board (WiBeK) for the
continuation of maritime spatial planning in the
North Sea and Baltic Sea EEZ advises, from a
scientific perspective, on questions of content,
the procedure and the participation process.

Results from projects and findings on proce-
dures for plan preparation in neighbouring
countries within the framework of international
cooperation are taken into account for the pro-
cess of plan preparation. In addition to improv-
ing the level of knowledge, this contributes to
the key element of "subsidiarity and coher-
ence".

In-house research and development, such as
databases and other tools, are developed, val-
idated and applied at the BSH for a wide range
of uses: e.g. MARLIN and MarineEARS. These
can support the planning process and the sub-
sequent plan monitoring with well-founded in-
formation and make an important contribution
to the continuous improvement of the level of
knowledge.

The following stipulations of the spatial plan
promote the use of the current level of
knowledge in economic uses as a basic guide-
line:

¢ General requirements for economic
uses: Principle of Best Environmental
Practice (8.1)

e Shipping: Principle of Protection of the
Marine Environment (3)

o Offshore wind energy: Protection of
the Marine Environment (6.1)

e Marine research: Principle of Protec-
tion of the Marine Environment (5).

The SEA is based on very detailed and com-
prehensive data on all relevant biological and
physical aspects and conditions of the marine
environment—in particular from EIA studies
and monitoring of offshore wind farm projects
according to StUK—scientific research activi-
ties, and from national and international moni-
toring programmes.

Precautions
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"A far-sighted, anticipatory and preventive
planning shall promote sustainable use in ma-
rine areas and shall exclude risks and hazards
of human activities on the marine ecosystem.
Those activities that according to current scien-
tific knowledge may lead to significant or irre-
versible impacts on the marine ecosystem and
whose impacts may not be in total or in parts
sufficiently predictable at present require a spe-
cific careful survey and weighting of the risks."
(HELCOM/VASAB, 2016).

The precautionary principle has a high priority
in spatial planning, particularly because of the
complexity of marine ecosystems, far-reaching
chains of effects and existing gaps in
knowledge. This is already emphasised in the
ROP's mission statement.

The provisions of the spatial plan make it clear
that the precautionary principle is taken into ac-
count as a fundamental requirement in the
case of economic uses (Principle 5 Nature con-
servation/marine landscape/open space) and
in the case of subsequent uses:

e Maritime transport: Objective Priority
areas Maritime transport (1)

e General requirements for economic
uses: Objective Decommissioning (3)
Principle of Site Conservation (2) and
Best Environmental Practice (8.1)

e Lines Marine environment Principle (8)

o Fisheries and Marine Aquaculture:
Sustainable Management Principle (2)

¢ Nature Conservation: Principle Preser-
vation of the EEZ as a Natural Area

(5).

The SEA examines the significance of the ef-
fects of the ROP's provisions on uses on the
protected resources (Chapter 3).

Alternative development

"Reasonable alternatives should be developed
to find solutions to avoid or mitigate adverse ef-
fects on the environment and other areas, as
well as on ecosystem goods and services."
(HELCOM/VASAB, 2016).

The consideration of alternatives was given a
high priority in the process of updating the spa-
tial plans and was integrated into the contribu-
tion at an early stage.

In the conception for the further development of
the spatial plans (BSH, 2020) three planning
options were developed as overall spatial plan-
ning alternatives, which represent the utilisa-
tion requirements of the different sectors from
different perspectives:

e Planning option A: Perspective on tra-
ditional uses

e Planning option B: Climate protection
perspective

¢ Planning option C: Marine nature con-
servation perspective

The alternatives presented as planning options
are integrated approaches which take into ac-
count spatial and content-related dependen-
cies and interactions over a large area.

The early and comprehensive consideration of
several planning options represents an essen-
tial planning and review step in the updating of
the spatial plans.

A preliminary assessment of selected environ-
mental aspects was carried out before this en-
vironmental report was prepared. The prelimi-
nary assessment of selected environmental as-
pects in the sense of an early examination of
variants and alternatives should support the
comparison of the three planning options from
an environmental point of view.

The design and preliminary assessment of se-
lected environmental aspects were consulted,
so that the knowledge and assessments of the
stakeholders involved were contributed to the
planning process.
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An alternative assessment is carried out in the
SEA (cf. Chapter 8), where the focus is on the
conceptual/strategic design of the plan, and in
particular on spatial alternatives.

Identification of ecosystem services

"In order to ensure a socio-economic evalua-
tion of effects and potentials, the ecosystem
services provided need to be identified."
(HELCOM/VASAB, 2016).

The identification of ecosystem services is an
important step for the further development of
the spatial plan and the ecosystem approach in
maritime spatial planning. Ecosystem services
can contribute to a broader understanding and
illustrate the multiple functions that ecosystems
can provide. Particularly noteworthy are their
function as natural carbon sinks and other con-
tributions to climate protection and adaptation.
This need should be taken into account in fu-
ture updates of the spatial plan and the devel-
opment of the necessary tools should be con-
tinued.

With the specialist application MARLIN (Marine
Life Investigator), BSH is currently developing
a large-scale, high-resolution information net-
work on marine ecological data from environ-
mental investigations within the framework of
environmental impact studies, preliminary site
investigations and monitoring of offshore wind
farm projects. Various data analyses at differ-
ent spatial and temporal levels are possible in
order to support the tasks of the BSH in line
with requirements. MARLIN also combines the
integrated marine ecological data with various
environmental data to support the understand-
ing of the effects and interrelationships of ma-
rine ecosystem services.

In the future, MARLIN will serve as a validated
basis for ecosystem modelling to better assess
the impact of cumulative effects. For example,
in future it will be possible to consider all off-
shore wind farm processes and to carry out
large-scale studies. Building on this, it may
then be possible to identify ecosystem ser-
vices. MARLIN's holistic approach enables
new approaches to the analysis and modelling

of ecological patterns and processes and cre-
ates a platform for the development and appli-
cation of advanced tools for marine manage-
ment and regulation.

Prevention and mitigation

“The measures are envisaged to prevent, re-
duce and as fully as possible offset any signifi-
cant adverse effects on the environment of im-
plementing the plan.” (HELCOM/VASAB,
2016).

The ROP's mission statement defines the con-
tribution to the protection and improvement of
the state of the marine environment, also by
specifying how to avoid or reduce disturbances
and pollution from uses.

The provisions of the spatial plan illustrate this
consideration with measures to avoid and miti-
gate adverse effects of individual uses:

e Shipping: Principle of Protection of the
Marine Environment (3)

e General requirements for economic
uses: Principle of Best Environmental
Practice (8.1)

e Offshore wind energy: Protection of
the Marine Environment (6.1)

¢ Management: Principles Avoidance of
Crossings (5) and Marine Environment
(8)

o Raw material extraction: Principle of
the Loon (3)

o Nature conservation: Principles Re-
served Area for Loons (2) and Re-
served Area for Harbour Porpoise (3)

In the SEA, measures to avoid, reduce and off-
set significant adverse effects of the implemen-
tation of the spatial plan are presented in detail
in Chapter 7.

Relational understanding

"It is necessary to consider various effects on
the ecosystem caused by human activities and
interactions between human activities and the
ecosystem, as well as among various human
activities. This includes direct/indirect, cumula-
tive, short/long-term, permanent/temporary
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and positive/negative effects, as well as inter-
relations including sealand interaction."
(HELCOM/VASAB, 2016).

The understanding of interrelations and inter-
dependencies is of great importance for the
tasks of spatial planning and the planning pro-
cess. In this sense, the mission statement of
the ROP-E emphasises the holistic approach
and includes the consideration of land-sea re-
lations.

In the Strategic Environmental Assessment,
this is taken up and examined in Chapters
4 .9lInteractions and 0Cumulative considera-
tion.

For technical support, the BSH is currently de-
veloping the specialist application MARLIN
(Marine Life Investigator) as a large-scale,
high-resolution information network for marine
ecological data from environmental investiga-
tions within the framework of environmental im-
pact studies, preliminary site investigations and
monitoring of offshore wind farm projects. Var-
ious data analyses at different spatial and tem-
poral levels are possible in order to support the
tasks of the BSH as required. MARLIN also
combines integrated marine ecological data
with various environmental data. MARLIN's ho-
listic approach enables new directions for the
analysis and modelling of ecological patterns
and processes and creates a platform for the
development and application of advanced tools
for marine management and regulation. This
will support the understanding of impacts and
interrelationships.

Further experience, e.g. on cumulative consid-
eration, has been gained in European cooper-
ation projects (Pan Baltic Scope, SEANSE)
and will be incorporated into the further con-
ceptual development, as will findings from the
participation process.

An overview of the project results can be found
on the respective pages:

¢ http://www.panbalticscope.eu/re-
sults/reports/
e https://northseaportal.eu/downloads/

Participation and communication

“All relevant authorities and stakeholders as
well as a wider public shall be involved in the
planning process at an early stage. The results
shall be communicated.” (HELCOM/VASAB,
2016).

This key element is an example of the network-
ing and relationships between the key ele-
ments. The knowledge gained can contribute to
all other key elements.

As part of the updating process, participation
and communication have been carried out in-
tensively right from the start. Early and compre-
hensive participation therefore contributes sig-
nificantly to broadening the knowledge base
through the sector-specific expertise of stake-
holders and evaluations received.

The basis for this was the development of a
participation and communication concept. In
the course of the update, topic-specific work-
shops and technical discussions were held with
representatives at sectoral level. On 18 and 19
March 2020, the concept and draft of the study
framework were consulted in the participation
meeting (scoping).

Interim results and information on stakeholder
meetings are communicated on the BSH's blog
"Offshore aktuell" (wp.bsh.de).

Additional support for the process is provided
by the Wissenschaftlicher Begleitkreis (Wi-
BeK). Since 2018, for the continuation of mari-
time spatial planning in the Exclusive Economic
Zone in the North and Baltic Seas, the WiBeK
has been advising from a scientific perspective
on questions of content, the course of the pro-
cedure and the participation process, among
other things.

Subsidiarity and coherence

“Maritime spatial planning with an ecosystem-
based approach as an overarching principle
shall be carried out at the most appropriate
level and shall seek coherence between the dif-
ferent levels.” (HELCOM/VASAB, 2016).
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Spatial planning aims to produce coherent
plans in the North and Baltic Seas through co-
ordination with coastal countries and partners
from neighbouring countries. Many years of bi-
lateral exchange, participation in the HELCOM
and VASAB working group on maritime spatial
planning and cooperation in international pro-
jects on maritime spatial planning contribute to
this.

Project results and findings on procedures for
plan preparation in neighbouring countries
within the framework of international coopera-
tion are taken into account for the process of
plan preparation. The international consultation
procedures represent a further contribution.

The ROP-E's mission statement sets out this
cooperation as a contribution to coherent inter-
national maritime spatial planning and coordi-
nated planning with coastal countries.

At the level of definitions, Principles 3 and 4 for
pipelines emphasise this sectoral coordination
requirement for the planning of cross-border
linear structures.

In the context of SEA, the cross-border impacts
on the neighbouring areas of the neighbouring
states are considered (Section 4.11).

Adaptation

“The sustainable use of the ecosystem should
apply an iterative process including monitoring,
reviewing and evaluation of both the process
and the outcome.” (HELCOM/VASAB, 2016).

Monitoring and evaluation within the framework
of spatial planning for the German EEZ take
place at various levels.

The first step will be to evaluate the plan and its
implementation. A monitoring and evaluation
concept will be developed for this purpose.

In addition, in Chapter 10 the SEA lists the
planned measures for monitoring the effects of
the implementation of the spatial plan on the
environment.

The effects of economic uses on the marine en-
vironment are to be investigated and evaluated
at project level by means of effect monitoring.
This is laid down in Principle 8.2 of the General
Requirements for Economic Uses in the ROP.

Summary

In summary, and beyond this, the key elements
and their implementation in the planning pro-
cess, the ROP, and the SEA all show how the
ecosystem approach as an overall concept
supports the holistic perspective of spatial plan-
ning and thus contributes to the protection and
improvement of the state of the marine environ-
ment.

1.8 Taking climate change into ac-
count

Anthropogenic climate change is one of the
greatest challenges facing society and is of
particular importance for changes in the
oceans and their use. Figure 13 shows the links
between climate change, the marine ecosys-
tem, uses and maritime spatial planning, and
also how they are a tool for achieving sustain-
able development goals.

In changing seas, the consideration and inte-
gration of climate impacts in MSP is of great
importance in order to do justice to the precau-
tionary and forward-looking nature of MSP and
to develop long-term sustainable plans.
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Figure 13: Representation of the interrelationships between climate change, marine ecosystems and mar-
itime spatial planning, according to (Frazao Santos, 2020)

Climate change will alter the physical, chemical
and biological conditions in the North and Baltic
Seas. This will inevitably have an impact on
marine ecosystems, their structure and
functions, which may also change ecosystem
services. The changes may also have a direct

impact on the uses to which they are put, e.g.
shipping, renewable energy or extraction of raw
materials (Frazdo Santos, 2020).

The following table shows projections for some
relevant parameters.

Table 5: Climate projections for selected parameters ' (UBA, in Vorbereitung), 2 (IPCC, 2019), 3 (Pity N, in

preparation)

North Sea

Baltic Sea

Increase in mean sea surface | 1 - 1.5 °C

temperature for 2031-2060 (in
the 50th percentile of the RCP8.5

scenario compared to 1971-2000)1

1.5-2°C

Increase in mean sea surface | 2.5 -3 °C

temperature for 2071-2100 (in
the 50th percentile of the RCP8.5

scenario compared to 1971-2000)1

25-35°C

Global sea level rise 2100 | 61 - 110cm

(RCP8.5 scenario vs. 1986-2005)?

61 -110cm

Increase in extreme wind | 0-0.5m/s

speeds (RCP8.5 scenario compared
to 1971-2000)°

No majority
increases

significant

As a contribution to climate protection, the offshore
wind energy provisions should be mentioned at the
outset. Assuming that the current CO: factor of

electricity from offshore wind energy is continued
(UBA, 2019), by 2040, this results in an average
annual CO:2 avoidance potential of 62.9 Mt CO:
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equivalents per year for the period between 2020
and 2040. By way of comparison, the annual emis-
sions from power plants in the energy industry in

2016 were 294.5 Mt CO:2 equivalents per year
(BMU, 2019).

Table 6 shows the abatement potential for the years
2020 and 2040 and the annual average for the
entire period.

Table 6: Calculation of the CO2 avoidance potential of the offshore wind energy provisions

Installed |Full load|Annual electric-|CO- avoidance | CO,
capacity | hours ity production factor avoidance
GW h/a GWh/a g CO2eq/kWh | Mt CO2eq/a
2020 7.2 3800 27360 701 19.2
2040 40 3800 152000 701 106.6
Average  CO;
avoidance per
year 62.9

Furthermore, keeping the priority areas of nature
conservation free and the potential of
ecosystems as natural carbon sinks contributes
to climate protection. The designation of priority
and reserved areas of nature conservation can
also serve to strengthen the resilience of ecosys-
tems and thus support the precautionary princi-
ple.

The mission statement shows that the use of cli-
mate-friendly technologies in the ocean supports
energy security and the achievement of national
and international climate targets.

The development of risk and vulnerability
analyses to climate change and adaptation
measures in the relevant sectors should be
communicated to spatial planning. The holistic
perspective of spatial planning can help to

coordinate the compatibility of measures with
other uses and marine nature conservation and
to avoid conflicts. To promote this, a dialogue
could be initiated to ensure that a joint discussion
takes place in a spatial planning forum with
stakeholders from the sectors.

For climate change to be fully integrated into
MSP, institutional strengthening, including
international cooperation in the North and Baltic
Seas, is necessary. Projects in particular offer
the opportunity to develop coherent approaches
with neighbouring countries or to use joint data
pools, for example.

One focus should be on the conceptual
development of marine ecosystem services and,
above all, the potential of natural carbon sinks.
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2 Description and assess-
ment of the state of the en-
vironment

According to section 8 ROG in connection with
Annexes 1 and 2 to section 8 ROG, the environ-
mental report contains a description of the char-
acteristics of the environment and the current
state of the environment in the SEA area under
review. The description of the current state of the
environment is necessary to be able to forecast
its change when the plan is implemented. The
object of the inventory are the protected assets
listed in 8 section 1 ROG and the interrelation-
ship between them. The presentation is prob-
lem-oriented. The focus is thus on possible leg-
acy impacts, environmental elements requiring
special protection and on the protected assets
that will be most affected by the implementation
of the plan. In spatial terms, the description of the
environment is based on the respective environ-
mental impacts of the plan. Depending on the
type of impact and the protected asset con-
cerned, these impacts vary in extent and may ex-
tend beyond the boundaries of the plan.

2.1 Soil/surface

The protected assets soil and surface are con-
sidered together. Where it is sensible or neces-
sary, the factor area is dealt with in more detail.

2.1.1 Data availability

An important basis for describing the surface
sediments of the North Sea EEZ is the map of
sediment distribution in the German North Sea,
at the scale of 1:250,000 (LAURER et. al, 2014;
Project GPDN - Geopotential German North
Sea, Figure 14). This map was initially only avail-
able for the German Bight and was updated and
extended to the entire German EEZ of the North
Sea with the GPDN project and the map by Lau-
rer et al. 2014. Like the previous version, the
mapping is based on point distributed grain size
distributions from surface bottom samples,
which were classified according to the sediment
classification system of Figge (1981) and inter-
polated into the area. Within the framework of
the sediment mapping EEZ project, area-wide

sediment mapping using hydroacoustic methods
has been carried out for several years now
(BSH, 2016). In addition to the larger scale of
1:10,000, the applied methodology offers the ad-
vantage that spatial interpolation of point sam-
ples is no longer necessary. The resulting de-
tailed maps enormously improve the knowledge
of small-scale structure and sediment changes
at the seabed surface (Figure 15a/b). In particu-
lar, existing knowledge gaps regarding the distri-
bution of coarse-sand-fine gravel areas and re-
sidual sediments in the form of gravel, stones
and blocks (Figure 15) can be closed. Therefore
they are a valuable data source for detailed bio-
tope mapping. The maps are currently not yet
available for the entire North Sea EEZ, and the
protected areas are largely covered (see Figure
14) and www.geoseaportal.de).

The descriptions of the structure of the near-sur-
face subsoil are essentially based on drillings,
pressure soundings and reports of the subsoil in-
vestigations, from projects such as "Shelf Geo-
Explorer Baugrund" (SGE-Baugrund) and the
GPDN project, the literature as well as own in-
vestigations and evaluations of the BSH.

The data and information used to describe the
distribution of pollutants in the sediment, sus-
pended solids and turbidity as well as nutrient
and pollutant distribution are collected during the
annual monitoring cruises of the BSH.
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2.1.2 Geomorphology and sedimentology

The area under review - the German EEZ of the
North Sea - extends from the seaward boundary
of the coastal waters of Lower Saxony and
Schleswig-Holstein to the so-called "Duck’s Bill",
the elongated extension in the extreme north-
west of the German EEZ, which reaches into the
central North Sea. The bathymetry of this area is
shown in Figure 16.

The formerElbe Glacial ValleyElbe Glacial Valley
divides the EEZ of the North Sea into a western
and an eastern section, which results in a re-
gional geological division into 4 regions (Figure
16):

e Borkum and Norderney Reef Grounds
(1),
¢ North of Helgoland (2),

e Elbe Glacial Valley and western plains
3),
o Dogger and Northern Shell Bank (4).

Figure 16: Bathymetry in the EEZ and regional
geological classification

Borkum and Norderney Reef Grounds

This sub-area covers the area of the Borkum and
Norderney Reef Grounds between the two traffic
separation areas "German Bight Western Ap-
proach" and "Terschelling German Bight" and
borders in the east on the 12-nautical mile limit
off Helgoland.

The seabed drops evenly from 18 m in the south-
west to 42 m in the north and 36 m in the east.
Along the 12nautical mile limit with the coastal
waters of Lower Saxony, the extensions of the
tongue reefs (shoreface connected sand ridges)
as defined by REINECK (1984) extend into the
EEZ. They run in a northwest-southeast direc-
tion and are subject to pronounced sediment dy-
namics. Their core remains largely stable, while
their surface layer is subject to horizontal
changes of between 100 and 200 m per year
(ANTIA, 1996). On a small scale, ripple fields of
varying intensity are observed on the sandy ar-
eas, which indicate recent sediment transport or
sand relocation.

The sediment distribution on the seabed in the
area of the Borkum and Norderney Reef
Grounds is predominantly heterogeneous.
Mainly medium to coarse sandy sediments are
found here, with gravel as a secondary source.
Stones can occur in the entire area of the reef
grounds. New findings from the comprehensive
sediment mapping show a wide range of stones,
blocks and boulders in the Borkum Reef Ground.
Towards the northeast and east, and with in-
creasing water depth, the sediments turn into
medium to fine sands, whose share of silt and
clay reaches up to 10% in places, and can rise
to 20% in the area of the formerElbe Glacial
ValleyElbe Glacial Valley (Laurer et al, 2014).

Holocene and Pleistocene sediment layers can
be identified in the shallow subsurface. Under a
0.5 to 2.5 m thick cover of North Sea sands
(Nieuw Zeelandgronden Formation), periglacial
fine sands of the late Weichselian period are
found, which contain clay layers and stones in
places (Twente Formation) and can reach thick-
nesses of up to 16 m. In the area of the reef
grounds, both formations wedge out; there,
worked up ground moraine deposits from the
Saale Cold Period are located under a coarse
sandy to gravelly residual sediment cover on the
seabed. The sandy-clayey boulder clay, which
can locally carry boulders or stones, is deposited
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on Eemian sea sands, which consist of a sandy
sedimentary sequence from the late Elster and
early Holstein periods and can reach several me-
tres in thickness. In the respective horizons, for-
mer gullies or depressions are encountered,
whose fill material can have a heterogeneous
sediment composition ranging from silt and clay
to gravel. Peat can also be expected in layers.
The channels meander in the subsoil, but ac-
cording to previous findings they are spatially
limited.

North of Helgoland

This sub-area extends from the 12-nautical mile
limit off North Frisia seawards to the eastern
bank of the formerElbe Glacial ValleyElbe Gla-
cial Valley and ends in the north at the EEZ bor-
der with Denmark.

Water depths range from 9 m on the western
edge of the Amrumbank to 50 m in the northwest
of the sub-area. Morphologically, the western
part in particular is characterised by a relief that
is very unsettled for conditions in the German
Bight. Particularly noteworthy are the prominent
submarine Geestkante along theElbe Glacial
Valley, the western edge of the Amrumbank and
the ridges in the northern area extending from
the Danish base into the German EEZ. Charac-
teristic inventory of forms are large or megaripple
fields, coarse sand strips and erosion furrows,
the formation of which is closely related to sedi-
ment availability, grain size composition and hy-
drodynamic forces (DIESING et al., 2006). In ad-
dition, biogenic structures such as mussel fields
are observed in sonograms (side scan sonar re-
cordings) (WERNER, 2004).

The sub-area is characterised by a pronounced
heterogeneous sediment distribution on the sea-
bed. In addition to fine and middle sands, coarse
sands and gravel are also common. The propor-
tion of fine grains rarely exceeds 5% (Laurer et
al, 2014). Pleistocene altitudes were worked up
and partially levelled during sea-level rise. They
show the characteristic covering with residual or
relic sediments (coarse sand, gravel, boulders
and erratic blocks). Between these residual sed-
iment deposits, fine to middle sand areas occur,

which are usually 0.5 to 2 m thick, but may be
missing in places. In exceptional cases, the boul-
der clay within these residual sediment fields is
located directly on the seabed. In contrast to the
Borkum and Norderney Reef Grounds, a higher
density of rocks on the seabed can be observed
in this sea area, which are concentrated in north-
west-southeast facing structures (SCHWARZER
and DIESING, 2003).

The current results of area-wide sediment map-
ping show extensive areas with stony residual
sediments and blocks on the seabed surface,
particularly to the east of the formerElbe Glacial
ValleyElbe Glacial Valley (cf. Figure 15a-c).

The structure of the upper seabed is largely de-
termined by the Saalian glacier advance (Warthe
stage). The subsoil is traversed to varying de-
grees by filled meltwater channels and depres-
sions. According to the data available to date, it
can be assumed that the main drainage of this
glacial channel system is directed NW to W.
These structures contain clastic sediments such
as sands, clays, silt and gravels as well as or-
ganogenic sediments such as peat.

Elbe Glacial Valley and western plains

This sub-area extends northwest of Helgoland to
the German-Danish or German-Dutch EEZ bor-
der, but excludes the area of the so-called
Duck's Bill. To the east is the eastern bank of the
formerElbe Glacial Valley, which is a striking

Geestkante on the seabed, the border to the
sub-area "North of Helgoland". This area north of
the traffic separation areas has water depths be-
tween about 30 m and 50 m and slopes slightly
from southeast to west and north. In the centre
of the sub-area is the White Bank, which rises
about 3 m from the surrounding seabed. The
seabed in this sub-area has a very balanced re-
lief and is largely flat. Occasionally, side-scan
sonar images reveal depression-like formations,
in which the content of finer-grained material
usually increases. Occasionally ripple fields oc-
cur, probably caused by ground currents. The
sea bed surface consists of fine sands with sig-
nificant contents of silt and clay. In the area of
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theElbe Glacial Valley, the recent surface sedi-
ments show an increase in clay and silt contents
of up to 50%, which correlates with the water
depth. The fine sands show a good to very good
grading. Occasionally, small-scale gravel depos-
its can occur locally. In the plains to the west of
the formerElbe Glacial Valley, stone deposits are
also to be expected to a small extent.

The defining element in the subsoil is theElbe
Glacial Valley located in the eastern part of the
area, which runs along the submarine edge of
the Geestkante to the northwest and north. This
formerly approx. 30 km wide valley has been
filled up in the course of the Holocene sea trans-
gression, first with an alternating layer of fine
sandy and silty-clayey sediments, later mainly
with sandy sediments. The thickness of the sed-
iment filling reaches about 20 m. Whereas in the
area of the western bordering plains, thick-
nesses of 1 m are only exceeded in exceptional
cases. Below this, mostly dense fine to middle
sands with coarse sand intercalations follow.
They can contain gravel and shell layers , occa-
sionally also clays, silt or peat.

Dogger and northern Shell Bank

This area includes the area known as the
"Duck's Bill", the elongated extension in the ex-
treme northwest of the EEZ, which lies in the
central North Sea and extends to the EEZ bor-
ders of Denmark, Great Britain and the Nether-
lands.

The seabed morphology is determined by the
Dogger Bank, whose northeastern foothills, the
Tail's End, crosses the area as a submarine
ridge. The shallowest water depths of 29 m are
found on Dogger Bank, while the deepest depths
of 69 m are measured on its northwestern flank.
Pronounced bottom shapes such as sand waves
or large or megaripple fields, as found on the
British side, have not been observed in this sub-
area. The seabed is generally relatively poor in
structure.

Sedimentologically, the seabed surface mainly
consists of a very well sorted fine sand cover,
occasionally interrupted by patchy deposits of
silt and clay or coarse sand sediments.

The Dogger Bank contains a Pleistocene core of
Weichselian sediments (Dogger Bank For-
mation), which is located under Holocene North
Sea sands up to 15 m thick. The Dogger Bank
Formation consists of stiff to very stiff, silty clay,
which locally carries gravel and stones and can
reach a thickness of several tens of metres. The
sediments of the Dogger Bank Formation proba-
bly extend to the southeastern border of the
Duck's Bill. Late Weichselian gullies occur in its
area, which are filled with soft, silty clays. In the
northwestern slope area of Dogger Bank the Hol-
ocene sand cover thins out or is completely
missing in places. Between the Dogger Bank
and the northern Shell Bank, the 2 to 16 m thick
periglacial fine sands occur, which may locally
contain clay layers and stones. These are de-
posited on the marine fine sands from the
Eemian warm period, which can be traced
through the entire sub-area with thicknesses be-
tween 2 and 16 m.

2.1.3 Distribution of pollutants in the
sediment

Metals

The seabed is the most important sink for trace
metals in the marine ecosystem. However, it can
also act as a regional source of pollution by re-
suspension of historically deposited, more highly
contaminated material. The absolute metal con-
tent in the sediment is strongly dominated by the
regional grain size distribution. Higher contents
are observed in regions with high silt content
than in sandy regions. The reason is the higher
affinity of the fine sediment content for the ad-
sorption of metals. Metals accumulate mainly in
the fine grain fraction.

Especially the elements copper, cadmium and
nickel are found in most regions of the German
EEZ at low levels or in the range of background
concentrations. All heavy metals show elevated
levels near the coast, and less pronounced lev-
els along the East Frisian islands than along the
North Frisian coast. These very distinct gradi-
ents, with increased contents near the coast and
very low contents in the central North Sea, indi-
cate a dominant role of freshwater inflows as a
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source of metal pollution. Added to this are pos-
sible discharges of metals from maritime ship-
ping and the offshore industry (e.g. from corro-
sion protection measures), the additional contri-
bution of which cannot be estimated at present.
In detail, lead in the central North Sea in particu-
lar also shows significantly increased contents in
the fine grain fraction. These are even higher
than the values measured at stations near the
coast. In contrast, the spatial distribution of the
nickel contents in the fine grain fraction of the
surface sediment is only characterised by very
weakly pronounced gradients. The spatial struc-
ture does not allow any conclusions to be drawn
about the main areas of stress. Although the val-
ues for Pb and Hg in the last MSRL Report (Sta-
tus of German North Sea Waters 2018) are still
above the threshold values, heavy metal pollu-
tion in the surface sediment of the EEZ has gen-
erally tended to decline (Cd, Cu, Hg) or show no
clear trend (Ni, Pb, Zn) over the past 30 years.

Organic substances

Most of the organic pollutants are of anthropo-
genic origin. Some 2,000 mainly industrially pro-
duced substances are currently considered en-
vironmentally relevant (pollutants) because they
are hazardous (toxic) or persistent in the envi-
ronment (persistent) and/or may accumulate in
the food chain (bioaccumulative). Since their
properties can vary greatly, their distribution in
the marine environment depends on a wide
range of factors. In addition to input sources, in-
put quantities and input pathways (directly via
rivers, offshore industry or diffuse via the atmos-
phere), the physical and chemical properties of
the pollutants and the dynamic-thermodynamic
state of the ocean are relevant for dispersion,
mixing and distribution processes. For these rea-
sons, the various organic pollutants in the sea
show an uneven and varying distribution and oc-
cur in very different concentrations.

During its monitoring cruises, the BSH deter-
mines up to 120 different pollutants in the sea-
water, suspended solids and sediments. For
most pollutants in the German Bight, the Elbe is
the main input source. For this reason, the high-
est pollutant concentrations are generally found

in the Elbe plume off the North Frisian coast,
which generally decreases from the coast to the
open sea. The gradients are particularly strong
for non-polar substances, as these substances
are predominantly adsorbed on suspended mat-
ter and are removed from the water phase by
sedimentation. Outside the coastal regions rich
in suspended matter, the concentrations of non-
polar pollutants are therefore usually very low.
However, many of these substances are also in-
troduced into the sea by atmospheric deposition
or have direct sources in the sea (such as PAHs
(polycyclic aromatic hydrocarbons), which can
be introduced by the oil and gas industry and
shipping. Therefore, land-based sources must
also be taken into account in the distribution of
these substances.

According to the current state of knowledge, the
observed concentrations of most pollutants in
the sediment of the German EEZ do not pose an
immediate threat to the marine ecosystem.
PAHSs in the German EEZ in the North Sea are
below the OSPAR threshold values. Only PCB-
118 does currently not meet the criteria (status
of German North Sea waters in 2018).

Radioactive substances (radionuclides)

For decades, the radioactive contamination of
the North Sea was determined by discharges
from nuclear fuel reprocessing plants. As these
discharges are very low today, the radioactive
contamination of the North Sea does not pose
any danger to people or nature according to cur-
rent knowledge.

Inherited waste

Possible inherited waste in the North Sea in-
cludes munitions remnants. In 2011, a federal
and federal states working group published a
basic report on the ammunition contamination of
German marine waters, which is updated annu-
ally. According to official estimates, the seabed
of the North and Baltic Seas holds 1.6 million
tonnes of old ammunition and various types of
explosive ordnance. A significant proportion of
these ammunition dumps originate from the Sec-
ond World War. Even after the end of the war,
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large quantities of ammunition were sunk in the
North and Baltic Seas to disarm Germany. Ac-
cording to current knowledge, the explosive ord-
nance load in the German North Sea, especially
in the coastal waters, is estimated at up to 1.3
million tonnes. The overall data availability is in-
sufficient, so that it can be assumed that explo-
sive ordnance is also to be expected in the area
of the German EEZ (e.g. remnants of mine clo-
sures and combat operations). For the only
known ammunition dumping area in the North
Sea EEZ (approx. 15 nautical miles west of Sylt)
there is little and unclear information on the type
and quantity of conventional ammunition
dumped.

The ammunition remnants can in principle be
silted up or exposed on the seabed if the sedi-
ment properties are appropriate. In addition,
storms or strong currents can cause ammunition
bodies in the sediment to be exposed. Thus, am-
munition bodies can constitute artificial hard sub-
strates.

Current research results indicate that the corro-
sion state of ammunition stored at sea may be
advanced. Whether and to what extent this may
cause adverse effects on the marine environ-
ment through the release of the toxic compo-
nents (e.g. explosives such as TNT) is the sub-
ject of current research and part of the work to
implement the resolutions of the 93rd Confer-
ence of Environment Ministers, TOP 27.

The location of the known ammunition dump
sites can be found on the official nautical charts
and in the 2011 report (which also includes sus-
pected areas for ammunition contaminated ar-
eas). The reports of the federal federal states
working working wroup are available at www.mu-
nition-im-meer.de. Information on ammunition
finds, including the EEZ, is also provided by the
OSPAR Commission at https://odims.ospar.org/.

2.1.4 Status assessment of the protected
asset soil

2.1.4.1 Rarity and endangerment

The aspect "rarity and endangerment"” takes into
account the portion of the sediments on the sea-
bed and the distribution of the morphological
form inventory throughout the North Sea. The
sediment types and bottom shapes in the plan
area are found throughout the North Sea. Thus,
the aspect "rarity and vulnerability" is rated as
"low".

2.1.4.2 Diversity and uniqueness

The aspect "diversity and uniqueness" considers
the heterogeneity of the described surface sedi-
ments and the characteristics of the morpholog-
ical forminventory.

The sediment composition of the surface sedi-
ments in the plan area is quite heterogeneous.
Besides the widely spread fine sands, medium
and coarse sands are also frequently found. Re-
sidual sediments, gravel and stones occur as
well. In the area of the Borkum and Norderney
Reef Grounds and north of Helgoland, special
morphological forms such as tongue reefs and
large and megaripple fields occur. A pronounced
geest edge forms the border to theElbe Glacial
Valley.

The aspect "diversity and uniqueness" is rated
"medium".

21.4.3 Legacy impacts

Natural factors

Climate change and sea level rise: The North
Sea region has experienced dramatic climate
change over the last 11,800 years, which has
been associated with a profound change in the
land/sea distribution due to the global sea level
rise of 130 m. For about 2,000 years the sea
level of the North Sea has reached its present
level. Off the German North Sea coast, the sea
level rose by 10 to 20 cm in the 20th century.
Storms cause changes to the seabed. All sedi-
mentary-dynamic processes can be traced back
to meteorological and climatic processes, which
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are largely controlled by the weather patterns in
the North Atlantic.

Tectonic and isostatic movements, earthquakes:
the tectonic and isostatic processes are secular
processes, i.e. they cover periods of several mil-
lennia. They are caused by the plate tectonic
movements of the earth's crust and therefore oc-
cur over large areas. The analysis of earthquake
frequency and intensity for the North Sea makes
it clear that the German EEZ is not an earth-
quake-prone area. However, there are indica-
tions that about 8,000 years ago a seaquake trig-
gered the submarine Storegga landslide in the
Norwegian Sea, which subsequently caused a
tsunami wave that spread across the entire
North Sea.

Anthropogenic factors

Eutrophication: due to anthropogenic inputs of
nitrogen and phosphorus via rivers, the atmos-
phere and diffuse sources, increased primary
production leads to increased sedimentation of
organic matter. This is largely degraded by mi-
crobial activity in the water column or on the sea-
bed surface, so that its share in the sediment
composition (grain size distribution) can be ne-
glected.

Fisheries: In the North Sea, bottom trawling uses
otter trawls and beam trawls. Otter trawls are
mainly used in the northern North Sea and are
pulled diagonally across the seabed. Their roller
gear avoids getting caught on stones, but some-
times turns them over in the process. Beam
trawls have been used mainly in the southern
North Sea since the 1930s. Since the 1960s,
there has been a sharp increase in beam trawl
fishing, which has declined slightly over the last
decade due to catch regulations and the decline
in fish stocks. The skids of the beam trawlers
leave tracks of 30 to 50 cm in width. In particular,
their skids or chain nets have a greater impact
on the bottom than otter trawls. In the sediment,
bottom trawls create specific furrows which can
be a few millimetres to 8 cm deep on boulder
clay and sandy soils and up to 30 cm deep in soft
silt (PASCHEN et al., 2000). In addition, the use of
bottom trawls has the effect of smoothing the

seabed by levelling ripple structures or small el-
evations. The distribution of the time taken by in-
ternational trawling activities in the North Sea
shows a regional variation in fishing effort with a
concentration in the southern part. In purely
arithmetical terms, in a heavily fished area,
100% of the area is swept by a beam trawl about
4 xper year, whereas in less fished areas only
2% of the area is affected. In reality, fishing takes
place on already "cleaned" routes, so that some
sub-areas are fished several times a year, while
others are fished only occasionally over a period
of several years (RUMOHR, 2003).

Sand and gravel extraction: In the North Sea
EEZ, the extraction of gravel and sand is carried
out with a suction trailer hopper dredging and
usually leads to the formation of dm-deep fur-
rows. With a maximum excavation depth of 2.5
m (including dredging tolerance), a residual
thickness of the sediment worthy of extraction
must be maintained in order to preserve the orig-
inal substrate for repopulation. In the case of re-
filling of the extraction structures, finer-grained
sediments usually provide the backfill material
(ZEILER et al., 2004). In the subfields currently
being mined in the EEZ, the extraction of the
gravel sand deposits is selective, i.e. only the
sandy or gravelly sediment fraction is extracted
and the corresponding residual fraction is re-
turned to the seabed. As a result of this selective
extraction, the sediments on the seabed are
coarsened or refined in the extraction fields on
the one hand, while on the other hand a furrowed
or trough-shaped relief is retained to a certain
extent because the recent hydrodynamic and
sediment dynamic processes in the EEZ cannot
lead to complete refilling with the original sedi-
ment due to the sediment supply. During sand
and gravel extraction, cloudiness plumes are
formed to varying degrees, which, depending on
the proportion of silt and clay, mainly re-sedi-
ment on the seabed within a radius of about 500
m around the extraction point.

Wind turbines: The erection of wind turbines and
the associated scour protection leads - in addi-
tion to temporary sediment uplift - to a long-term
small-scale sealing of the seabed.
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Submarine cables (telecommunications, power
transmission): As a result of the infiltration pro-
cess when cables are laid in the seabed, the wa-
ter column becomes turbid as a result of sedi-
ment turbulence, but this turbidity is distributed
over a larger area due to the influence of tidal
currents. The suspension content decreases to
the natural background values due to dilution ef-
fects and sedimentation of the stirred up sedi-
ment particles. As a rule, the sediment dynamic
processes lead to a complete levelling of the lay-
ing tracks, especially after periods of bad
weather. In the area of cable crossings, stone
fills are applied, which represent a locally limited
hard substrate that is foreign to the location.

Natural gas production: Natural gas has been
produced in the NW corner of the Duck's Bill
since 2000. To date there is no evidence of sub-
sidence phenomena in the vicinity of the "A6-A"
production facility, as described in the area of fa-
cilities on the Dutch or Norwegian continental
shelf of the North Sea (e.g. FLUIT and HULSCHER,
2002; MEs, 1990). For the former natural gas de-
posit "Ekofisk", a total subsidence of up to 6 m is
expected (SULAK and DANIELSEN, 1989). It can-
not be ruled out that after several years of pro-
duction in the vicinity of the A6-A platform, sub-
sidence of the seabed will occur, which will de-
pend on the geological conditions in the subsoil
and will essentially be limited to the area of the
deposit (approx. 15 km?).

Shipping: In the case of an anchor cast, the sea-
bed is locally stirred up to a maximum depth of 1
m, depending on the size of the anchor and the
type of sediment. Depending on water depth,
type and available amount of sediment, wrecks
can be silted up and uncovered. Depending on
their size, they influence the small-scale sedi-
ment dynamics by causing scouring in the vicin-
ity or sedimentation of sands in the current
shadow.

Anthropogenic factors affect the seabed in the
following ways:

e Erosion
e Mixing
o Off-bottom suspension (resuspension)

Material sorting

Sealing

Displacement and

¢ Compression (compaction).

In this way, the sediment structure, the natural
sediment dynamics (sedimentation/erosion) and
the material exchange between sediment and
soil water are influenced.

For the assessment of the aspect "legacy im-
pacts", the extent of the pre-existing anthropo-
genic pollution of the sediments and the morpho-
logical form inventory is decisive. With regard to
the criterion "legacy impacts", the protected as-
set soil/surface is assigned a medium pollution,
since the legacy impacts do not cause a loss of
ecological function.

2.2 Water

The North Sea is a relatively shallow shelf sea
with a wide opening to the North Atlantic Ocean
in the north. The oceanic climate of the North
Sea - characterised by salinity and temperature
- is largely determined by this northern opening
to the Atlantic. In the southwest, the Atlantic has
a smaller influence on the North Sea due to the
shallow English Channel and the narrow Dover
Strait.

2.21

The currents in the North Sea consist of a super-
position of the half-day tidal currents with the
wind- and density-driven currents. In general,
the North Sea is characterised by large-scale cy-
clonic, i.e. counterclockwise, circulation, with a
strong inflow of Atlantic water at the northwest-
ern edge and an outflow into the Atlantic Ocean
via the Norwegian Gully. The strength of the
North Sea circulation depends on the prevailing
air pressure distribution over the North Atlantic,
which is parameterised by the North Atlantic Os-
cillation Index (NAO), the standardised air pres-
sure difference between Iceland and the Azores.

Currents

Based on an analysis of all current measure-
ments carried out by the BSH and the German
Hydrographic Institute (DHI) between 1957 and
2001 (KLEIN 2002), the mean values of current
velocity (scalar mean including tidal current) and
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residual current velocities (vector mean) were
determined for various areas of the German
Bight near the surface (3 - 12 m water depth) and
near the bottom (0 - 5 m distance to the bottom)
(Table 7). All time series with a length of at least
10 days and a water depth of more than 10 m
were considered in this analysis. The aim of the

analysis was to estimate the conditions in the
open sea. The mean values are shown in Table
7. The tidal currents were determined by the con-
nection to the gauge Helgoland, i.e. the meas-
ured currents are related to the tidal range and
flood times observed there (KLEIN & MITTEL-
STAEDT 2001)..

Table 7: Mean current velocities, residual and tidal currents in the German Bight.

Surface proximity Ground level
(3-12 m) (0 - 5 m distance to the
ground)
Mean amount 25-56 cm/s 16 - 42 cm/s
VecFor mean 1-6cm/s 1-3cm/s
(residual current)
Tidal current 36 - 86 cm/s 26 - 73 cm/s

Figure 17 shows the current conditions in the
near-surface layer (3 - 12 m measuring depth)
for various areas in the German Bight. In the il-
lustration, the values in area GB3 correspond to
the (geological) sub-area "Borkum and Nor-
derney Reef Grounds", GB2 corresponds to the
sub-area "North of Helgoland" and GB1 corre-
sponds to the sub-area "Elbe Glacial Valley and
western plains”.
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Figure 17: Vector mean of the flow in the near-sur-
face layer (measuring depth 3 to 12 m). The measur-
ing positions are marked with a red dot (BSH 2002).
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2.2.2 Sea state

For the sea state, a distinction is made between
waves generated by the local wind, the so-called
wind sea, and swell. Swells are waves that have
left their area of origin and enter the sea area
under consideration. The swell entering the
southern North Sea is generated by storms in the
North Atlantic or the northern North Sea. The
swell has a longer period than the wind sea. The
height of the wind sea depends on the wind
speed and the time over which the wind acts on
the water surface (duration of action) and on the
length of the swell (fetch), i.e. the distance over
which the wind acts. For example, the strike
length in the German Bight is significantly
smaller for easterly and southerly winds than for
northerly and westerly winds. The significant or
characteristic wave height, i.e. the mean wave
height of the upper third of the wave height dis-
tribution, is given as a measure of the wind sea.

During the climatological year (1950-1986), the
highest wind speeds in the inner German Bight
occur in November with about 9 m/s and then
drop to 7 m/s by February. In March, the speed
reaches a local maximum of 8 m/s, after which it
drops rapidly and remains at a flat level of
around 6 m/s between May and August, before
rising just as rapidly from mid-August to the max-
imum in late autumn (BSH, 1994). This annual
trend, based on monthly averages, is transfera-
ble to the height of the sea state. For the inner
German Bight, the directional distribution of the
sea state of the unmanned lightship UFS Ger-
man Bight (formerly UFS German Bight) - anal-
ogous to the distribution of wind direction -
shows a distribution with a maximum in swell
from west southwest and a second maximum
from east southeast (LOEWE et al. 2003).

2.2.3 Temperature, salinity and seasonal
stratification

Water temperature and salinity in the German
EEZ are determined by large-scale atmospheric
and oceanographic circulation patterns, fresh-
water inputs from the Weser and Elbe rivers and
energy exchange with the atmosphere. The lat-

ter applies in particular to the sea surface tem-
perature (LOEWE et al. 2003). The seasonal min-
imum temperature in the German Bight usually
occurs at the end of February/beginning of
March, seasonal warming begins between the
end of March and the beginning of May, and the
temperature maximum is reached in August.
Based on spatial mean temperatures for the Ger-
man Bight, SCHMELZER et al. (2015) find extreme
values for the period 1968-2015 of 3.5 °C in Feb-
ruary and 17.8 °C in August. This corresponds to
an average amplitude of 14.3 K, with the annual
difference between maximum and minimum var-
ying between 10 and 20 K. With the onset of sea-
sonal warming and increased irradiation, thermal
stratification sets in between the end of March
and the beginning of May in the northwestern
German Bight at water depths of over 25-30 m.
With pronounced stratification, vertical gradients
of up to 3 K/m are measured in the temperature
jump layer (thermocline) between the warm top
layer and the colder bottom layer; the tempera-
ture difference between the layers can be up to
10 K (LOEWE et al. 2013). Flatter areas are gen-
erally mixed, even in summer, due to turbulent
tidal currents and wind-induced turbulence. With
the beginning of the first autumn storms, the Ger-
man Bight is again thermally vertically mixed.

The time series of the annual mean spatial tem-
peratures of the entire North Sea based on the
temperature maps published weekly by the BSH
since 1968 show that the course of the sea sur-
face temperature (SST) is not characterised by a
linear trend, but by regime changes between
warmer and colder phases (see also Fig. 3-28 in
BSH 2005). The extreme warm regime of the first
decade of the new millennium, in which the an-
nual mean of the North Sea SST fluctuated
around a mean level of 10.8 °C, ended with the
cold winter of 2010 (Figure 18). After four signif-
icantly cooler years, the North Sea SST reached
its highest annual mean of 11.4 °C in 2014.
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Figure 18: Annual average North Sea surface tem-
perature for the years 1969-2017

Regarding climate-related changes, QUANTE et
al. (2016) expect an increase in SST of 1-3 K by
the end of the century. Here the different projec-
tions come to consistent results despite consid-
erable differences in the model simulations with
regard to setup, drive from global climate model,
bias corrections, etc. (KLEIN et al. 2018).

In contrast to the temperature, the salt content
does not have a clearly pronounced annual cy-
cle. Stable salinity stratifications occur in the
North Sea in the estuaries of the major rivers and
in the area of the Baltic outflow. Due to tidal tur-
bulence, the fresh water discharge of the major
rivers within the estuaries mixes with the coastal
water at shallow depths, but at greater depths it
stratifies over the North Sea water in the German
Bight. The intensity of stratification varies de-
pending on the annual course of river dis-
charges, which in turn exhibit considerable inter-
annual variability, e.g. due to high meltwater run-
off in spring after heavy snow winters. For exam-
ple, the salinity at Helgoland Reede is negatively
correlated with the discharge volumes of the
Elbe, which shows that fresh water discharges
cause a significantly reduced near-surface salin-
ity near the coast (LOEWE et al. 2013), with the
Elbe having the greatest influence on the salinity
of the German Bight with a discharge of 21.9
km?3/year.

Since 1873 the salinity measurements of Helgo-
land Reede have been available, since about
1980 also the data at the positions of the former

lightships, which were at least partly replaced by
automated measuring systems later. The reloca-
tion of lightship positions and methodical prob-
lems, also with the measurements at Helgoland,
led to breaks and uncertainties in the long time
series and made reliable trend estimations more
difficult (HEYEN & Dippner 1998). For the annual
mean surface salinity at Helgoland, no long-term
trend is apparent for the years 1950-2014. This
also applies to the annual discharge rates of the
Elbe. Projections of the future development of
salinity in the German EEZ currently still differ
considerably with regard to temporal develop-
ment and spatial patterns, more recent projec-
tions indicate a decrease in salinity between 0.2
and 0.7 PSU by the end of the century (KLEIN et
al. 2018).

224

In the open German Bight, the heat reserve of
the relatively salty North Sea water in early win-
ter is often so large that ice can only form very
rarely. The open sea area off the North and East
Frisian islands is ice-free in two thirds of all win-
ters. On average over many years, the ice edge
extends right behind the islands and into the
outer estuaries of the Elbe and Weser. In normal
winters, ice occurs on 17 to 23 days in the pro-
tected inner fairways in the North Frisian Wad-
den area, and only on 2 to 5 days in the open
fairways - similar to the East Frisian Wadden
area.

Ice conditions

In ice-rich and very ice-rich winters, on the other
hand, ice occurs on average on 54 to 64 days in
the protected inner fairways in the North Frisian
Wadden area, and on 31 to 42 days in the open
fairways similar to the East Frisian Wadden area.
In the inner tidal flats, mainly solid ice forms. In
the outer tidal flats, mainly floe ice and ice slurry
form, which are kept in motion by wind and tidal
effects. Further information can be found in the
Climatological Ice Atlas 1991-2010 for the Ger-
man Bight (SCHMELZER et al. 2015).



Description and assessment of the state of the environment ‘ 57

2.2.5 Fronts

Fronts in the sea are high-energy mesoscale
structures (of the order of a few tens of kilome-
tres to a few hundred kilometres) which have a
major impact on the local movement dynamics
of the water, on biology and ecology and - due to
their ability to bring COz to greater depths - also
on the climate. In the coastal areas of the North
Sea, especially off the German, Dutch and Eng-
lish coasts, the so-called river plume fronts with
strong horizontal salinity and suspended matter
gradients are located between the freshwater in-
put area of the major continental rivers and the
continental coastal waters of the North Sea.
These fronts are not static formations but consist
of a system of smaller fronts and eddies with typ-
ical spatial scales between 5 and 20 km. This
system is subject to great temporal variability
with time scales from 1 to about 10 days. De-
pending on the meteorological conditions, the
discharge rates of the Elbe and Weser rivers and
the circulation conditions in the German Bight,
frontal structures continuously dissolve and
form. Only under extremely calm weather condi-
tions can discrete frontal structures be observed
over longer periods of time. During the period of
seasonal stratification (approx. from the end of
March to September), the tidal mixing fronts,
which mark the transition area between the ther-
mally stratified deep water of the open North Sea
and the shallower, vertically mixed area due to
wind and tidal friction, are located approximately
in the area of the 30 m depth line. Due to their
dependence on topography, these fronts are rel-
atively stationary (OTTO et al. 1990). KIRCHES et
al. (2013a-c) analysed satellite based remote
sensing data from 1990 - 2011 and established
a climatology for SST, chlorophyll, yellow and
suspended matter fronts in the North Sea. This
shows that fronts occur all year round in the
North Sea, with the strength of the spatial gradi-
ent generally increasing towards the coast.

Fronts are characterised by significantly in-
creased biological activity; and adjacent areas
play a key role in the marine ecosystem. They
influence ecosystem components at all stages,
either directly or as a cascading process through

the food chain (ICES 2006). Vertical transport on
fronts brings nutrients into the euphotic zone,
thereby increasing biological productivity. The
increased biological activity on fronts, due to the
high availability and effective use of nutrients, re-
sults in increased atmospheric CO- binding and
transport to deeper layers. The outflow of these
COz-enriched water masses into the open ocean
is known as "shelf sea pumping" and is an es-
sential process for the absorption of atmospheric
CO2 by the world ocean. The North Sea is a CO-
sink in large parts all year round, with the excep-
tion of the southern areas in the summer months.
Over 90% of the CO; absorbed from the atmos-
phere is exported to the North Atlantic.

2.2.6 Suspended matter and turbidity

The term "suspended matter" refers to all parti-
cles suspended in seawater with a diameter >0.4
Mm. Suspended matter consists of mineral
and/or organic material. The proportion of or-
ganic suspended matter is strongly dependent
on the season. The highest values occur during
plankton blooms in early summer. During stormy
weather conditions and the resulting high waves,
the suspended matter content in the entire water
column increases strongly due to the swirling up
of silty-sandy bottom sediments. This is where
the swell has the greatest effect. When hurricane
lows pass through the German Bight, increases
in the suspended matter content of up to ten
times the normal values are easily possible. As
water samples cannot be taken during extreme
storm conditions, corresponding estimates are
derived from the records of anchored turbidime-
ters. If one considers the temporal variability of
the suspended sediment content at a fixed posi-
tion, there is always a distinct half-day tidal sig-
nal. Ebb and flood currents transport the water in
the German Bight on average about 10 nautical
miles from or towards the coast. Accordingly,
high levels of suspended matter
(SPM = Suspended Particular Matter) are trans-
ported 'back and forth' and cause the strong local
fluctuations. Further variability in SPM is caused
by material transport (advection) from rivers
such as the Elbe and Weser and from the south-
east coast of England.
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Figure 19: Mean suspended matter distribution (SPM)
for the German North Sea. Figure 19 shows an
average suspended matter distribution for the
German Bight. The graph is based on all SPM values
stored in the Marine Environmental Database
(MUDAB) as of 15 October 15 2005. The data set was
reduced to the range "surface to 10 metres depth"
and to values <150 mg/l. The underlying measured
values were only obtained in weather conditions in
which research vessels are still operational. Difficult
weather conditions are therefore not reflected in the
average values shown here. Figure 19 shows
average values of around 50 mg/l and extreme values
>150 mg/l measured in the tidal flats landwards of the
East and North Frisian islands and in the large
estuaries. Further seawards, the values quickly
decrease to a range between 1 and 4 mg/l. A little
east of
6° E, there is an area with increased levels of
suspended matter. The lowest SPM mean values
around 1.5 mg/l are found in the northwestern edge
of the EEZ and above the sandy areas between the
Borkum Reef Ground and the Elbe Glacial Valley.
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2.2.7 Status assessment with regard to
nutrient and pollutant distribution

2.2.7.1 Nutrients

Nutritive salts such as phosphate and inorganic
nitrogen compounds (nitrate, nitrite, ammonium)
and silicate are essential for marine life. They are
vital substances for the formation of phytoplank-
ton (microscopic unicellular algae floating in the
sea), on whose biomass production the entire
marine food chain is based. Since these trace
substances promote growth, they are called nu-
trients. An excess of these nutrients, which oc-
curred in the 1970s and 1980s due to extremely
high nutrient inputs caused by industry, transport
and agriculture, leads to a high accumulation of
nutrients in seawater and thus to eutrophication.
This continues to this day in coastal regions. As

a result, there may be an increased occurrence
ES,DE‘ 1 1 1 1 1 1 1

of algal blooms (phytoplankton and green al-
gae), reduced visibility depths, a decline in
seagrass beds, shifts in the species spectrum
and oxygen deficiency near the seabed.

To monitor nutrients and oxygen levels in the
German Bight, the BSH carries out several mon-
itoring cruises per year. The nutrient concentra-
tions show a typical annual cycle, with high con-
centrations in winter and low concentrations in
the summer months. All nutrients show similar
distribution structures. A gradual decrease in
concentrations can be observed from the river
estuary towards the open sea. The highest con-
centrations are measured in the Elbe tributary
area and in coastal regions. The nutrient input
from the Elbe is clearly visible here (

Figure 20).
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Figure 20: Distribution pattern of soluble inorganic nitrogen compounds (DIN).

Thanks to measures such as the expansion of
wastewater treatment plants, the introduction of
phosphate-free detergents, etc., nutrient inputs
into the North Sea have been reduced by around
50% since 1983, and phosphorus inputs by as
much as 65% (UBA 2017). Nevertheless, ac-
cording to the eutrophication assessment under
the OSPAR Common Procedure, the coastal
waters and large parts of the German EEZ (a to-
tal of 55% of German North Sea waters) are

classified as eutrophic in the 2006-2014 assess-
ment period (Brockmann et al. 2017). Only in the
outer German Bight (Duck's Bill) a good environ-
mental status was achieved (6% of German
North Sea waters). This assessment serves as
the basis for the follow-up assessment under the
EU MSFD, so that a good environmental status
under MSFD continues to fall short of descriptor
5 (eutrophication) (BMU 2018).
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2.2.7.2 Metals

Metals occur naturally in the environment. The
detection of metals in the environment is there-
fore in no way necessarily to be regarded as pol-
lution. In addition to the naturally occurring ele-
ment contents, human activities sometimes mo-
bilise, transport, partially transform and re-enrich
considerable additional quantities of individual
elements in the environment. In general, the
metal contents of seawater are determined by
the structure, dynamics and strength of the
sources, the large-scale circulation of marine
water masses and the efficiency of their sink pro-
cesses. Major sources of the anthropogenically
induced metal signal in marine ecosystems are
the run-off of contaminated freshwater masses
via the continental river systems, the transport of
pollutants via the atmosphere and the interrela-
tionship with the sediment. Other inputs are
caused by offshore activities, such as explora-
tion for raw materials and extraction and dump-
ing of dredged material.

Metals are dissolved and suspended in the water
body. With increasing distance from the coast,
i.e. with rising salinity, the suspended matter
content in the water column decreases. Thus,
the proportion of surfaces available for adsorp-
tion processes decreases and a proportionally
increasing part of the metal content remains in
solution.

Similar to the nutrients, some metals in the dis-
solved fraction show periodic seasonal varia-
tions in concentration. This seasonal profile cor-
responds roughly to the biological growth and re-
mineralisation cycle, as it is also the case for the
nutrient contents dissolved in seawater.

Mainly elements (Cu, Ni, Cd), which are mainly
dissolved, but also mercury, form a distinct gra-
dient that decreases from the coast to the open
sea. As a rule, the current transports the water
masses from the west into the German Bight and
out of it to the north. Accordingly, the discharge
plume of the Elbe, starting from the estuary, is
clearly pronounced towards the north.

2.2.7.3 Organic substances

The BSH currently determines up to 120 different
pollutants in the seawater, suspended solids and
sediments during its monitoring cruises. As the
Elbe is the main source of most pollutants in the
German Bight, the highest pollutant concentra-
tions are generally found in the Elbe plume off
the North Frisian coast, which generally de-
creases in the open sea. The gradients for non-
polar substances are particularly strong, as
these substances are mainly adsorbed (at-
tached) to suspended matter and removed from
the water phase by sedimentation. Outside the
coastal regions rich in suspended matter, the
concentrations of non-polar pollutants are there-
fore usually very low. Water pollution by petro-
leum hydrocarbons is low, although numerous
acute oil spills from shipping can be detected by
visible oil films. Most hydrocarbons originate
from biogenic sources; only occasionally are
traces of acute oil pollution in the water phase
observed.

In recent years, new analytical methods have
been used to detect a large number of "new" pol-
lutants (emerging pollutants) with polar proper-
ties in the environment. Many of these sub-
stances (e.g. the herbicides isoproturon, diuron
and atrazine) occur in much higher concentra-
tions than the classical pollutants.

According to current knowledge, the observed
concentrations of most pollutants in seawater do
not pose any immediate threat to the marine eco-
system. An exception is the pollution caused by
tributyltin (TBT), which was formerly used in ma-
rine paints and whose concentration near the
coast partly reaches the biological threshold.
Furthermore, seabirds and seals can be dam-
aged by oil films floating on the water surface as
a result of acute oil spills. In the ecotoxicological
assessment, the toxicity of individual pollutants
is not sufficient; rather, the cumulative effect of
the large number of pollutants present must be
considered, which may be enhanced by synergy
effects.
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2.2.7.4 Radioactive substances
(radionuclides)

For decades, the radioactive contamination of
the North Sea was determined by discharges
from nuclear fuel reprocessing plants. As these
discharges are very low today, the radioactive
contamination of the North Sea water body does
not pose any danger to man or nature according
to current knowledge.

2.3 Plankton

Plankton includes all organisms that drift in the
water. These mostly very small organisms form
a fundamental component of the marine ecosys-
tem. Plankton includes plant organisms (phyto-
plankton), small animals and developmental
stages of the life cycle of marine animals, such
as eggs and larvae of fish and benthic organisms
(zooplankton) as well as bacteria (bacterioplank-
ton) and fungi.

2.31

For plankton, only a few monitoring programmes
exist. Previous findings on the spatial and tem-
poral variability of phyto- and zooplankton come
from research programmes, a few long-term
studies and ecosystem modelling. Remote sens-
ing has also contributed significantly to improv-
ing data availability in recent years. Since 1932,
the Continuous Plankton Recorder (CPR) from
the Northeast Atlantic and the North Sea has
been providing a valuable long-term series (REID
etal. 1990, BEAUGRAND et al. 2003). The CPR re-
cordings have identified approx. 450 different
phyto- and zooplankton taxa, in the North Sea a
total of more than 100 phytoplankton species
have been determined (EDWARDS et al. 2005).

Data availability

The most important data source for the German
Bight is the long-term data series Helgoland
Reede, which has been continuously collected
by the Biological Institute Helgoland (BAH in the
AWI Foundation) since 1962 (WILTSHIRE &
Manly 2004). At the Helgoland Reede station,
studies of nutrient concentrations with simulta-
neous recording of temperature, salinity and ox-
ygen are carried out every working day. Since

1967, the phytoplankton biomass has been de-
termined.

Since 1975, the zooplankton of the Helgoland
Reede has also been continuously and system-
atically studied (GREVE et al. 2004).

There is a lack of such long-term series in the
German EEZ. Only in the years 2008 to 2011,
plankton (phyto- and mesozooplankton) was in-
vestigated at 12 selected stations in the German
EEZ by the Leibniz Institute for Baltic Sea Re-
search Warneminde (IOW) on behalf of the BSH
within the framework of biological monitoring.
Samples were taken five times a year in parallel
with the nutrient sampling (WASMUND et al.
2012). For this reason, the description of the cur-
rent state will be limited to the investigations at
the Helgoland Reede station and to information
from the four-year investigations of the IOW. It
should be noted that Helgoland is not repre-
sentative for the EEZ in terms of associated
communities of hydrography and phytoplankton.
Between March 2003 and December 2004, zoo-
plankton samples were also taken and analysed
at the FINO1 research platform in the area of the
EEZ (OREJAS et al. 2005). The hydrographic con-
ditions in this area of the EEZ vary considerably
from those in the Helgoland Reede, in particular
due to water depth and the prevailing currents.
However, a pronounced variability in succes-
sion, as observed at the Helgoland Reede, was
also documented from this area.

2.3.2 Spatial distribution and temporal
variability of phytoplankton

Phytoplankton is the lowest living component of
the marine food chains and comprises small or-
ganisms, mostly up to 200 pm in size, which are
taxonomically classified as belonging to the plant
kingdom. They are micro-algae, usually consist-
ing of a single cell or capable of forming chains
or colonies from several cells. Phytoplankton or-
ganisms have a predominantly autotrophic diet,
i.e. through photosynthesis they are able to use
the inorganic nutrients dissolved in water to syn-
thesise organic molecules for growth. Phyto-
plankton also includes micro-organisms that can
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feed heterotrophically, i.e. from other micro-or-
ganisms. There are also mixotrophic organisms
that can feed auto- or heterotrophically, depend-
ing on the situation. Many microalgae are, for ex-
ample, able to change their diet during their life
cycle. Bacteria and fungi also form separate
groups phylogenetically (in terms of evolutionary
history). When looking at phytoplankton, bacte-
ria, fungi and those organisms that are closer to
the animal kingdom due to their physiological
properties are also taken into account. In this re-
port the term phytoplankton is used in this ex-
tended sense.

Important taxonomic groups of the phytoplank-
ton of the southern North Sea and the German
Bight arediatoms (Bacillariophyta),

e dinoflagellates or flagellate algae
(Dinophyceae) and

¢ microalgae or microflagellates of different
taxonomic groups.

The phytoplankton serves as a food source for
organisms that specialise in filtering the water for
food intake. The main primary consumers of phy-
toplankton include zooplanktonic organisms
such as copepods and water fleas (Cladocera).

Phytoplankton growth in the German Bight
shows fixed patterns during the year. In spatial
terms, spring growth and thus algal bloom
(masses of algae) only begin in the areas far
from the coast, i.e. in the outer part of the Ger-
man EEZ. From year to year, different species of
diatoms are responsible for the spring algal
bloom. Thalassiosira rotula forms spring algal
blooms particularly frequently (VAN BEUSEKOM et
al. 2003).

In summer the phytoplankton has a low biomass
and is dominated by dinoflagellates and other
small flagellates. Another diatom bloom usually
follows in autumn (HESSE 1988; REID et al. 1990).

The spatial distribution of the phytoplankton de-
pends primarily on the physical processes in the
pelagial. Hydrographic conditions, in particular
temperature, salinity, light, currents, wind, turbid-
ity, fronts and tides, influence the occurrence
and species diversity of the phytoplankton. The

North Sea can roughly be divided into two areas
that are fundamentally different for the occur-
rence of plankton: The area with a water body
that is mixed throughout the year and the area
with strong stratification (vertical stratification) of
the water body. As a rule, these areas also have
different nutrient concentrations. The encounter
of mixed and stratified water masses is referred
to as oceanographic fronts (cf. Chapter
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Fronts ). These largely determine the occurrence
of phytoplankton. Phytoplankton occurs in high
abundance in stratified water bodies near the
thermocline (layer boundary between superim-
posed water masses with different tempera-
tures).

In the German Bight, the geographical positions
of fronts change depending on weather condi-
tions, freshwater input from rivers, tides and
wind-induced currents. However, they occur
preferentially in the inner areas of the German
Bight. In general, nutrient levels in the area of the
German coastal waters off the coast of Lower
Saxony and in the southern part of the Schles-
wig-Holstein coast in the area of the Elbe water
plume are twice as high as in the northern part
of the Schleswig-Holstein coastal waters off Sylt.
This is also reflected in phytoplankton growth
and chlorophyll concentrations (VAN BEUSEKOM
et al. 2005).

A spatially sharp delineation of habitat types is
therefore only possible to a very limited extent
for phytoplankton, in contrast to e.g. benthos.
The spatial and temporal distribution of micro-
plankton in the German Bight was specified by
HESSE (1988). Large-scale investigations identi-
fied three water masses in the German Bight
with which the occurrence of phytoplankton is
associated. The displacement of these main wa-
ter masses can influence the temporal and spa-
tial development of the phytoplankton. In 2010,
144 taxa were determined in biological monitor-
ing, while 140 taxa were determined in 2011
(WASMUND et al. 2011, WASMUND et al. 2012).
The majority of the species were diatoms. In the
course of the investigations from 2008 to 2011,
new species were found every year, while some
species from the first years of investigation were
no longer found. A total of 193 phytoplankton
taxa were found during the four years of investi-
gation (WASMUND et al. 2012). In 2011, the spe-
cies Cyclotella choctawhatcheeana was proba-
bly sighted for the first time, while the otherwise
often common species Thalassiosira pacifica,
Proboscia indica, Planktolyngbya limnetica,

Coscinodiscus granii, and Prorocentrum mini-
mum were no longer sighted in 2011 (WASMUND
etal. 2012).

2.3.3 Spatial distribution and temporal
variability of zooplankton

Zooplankton includes all marine animals that
drift or migrate in the water column. Zooplankton
plays a central role in the marine ecosystem,
firstly as the lowest secondary producer within
the marine food chain as the food source for car-
nivorous zooplankton species, fish, marine
mammals and seabirds.

On the other hand, zooplankton has a special
significance as a primary consumer (Grazer) of
phytoplankton. Eating away or grazing can stop
the algae bloom and regulate the degradation
processes of the microbial cycle by consuming
the cells.

The succession of zooplankton in the German
Bight shows distinct seasonal patterns. Maxi-
mum abundances are generally reached in the
summer months. The succession of zooplankton
is of critical significance for secondary consum-
ers of the marine food chains. Predator-prey ra-
tios or trophic relationships between groups or
species regulate the balance of the marine eco-
system. Temporally or spatially staggered occur-
rence of succession and abundance of species
leads to the interruption of food chains. In partic-
ular, temporal displacement, so-called trophic
mismatch, results in food shortages at different
developmental stages of organisms, with effects
on the population level.

Zooplankton is divided into, based on the organ-
isms' life strategies

o Holozooplankton: The entire life cycle of
organisms takes place exclusively in the
water column. Among the best-known
holoplanktonic groups that are important for
the southern North Sea are crustaceans
such as copepods and cladocera (water
fleas).

e Merozooplankton: Only certain stages of the
life cycle of organisms, mostly the early life
stages such as eggs and larvae, are
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planktonic. The adult individuals then change
over to benthic habitats or join the nekton.
These include early life stages of bristle
worms, bivalves, snails, crustaceans and
fish. Pelagic fish eggs and fish larvae are
abundant in merozooplankton during the
reproduction period.

The transport and distribution of larvae are of
particular significance for the spatial occurrence
and population development of both nektonic
and benthic species. The distribution of larvae is
determined both by the movements of the water
masses themselves and by endogenous or spe-
cies-specific characteristics of the zooplankton.
Environmental factors that may influence the dis-
tribution, metamorphosis and settlement of lar-
vae are sediment type and structure, meteoro-
logical and hydrographic conditions, light and
chemical solutes released into the water by adult
individuals of the species.

The characterisation of habitat types due to the
presence of zooplankton is difficult. As already
explained for phytoplankton, the zooplankton
habitat is actually made up of water masses. In
2010, a total of 157 zooplankton taxa were de-
termined within the scope of biological monitor-
ing, with arthropods being the most common

group with 80 taxa, followed by Cnidaria with 27
taxa, Polychaeta with 15 and Echinodermata lar-
vae with 9 taxa. The total number of taxa ex-
ceeded that of 2009 by 14 taxa and that of 2008
by 40 taxa. A lower diversity was observed in the
whole region off the North Frisian Islands (sta-
tions HELGO, AMRU2 and SYLT1, Figure 21).
This observation is accompanied by the large-
scale water transport off the coast towards Jut-
land. In 2008, this zone was characterised by an
"estuary plume" with lower salinity and higher
chlorophyll values (WASMUND et al., 2009). The
spatial distribution of taxa according to the Mar-
galef species richness index shows a pattern
typical for estuaries. The values increase with in-
creasing distance from the station near Helgo-
land, which is closest to the Elbe estuary, to-
wards the central North Sea. This experience
was already gained in the first reporting year,
2008. The result was supported by the then
changing copepod composition, according to
which the proportion of marine genera increased
from 20% to over 80% with increasing distance
from the coast (WASMUND et al. 2009 and 2011).

In 2011, 139 zooplankton taxa were recorded,
with arthropods also being the most common
group (WASMUND et al. 2012).
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Figure 21: Spatial distribution of mesozooplankton communities according to cluster analysis based on the
abundances of all taxa and their developmental stages in the German EEZ 2010 (WASMUND et al. 2011).

2.3.4 Status assessment of plankton

Overall, taking into account all available long-
term data (CPR, Helgoland Reede), changes
can be observed in both phytoplankton and zoo-
plankton in the North Sea since the late 1980s
and in the 1990s. The slowly progressing
changes affect species spectrum as well as
abundance and biomass (ALHEIT et al. 2005,
WILTSHIRE & MANLY 2004, BEAUGRAND 2004,
REID ET al. 1990).

The evaluation of the phytoplankton data of the
Helgoland Reede shows a significant increase in
biomass since the beginning of the records. This
increasing trend in biomass seems to be related
to the development of flagellates. For the area of
the German Bight, a decrease in diatoms in fa-
vour of small flagellates has been observed
since the early 1970s (HAGMEIER & BAUERN-
FEIND 1990, von WESTERNHAGEN & DETHLEFSEN,
2003). The changes in phytoplankton also con-
cern a weakening of the late summer diatom
bloom, a prolongation of the growth phase and
the occurrence of algal blooms of non-native
species.

In addition to natural variability, these changes
may be related to anthropogenic influences such
as eutrophication and, not least, the North Atlan-
tic Oscillation (NAO) and the observed increase
in water temperature in the North Sea. However,
as plankton is influenced by a wide range of nat-
ural and anthropogenic factors, and because
very few studies have been carried out in this
area, it remains unclear to what extent eutrophi-
cation, climate changes, or simply natural varia-
bility contribute to the changes in phytoplankton
(EDWARDS & Richardson 2004).

Increasingly, non-native species are also influ-
encing succession. The number of alien species
that spread in the North Sea for anthropogenic
reasons has increased significantly in recent
years. Alien species are introduced via ballast
water from ships and mussel aquaculture.

Effects of non-native plankton species on the
species composition of native species through
displacement, changes in biomass, and primary
production cannot be ruled out. Throughout the
North Sea, 17 non-native phytoplankton species
have been detected in samples (GOLLASCH &
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TUENTE 2004). Some of the non-native phyto-
plankton species are now developing pro-
nounced algal blooms in the German coastal wa-
ters and the North Sea EEZ. For example, the
non-native thermophile diatom species Coscino-
discus wailesii has slowly established itself in the
German Bight since 1982 and even formed the
spring bloom in 2000. A total of 15 non-native
species have been found in the zooplankton of
the North Sea since 1990 (GoLLASCH 2003).

Based on evaluations of the long-term series of
the Helgoland Reede, WILTSHIRE & Manly (2004)
have for the first time established a direct link be-
tween the rise in water temperature and the shift
in phytoplankton occurrence in the North Sea.
The authors have correlated the observed 1.13
°C increase in water temperature between 1962
and 2002 with the mean diatom day (MDD), a
calculated parameter of the diatom occurrence.
It was shown that the temperature increase in
the above mentioned period of 40 years caused
a shift in the occurrence of phytoplankton. Thus,
following a relatively warm winter quarter, the
MDD shifts more towards the end of spring. In
such cases diatoms reach a high abundance.

On the basis of these results and other studies,
the authors point out that although the living con-
ditions of marine organisms have not vyet
reached the limits, the control mechanisms of
seasonal and spatial events have changed sig-
nificantly (BEAUGRAND et al. 2003). It can be as-
sumed that this also applies to the German EEZ.
In addition to the above-mentioned temporal
shift or delay in phytoplankton succession (WILT-
SHIRE & Manly 2004), a possible species shift
could also have consequences for primary and
secondary consumers of the food chains.

Changes in the species composition, abundance
and biomass of plankton have consequences
both for the primary production of water bodies
and for the occurrence and stocks of fish, marine
mammals and seabirds. For example, the re-
duced abundance of diatoms in favour of small
flagellates could have a negative impact on the
food chain (VON WESTERNHAGEN & Dethlefsen
2003), since, for example, the introduced C.

wailesii, which is now highly abundant in the Ger-
man Bight, is not eaten by primary consumers.
Changes in the seasonal growth of phytoplank-
ton can also lead to trophic mismatch within the
marine food chains: a delay in diatom growth can
affect the growth of primary consumers.

Under certain conditions, phytoplankton can
pose a threat to the marine environment. In par-
ticular, toxic algal blooms pose a major threat to
secondary consumers of the marine ecosystem
and to humans. According to REID et al (1990), a
number of phytoplankton taxa are known to exist
in the North Sea, which may have toxic or poten-
tially toxic effects.

A creeping change since the early 1990s can
also be demonstrated for zooplankton. For ex-
ample, the species composition and dominance
ratios have changed. While the number of non-
native species has increased, many species typ-
ical of the area have declined, including those
that are part of the ecosystem's natural food re-
sources. In general, the abundance of native
cold-water species in the holoplankton has de-
creased significantly. In contrast, meroplankton
has increased (LINDLEY & Batten 2002). The pro-
portion of echinoderms larvae has increased
conspicuously. This is mainly associated with
the spread of the opportunistic species Am-
phiura filiformis (KRONCKE et al. 1998).

The seasonal development or succession of zo-
oplankton in the German Bight correlates mainly
with changes in water temperature. However,
the changes in seasonal development vary from
species to species.

Overall, in warm years, abundance maxima of
various key species occur up to 11 weeks earlier
than usual in the long-term trend (GREVE 2001).
The growth phase of many species has been ex-
tended overall.

According to HAYS et al. (2005), climate change
has had a particular impact on the distribution
limits of species and groups of the North Sea
marine ecosystem. For example, zooplankton
associations of warm-water species in the North-
east Atlantic have shifted their distribution al-
most 1,000 km northwards. In contrast, the areas
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of cold-water associations have diminished. In
addition, climate changes have an impact on the
seasonal occurrence of abundance maxima of
various groups. For example, the copepod
Calanus finmarchicus reaches the abundance
maximum 11 days earlier, while its main food,
the diatom species Rhizosolenia alata reaches
its concentration maximum even 33 days earlier
and the dinoflagellate species Ceratium tripos 27
days earlier. This delayed stock development
can have consequences for the entire marine
food chain. EDWARDS & RICHARDSON (2004)
even suggest that temperate marine ecosystems
are particularly at risk due to changes or time
shifts in the development of different groups.

The threat arises from the direct dependence of
the reproductive success of secondary consum-
ers (fish, marine mammals, seabirds) on plank-
ton (food source). Evaluations of long-term data
for the period 1958 to 2002 on 66 marine taxa
have confirmed that marine planktonic associa-
tions react to climate change. However, the re-
sponses vary considerably in terms of associa-
tion or group and seasonality.

2.4 Biotopes

According to VON NORDHEIM & MERCK (1995), a
marine biotope is a characteristic, typified ma-
rine habitat. With its ecological conditions, a ma-
rine biotope provides largely uniform conditions
for marine biocoenoses which differ from other
types. Typification includes abiotic (e.g. mois-
ture, nutrient content) and biotic features (occur-
rence of certain vegetation types and structures,
plant communities, animal species).

The majority of the types of Central Europe are
also characterised in their specific features by
the prevailing anthropogenic uses (agriculture,
transport, etc.) and impairments (pollutants, eu-
trophication, leisure use, etc.).

2.4.1 Data availability

The distribution of sandbanks and reefs in the
German North Sea EEZ is widely known. How-
ever, there is currently no comprehensive map-
ping of the distribution of biotopes in the North
Sea EEZ, so that the occurrence of other marine

biotopes cannot be adequately represented at
present. On the basis of information from the BfN
database LANIS Habitat Mare, a spatial distribu-
tion pattern of superordinate biotopes was drawn
up according to FINCK et al (2017) (Fehler! Ver-
weisquelle konnte nicht gefunden wer-
den.Fehler! Verweisquelle konnte nicht ge-
funden werden.). On this basis, however, it is
not possible to present sufficiently scientifically
verifiable areas of the marine biotopes. A de-
tailed and comprehensive mapping of marine bi-
otopes in the EEZ is currently being prepared as
part of ongoing BfN R&D projects.

As part of the procedures for the COBRAcable
and NordLink cross-border cables (interconnect-
ors), detailed investigations of the biotopes lo-
cated in the vicinity of the planned cable routes
were carried out, particularly in the area of the
Borkum Reef Ground and the Sylt Outer Reef.
These findings on the occurrence of protected
biotopes are being used in current procedures
for route planning that is as environmentally
friendly as possible. In addition to information
from environmental impact studies, current find-
ings on biotopes from wind farm projects are
available for the defined areas (BIOCONSULT
2016b, 2017, 2018; IBL 2016; PGU 2012a, b,
2015; IFAO 2015 a, b, 2016).

Natural biotope complexes ("mosaics"), such as
the residual sediment deposits which occur
mainly on the eastern slope of the Elbe Glacial
Valley (Sylt Outer Reef) and on the Borkum Reef
Ground, are of particular significance from a na-
ture conservation perspective. These biotopes
are associated with gravel fields, coarse, me-
dium and fine sand areas, and even sometimes
in small sinks, silt sandy substrates (usually only
a thin layer of silt, which is remobilised again de-
pending on hydrodynamic conditions). This
structural diversity, together with the protection
provided by the stones, results in an overall high
species diversity.

In the shallower sea areas (approx. below 30 m),
sands found there are regularly displaced in
large areas (especially with fine and middle
sands) by swell, so that the fauna living there can
be very variable (RACHOR & GERLACH 1978).
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Small stone fields can be so strongly influenced
by sand movements (over-sanding, exposure)
that long-lived reef communities cannot survive.
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Darstellung vorhandener Daten entsprechend Einteilung der Biotoptypen nach FINCK et al. (2017} (die Legende enthélt
nur die Biotoptypen fir die AWZ)

Biotoptypen der kiistenfernen Meeresgebiete

- 02.02.08.02.01 Sublitorales, ebenes Grobsediment der Nordsee mit Gonidella-Spisula-Gemeinschatt (§30)
02.02.07 oder 02.02.09 Sublitorale Sandbank der Nordsee (§30, FFH-LRT)

- 02.02.01.02 Sublitoraler Felzen- und Steingrund der Nordsee (§30, FFH-LRT)

- 02.02.11 Sublitoraler Schlickgrund der Nordsee
02.02.08 Sublitorales, ebenes Grobsediment der N ordses

02.02 10 Sublitoraler, ebener Sandgrund der Nordsee

-—-— Kistenmeer

Festlandsockel / AW Z

Kartenprojektion:

-——-—- Internationale Grenze Mercator (S4°M ), WGS 84

Figure 22: Map of the biotopes in the German North Sea that can be defined on the basis of existing data.
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2.4.2 Legally protected marine biotopes as
per section 30 BNatSchG and FFH
habitat types

In the German EEZ of the North Sea, the bio-
topes of type 1110 "Sandbanks" and 1170
"Reefs" which are to be protected under EU law
(Habitats Directive, Annex |) have so far been
identified. Reefs and sandbanks are FFH-LRT
and at the same time protected under section 30
BNatSchG.

A number of marine biotopes are subject to di-
rect protection under federal law as per section
30 of the Federal Nature Conservation Act. Sec-
tion 30 (2) BNatSchG fundamentally prohibits
actions that could cause destruction or other sig-
nificant impairment of the listed biotopes. This
does not require the designation of a protected
area. This protection was extended to the EEZ
with the 2010 amendment of the BNatSchG. In
the North Sea EEZ, the following four marine and
coastal biotopes are subject to statutory biotope
protection under section 30 subsection 2 No. 6
BNatSchG: Reefs (also FFH-LRT), sublittoral
sandbanks (also FFH-LRT), species-rich gravel,
coarse sand, and shell layers as well as seapen
and burrowing megafauna communities. The bi-
otope "Seagrass beds and other marine macro-
phyte populations”, which is also protected, does
not occur in the North Sea EEZ.

2.4.2.1 Reefs

The LRT 1170 "Reefs" according to the Habitats
Directive is defined as follows: "Reefs can be ei-
ther biogenic adhesions or of geogenic origin.
They are hard substrates on firm and soft sub-
soil, rising from the seabed in the sublittoral and
littoral zone. Reefs can promote the proliferation
of benthic communities of algae and animal spe-
cies as well as adhesions of coral formations"
(DOC.HAB. 06-09/03). The hard substrate in-
cludes rocks (including soft rocks such as chalk
cliffs) as well as boulders. Since 9 July 2018, the
"BfN Mapping Instructions for "Reefs" in the Ger-
man Exclusive Economic Zone (EEZ)" (BEN
2018) have been published, which have not yet
been applied in the projects.In the view of the
BfN, such reefs and reef-like structures are

found in some areas of the North Sea EEZ. In
particular, areas around the Borkum Reef
Ground, the eastern slope of theElbe Glacial Val-
ley, and the Helgoland Stone Ground. However,
there are currently no mapping instructions for
the FHH-LRT "Reefs".

For the areas of the Sylt Outer Reef and the
Borkum Reef Ground, current knowledge about
the occurrence of the LRT "Reefs" in the area of
the planned cable route COBRAcable is availa-
ble. For the recording of the biotope "Reefs" in
the German EEZ, the corresponding mapping in-
structions of the BfN are to be consulted (BFN
2018).

2.4.2.2 Sandbanks

LRT 1110, which is protected under the Habitats
Directive, designates "sandbanks with only weak
permanent inundation by seawater" and is de-
fined as follows: "Sandbanks are elevated, elon-
gated, rounded or irregular topographical fea-
tures, which are constantly flooded by water and
are predominantly surrounded by deeper waters.
They consist mainly of sandy sediments, but
may also contain coarse rock and stone frag-
ments or smaller grain sizes, including silt.
Benches whose sandy sediments appear as a
layer over hard substrate are classified as sand-
banks if the biota living in them depends more on
sand than on hard substrate for life".
(DOC.HAB. 06-09/03).

From a nature conservation perspective, several
sandbanks worthy of protection have been iden-
tified in the German North Sea EEZ. Large sand-
banks are Dogger Bank and the somewhat
smaller Amrumbank. From a nature conserva-
tion perspective, the Borkum Reef Ground is an
example of a sandbank with stone fields or stony
and gravelly areas as reef-like structures. In sev-
eral BfN study areas, typical sandbank habitats
were found which develop depending on the
sediment type (fine, medium, coarse sand) and
water depth. Areas in which different biocoe-
noses alternately occur side by side are particu-
larly worthy of protection. For these reasons,
large areas of the identified sandbanks have
been protected by the FFH area notifications
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"Dogger Bank" (DE 1003-301), "Sylt Outer Reef"
(DE 1209-301) and "Borkum Reef Ground" (DE
2104-301) and, in the meantime, also by the le-
gal Regulation of 22 September 2017 establish-
ing the "Sylt Outer Reef - Eastern German Bight"
nature conservation area, the legal regulation of
22 September 2017 establishing the "Dogger
Bank" nature conservation area and the legal
regulation of 22 September 2017 establishing
the "Borkum Reef Ground" nature conservation
area in the North Sea EEZ. There are currently
no mapping instructions for the FFH-LRT "Sand-
banks with only weak permanent inundation by
seawater".

2.4.2.3 Species-rich gravel, coarse sand,
and shell layers in marine and
coastal areas

This biotope includes species-rich pure or mixed
sublittoral occurrences of gravel, coarse sand, or
shell layers of the seabed, which are colonised
by a specific endofauna (e.g. sand gap fauna)
and macrozoobenthos community, irrespective
of their large-scale location. These sediments
are colonised in the North Sea by a macrozoo-
benthos community that is richer in species than
the corresponding middle sand types.

This biotope may be associated with the occur-
rence of stones or mixed substrates and the oc-
currence of mussel beds or occur in close prox-
imity to the "Sandbank" and "Reef" biotopes.
Reefs and species-rich gravel, coarse sand, and
shell layers regularly occur together. In the North
Sea sublittoral, thisbiotope is generally colonised
by the Goniadella-Spisula community. This can
be identified by the occurrence of various typical
macrozoobenthos species such as Spisula ellip-
tica, Branchiostoma Ilanceolatum, Aonides
paucibranchiata.

The species richness or the high proportion of
specialised species in these sediment types re-
sults from the occurrence of relatively stable in-
terstitial spaces between sediment particles with
a large pore water content and relatively high ox-
ygen content. RACHOR & NEHMER (2003) have
shown that the Goniadella-Spisula community
occurs in the North Sea EEZ in two forms: the

more species-rich on coarse sand and gravel
and the less species-rich on coarse-sand middle
sand. If stones occur in the area, a typical
epibenthic macrofauna also occurs. In the North
Sea, with the exception of the area around Hel-
goland, the species-rich expression generally
occurs at depths of more than 20 m (ARMONIES
2010). The settlement of this biotope is spatially
highly heterogeneous.

The biotope "Species-rich gravel, coarse sand,
and shell layers in marine and coastal areas"
generally occurs in relatively small-scale expres-
sions throughout the North Sea. It is not found in
the German North Sea in the Dogger Bank area
and north of it. The distribution is generally small-
scale and patchy
(cf. BEN 2011a).

For the areas of the Sylt Outer Reef and the
Borkum Reef Ground, current knowledge is
available on the occurrence of species-rich
gravel, coarse sand, and shell layers in the area
of the COBRA cable cable route.

24.2.4 Seapen and burrowing megafauna
communities

The biotope "Seapen and burrowing megafauna
communities" is determined by the occurrence of
sea feathers (Pennatularia), which is particularly
sensitive to mechanical disturbances and dam-
age. In addition to sea feathers, thebiotope is
characterised by an increased density of digging
crustaceans (especially Nephrops norvegicus,
Calocaris macandreae, Upogebia deltaura,
Upogebia stellata, Callianassa subterranea).
Each digging species forms characteristic vein
systems in the seabed. These create the condi-
tions for oxygen-rich water to penetrate deep into
the seabed, thus providing habitats for other spe-
cies.

"Seapen and burrowing megafauna communi-
ties" occur in the North Sea and in the Northeast
Atlantic. The potential distribution area results
from the distribution of all characterising species.
In the German EEZ of the North Sea, it includes
in particular theElbe Glacial Valley and the adja-
cent areas with fine substrate sediments at
depths of more than 15 m. "There are currently
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no known occurrences of sea feathers in the
German North Sea" (BFN 2011b). Without the
occurrence of this character species, there is
also no evidence of the biotope "Seapen and
burrowing megafauna communities".

As there has been no comprehensive mapping
of the above-mentioned biotopes in the German
North Sea to date, it is currently not possible to
identify any specific areas in the North Sea EEZ
where the biotopes "Species-rich gravel, coarse
sand, and shell layers in coastal and marine ar-
eas" and "Seapen and burrowing megafauna
communities" occur. To record the biotopes of
species-rich gravel, coarse sand, and shell lay-
ers, as well as seapen and burrowing mega-
fauna communities, BfN has published defini-
tions and mapping instructions in consultation
with BMU (BFN 2011a & b).

243

The stock assessment of biotopes occurring in
the German marine area is based on the national
conservation status and the threat to these bio-
topes according to the Red List of endangered
biotopes in Germany (FINCK et al. 2017). The le-
gally protected biotopes mentioned above are
generally of high significancein this context. In
the North Sea, these biotopes are endangered
above all by current or past nutrient and pollutant
inputs (including wastewater discharge, oil pollu-
tion, dumping, waste and debris dumping), by
fisheries in contact with the bottom, and possibly
also by the effects of construction activities.
Since bottom-contact fishing is largely excluded
within the wind farms, a certain degree of recov-
ery of the biotopes occurring in the wind energy
areas can be expected.

Assessment of the status

2.4.3.1 Significance of the areas for wind
energy for biotopes

Area EN1

In area N-1, the legally protected biotopes "Sub-
littoral sandbank" and "Species-rich gravel,
coarse sand, and shell layers" occur. A north-
western extension of the 90,000 ha sandbank
"Borkum Reef Ground" extends into the eastern
part of the project area "Borkum Riffgrund West

1" and covers almost 50% of the project area.
The numerous suspected areas of "Species-rich
gravel, coarse sand, and shell layers" in the EN1
area are in part large-area deposits that occupy
larger areas of the project areas "Borkum
Riffgrund West 1", "Borkum Reef Ground West
2" and "OWP West" (BIOCONSULT 2016b, 2017).
In the view of BfN, a larger area in the western
part of the project area "Borkum Riffgrund West
2" is a biotope protected under section 30 of the
Federal Nature Conservation Act. To date, not
all known suspected areas in area EN1 have
been investigated as per BfN mapping instruc-
tions (BFN 2011a).

The EN1 area is accorded high overall signifi-
cance due to the extensive occurrence of the bi-
otopes "Sublittoral sandbanks" and "Species-
rich gravel, coarse sand, and shell layers".

Area EN2

A large part of the EN2 area is located on the
sandbank "Borkum Reef Ground". South to
southwest of the EN2 area there are occur-
rences of the legally protected biotopes "Reefs"
and "Species-rich gravel, coarse sand, and shell
layers, especially in the area of the "Borkum
Reef Ground" nature conservation area. There
are no known occurrences of these biotopes
within the EN2 area.

The EN2 area is of high overall significance for
biotopes due to the extensive occurrence of the
"Sublittoral sandbank" biotope.

Area EN3

In the EN3 area, the near-surface sediments
consist mainly of a fine to middle sandy cover
layer, the upper decimetres of which are regu-
larly displaced by hydrodynamic processes of
the North Sea. Occurrences of legally protected
biotopes are not known for a large part of the
EN3 area. Only a small part of the area extends
into the sandbank "Borkum Reef Ground", which
has been designated by the BfN. According to
BfN estimates, there is no evidence of qualita-
tive-functional peculiarities of the biotope char-
acter for this part of the sandbank.
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Due to the only slight overlap of the EN3 area
with the "Borkum Reef Ground" sandbank and
the otherwise predominantly homogeneous,
fine- to middle-sand sedimentary conditions, the
EN3 area as a whole is accorded a low signifi-
cance and in the southwestern sub-area an av-
erage significance with regard to the protected
asset biotopes.

Area EN4

In the EN4 area, there is as yet no evidence of
the occurrence of legally protected biotopes (IBL
2016). The EN4 area is therefore of minor signif-
icance with regard to the protected asset bio-
topes.

Area EN5

Due to its location in the area of the Sylt Outer
Reef, the EN5 area contains extensive occur-
rences of the legally protected biotopes and
FFH-LRT "Reefs" and "Sublittoral sandbanks".
In addition, the legally protected biotope "Spe-
cies-rich gravel, coarse sand, and shell layers"
occurs in the EN5 area. The sandbank in the
western part of the EN5 area designated by BfN
is largely located within the "Sandbank" wind
farm.

Due to the partly extensive occurrence of the bi-
otopes "Sublittoral sandbank”, "Reefs" and
"Species-rich gravel, coarse sand, and shell lay-
ers", the EN5 area is of great importance with re-
gard to biotopes.

Areas EN6, EN7, EN8, EN9, EN10, EN11,
EN12, EN13

The occurrence of legally protected biotopes and
FFH-LRTs in the areas EN6 to EN13 can be ex-
cluded according to the available knowledge
(PGU 2012a, b, PGU 2015, IFAO 2015 a,b, IFAO
2016, BIOCONSULT 2018). Despite the occur-
rence of sediments with a sometimes high por-
tion of seapen and burrowing megafauna com-
munities (chapter Benthos), the absence of sea
feathers also means that the legally protected bi-
otope "Seapen and burrowing megafauna com-
munities" can be excluded. Consequently, areas
ENG6 to EN13 are of little significance for the pro-
tected asset biotopes.

Areas EN14 to EN19

For the areas EN14 to EN18, there is little
knowledge of biotope occurrences. The area
EN19 is located within an occurrence of LRT
1110 "Sandbanks with only weak permanent
washing over by seawater" (see also chapter
Sandbanks ) protected under the Habitats Di-
rective.

2.5 Benthos

Benthos is the term used to describe all biologi-
cal communities bound to substrate surfaces or
living in soft substrates at the bottom of water
bodies. Benthic organisms are an important
component of the North Sea ecosystem. They
are the main food source for many fish species
and play a crucial role in the conversion and re-
mineralisation of sedimented organic material
(KRONCKE 1995). According to RACHOR (1990a),
benthos includes micro-organisms, such as bac-
teria and fungi, unicellular animals (protozoa)
and plants, as well as inconspicuous multicellu-
lar organisms and large algae and animals, in-
cluding bottom-dwelling fish. Zoo benthos are
animals that live predominantly in or on the
ground. These creatures largely restrict their ac-
tivities to the vertical border area between the
free water and the uppermost soil layer, which is
usually only a few decimetres in size.

In the case of the so-called holobenthic species,
all phases of life take place within this community
close to the ground. However, the majority of an-
imals are merobenthic, i.e. only certain phases
of their life cycle are linked to this ecosystem
(TARDENT 1993). These usually spread via
planktonic larvae. In older stages, on the other
hand, the ability to change location is less. Over-
all, most representatives of the benthic species
are characterised by a lack of or limited mobility
compared to those of plankton and necton. As a
result, the soil fauna is generally hardly able to
avoid natural and anthropogenic changes and
impacts due to the relative stability of location,
and is thus in many cases an indicator of
changed environmental conditions (RACHOR
1990a).
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The North Sea seabed largely consists of sandy
or silty sediments allowing the animals to pene-
trate the bottom. Therefore, a typical infauna liv-
ing in the soil (syn. endofauna) has developed in
addition to the epifauna living on the soil surface.
Micro-animals of less than 1 mm body size (mi-
cro- and meiofauna) make up the majority of
these soil dwellers. Better known than these tiny
animals, however, are the larger animals, the
macrofauna, and especially the more sedentary
forms such as annelids, mussels and snails,
echinoderms and various crustaceans (RACHOR
1990a). For practical reasons, macrozoobenthos
(animals >1 mm) are therefore studied interna-
tionally on behalf of the entire zoobenthos (Ar-
monies & AsMUS, 2002). The zoobenthos of the
North Sea is composed of a large number of sys-
tematic groups and shows a wide variety of be-
haviour. All in all, this fauna has been quite well
studied and therefore allows comparisons with
conditions a few decades ago.

2.51

The description and assessment of the macro-
zoobenthos status in the North Sea is based on
the available literature and, in particular, on data
collected in the course of various environmental
impact assessments of offshore wind farm pro-
jects and accompanying ecological research.
Evaluations of the R&D project "Assessment ap-
proaches for spatial planning and licensing pro-
cedures with regard to the benthic system and
habitat structures"” (Dannheim ET al. 2014a) form
an essential basis. Within the framework of the
project, a comprehensive database on benthic
invertebrates and demersal fish was estab-
lished, which allows for both temporal and spa-
tially large-scale analyses of the occurrence of
the animals in the German North Sea EEZ. For
this purpose, benthos data from environmental
impact studies during approval procedures of
offshore wind farm and submarine cable proce-
dures as well as from research projects were
subjected to harmonisation and quality control
and integrated into a database. In addition, be-
tween 2008 and 2011, benthos was investigated
by the IOW at 12 selected stations in the German

Data availability

EEZ on behalf of the BSH and as part of biolog-
ical monitoring. Samples were taken twice a year
(WASMUND et al. 2011).

A data set for the whole North Sea was produced
in April 1986 as part of the North Sea Benthos
surveys. These surveys were initiated by the
ICES Benthos Ecology Working Group (DUINE-
VELD et al. 1991). Various data sets are available
for the German North Sea, ranging from several
years to periods of two to three decades. The
first benthic surveys in the German Bight were
conducted by HAGMEIER (1925) in the 1920s.
These investigations provide basic information
on the structure of macrozoobenthos communi-
ties. These investigations were continued be-
tween 1949 and 1974 by ZIEGELMEIER (1963,
1978). RACHOR (1977, 1980) examined the
macrofauna communities of the inner German
Bight from 1969 onwards and found a decrease
in species numbers. RACHOR & GERLACH (1978)
analysed sandy areas of the German Bight with
regard to the effects of heavy storms on benthic
communities.

Von KRONCKE (1985) and VON WESTERNHAGEN
et al. (1986) studied the influence of extremely
low oxygen concentrations on macrozoobenthos
in the German Bight and Danish waters during
the summer of 1981 to 1983. The investigations
showed a decrease in species numbers and bi-
omass and an increase in opportunistic species.

In the subsequent years 1984 to 1989 without
oxygen deficiency situations, a rapid regenera-
tion of these macrozoobenthos communities
was determined (NIERMANN 1990 and NIERMANN
etal. 1990).

The analysis of long-term data sets showed
changes in the composition of the macroben-
thos. In the comparison of data sets from the
German Bight between 1923 and 1965 - 1966,
carried out by STRIPP (1969 a/ b), no significant
change in benthic communities could be de-
tected in comparison to Hagmeier's investiga-
tions. NIERMANN (1990) compares Hagmeier's
and Stripp's data with his investigations from
1984 to 1989 and describes a doubling of the bi-
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omass caused, among other things, by the in-
crease in Echinocardium cordatum and oppor-
tunistic species such as Phoronida. SALZWEDEL
etal. (1985), in turn, examined the entire German
Bight and found an increase in biomass com-
pared to earlier investigations. As possible rea-
sons, they cite nutrient richness.

RACHOR (1990b) describes changes in macro-
zoobenthos communities on different sediment
types as a result of eutrophication. According to
these studies, sandy sediments are more af-
fected by the input of organic material than silt.
During investigations of the epibenthos of the
German Bight, REISE & BARTSCH (1990) discov-
ered that the fauna was more diverse in the past
than during their surveys. Further investigations
show that fishing with heavy bottom gears leads
to changes in benthic communities, with a de-
cline in long-lived and fragile species within the
communities studied (FRID et al. 1999; LINDE-
BOOM & DE GROOT 1998).

Analyses by KRONCKE et al (2011) of the entire
North Sea for the period 1986 to 2000 show
slight changes in the large-scale distribution of
macrofauna. Changes in abundance and re-
gional distribution of individual species were
largely associated with temperature changes.

Results from DANNHEIM et al (2014a) were used
to describe the biocoenoses in the defined ar-
eas. Based on data from 41 wind farm projects
and 15 AWI projects in the period 1997-2014,
this study carried out analyses of the benthic
communities, on the one hand on a large scale
for the entire EEZ and on the other hand region-
ally on an area scale.

252 Spatial distribution and temporal
variability

The spatial and temporal variability of zooben-
thos is largely controlled by climatic factors and
anthropogenic influences. Important climatic fac-
tors are winter temperatures, which cause high
mortality rates of some species (BEUKEMA 1992,
ARMONIES et al. 2001). The analysis of a long-
term data set from 1981-2011 by GHODRATI SHO-
JAEI et al. (2016) could confirm that winter tem-
peratures and the North Atlantic Oscillation

(NAOQO) are the predominant environmental fac-
tors determining the temporal variability of
macrozoobenthos in the German Bight. Re-
gional oscillations of temperature, salinity and
near-surface currents caused by the NAO have
a strongly structuring character on benthic com-
munities, especially seasonally but also in the
medium term (KRONCKE et al. 1998, TUNBERG &
Nelson 1998). A spatial distribution of benthic or-
ganisms projected to the year 2099 due to ex-
pected climate changes suggests a northward
shift and a high degree of habitat loss for a num-
ber of key species, particularly in the southern
North Sea, with possible impacts on ecosystem
function (WEINERT et al. 2016).

Wind-induced currents are responsible for the
distribution of the planktonic larvae and for a re-
distribution of the bottom-living stages through
current-induced sediment redistribution (ARMO-
NIES 1999, 2000a, 2000b). Among the anthropo-
genic impacts, disturbance of the soil surface by
fisheries is of particular importance alongside
nutrient and pollutant inputs (RACHOR et al.,
1995). Fishing with bottom trawls can impair the
structure and trophic function of benthic biotic
communities (DANNHEIM et al. 2014b), even in ar-
eas that have already been severely damaged
(REISS et al. 2009).

The following natural classification of the Ger-
man North Sea EEZ from a benthological per-
spective differs from the natural classification ac-
cording to sedimentological criteria. Although
macrozoobenthos shows a strong link to sedi-
ment structure (KNUST et al. 2003), water temper-
ature and the hydrodynamic system (currents,
wind, water depth) are among the main natural
factors in the German Bight that are responsible
for the composition of macrozoobenthos. RA-
CHOR & NEHMER (2003) therefore divided the
area into seven natural units (abbreviations A -
G), which are listed in Table 8 and graphically
illustrated in
Figure 23.

TheElbe Glacial Valley and - in the outer area -
the Dogger Bank form the central guiding struc-
tures in the German North Sea EEZ. These are
important, for example, for the networking of
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habitats, as stepping stones and as retreat ar-
eas. Dogger Bank is also a biogeographical di-
vide between the northern and southern North

Sea.
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Figure 23: Natural space classification of the German North Sea EEZ according to RACHOR &
NEHMER (2003), final report for BfN.

Table 8: Natural Area Units of the German North Sea EEZ (after RACHOR & NEHMER 2003)

BRIEF Cf NAME HYDROGRAPHY TOPO- SEDIMENT* BENTHOS
Figure 23 GRAPHY
Predominantly Tellina fab-
changing salinity with frontal ula community (dominant
systems between North Sea species: ribbed tellina and
. Heterogeneous - .
water and freshwater input of ) .. | spionid annelids), adaptable;
Eastern German Lo . . sediment distri- .
. .| the major rivers; high nutrient . ) towards the coast the sublit-
Bight (North Fri- . . from -10 to | bution from fine .

A ) ) concentration, higher pollu- toral variant of the Macoma
sian EEZ) with ) . 43 m to coarse sand, . o .
Svit Outer Reef tant concentration than in the isolated ravel Balthica community; Goni-
y rest of the EEZ; northward 9 adella Spisula community.

. . and stone areas . . . L
directed residual current High species diversity in bio-
(CCC) tope mosaics with often

lower population densities
_ Water bodies temporarily | &ngated Fine sands with | Amphiura-filiformis com-
B Elbe Glacial Val- stratified seasonall Fr)e ion}j hollow form, | Silt content that | mynity (dominant species:
ley Al with oxvaen éle Igtion' steeper on | increases  With | pritie star); driling mega-
y ¥9 P ' | the eastern | Water depth fauna possible in some ar-
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BRIEF Cf NAME HYDROGRAPHY Leliion SEDIMENT* BENTHOS
Figure 23 GRAPHY
coastal water with lower sa- | slope up to - eas; Nucula-nitidosa commu-
linity may lie above water | 50 m nity in coastal silt and muddy
with higher salinity sand areas
Predominantly Tellina fab-
Southwestern hete.zrogeneo.us. ula .comn.lunlty (d.omlnant
. sediment distri- | species: ribbed tellina and
German  Bight | . . ) ) -
.| inflow of Atlantic water from bution of fine to | spionids), adaptable; as well
(coastal East Fri- from -20 to- . .
C . ) the Channel and the western coarse sand, oc- | as Goniadella spisula com-
sian EEZ with 36m . . . . .
North Sea; eastern current casional gravel | munity High species diver-
Borkum Reef L L .
and individual | sity in biotope mosaics, often
Ground) . . . .
stone deposits with lower population densi-
ties
Northwestern Amphiura-filiformis com-
D German  Bight | under North Sea water influ- | from -30 to - Siltv fine sand munity (dominant species:
(offshore  East | ence; low east current 40 m y brittle star); driling mega-
Frisian EEZ) fauna possible in some areas
Transition area low t.|dal dynamlf:§ with low | Depths from Amphiura-filiformis com-
amplitude; stratified water | -38 (flat bot- . . .
between  Ger- . ) - . I munity (dominant species:
E . body in summer; high salinity | tom white | Silty fine sand . .
man Bight and . L brittle star); drilling mega-
with low variability; oxygen | bench) to - S
Dogger Bank . . fauna possible in some areas
deficiency possible 50 m
Depths from
on the slopgs, vortex and 29 to -40m, . . Offshore fine sand commu-
frontal formation; strong ver- . Fine to middle . R .
F Dogger Bank . . becoming nity Bathyporeia-Tellina
tical mixing on the bank, wa- sand .
. o shallower af- community
ter bodies rarely stratified
ter W
Central North Water regularly stratified in | depths over fine sands, in | Benthic community of thg
G Sea north of places boulder | central North Sea, Myri-
the summer months -40m
Dogger Bank clay or clay ochele

*modified BSH
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2.5.2.1 Current species spectrum of the

North Sea EEZ

At present, a total of about 1,500 marine macro-
zoobenthos species are known to occur in the
North Sea. Of these, an estimated 800 are found
in the German North Sea area, and probably 700
in the sublittoral of the open southeastern North
Sea (RACHOR et al. 1995). Investigations into the
benthos of the EEZ were carried out in May/June
2000 as part of the R&D project "Survey and as-
sessment of ecologically valuable habitats in the
North Sea" (Rachor & NEHMER 2003) using Van
Veen grab samples at 181 stations and addi-
tional 79 beam trawl hauls. A total of 483 taxa
(361 of which were identified by species) of
endo- and epifauna including demersal fish were
identified. The groups of polychaeta (polybristle)
with 129 species, crustacea (crabs) with 101
species and mollusca (molluscs) with 66 species
accounted for the largest share. A total of 336
macrozoobenthos invertebrate species were de-
tected.

The spectrum of species recorded by RACHOR &
NEHMER (2003) can be supplemented by the in-
vestigations carried out within the framework of
various offshore wind farm and submarine cable
projects as well as additional research projects
of the AWI. Based on a taxonomic harmonisation
of this extensive benthic database, 573 species
were recorded between 1997 and 2014 for the
benthic infauna alone in the area of the German
EEZ (DANNHEIM et al. 2016). This results in a total
species count of invertebrate macrozoans in the
area of the German EEZ of approximately 750
species. In the ranking of species diversity of in-
dividual large groups, the group of polychaeta is
the richest in species, followed by crustaceans
and molluscs.

Within the framework of the biological monitoring
of the IOW, a total number of species (spring and
autumn sampling of all stations combined) of 286
was recorded in 2010. Along the stations, spe-
cies diversity ranged from 37 in the area of the
North Frisian Islands to 121 in the Duck's Bill.
Considering spring and autumn samples sepa-
rately, the number of species in spring varied be-
tween 16 in the area of the North Frisian Islands

and 90 in the Duck’s Bill. In autumn, the species
diversity was always higher (WASMUND et al.
2011).

2.5.2.2 Red List species

In May 2014, the current Red List of bottom-
dwelling invertebrate marine organisms by RA-
CHOR et al. (2013) was published by BfN. By in-
cluding additional animal groups compared to
the 1998 Red List, assessments for a total of
1,244 macrozoobenthos taxa have been carried
out within the framework of the current Red List.
According to this, 11.7% of all assessed taxa are
endangered, and a further 16.5% of species are
potentially endangered although probably stable
on a large scale, but extremely rare. If the 3.9%
of missing species are added (48 of the total of
49 missing species were found only in the area
of Helgoland), a total of 32.2% of all assessed
species are assigned to a Red List category.

In a recent study by DANNHEIM et al (2016), a total
of 98 species of benthic invertebrates were iden-
tified in the German EEZ between 1997 and
2014, which according to RACHOR et al (2013)
are listed as endangered or extremely rare.

Two of the detected species are considered ex-
tinct (Modiolula phaseolina and Ascidia vir-
ginea). According to the latest findings, the de-
tection of the sea squirt Ascidia virginea is con-
sidered a false positive. According to the re-de-
termination, this is most likely the extremely rare
(Red List Cat. R) species Ascidiella scabra (J.
DANNHEIM pers. communication, species list cur-
rently under revision).

The two species Nucula nucleus and Spatangus
purpureus are classified as endangered (Red
List cat. 1). Another seven species (Buccinum
undatum, Echiurus echiurus, Ensis enis, Modio-
lus modiolus, Sabellaria spinulosa, Spisula ellip-
tica, Upogebia stellata) are critically endangered
(Red List cat. 2). Nine other species are classi-
fied as endangered (Red List Cat. 3). A total of
33 species are assumed to be endangered to an
unknown extent (Red List Cat. G), 45 species
are extremely rare (Red List Cat. R). In addition
to these 98 Red List species, a further 17 spe-
cies are on the early warning list. The taxonomic
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major groups with the highest number of Red List
species are bivalves (Bivalvia, 30 species), pol-
ychaeta (26 species) and amphipods (20 spe-
cies).

According to a recent study by DANNHEIM et al.
(2016), the benthic species on the Red List are
not homogeneously distributed in the German
EEZ. Overall, more Red List species occur with
increasing distance from the coast, with up to 15
Red List species per station in the Dogger Bank

area. Local hotspots in terms of species num-
bers and abundance of Red List species are
mainly found in the area of Dogger Bank, the Sylt
Outer Reef and northwest of the Sylt Outer Reef
(Figure 24). According to DANNHEIM et al. (2016),
the distribution of Red List species in the Ger-
man EEZ is determined not only by distance
from the coast but also by water depth, temper-
ature and sediment properties, and thus does
not differ significantly from the distribution pat-
terns of the rest of the benthic fauna.
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Figure 24: Number of species (top) and abundance (bottom) of Red List benthic species in the German EEZ

(from DANNHEIM et al. 2016).

2.5.2.3 Biocoenoses

In general, the infauna is distributed in correla-
tion to water depth and sediment. The distribu-
tion pattern of soil animal communities described
by SALZWEDEL et al. (1985) and in principle al-
ready by HAGMEIER (1925) has been confirmed
again and again, although there are differences
in dominance relations and in the occurrence of
individual species as well as in small-scale de-
tails, depending on the study or time period. The

overall distribution of benthic endofauna commu-
nities in the North Sea based on mapping coor-
dinated by ICES' Benthos Ecology Working
Group and carried out in 1986 is described by
KUNITZER et al (1992). A clear south-north zoning
was identified (HEIP et al. 1992), which is mainly
due to the water depths and the associated tem-
perature and stratification conditions. Within this
large-scale zoning, the distribution of communi-
ties is mainly determined by the sediments.
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The settlement areas of the macrozoobenthos
(RACHOR & NEHMER 2003), which was recorded
in 2000 with bottom grabbers in the southeastern
North Sea, are shown in simplified form in Figure
25. The largest areas in the EEZ are occupied by
the Amphiura filiformis, Tellina fabula and Nu-
cula nitidosa communities; the Dogger Bank is
mainly home to the Bathyporeia tellina commu-
nity.

These communities show signs of change,
mainly due to fishing with heavy bottom gears;
some formerly common species such as Arctica
islandica are now almost non-existent.

The variants of the Goniadella-Spisula commu-
nity, which are often associated with stone reefs
and stone fields, occur in the area of the Borkum
Reef Ground and especially east of theElbe Gla-
cial Valley. Larger stone accumulations provide
a certain degree of protection from bottom fish-
ing; however, these biotope mosaics are now
threatened by gravel and sand mining.

The myriochele community found in the transi-
tion area to the central North Sea north of Dog-
ger Bank is widespread outside the German
EEZ. However, this community is unique for Ger-
man waters. This is one of the reasons why this
area is home to a particularly large number of
species on the Red List drawn up for the German
marine area by RACHOR et al. (2013) (cf. Table
8).
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Figure 25: Settlement areas of the most important soil
animal biocoenoses (macrozoobenthos, according to
soil grab samples) in the German EEZ of the North
Sea and adjacent areas (from RACHOR & NEHMER
2003, final report for BfN); in the area of the coastal
waters the representation is incomplete.

Based on data from 41 wind farm projects and
15 AWI projects in the period 1997-2014, DANN-
HEIM et al. (2014a) have carried out analyses of
benthic biocoenoses on the one hand on a large
scale for the entire EEZ and on the other hand
regionally on an area scale.

For the benthic epifauna, six significantly differ-
ent communities could be identified on a large
and regional scale (Figure 26). However, the
identified associations are not clearly distin-
guishable spatial units, but rather reflect gradual
changes in the abundance ratios between near-
coastal and far-off stations in an essentially con-
stant structural species composition. Dominant
and regularly occurring character species in the
entire EEZ are Asterias rubens (common star-
fish), Astropecten irregularis (sand sea star),
Crangon spp. (shrimps), Liocarcinus holsatus
(common swimming crab), Ophiura ophiura
(large brittle star), Ophiura albida (small brittle
star) and Pagurus bernhardus (hermit crab). Es-
pecially the communities near the coast are
characterised by some dominant species (e.g.
Crangon spp. and Ophiura albida), while the
dominance is more balanced in the regions far
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from the coast. The more productive coastal re-
gions also have higher abundances and bio-
mass values than the more remote regions.
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Figure 26: Identified large-scale communities and regional geo-clusters based on abundances of epifauna in
the German North Sea EEZ (according to DANNHEIM et al. 2014a). SW-W DB = Western Southwestern
German Bight, SW-O DB = Eastern Southwestern German Bight, N EUT = Northern Elbe Glacial Valley, S
EUT = Southern Elbe Glacial Valley, NW DB | = Northwestern German Bight |, NW DB Il = Northwestern

German Bight II.

For the benthic infauna, the communities of the
German EEZs described by SALZWEDEL et al.
(1985) and RACHOR & NEHMER (2003) could be
confirmed with the corresponding character spe-
cies ( In addition to the established biocoenoses,
seven further communities were identified, which
essentially represent gradual transitional com-
munities between the established associations.
In contrast to the epifauna, no clear gradients are
discernible for the infauna as a function of dis-
tance from the coast. Rather, according to DANN-
HEIM et al. (2014a), sediment properties have the

greatest influence on the composition of the in-
fauna. This in turn requires a relatively high de-
gree of small-scale variability in the faunistic
structure of the infauna, especially in sedimento-
logically heterogeneous areas, such as the Am-
rum Bank and the Sylt Outer Reef.
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Figure 27: Identified large-scale communities and regional geo-clusters based on abundances of infauna in
the German North Sea EEZ (according to DANNHEIM et al. 2014a). Cluster: ZN = Central North Sea, Af =
Amphiura filiformis community, Nn = Nucula nitidosa community, Nn.fl = flat Nucula nitidosa community, Mb =
Macoma balthica community, FS.Z = fine sand central, DBG.Tf = Dogger Bank/Tellina fabula community, MIX
= heterogeneous sands, MS.SAR = middle sand Sylt Outer Reef, MS.EUT = middle sand Elbe Glacial Valley,
MS.W = middle sand west, MGS.BRG = middle coarse sand Borkum Reef Ground, GS.MS = coarse sand
middle sand, GS = Goniadella/Spisula middle coarse sand, none = not defined. Geo-cluster: SW-W DB =
western southwestern German Bight, OF/NF coast = East Frisian/North Frisian coast, NW DB I, Il = northwest-
ern German Bight I, 1l
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2.5.3 Status assessment of the protected
asset benthos

The benthos of the North Sea EEZ is subject
to changes due to both natural and anthropo-
genic influences. In addition to natural and
weather-related variability (severe winters),
the main influencing factors are demersal fish-
ing, sand and gravel extraction, the introduc-
tion of alien species and eutrophication of the
water body, and climate change.

Criterion: Rarity and endangerment

The number of rare or vulnerable species is
taken into account. The rarity/endangerment
of the stock can be assessed on the basis of
the confirmed species on the Red List.

According to current studies, the macrozoo-
benthos of the North Sea EEZ is considered to
be average due to the proven number of Red
List species. This assessment is supported by
the fact that in the Red List by RACHOR et al
(2013) a total of 400 species out of 1,244 as-
sessed species are assigned to a Red List cat-
egory. The 400 species represent over 30% of
the total population.

In the current investigations by DANNHEIM et al.
(2016), 98 endangered or extremely rare Red
List species were identified in the North Sea
EEZ in the years 1997-2014, representing ap-
proximately 13.1% of the total number of rec-
orded species (750).

Two species considered extinct (Red List Cat.
0) and two species threatened with extinction
(Red List Cat. 1) have been identified. The de-
tection of one species considered extinct has
now proved to be a false positive (J. DANNHEIM
pers. communication). RACHOR et al. (2013),
on the other hand, list 49 Red List Cat. 0 spe-
cies and eight Red List Cat. 1 species. The in-
dividual examination of the natural units de-
fined by RACHOR & NEHMER (2003) does not
lead to a divergent assessment of the macro-
zoobenthos status.

Criterion: Diversity and uniqueness

This criterion refers to the number of species
and the composition of the species communi-
ties. The extent to which characteristic species
or biocoenoses occur in the habitat and how
regularly they occur is assessed.

The inventory of species in the North Sea EEZ
is average, with currently around 750 known
macrozoobenthos species (excluding fish),
since a total of around 1,500 marine macro-
zoobenthos species are currently known to oc-
cur in the North Sea, of which RACHOR et al.
(1995) estimates that 800 are found in the
German North Sea region. The benthic biocoe-
noses do not exhibit any special features ei-
ther, since the main natural factors that struc-
ture the composition of macrozoobenthos in
the German Bight are water temperature, the
hydrodynamic system (currents, wind, water
depth) and the resulting sediment composition
(KNUST et al. 2003).

According to the predominant sediments, the
largest spaces are occupied by the Amphiura-
filiformis, Tellina-fabula and Nucula-nitidosa
communities. In coarse sandy areas the Goni-
adella-Spisula community  predominates.
However, its occurrence extends beyond the
German EEZ. The myriochele community
joins north of Dogger Bank and is widely dis-
tributed outside the German EEZ (RACHOR et
al. 1998). Overall, all benthic biocoenoses
found in the area are not of outstanding im-
portance. According to KRONCKE (2004), the
six benthic biocoenoses found in the North Sea
are characterised by frequently represented
leading forms. This does not mean, however,
that their respective species inventories are
limited to individual biocoenoses. Only the fre-
guencies are characteristic, but the individual
species are also present in the other biocoe-
noses. Therefore, it is not possible to distin-
guish between these biocoenoses in terms of
their value, but all biocoenoses have the same
value.
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Criterion: Legacy impacts

For this criterion, the intensity of fishing exploi-
tation, which is the most effective disturbance
variable, will be used as a benchmark. Eu-
trophication can also affect benthic biocoe-
noses. For other disturbance variables, such
as vessel traffic, pollutants, etc., there is cur-
rently a lack of suitable measurement and de-
tection methods to be able to include them in
the assessment.

With regard to the pre-existing impacts crite-
rion, the benthos deviates from its original
state due to prior impacts (fisheries, eutrophi-
cation and pollutant inputs). Particularly note-
worthy are the disturbances of the bottom sur-
face due to intensive fishing activity, which
causes a shift from long-lived species (mus-
sels) to short-lived, rapidly reproducing spe-
cies. As a result, neither the species composi-
tion nor the biomass of zoobenthos today cor-
responds to the state that would be expected
without human use (ARMONIES & ASMUS
2002).

In summary, the North Sea EEZ is not of
major importance in terms of the benthic
organisms inventory. The benthos of the
North Sea EEZ is typical of the German North
Sea and reflects in particular the sediment
and depth conditions and the legacy impacts
from anthropogenic influences.

2.5.3.1 Significance of the areas for
benthic biocoenoses

The benthic biocoenoses will be assessed on
the basis of criteria that have already proved
their worth in the environmental impact as-
sessment tests of the offshore wind farm pro-
jects in the EEZ.

Priority areas wind energy EN1 and EN2

The SW-W DB (Western Southwest German
Bight) regional geo-cluster identified by DANN-
HEIM et al (2014a) on the basis of a compre-
hensive analysis of data from wind farm and
AWI projects covers the areas EN1 and EN2 (

Figure 27). When comparing the two areas,
the EN1 area shows an overall greater struc-
tural heterogeneity of benthic biocoenoses and
the second highest heterogeneity of all areas.
The predominant character species in EN1
and EN2 were the polychaetes Magelona
spp., Spiophanes bombyx, Nephtys cirrosa,
and amphipods of the Bathyporeia spp. gen-
era. With regard to the number of species and
abundance of Red List species, EN1 and EN2
have local hotspots (Figure 24). The variants
of the Goniadella-Spisula community found in
these areas are of high importance in terms of
rarity and endangerment due to the relatively
high number of Red List species. In the more
species-poor expression, this community is of
medium importance in terms of diversity and
uniqueness. However, it is of great importance
in areas which are classified as "Species-rich
gravel, coarse sand, and shell layers" under
section 30 BNatSchG. Legacy impacts on the
Goniadella-Spisula community are low to me-
dium due to a relatively low overall fishing in-
tensity (<1 event per year) in the area of the
Borkum Reef Ground. Overall, the legacy im-
pacts of the specied-poor variant of the Goni-
adella-Spisula community occurring in areas
EN1 and EN2 are rated as medium but as high
for the species-rich expression.

Areas wind energy EN3, EN4 and EN5

The coastal geo-cluster "OF/NF Coast" (East
Frisian/North Frisian coast) in areas EN3, EN4
and EN5, which was defined on the basis of
the analysis by DANNHEIM et al. (2014a), is sim-
ilar in the species composition of the biocoe-
nosis in areas EN1 and EN2. Here too, the pol-
ychaetes Magelona spp. and Spiophanes
bombyx were the predominant character spe-
cies, along with Nemertea and Phoronida. The
communities found in these areas showed the
highest abundances. The highest structural
heterogeneity of benthic biocoenoses com-
pared to all areas was found in area ENS5,
mainly due to the high variability in the "Dan
Tysk" and "Sandbank" wind farms.

The biocoenosis found in the EN3 area is
mainly the Tellina fabula community. In the
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northern part of the EN3 area there is a transi-
tion area to the Nucula-nitidosa community.
The high presence of the polychaetes
Magelona johnstoni and Spiophanes bombyx
in this area is confirmed by the geo-cluster
"OF/NF Coast" described in DANNHEIM et al
(2014a).

The benthic biocoenoses identified in the EN3
area are neither rare nor endangered in the
North Sea EEZ. Overall, the benthic biocoe-
noses can be considered to be of low to me-
dium importance due to an average species
diversity and number of Red List species, as
well as the legacy impacts from fisheries.

Priority areas wind energy EN6 and EN9

In the area of the EN6 and EN9 areas, DANN-
HEIM et al. (2014a) identified the geo-cluster
NW DB Il (Northwest German Bight Il). The bi-
ocoenosis occurring in these areas essentially
corresponds to the Amphiura filiformis associ-
ation with elements of the Nucula nitidosa as-
sociation, which are added mainly in area
EN6. The predominant character species in
areas EN6 and EN9 were the mud shrimp Cal-
lianassa subterranea, the polychaet Nephtys
hombergii, the brittle star Amphiura filiformis
and the phoronida. Overall, these areas had
the lowest mean abundance and species num-
bers compared to the other geo-clusters.

The number of Red List infauna species ac-
cording to RACHOR et al. (2013) varied be-
tween 15 and 21 species in the EN6G area. The
bivalve mollusc Spisula elliptica, which is con-
sidered critically endangered (Red List cate-
gory 2), as well as the bivalve molluscs Arctica
islandica and Goodallia triangularis, which are
classified as endangered, and the scale worm
Sigalion mathildae were each detected with
only a few individuals. In addition, two species
of seapen and burrowing megafauna commu-
nities have been identified. The species Calli-
anassa subterranea, which is not endangered,
was found relatively frequently, while the spe-
cies Upogebia deltaura, which is classified as
endangered to an unknown extent, was only
found in small numbers.

Despite the average species diversity and
number or abundance of Red List species, the
benthic biocoenosis in the area of the ENG6 site
is considered to be of average to above-aver-
age importance due to the occurrence and
ecological significance of the seapen and bur-
rowing megafauna communities.

On the basis of data collected in 2008-2009,
the benthic community in the EN9 area can be
assigned to the Amphiura filiformis associa-
tion. Within the EN9 area, between 128 and
130 macrozoobenthos taxa were detected
(PGU 2012a, b; PGU 2015). Despite a rela-
tively large temporal variability in the species
composition, the same species, Nucula ni-
tidosa, Corbula gibba, Nephtys hombergii, and
Amphiura filiformis, dominated the benthic
community as in the ENG area. In addition, the
dominant species were the horseshoe worm
Phoronis spp., the mud shrimp Callianassa
Subterranea and polychaetes of the genus
Nephtys. With regard to biomass, the heart ur-
chin Echinocardum cordatum and the auger
shell Turritella communis were also dominant
in the EN9 area.

A total of 12 species of the Red List according
to RACHOR et al. (2013) have been identified,
as well as three species of seapen and bur-
rowing megafauna communities, Callianassa
subterranea, Upogebia  deltaura  and
Upogebia stellata. Upogebia stellata is consid-
ered critically endangered (Red List category
2) and the Arctica islandica is considered en-
dangered (Red List category 3).

Due to the occurrence of species of seapen
and burrowing megafauna communities, the
benthic community in the EN9 area is as-
signed an average to above-average im-
portance.
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Priority areas wind energy EN7, EN8, EN10,
EN11, EN12 and EN13

In the area of areas EN7 and EN8 as well as
EN10 to EN12, DANNHEIM et al. (2014a) identi-
fied the geo-cluster NW DB | (Northwest Ger-
man Bight |). These offshore areas are mainly
characterised by the bivalve mollusc Nucula
nitidosa and the polychaetes Nepthys hom-
bergii.

The benthic community in the EN13 area is
primarily the Amphiura filiformis community
with some elements of the Nucula nitidosa
community (IFAO 2015c, d). Characteristic
species of these communities in the investiga-
tions were mainly the brittle star Amphiura fil-
fiformis, the bivalve molluscs Mysella bi-
dentata, Nucula nitidosa, Abra alba, and the
Polychaet Scalibregma inflatum.

The overall biodiversity and number of Red
List species can be described as average for
the areas mentioned. Due to the ecological im-
portance of the seapen and burrowing mega-
fauna communities identified in the studies of
the areas, benthos is of average to above-av-
erage importance overall in these areas.

With regard to the description of the benthic
biocoeneses in the EN7 area, results of the
benthic surveys from 2002 to 2010 can be
used for this. Essentially, the EN7 area is a
transitional community of the Nucula nitidosa
community with the Tellina fabula community
bordering to the south and the Amphiura fili-
formis community to the north. These commu-
nities are widely distributed and not endan-
gered in the North Sea EEZ.

The diversity of the infauna in the southern
part of the EN7 area comprised 122 taxa, with
the polychaeta being the most species-rich,
followed by the crustacea and mollusca. The
most dominant species was the nutmeg Nu-
cula nitidosa. Other dominant species were
the Polychaeta Nepthys hombergii and the bi-
valve mollusc Corbula gibba. The biomass
was determined by the heart urchin Echinocar-
dium cordatum and auger shell Turritella com-

munis. Of the two species of seapen and bur-
rowing megafauna communities, Callianassa
Subterranea was found relatively frequently,
while Upogebia deltaura was found in rela-
tively small numbers.

Due to the occurrence of seapen and burrow-
ing megafauna communities, the benthic com-
munity in the EN7 area is assigned an average
to above average importance. The species di-
versity and number of Red List species in this
area can be regarded as average.

The benthos in the area of EN8 and therefore
also in the area of N-8.4 can be assigned to
the Amphiura filiformis community, but also
shows elements of the Nucula nitidosa com-
munity. In the EN8 area, between 146 and 169
taxa of the benthic infauna and 22 to 38 taxa
of the benthic epifauna were identified (IFAO
2016, BIOCONSULT 2018). Dominant species
with regard to abundance were above all the
brittle star Amphiura filiformis, the bivalve mol-
luscs Nucula nitidosa and Corbula gibba, and
the horseshoe worm Phoronis spp. The bio-
mass was dominated by the heart urchin Echi-
nocardium cordatum and the auger shell Tur-
ritella communis.

In the EN8 area, 23 to 31 species of infauna
and between 16 and 23 species of epifauna
have so far been identified as endangered or
rare according to the Red List of RACHOR et al
(2013). The bivalve molluscs Ensis ensis and
Mya truncata, the whelk Buccinum undatum,
the Polychaet Sabellaria spinulosa, and the
mud shrimp Upogebia stellata have been iden-
tified as critically endangered (Red List cate-
gory 2) in isolated cases. In addition, the en-
dangered (Red List category 3) Arctica island-
ica, the Polychaet Sigalion mathildae and the
sea anemone Sagartiogeton undatus were
also found in low abundance in the EN8 area.
Callianassa subterranea, Upogebia deltaura,
U. stellata and Nephrops norvegicus, four spe-
cies of seapen and burrowing megafauna
communities have been identified, but only the
species Callianassa subterranea, which is
considered harmless, has been found in
higher abundances.
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Due to the average species diversity, an
above-average number or abundance of Red
List species, and the occurrence of several
species of seapen and burrowing megafauna
communities, the importance of benthos in the
ENS8 area can be rated as average to above
average.

Reservation areas wind energy EN14 to
EN18

In the area of areas EN14 to EN18 (shipping
route 10 and the southern part of the Duck's
Bill), DANNHEIM et al. (2014a) primarily identi-
fied the Amphiura filiformis community, which
occurs widely on silty sands of the North Sea
EEZ. In the northeastern area of EN16 or in
the proposed Nephrops Fishing Reserve
(NFi1), the occurrence of seapen and burrow-
ing megafauna communities (e.g. Nephrops
norvegicus and Callianassa subterranea) is
known and this area is considered the tradi-
tional main Nephrops area (DUNES 2020).

Due to the presence of the widespread Am-
phiura filiformis community, benthos in these
areas has an average importance, and in sub-
areas with occurrences of seapen and burrow-
ing megafauna communities an above aver-
age importance.

Reservation area wind energy EN19

The northern part of the Duck's Bill is charac-
terised by the presence of two communities of
epifauna and two communities of infauna
(DANNHEIM et al. 2014a). Overall, this area
shows a higher diversity and equivalence
compared to the coastal regions due to more
balanced dominance ratios. However, there is
less abundance and biomass far from the
coast compared to the more productive re-
gions near the coast (DANNHEIM et al. 2014a).
According to DANNHEIM et al. (2016), the off-
shore region of the Duck's Bill is characterised
by a higher number of Red List species. In ad-
dition to distance from the coast, the distribu-
tion of Red List species in the German EEZ is
largely determined by water depth, tempera-
ture and sediment properties, and thus does

not differ significantly from the distribution pat-
terns of the remaining benthic fauna (DANN-
HEIM et al. 2016).

From the 50 m depth contour in the area of
EN19, a change in the composition of the ben-
thic fauna takes place. This boundary corre-
sponds to the boundary between mixed and
stratified water masses and the associated
strong changes in the biotic and abiotic envi-
ronment, which result in a clear separation of
fauna (NEUMANN et al. 2008). DANNHEIM et al.
(2014a) identified the benthic community of
the central North Sea for this area, which, at
44 + 9 m-2 , had the highest species number
and diversity of all communities in the North
Sea EEZ, compared with the other communi-
ties in the area.

All in all, benthos is therefore of above-aver-
age importance in this area. While the commu-
nity of the central North Sea is limited to the
EN19 area within the EEZ, it is relatively wide-
spread outside the German EEZ.

Reservation areas raw material extraction
SKN1 and SKN2

In the SKN1 and SKN2 sand and gravel ex-
traction reservation areas in the "Sylt Outer
Reef - Eastern German Bight" nature conser-
vation area, areas of species-rich gravel-,
coarse sand, and shell layers of the Goni-
adella-Spisula community are populated by
the eponymous species Goniadella bobretzkii
and Spisula subtruncata and the typical repre-
sentatives Aonides paucibranchiata, Branchi-
ostoma lanceolatum, Ophelia limacina,
Polygordius spp., Goodallia triangularis, and
Protodorvillea kefersteini (IFAO 2019). In
these areas benthos are of above-average im-
portance.
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2.6 Fish

As the most species-rich of all vertebrate
groups living today, fish are equally important
in marine ecosystems as predators and prey.
Bottom-living fish feed predominantly on inver-
tebrates living in and on the bottom, while pe-
lagic fish species feed almost exclusively on
zooplankton or other fish. In this way, biomass
produced in and on the seabed and in open
water, and the energy it binds, is also available
to seabirds and marine mammals.

For afirst subdivision of the fish fauna, the way
of life of the adult animals lends itself. Bottom-
living (demersal) species can be distinguished
from those that live in open water (pelagic).
Mixed forms of these (benthopelagic) are also
widespread. However, this separation is not
strict: demersal fish regularly ascend into the
water column, while pelagic fish stay tempo-
rarily near the bottom. At almost 60%, demer-
sal fish are the most common in the North Sea,
ahead of pelagic (20%) and benthopelagic
(15%) species. Only about 5% cannot be as-
signed to any of the three habitats due to a
close habitat link (FROESE & PAULY 2000). The
individual life stages of the species often differ
more in form and behaviour than the same
stages of different species: the pelagic herring
Clupea harengus lays its eggs in thick mats on
sandy and gravelly bottom or sticks them to
suitable substrate such as algae or stones
(DICKEY-COLLAS et al. 2015), all flatfish have
pelagic larvae which, with metamorphosis into
their characteristic body shape, change to bot-
tom life (VELASCO et al. 2015), and benthope-
lagic fish such as cod have pelagic eggs and
larvae (HISLOP et al. 2015). The vast majority
of fish species found in the North Sea com-
plete their entire life cycle from egg to adult
fish ready to spawn in the North Sea, and are
therefore termed permanent residents (LOzZAN
1990). They include commercially exploited
species such as sandeel Ammodytes spec.,
mackerel Scomber scombrus, or sole Solea
solea, as well as economically insignificant
species such as eel mother Zoarces viviparus
or dwarf sole Buglossidium luteum.

Other marine species occur regularly in the
North Sea as so-called "summer visitors",
mainly in summer, but without clear signs of
reproduction. Examples are the tub gurnard
Chelidonichthys lucernus and the striped mul-
let Mullus surmuletus. However, very small ju-
veniles of these two species have been rec-
orded recently, suggesting that reproduction in
the area is possible (HEESSEN 2015, DAN-
HARDT 2017).

Some species occur irregularly in the North
Sea, regardless of the season, including the
rabbit fish Chimaera monstrosa, Ray's bream
Brama brama, Witch flounder Glyptocephalus
cynoglossus, and halibut Hippoglossus hippo-
glossus. Of these and other so-called "mis-
guided" species, only single specimens are
usually caught.

Unlike the marine fish in the three categories
mentioned above, the life cycle of the diadro-
mous species spans sea and freshwater. The
eel Anguilla anguilla is the only so-called ca-
tadromous species that occurs in the German
EEZ. It spawns in the sea and spends most of
its adult life in fresh or brackish water. Much
more common are anadromous species that
spawn in freshwater and otherwise live in the
sea. In the EEZ, smelt Osmerus eperlanus,
twaite shad Alosa fallax and sea lamprey
Petromyzon marinus are examples.

The most important influences on fish popula-
tions are fishing and climate change (HOL-
LOWED et al. 2013, HEESSEN et al. 2015). The
current warming of the North Sea may lead to
a weakening of the synchronicity between
temperature-controlled zooplankton develop-
ment and day-length-controlled phytoplankton
development. As a result of this "mismatch"
(CUSHING 1990, BEAUGRAND et al. 2003), fish
larvae could find a reduced density of zoo-
plankton if they are dependent on external
food after consuming their yolk sac. The sig-
nificance of this phenomenon is due to the fact
that the survival rates of early life stages have
a disproportionate effect on population dy-
namics across species (HOUDE 1987, 2008).
This variability can propagate up to predators
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at the top of the food web (DURANT et al. 2007,
DANHARDT & BECKER 2011) and has an impact
on the management of fish stocks.

Effects of fisheries and climate change interact
and their relative impact on fish population dy-
namics is difficult to distinguish (DAAN et al.
1990, VAN BEUSEKOM et al. 2018). For exam-
ple, the dominance relationships within a fish
species community may follow long-term, pe-
riodic climate fluctuations (PERRY et al. 2005,
BEAUGRAND 2009, GROGER et al. 2010,
HisLoP et al. 2015). However, these cannot be
explained without considering fisheries (FAU-
CHALD 2010). Despite its complexity, a holistic
view of the effects of various stressors on the
fish fauna offers the possibility of identifying
negative effects early on and, if necessary, in-
itiating targeted measures.

2.6.1 Data availability

As data are available almost exclusively from
bottom trawling and not from pelagic sampling,
the following assessment can be made for de-
mersal fish only. Reliable estimates for pelagic
fish are not possible. The bases for the status
assessment of the protected asset (bottom-liv-
ing) fish are

o the analyses of the R & D project
"Assessment approaches for spatial
planning and licensing procedures with
regard to the benthic system and
habitat structures" (Dannheim ET al.,
2014).

e current (from 2014) results from
environmental impact studies and
cluster  investigations  for  the
preparation of current species lists
(only areas N-1 to N-8).

e the International Council for the
Exploration of the Sea (ICES) trawl
survey database (DATRAS) (accessed
12 March 2018). Only the standard
areas and grid squares covering the
German North Sea EEZ were
considered. In standard roundfish area
6, these are the plan squares 37F6,

38F5-F8, 39F5 and 40F4-F7. The
catch data from the 1st and 3rd
quarters of the most recent year (2017)
have been combined. For 2018, data
from the 1st quarter were already
available and were combined with the
data from the 3rd quarter of 2017.

For a historical reference, EHRICH et al (2006)
and KLOPPMANN et al (2003) were considered.
The classification into the North Sea-wide con-
text was carried out with the help of HEESSEN
et al. (2015). For the current assessment
(2017/2018) of the stocks exploited, the Inter-
net portal "Fish stocks online" (BARz & ZIm-
MERMANN 2018) was used, which provides a
clear summary of the scientific assessment of
stocks by ICES.

2.6.2 Spatial distribution and temporal
variability

The spatial and temporal distribution of fish is
determined first and foremost by their life cycle
and the associated migrations of the various
developmental stages (HARDEN-JONES 1968,
WOOTTON 2012, KING 2013). The framework
for this is set by many different factors that
take effect on different spatial and temporal
scales. Hydrographic and, to a large extent,
climatic factors, such as swell, tides and wind-
induced currents, as well as the large-scale
circulation of the North Sea, have an impact
over a large area. The medium (regional) to
small (local) space-time scale is affected by
water temperature and other hydrophysical
and hydrochemical parameters as well as food
availability, intra- and inter-species competi-
tion and predation, which also includes fisher-
ies. Another decisive factor for the distribution
of fish in time and space is habitat, which in a
broader sense does not only mean physical
structures, but also hydrographic phenomena
such as fronts (MUNK et al. 2009) and
upwelling areas (GUTIERREZ et al. 2007),
where prey aggregates and can thus set in
motion and maintain entire trophic cascades.
The diverse human activities and influences
are further factors that structure the fish distri-
bution. They range from nutrient and pollutant
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discharges to the obstruction of migration
routes of migratory species and fisheries, and
to structures in the sea. Newly introduced
structures can serve fish as spawning sub-
strate (sheet piling for herring spawning), food
source (growth on artificial structures) or even
as a refuge (wind farms) (EEA 2015).

2.6.2.1 Red List species in the German
North Sea area

For the 107 established fish and lamprey spe-
cies in the North Sea, the Red List has been
used to assess the endangerment of the spe-
cies, based on the current stock situation and
long-term and short-term stock trends (THIEL
et al. 2013). According to the Red List, 23.4%
(25 species) of the established marine fish and
lamprey species in the North Sea are classi-
fied as extinct or at risk of extinction. Taking
extremely rare species into account, the pro-
portion of Red List species increases to 27.1%
(29 species). Five of these species (shad,
twaite shad, North Sea houting, river and sea
lamprey) are also listed in Annex |l of the Hab-
itats Directive.

Within the framework of a research and
development project, DANNHEIM et al (2014)
derived "Assessment approaches for spatial
planning and licensing procedures with regard
to the benthic system and habitat structures"
from data from 30 wind farm projects and nine
research projects of the Alfred Wegener
Institute for Polar and Marine Research.
According to this, 15 of the 89 fish species
analysed (16.9%) had a Red List
endangerment status: allis shad, thornback
ray, and spurdog are threatened with
extinction (category 1), European eel, dogfish,
and haddock are considered to be at high risk
(category 2), while twaite shad, starry ray ,
river lamprey, weever fish and poor cod are
at risk (category 3). The authors identified an
endangerment of unknown extent (category
G) for the snake pipefish , ling, great pipefish,
and the ballan wrasse is extremely rare

(category R).

2.6.2.2 Typical regional fish communi-
ties in the EEZ

KLOPPMANN et al. (2003) identified a total of 39
fish species in a one-off survey to record FFH
Annex Il fish species in the German EEZ in the
areas of Borkum Reef Ground, Amrum Outer
Ground, east slope of the Elbe Glacial Valley
and Dogger Bank in May 2002. The study
identified a gradual change in the species
composition of the fish communities from the
inshore to the offshore areas due to hydro-
graphic conditions. These changes were con-
firmed by DANNHEIM et al (2014), who were
able to distinguish four fish communities in the
German EEZ geographically using effort-cor-
rected catch figures: The largest was the cen-
tral community (ZG), which could be delimited
in the north by the two Duck's Bill communities
(ES | and ES Il) and along the coast by a
coastal community (KG) (Figure 28 and Figure
29). Areas with fewer than six stations were
not assigned to any fish community (grey sym-
bols in Figure 28).

The four identified fish communities had a sim-
ilar species composition in principle, but with
different species-specific abundances. Dab
were generally dominant and very regular,
while plaice and American plaice dominated in
the offshore community ES II. Plaices were
also regularly found in the central transitional
community. Dragonets and hooknoses were
characteristic of the coastal community of de-
mersal fish. Solenettes and dragonets were
also regularly found in the central transitional
community. The species composition and dis-
tribution of demersal fish showed gradual
changes from the offshore community to the
central community to the nearshore areas.
The species count of the community ES | was
significantly lower (ES |: 2 £ 1 * Hol-1) than that
of the other communities with an average spe-
cies countof 6 £+ 2 Hol-1 (ES ll)and 7 £ 2 *
Hol-1 (KG) respectively.
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Figure 28: Relative similarity of species composition and species-specific abundances of bottom-dwelling fish
in the German North Sea EEZ. The central community (ZG, blue dots), the coastal community (KG, green
dots) and two Duck’s Bill communities (ES | & Il, yellow and orange dots) can be clearly distinguished. Areas
with fewer than six stations have not been assigned to any fish community (grey symboils €, g, h, b and d).
Non-metric multi-dimensional scaling based on V-transformed and effort normalised abundance data from
catches taken with a 2-m beam trawl; N = 173 stations) From DANNHEIM et al (2014).
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Figure 29: Map of the spatial variability of the fish communities identified in the German North Sea EEZ based
on abundance data corrected for effort. Abbreviations, analytical methods, colour codes and sample size as

in Figure 28. From DANNHEIM et al (2014).

As with the number of species, the abundance of
demersal fish increased with proximity to the
coast, from 4,454 + 3,598 individuals * km-2 in
ES | off-shore to 95,128 + 44,582 individuals *
km-2 in the coastal community (a). The biomass,

2E5 - 3000

on the other hand, did not show a directional ge-
ographical trend, with the lowest biomass being
found in ES | (108 £ 112 kg * km-2). The largest
biomass was found in ES Il with 801 + 513 kg *
km-2 (b).

Figure 30: Box whisker plots of (a)
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abundance (individuals * km-2)
and (b) biomass (kg * km-2) of the
identified fish communities in the
German North Sea EEZ. Abbrevi-
ations, analytical methods and
sample sizes as shown in. From
DANNHEIM et al (2014).
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On the basis of high-resolution data from envi-
ronmental impact studies for individual offshore
wind farms, the demersal fish community was
studied on a smaller scale (DANNHEIM et al.
2014). For this purpose, the data for the commu-
nity analyses were grouped according to wind
farm clusters as defined in the Spatial Offshore

G KG none

Grid Plan (BSH 2017). In the

following, these wind farm ar-
eas will be referred to numerically as OWF areas
1-12 (below). In order to exclude temporal ef-
fects on the spatial analyses, data from all OWF
areas were evaluated in pairs, separated by
years and seasons (top left ). The individual
OWEF areas were compared in pairs by means of
single factor similarity analyses (ANOSIM),
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whereby the mean R-value was calculated as a
measure of the mean dissimilarity between pre-
defined groups (here: the OWF areas). R-values
close to 0 indicate an absence of differences, R-
values close to 0.25 indicate that groups are al-
most impossible to separate, R-values close to
0.50 indicate that it is possible to separate the
groups, R-values close to 0.75 indicate that the
groups are easy to separate, while finally R-val-
ues close to 1.00 mark the complete separation
of the groups (CLARKE & GORLEY 2001). Without
the influence of temporal effects, in the south-
western German Bight off the East Frisian coast,
western OWF areas 1 and 2 (SW-W DB) could
be separated from eastern OWF area 3 (SW-O
DB) (). The analyses also showed a separation
of the coastal OWF areas 4 (S EUT) and 5 (N
EUT) along the edge of the Elbe Glacial Valley.
The greatest similarity (characterised by low R-
values) in terms of species-specific fish abun-
dance was found between OWF areas 6 to 12 in
the northwestern German Bight (NW DB).

The differences between the five geo-clusters
identified by ANOSIM (SW-W DB, SW-O DB, N
EUT, S EUT, NW DB Figure 31 were clearly
evident, although the degree of dissimilarity also
varied considerably between neighbouring geo-
clusters. While OWF areas 5 and 6 were very
similar (mean R=0.42), the fish community of
OWF area 12 differed significantly from that of
OWF area 10 within the NW DB geocluster
(R=0.84) (top left Figure 31. The separation of
the geo-clusters on the basis of species-specific
abundance should therefore be understood as a
spatial gradient in the community characteristics
rather than a sharp demarcation of different
demersal fish communities. The number of
demersal fish species is generally very similar
between the geo-clusters: In the SW-W DB geo-
cluster, 13 + 3 species per haul were caught on
average, while the fewest fish species (11 £ 3)
were found in the N EUT geo-cluster.
Furthermore, the geo-clusters did not show any
geographically clear differences in the total
abundance and total biomass of all species. The
highest abundance was recorded in the SW-O
DB geo cluster (82,040 £ 70,335 individuals *
km-2), the lowest in the NW DB geo cluster

(20,010 + 22,847 individuals * km-2). The
average biomass varied between 750 + 447 kg *
km-2 (NW DB) and 1563 £+ 657 kg * km-2 (SW-
O DB). The species composition also hardly
differed between the geo-clusters: More than
60% of the species were found across different
areas. Only five species were relevant for the
dissimilarity between the geo-clusters. Dwarf
tongue, dab and plaice were found in all geo-
clusters, but they contributed to the similarity to
a varying degree. Scaldfish were characteristic
of the western geo-clusters (SW-W DB, SW-O
DB, NW DB), while gobies were characteristic of
the geo-clusters along the Elbe Glacial Valley
and eastern areas (N EUT, S EUT). Structural
differences in species composition are hardly
present between the geo-clusters. Differences
are based solely on the different abundances of
species.

2.6.3 Status assessment of the protected
asset fish

The status of the demersal fish community in the
German North Sea EEZ is assessed on the basis
of i) rarity and endangerment, ii) diversity and
uniqueness, and iii) legacy impacts. These three
criteria are defined below and applied separately
to areas 1-3, area 4, area 5, areas 6-8 and areas
9-13.

Rarity and endangerment

The rarity and endangerment of the fish commu-
nity is assessed on the basis of the proportion of
species that are considered endangered accord-
ing to the current Red List marine fish (THIEL et
al. 2013) and for the diadromous species on the
Red List freshwater fish (FREYHOF 2009) and
have been assigned to one of the following Red
List categories: Extinct or missing (0), threat-
ened with extinction (1), critically endangered
(2), endangered (3), endangered to an unknown
extent (G), extremely rare (R), early warning list
(V), data insufficient (D) or not endangered (*)
(THIEL et al. 2013). Particular attention is paid to
the risk situation of species listed in Annex Il of
the Habitats Directive. They are the focus of Eu-
rope-wide conservation efforts and require spe-
cial protection measures, e.g. for their habitats.
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Figure 31: Top: R-values for the diversity of OWF areas (single factor ANOSIM) based on abundance data of
demersal fish. The R-values correspond to the mean R-value of the individual pairwise tests between the OWF
areas. Above: Differences between the identified geo-clusters in different colours. Below: Map of the OWF
areas (numbers) and location of the geo-clusters determined from the R-values (single factor ANOSIM) (col-
ours, see map legend). SW-W DB: western southwestern German Bight, SW-O: eastern southwestern Ger-
man Bight, N EUT: northern Elbe Glacial Valley, S EUT: southern Elbe Glacial Valley, NW DB: northwestern

German Bight. From DANNHEIM et al (2014).

In the sea areas where areas 1, 2 and 3 are lo-
cated, a total of 37 fish species were identified
during the environmental impact assessment
and fish monitoring for stock assessment in the
above-mentioned period (Chapter 2.6.1). Ac-
cording to THIEL et al. (2013), none of these spe-
cies is considered extinct or missing (0), the
thornback ray Raja clavata (1 species, 2.7%) is
threatened with extinction (1), and no highly en-
dangered species (2) were detected. The
greater weever Trachinus draco is considered

endangered (3) (1 species, 2.7%). The greater
pipefish Syngnathus acus and the snake pipe-
fish Entelurus aequoreus are considered to be
endangered to an unknown extent (G) (2 spe-
cies, 5.4%). None of the species detected in ar-
eas 1-3 are extremely rare (R), while mackerel
Scomber scombrus, turbot Scophthalmus maxi-
mus and sole Solea solea are on the early warn-
ing list (3 species, 8.1%). For the small sandeel
Ammodytes marinus, the reticulated dragonet
Callionymus reticulatus, the greater spotted
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sandeel Hyperoplus lanceolatus, the spotted
goby Pomatoschistus pictus, and the bullhead
Taurulus bubalis (5 species, 13.5%), data avail-
ability is considered insufficient for an assess-
ment (D). Of the 37 species recorded, 25
(67.6%) are considered safe (*), including the
three-spined stickleback Gasterosteus acule-
atus, which was included in the Red List of fresh-
water fish (FREYHOF 2009) ().

In the sea areas where Area 4 is located, a total
of 37 species were identified during the environ-
mental impact assessments and fish monitoring
for stock assessment, of which, according to
THIEL et al. (2013), no species is considered ex-
tinct or missing (0), threatened with extinction or
critically endangered (2). One species, the
thorny skate Amblyraja radiata, is considered
endangered (3) (1 species, 2.7%). The snake
pipefish Entelurus aequoreus is considered to be
endangered to an unknown extent (G) (1 spe-
cies, 2.7%), while smelt Osmerus eperlanus (as-
sessed in FREYHOF 2009), mackerel Scomber
scombrus, turbot Scophthalmus maximus and
sole Solea solea are on the early warning list (4
species, 10.8%). For a further three species
(8.1%), the small sandeel Ammodytes marinus,
the reticulated dragonet Callionymus reticulatus,
and the greater spotted sandeel Hyperoplus lan-
ceolatus, the available data are insufficient for an
assessment (D). 28 species (75.7%) are consid-
ered to be safe (*) (Table 9).

A total of 35 species have been identified in the
sea area covered by Area 5 during the environ-
mental impact assessment and fish monitoring
for stock assessment. According to THIEL et al
(2013), no species is considered extinct or miss-
ing (0), threatened with extinction (1), critically
endangered (2) or extremely rare (R). Likewise,
none of the species found in Area 5 is endan-
gered to an unknown extent (G). FREYHOF
(2009) considers the river lamprey Lampetra flu-
viatilis to be at risk (3) (2.9%), and, as in the ar-
eas already covered, mackerel Scomber
scombrus, turbot Scophthalmus maximus and
sole Solea solea are on the early warning list (3
species, 8.6%). Data on the small sandeel Am-

modytes marinus, the Tobias fish Ammodytes to-
bianus, the reticulated dragonet Callionymus re-
ticulatus and the greater spotted sandeel Hyper-
oplus lanceolatus are considered insufficient and
27 species (77.1%) are considered safe (*) (Ta-
ble 9).

A total of 39 species have been identified in the
sea areas where areas 6-8 are located during
the environmental impact assessments and fish
monitoring for stock assessment. Of these, ac-
cording to THIEL et al (2013), no species is con-
sidered extinct or missing (0), and the thornback
ray Raja clavata (1 species, 2.6%) is threatened
with extinction (1). The European eel Anguilla
anguilla and the tope shark Galeorhinus galeus
(2 species, 5.1%) are highly endangered (2),
thorny skate Amblyraja radiata and twaite shad
Alosa fallax are considered endangered (3) (2
species, 5.1%), while the greater pipefish
Syngnathus acus is considered to be endan-
gered to an unknown extent (G) (1 species,
2.6%). The spotted ray Raja montagui (1 spe-
cies, 2.6%) is extremely rare (R), mackerel
Scomber scombrus, turbot Scophthalmus maxi-
mus, and sole Solea solea are on the early warn-
ing list (V) (3 species, 7.7%). For the small
sandeel Ammodytes marinus and the greater
spotted sandeel Hyperoplus lanceolatus, the
available data are insufficient for an assessment
(D) (2 species, 5.1%), 27 species (69.2%) are
considered safe (*) (Table 9).

No environmental impact assessments have yet
been carried out in the sea areas where zones
9-13 are located. The assessment is therefore
based solely on fish monitoring data for stock as-
sessment, and therefore on a smaller number of
hauls, which may affect species numbers. In ar-
eas 9-13, a total of 29 species were identified,
none of which, according to THIEL et al. (2013),
is considered extinct or missing (0), critically en-
dangered (2) or extremely rare (R), or endan-
gered to an unknown extent (G). The spurdog
shark Squalus acanthias is threatened with ex-
tinction (1) (1 species, 3.4%), the thorny skate
Amblyraja radiata is considered endangered (3)
(1 species, 3.4%). As in all other clusters consid-
ered, mackerel Scomber scombrus, turbot



‘ 96 | Description and assessment of the state of the environment

Scophthalmus maximus and sole Solea solea
are on the pre-warning list (3 species, 10.3%).
For the small sandeel Ammodytes marinus, the
greater spotted sandeel Hyperoplus lanceolatus
and for the hake Merluccius merluccius, the

available data are insufficient for an assessment
(D) (3 species, 13.8%). 20 species (69%) are
considered to be safe (*) (Table 9).

Table 9: Relative proportion of Red List categories in the fish species detected in zones 1-3, 4, 5, 6-8 and 9-
13 Extinct or missing (0), threatened with extinction (1), critically endangered (2), endangered (3), endangered
to an unknown extent (G), extremely rare (R), early warning list (V), data insufficient (D) or not at risk (*) (Thiel
etal. 2013). (EIA data from 2014 for clusters 1-8 and data from 2017/2018 from ICES' DATRAS database, see
2.8.1). For comparison, the relative proportions of the assessment categories of the North Sea Red List (Thiel

et al. 2013) are shown.

Area Red List Category
0 1 2 G R v D .
13 0 2.7 0 27 | 54 0 8.1 135 | 67.6
4 0 0 0 27 | 27 0 | 108 81 | 757
5 0 0 0 2.9 0 0 8.6 14 | 771
6-8 0 26 | 51 | 51 | 26 | 26 | 7.7 51 | 692
9-13 0 3.4 0 3.4 0 0 | 103 | 138 | 69
N°;haf92%g')“e' 28 | 75 | 65 | 19 | 47 | 37 | 65 224 | 439

In the Red List of marine fish, 27.1% of the spe-
cies assessed were assigned to a risk category
(0,1,2,3,GorR), 6.5% are on the early warning
list and for 22.4% no assessment is possible due
to lack of data. A total of 43.9% of species are
considered to be safe (THIEL et al. 2013) (). By
comparison, in all the clusters considered, signif-
icantly fewer species with an endangerment sta-
tus were recorded (1-3: 10.8%, 4: 5.4%, 5: 2.9%,
6-8: 18.0%, 9-13: 6.8%), while there were always
considerably more non-endangered species
than those on the Red List (1-3: 67.6%, 4:
75.7%, 5: 77.1%, 6-8: 69.2%, 9-13: 69.0%).

No extinct or missing species (category 0) were
found in any of the areas. For endangered (1)
and critically endangered (2) species, the im-
portance of the areas is below average, while en-
dangered species (3) were relatively more com-
mon in all areas than in the Red List. For these
species, the areas are of above average im-
portance. In areas 1-3, a higher proportion of
species in category G (endangered to an un-
known extent) was recorded, otherwise their rel-
ative proportion was below the Red List, as was

the case for extremely rare species (R). Rela-
tively more species in categories V (early warn-
ing list) and * (not endangered) were found in all
areas, which means that they have above-aver-
age importance for species in these two catego-
ries. The proportion of species (D) that could not
be assessed for lack of data was significantly be-
low the proportion of this category in the Red List
in all areas (Table 9). A total of two species pro-
tected under the Habitats Directive and the Reg-
ulation on Protected Areas for the "Sylt Outer
Reef - Eastern German Bight" were identified,
namely the twaite shad Alosa fallax (Areas 6-8)
and the river lamprey Lampetra fluviatilis (Area
5).

Against this background, the rariteness and vul-
nerability of the fish fauna in the areas under
consideration is rated as average to above aver-
age.
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Diversity and uniqueness

The diversity of a fish community can be de-
scribed by the number of species (a-Diversity,
'Species richness'). The species composition
can be used to assess the specific nature of a
fish community, i.e. how regularly habitat-typical
species occur. The following section compares
and assesses the diversity and individual char-
acteristics of the entire North Sea and the Ger-
man EEZ, and of the EEZ and the individual ar-
eas.

Over 200 species of fish have been recorded in
the North Sea to date (DAAN 1990: 224, LOZAN
1990: >200, Fricke ET al. 1994, 1995, 1996: 216,
Froese & Pauly 2000: 209). The vast majority of
these are rare individual records. Less than half
of them reproduce regularly in the German EEZ
or are found as larvae, young or adult speci-
mens. According to these criteria, only 107 spe-
cies are considered established in the North Sea
(THIEL et al. 2013). The International Bottom
Trawl Survey (IBTS) has identified 99 fish spe-
cies in the entire North Sea between 2014 and
2018. In the German EEZ, represented here by
area-related fish data from environmental impact
studies (from 2014) and the ICES DATRAS da-
tabase (IBTS data 2017 & 2018), a total of 56

species were identified. With the exception of ar-
eas 9-13, the number of species in the individual
areas ranged from 35 to 39 (see "Rarity and en-
dangerment"). Most species were found in areas
6-8, followed by areas 4, 1-3 and 5, while only 29
species were found in areas 9-13 in zone 3 (Ta-
ble 10), although this may be at least partly ex-
plained by the lower coverage in this area.

All typical demersal flat and round fish species
have been identified across the area. The steady
and characteristic flatfish species scaldfish Arno-
glossus laterna, dwarf sole Buglossidium lu-
teum, dab Limanda limanda, Limande Microsto-
mus kitt, plaice Pleuronectes platessa, turbot
Scophthalmus maximus, brill Scophthalmus
rhombus, and sole Solea solea were present in
all areas considered. Flounder Platichthys flesus
were caught in 4 out of 5 areas despite their
coastal and estuarine affinity (Table 10).

Although the bottom trawls used are not suitable
for capturing pelagic fish, herring Clupea ha-
rengus, mackerel Scomber scombrus, sprat
Sprattus sprattus and dolphinfish Trachurus tra-
churus were found to be typical of the pelagic
part of the fishing community in all areas (Table
10).
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Table 10 Total list of detected fish species in zones 1-3, 4, 5, 6-8 and 9-13 (EIA data from 2014 for zones 1-8

and 2017/2018 data from ICES DATRAS database).

CLUSTER
6,7&8 913

Artname Deutscher Trivialname 1,2&3 4 5
Agonus cataphractus Steinpicker
Aosa Frie I I N
Amblyrsia radiata Stemrochen [ ]
Ammodytes marinus Kleiner Sandaal
Ammodytes tobianus Tobiasfisch
Anguilla anguilla Europaischer Aal
Amoglossus latema Lammzunge
Belone belone Homhecht
Buglossidium luteum Znergzunge
Callionymus lyra Gestreifter Leierfisch
Callionymus reticulatus Omament-Leierfisch
Chelidonichthys lucemus Roter Knurrhahn
Clligta mustela Flinfbértelige Seequappe
Clupea harengus Hering
Dicentrarchus labrax Wolfsbarsch
Echiichthys vipera Vipemaueise (=Kleines Peterménnchen)
Enchelyopus cimbrius Vierbartelige Seequappe
Engrauis encrasicolus Sardelle ]
Entelurus aequoreus GroRe Schlangennadel
Eutrigla gumardus Grauer Knumhahn
Gadus morhua Kabeljau
Galeorhinus galeus Hundshai
Gasterosteus aculeatus Dreistachliger Stichling
Hippoglossoides platessoides | Doggerscharbe ] [ ]
Hyperoplus lanceolatus Gefleckter grolder Sandaal
Lampetra fiudatilis Flussneunauge
Limanda limanda Kliesche
Liparis liparis Grofer Scheibenbauch
Merlangius merlangus Wittling
Merluccius meruccius Seehecht
Microstomus kitt Limande
Mullus sumuletus Streifenbarbe
Myoxocephalus scorpius Seeskorpion
Osmerus eperfanus Stint
Phalis gunnellus Butterfisch
Platichthys flesus Flunder
Pleuronectes platessa Scholle
Pomatoschistus minutus Sandgrunde!
Pomatoschistus pictus Strandgrunde!
Raja claveta Nagelrochen
Raja montagui Fleckrochen
Sardina pilchardus Sardine
Scomber scombrus Mekrele
Scophthalmus maximus Steinbutt
Scophthalmus rhombus Glattbutt
Scyliorhinus canicua Kleingefleckter Katzenhai
Solea solea Seezunge
Sprattus sprattus Sprotte
Squalus acanthias Domhai
Syngnathus acus GroRRe Seenadel
Syngnathus rostellatus Kleine Seenadel
Syngrethus typhle Grasnade! ]
Taurulus bubalis Seebull
Trachinus draco GroRRes Peterménnchen
Trachurus trachurus Holzmekrele (=Stocker)
Zeus faber Heringskénig (=Petersfisch) ] ]

Anzahl Arten 37 38

Of the 56 species recorded in the German EEZ
during the period in question, only 19 species
were found in all areas, 10 species were found
in four areas, 5 species were recorded in three

35 39 29

areas and 6 species in only two areas (). The re-
maining 16 species were each caught in only
one area, with anadromous species such as
twaite shad Alosa fallax, river lamprey Lampetra
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fluviatilis or smelt Osmerus eperlanus, and
coastal species such as three-spined stickleback
Gasterosteus aculeatus, flounder Platichthys fle-
sus or gobies of the genus Pomatoschistus or
species dependent on coastal habitats
(seagrass meadows) such as the Nilsson's pipe-
fish Syngnathus rostellatus appeared as ex-
pected in the coastal clusters. These species
were absent in the areas away from the coast
(areas 9-13). On the other hand, hake Merluc-
cius merluccius and spurdog shark Squalus
acanthias were caught only in the offshore areas
(table 7).

The composition of fish species between the ar-
eas appears to differ in terms of individual, rare
species, while there are major similarities in the
more common, characteristic species (Table
10).

Between 1982 and 2002, EHRICH et al (2006)
identified 104 species of fish in the North Sea,
and KLOPPMANN et al (2003) found 39 species at
a much lower recording effort and a shorter re-
cording period. Also in all areas, the typical and
characteristic species of both the pelagic and de-
mersal components of the fish communities un-
der consideration were represented. The overall
diversity and characteristics can be considered
as average in all areas.Legacy impacts

The southern North Sea has been intensively
used for centuries. Fisheries are probably the
most damaging to the natural habitat and the fish
community. Nutrient pollution can also affect the
natural habitat. In addition, fish are subject to
other direct or indirect human influences such as
shipping traffic, pollutants, sand and gravel ex-
traction. However, these indirect influences and
their effects on the fish fauna are difficult to
prove. In principle, it is not possible to reliably
separate the relative effects of individual anthro-
pogenic factors on the fish community and their
interactions with natural biotic (predators, prey,
competitors, reproduction) and abiotic (hydrog-
raphy, meteorology, sediment dynamics) param-
eters of the German EEZ. However, due to the
removal of target species and by-catch and the
impact on the seabed in the case of bottom fish-
ing methods, fishing is considered to be the most

effective source of pollution for the fish commu-
nity. There is no assessment of stocks on a
smaller spatial scale such as the German Bight.
Consequently, the assessment of this criterion
cannot be carried out at area level, but only for
the whole North Sea.

Of the 107 species considered established in the
North Sea, 21 are fished commercially (THIEL et
al. 2013). The assessment of the impact of fish-
ing is based on the "Fisheries overview - Greater
North Sea Ecoregion" of the International Coun-
cil for the Exploration of the Sea (ICES 2018a).
Fisheries have two main effects on the ecosys-
tem: the disturbance or destruction of benthic
habitats by bottom-set nets and the taking of tar-
get species and by-catch species. The latter of-
ten include protected, endangered or threatened
species, including not only fish but also birds and
mammals (ICES 2018b). Some 6600 fishing ves-
sels from 9 nations fish in the North Sea. The
largest quantities were landed in the early 1970s
and catches have been declining since then.
However, a reduction in fishing effort has only
been observed since 2003.

The intensity of bottom trawling is concentrated
in the southern North Sea and is also by far the
predominant form of fishing in the German EEZ
(ICES 2018a). Flatfish trawling in the German
EEZ target plaice and sole, using not only heavy
bottom gears but also relatively small meshes,
as a result of which by-catch rates of small fish
and other marine organisms can be very high.

Commercial fisheries and the size of spawning
stocks are assessed against Maximum Sustain-
able Yield (MSY), taking into account the precau-
tionary approach. A total of 119 stocks have
been considered in terms of fishing intensity, 43
of which have been scientifically assessed (Fig-
ure 32). Of the 43 stocks assessed, 25 are man-
aged sustainably. 38 of the 119 stocks have
been assessed in terms of their reproductive ca-
pacity (spawning biomass), with 29 stocks being
able to use their full reproductive capacity (Fig-
ure 32).
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The biomass share of the total catch (5,350,000
tin 2017) which is managed with excessive fish-
ing intensity outweighs the share of sustainably
caught and unevaluated fish stocks in the North
Sea (Figure 32). Fish from stocks whose repro-
ductive capacity is above the reference value ac-
count for the majority of the biomass share in the
catch (3,709,000 t, Figure 32).
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Figure 32: Summary of the status of fish stocks in the
North Sea in 2017, focusing on fishing intensity and
reproductive capacity. On the left: Fishing intensity in-
dicates the number of stocks (top) and the biomass
share of the catch (bottom; in 1,000 tonnes) that is
below (green) or above (red) the reference level (fish-
ing intensity for sustainable yield, FMSY). Right: Re-
productive capacity indicates the number of stocks
(top) and the biomass share of the catch (bottom) that
is above (green) or below (red) the reference level -
(spawning biomass, MSY Btrigger). Grey indicates
the number or biomass share of the catch of stocks
for which no reference points have been defined and
for which no stock assessment is therefore possible.
A total of 119 stocks were considered, which together
provided 5,350,000 tonnes of catch. Amended ac-
cording to ICES 2018a.
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Overall fishing mortality of demersal and pelagic
fish has decreased significantly since the late
1990s and for most of these stocks spawning bi-
omass has been increasing since 2000 and is
now above or close to individually defined refer-
ence points. Nevertheless, fishing mortality rates
for many stocks are also above the established

reference levels, e.g. for cod Gadus morhua,
whiting Merlangius merlangus or mackerel
Scomber scombrus. Moreover, for the vast ma-
jority of the stocks exploited, no reference levels
are defined, which makes it impossible to carry
out scientific stock assessments.

Alongside fisheries, eutrophication is one of the
greatest ecological problems for the marine en-
vironment in the North Sea (BMU 2018). Despite
reduced nutrient inputs and lower nutrient con-
centrations, the southern North Sea is subject to
a high eutrophication load in the period 2006 -
2014. Nitrates and phosphates are mainly dis-
charged via rivers, resulting in a pronounced gra-
dient of nutrient concentrations from the coast to
the open sea (BROCKMANN et al. 2017). Major di-
rect effects of eutrophication are increased chlo-
rophyll-a concentrations, reduced visibility
depths, local decline in seagrass areas and veg-
etation density with associated mass reproduc-
tion of green algae. Above all, the seagrass
meadows of the Wadden Sea perform an im-
portant protective function for the fish spawn and
provide a protection and feeding area for numer-
ous young fish between the stalks. With the in-
creasing decline of the seagrass beds due to eu-
trophication, there are fewer retreat areas and
potentially higher predation rates. The indirect
effects of nutrient enrichment, such as oxygen
deficiency and a changed species composition
of macrozoobenthos, may also have an impact
on the fish fauna. For many species, the survival
and development of fish eggs and larvae de-
pends on oxygen concentration (SERIGSTAD
1987). Depending on how much oxygen is
needed, lack of oxygen can lead to the death of
the fish spawn and larvae. In addition, the altered
species composition of benthic organisms can
also affect the biodiversity of the fish community,
especially that of food specialists.

Due to the fact that, according to ICES, the
abundance of fish species in the North Sea has
not decreased for 40 years (number of species
per 300 hauls; catch data from the International
Bottom Trawl Survey, IBTS), and that the
commercially exploited stocks are also subject to
strong natural fluctuations, the biota of the fish
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fauna in the German EEZ was assessed as
average. This assessment is supported by a
summary of fishery indicators and the ecosystem
effects of bottom fishing (WATLING & NORSE
1998, Hiddink ET al. 2006).

2.6.3.1

The overriding criterion for the importance of the
areas for fish is the relation to the life cycle,
within which different stations are associated
with stadium-specific habitat requirements -
through more or less extensive migrations be-
tween them. The overview of species records by
area did not show any particular significance of
a specific area for the constant, common char-
acter species (Table 10). However, there is a
tendency for areas closer to the coast to be
home to more species. Although this could be an
artefact of the different numbers of wood, an
overlap between the habitat of inshore fish spe-
cies and existing and future wind farm sites is -
quite plausible in view of the mobile lifestyle and
life cycle of most species. The higher proportion
of species with an affinity for the coast in the ar-
eas close to the coast could therefore be an in-
dication that areas EN1 to EN3, area EN4 and
area EN5 are more important for fish with an af-
finity for the coast, such as butterfish, smelt and
pipefish, than the areas farther away from the
coast. These areas also lie along the migratory
route of herring spawning along the east coast of
the UK in autumn and winter. The larvae first
reach the near-coastal nursery areas with the
counterclockwise residual current of the North
Sea (DICKEY-COLLAS et al. 2009), from where
they recruit as one- or two-year-old fish, also
along the coast, to the adult population. Plaice
spawning in the central North Sea migrate to
their nursery areas along the coast (BOLLE et al.
2009), crossing all the areas under consideration
here, which may thus be significant as transit ar-
eas for one of the most common fish species in
the North Sea. The fact that spiny dogfish have
only been caught in areas EN9 to EN13 may not
yet be sufficient to establish a special importance
of these areas for this species, as spiny dogdfish
are also found along the coast. In areas EN6 to
ENS, slightly higher percentages of endangered,

Significance of the areas for fish

critically endangered, vulnerable and endan-
gered species were found than in other areas,
which were also above the Red List average. For
these species, this area could be of greater im-
portance than other areas where evidence is
lacking.

2.7 Marine mammals

Three species of marine mammals regularly oc-
cur in the German North Sea EEZ: Harbour por-
poises (Phocoena phocoena), grey seals (Hali-
choerus grypus) and seals (Phoca vitulina). All
three species are characterised by high mobility.
Migrations (especially in search of food) are not
limited to the EEZ, but also include the territorial
sea and large areas of the North Sea across bor-
ders.

Both seal species have their resting and whelp-
ing places on islands and sandbanks in the
coastal waters. To search for food, they under-
take extensive hikes in the open sea from the
moorings. Due to the high mobility of the marine
mammals and the use of very extensive areas, it
is necessary to consider the occurrence not only
in the German EEZ, but in the entire area of the
southern North Sea.

Occasionally, other marine mammals are also
observed in the German North Sea EEZ, such as
white-sided dolphins (Lagenorhynchus acutus),
white-beaked dolphins (Lagenorhynchus al-
birostris), bottlenose dolphins (Tursiops trunca-
tus) and minke whales (Balaenoptera
acutorostrata).

Marine mammals are among the TOP predators
of the marine food chains. They are therefore de-
pendent on the lower components of the marine
food chains: On the one hand from their direct
food organisms (fish and zooplankton) and on
the other hand indirectly from phytoplankton. As
consumers at the top of the marine food chains,
marine mammals also influence the occurrence
of food organisms.

2.71

The occurrence of harbour porpoises in the
North Sea and in particular in German waters

Data availability
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has been extensively studied over the last 25
years.

The most important of these are the three so-
called SCANS (Small Cetacean Abundance in
the North Sea and adjacent waters) studies,
which cover the entire North Sea, Skagerrak,
Kattegat, Western Baltic/Beltsea, Celtic Sea,
and other parts of the North East Atlantic.

The German waters currently belong to the ar-
eas of the North Sea which have been system-
atically and very intensively investigated for the
presence of marine mammals since 2000. Most
of the data is provided by the investigations car-
ried out as part of environmental impact studies
and construction and operational monitoring for
offshore wind farms. In addition, studies for mon-
itoring nature conservation areas are regularly
carried out on behalf of BfN. Finally, data are
also collected within the framework of research
projects that investigate specific issues.

Data availability can currently be described as
very good for the areas EN1 to EN13 in the Ger-
man EEZ. Data are also systematically quality-
assured and used for studies, so that the current
state of knowledge on the occurrence of marine
mammals in German waters can be classified as
good.

The current findings relate to different spatial lev-
els:

e the whole North Sea and adjacent waters:
Studies carried out under SCANS |, Il and Il
in 1994, 2005 and 2016,

e Research projects in the German EEZ and
in__coastal waters (including MINOS,
MINOSplus (2002 - 2006) and StUKplus
(2008 - 2012)),

e Investigations into compliance with the
requirements of the UVPG within the scope
of licensing and planning approval
procedures of the BSH and from the
construction and operational monitoring of
offshore wind farms since 2001 and
continuously,

e Monitoring of the nature conservation areas
on behalf of the BfN since 2008 and
continuously.

For the German EEZ area, the most comprehen-
sive data are collected in the context of environ-
mental impact studies and in the context of con-
struction and operational monitoring of offshore
wind farms. Marine mammals are recorded from
aircraft. With the introduction of the StUK4, the
airborne acquisition is carried out with the help
of high-resolution digital photo and video tech-
nology.

In addition, since 2009, acoustic data on the hab-
itat use by harbour porpoises have been contin-
uously collected using underwater measurement
systems such as C-PODs. Since 2009, opera-
tors of offshore wind farms have been maintain-
ing a network of CPOD stations in the German
EEZ. The station network provides the most
comprehensive and valuable data on harbour
porpoise habitat use in the areas of the German
North Sea EEZ to date.

Information on the occurrence of marine mam-
mals is also provided by observations within the
framework of the ship-based recording of resting
and seabirds according to StUK.

Current findings are obtained from the monitor-
ing of offshore projects in priority areas EN1, N2
and EN3 (investigation cluster North of Borkum),
in priority area EN4 (investigation cluster North
of Helgoland), as well as from individual projects
in priority areas EN5 and ENG to EN8 and partly
EN9. The results from the construction and op-
erational monitoring of offshore wind farms thus
provide extensive spatially and temporally high-
resolution data on the occurrence of marine
mammals.

The priority areas EN10 to EN13 are on the pe-
riphery of the investigations for offshore wind
farms and the investigation of nature conserva-
tion areas. Data availability for the priority areas
EN14 to EN19 consists exclusively of the results
of research projects and individual surveys for
the "Dogger Bank" nature conservation area.
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The large-scale distribution and abundance in
the German EEZ is surveyed as part of the mon-
itoring of Natura 2000 sites on behalf of BfN
(monitoring reports on behalf of BfN 2008, 2009,
2011, 2012, 2013, 2016).

2.7.2 Spatial distribution and temporal
variability

The high mobility of marine mammals depending
on specific conditions of the marine environment
leads to a high spatial and temporal variability of
their occurrence. Both the distribution and abun-
dance of the animals vary over the course of the
seasons. In order to be able to draw conclusions
about seasonal distribution patterns and the use
of areas as well as the effects of seasonal and
interannual variability, large-scale long-term
studies are particularly necessary.

2.7.21 Harbour porpoises

The harbour porpoise (Phocoena phocoena) is
the most common and widespread cetacean
species in the temperate waters of the North At-
lantic and North Pacific and in some marginal
seas such as the North Sea (EVANS, 2020). Due
to its hunting and diving behaviour, the distribu-
tion of harbour porpoise is limited to continental
shelf seas with water depths predominantly be-
tween 20 m and 200 m (READ 1999, EVANS,
2020). The animals are extremely mobile and
can cover long distances in a short time. Satellite
telemetry has shown that harbour porpoises can
travel up to 58 km in one day. The marked ani-
mals have behaved very individually in their mi-
gration. Between the individually selected stag-
ing points, the migrations ranged from a few
hours to a few days (READ & WESTGATE 1997).

In the North Sea, the harbour porpoise is the
most widespread species of cetacean. In gen-
eral, harbour porpoises occurring in German and
neighbouring waters of the southern North Sea
are assigned to a single population, the popula-
tion of the North Sea including the Skagerrak,
northern Kattegat and eastern part of the English
Channel (ASCOBANS 2005, EVANS 2020).

The best overview of the occurrence of harbour
porpoises throughout the North Sea is provided

by the large-scale surveys of small cetaceans in
northern European waters in 1994 and 2005,
which were carried out as part of the SCANS sur-
veys (HAMMOND et al. 2002, HAMMOND & Mac-
leod 2006, Hammond ET al. 2017). The large-
scale SCANS surveys make it possible to esti-
mate stock size and population trends in the en-
tire area of the North Sea, which is part of the
habitat of highly mobile animals, without the
need for detailed mapping of marine mammals
in sub-areas (seasonal, regional, small-scale).
The abundance of harbour porpoises in the
North Sea in 1994 was estimated at 341,366 an-
imals on the basis of the SCANS | survey. In
2005, a larger area was covered by the SCANS
Il survey and, as a result, a larger number of
385,617 animals was estimated. However, the
abundance calculated on an area of the same
size as in 1994 was approximately 335,000 ani-
mals. The most recent survey in 2016 showed
an average abundance of 345,373 (minimum
abundance 246,526, maximum abundance
495,752) animals in the North Sea. As part of the
statistical evaluation of the data from SCANS-III,
the data from SCANS | and Il were recalculated.
The results of SCANS I, Il and Il do not indicate
a decreasing trend in harbour porpoise abun-
dance between 1994, 2005 and 2016 (HAMMOND
et al., 2017). However, the regional distribution
in 2005 and 2016 differs from the distribution in
1994 in that more animals were counted in the
southwest than in the northwest in 2005
(LIFEO4ANAT/GB/000245, Final Report, 2006)
and in 2016 high abundances were recorded
throughout the English Channel. The results of
the latest SCANS survey (SCANS IIlI) can be
summarised as follows: The calculated abun-
dance of harbour porpoise in the North Sea in
2016 is 345,000 (CV = 0.18) animals, compara-
ble to the abundance in 2005 (355) and 1994
(289,000 (CV = 0.14) animals) (HAMMOND et al.
2017).

The abundance calculated in SCANS I, Il and Il
is also comparable with the statistical value of
361,000 (CV 0.20) from the modelling of the data
from 2005 to 2013 inclusive in a study (GILLES et
al. 2016). The study by GILLES ET al (2016) pro-
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vides a very good overview of the seasonal dis-
tribution patterns of harbour porpoises in the
North Sea. Data from the UK, Belgium, the Neth-
erlands, Germany and Denmark for the years
2005 to 2013 inclusive were considered together
in the study. Data from large-scale and cross-
border visual surveys, such as those collected in
the SCANS-II and Dogger Bank projects, as well
as extensive data from smaller-scale national
surveys (monitoring, EIS) were validated and
seasonal and habitat-specific distribution pat-
terns were projected (GILLES et al. 2016). The re-
sults of the habitat modelling were verified and
confirmed in the course of the study using data
from acoustic surveys. This study is one of the
first to take into account dynamic hydrographic
variables such as surface temperature, salinity
and chlorophyll as well as food availability, espe-
cially of sandeels. The food availability was mod-
elled by the distance of the animals to known
sandeel habitats in the North Sea. The habitat
modelling showed significantly high densities in
the area west of Dogger Bank, especially in
sprin