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1 Introduction

1.1 Legal bases and tasks of the en-
vironmental assessment

Maritime spatial planning in the German Exclu-
sive Economic Zone (EEZ) is the responsibility
of the Federal Government under the Regional
Planning Act (ROG)'. In accordance with section
17 subsection 1 of the ROG, the competent Fed-
eral 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 German EEZ as a statutory
instrument. In accordance with section 17 sub-
section 1 sentence 3 of the ROG, the Federal
Maritime and Hydrographic Agency (BSH) car-
ries out the preparatory procedural steps for
drawing up the Spatial Plan (ROP) with the con-
sent of the BMI. When the ROP is drawn up, an
environmental assessment is carried out in ac-
cordance with the rules of the ROG and, where
applicable, those of the Act on Environmental
Impact Assessment (UVPG)?, the so-called Stra-
tegic Environmental Assessment (SEA).

A Strategic Environmental Assessment, includ-
ing the preparation of an environmental report, is
needed to update, amend, and cancel existing
Spatial Plans from 2009 from sections 7 subsec-
tions 7, 8 of the ROG in conjunction with section
35 subsection 1 no. 1 of the UVPG in conjunction
with no. 1.6 of Annex 5.

According to Art. 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 en-
suring that environmental considerations are ad-
equately taken into account during the prepara-
tion and adoption of plans well in advance of the

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

actual project planning. According to section 8 of
the ROG, the Strategic Environmental Assess-
ment has the task of determining the probable
significant impacts of the implementation of the
plan and to describe and evaluate them in an en-
vironmental report at an early stage. It serves to
ensure effective environmental precautions in
accordance with the applicable laws and is per-
formed according to uniform principles and with
public participation. All factors under section 8
subsection 1 of the ROG are to be considered:

¢ Human beings, including human health,
e Fauna, flora and biodiversity,

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

e Cultural heritage and other material as-
sets and

o Interrelationships between the above-
mentioned factors.

In the context of spatial planning, definitions are
mainly specified in the form of priority and reser-
vation areas and other objectives and principles.

The requirements and content of the environ-
mental report to be prepared are specified in An-
nex 1 to section 8 subsection 1 of the ROG.

Accordingly, the environmental report consists of
an introduction, a description and assessment of
the environmental impacts identified in the envi-
ronmental review pursuant to section 8 subsec-
tion 1 of the ROG and additional information.

According to no. 2d of Annex 1 to section 8 of the
ROG, other planning options that may be ex-
pressly considered should also be cited, taking
into account the objectives and the geographical
scope of the ROP.

1.2 Brief description of the content
and main objectives of the Site

2 In the version published on 24 February 2010, BGBI. | p.
94, last amended by Article 2 of the Act of 30 November
2016 (BGBI. | p. 2749).



‘ 2 Introduction

Development Plan

According to section 17 subsection 1 of the
ROG, the Spatial Plan for the German EEZ is to
establish rules, taking into account any interrela-
tionship between land and sea as well as safety
aspects

1. to ensure safety and ease of navigation,
2. for other economic uses,
3. for scientific uses and

4. to protect and improve the marine environ-
ment.

According to section 7 subsection 1 of the ROG,
Spatial Plans for a specific planning area and a
regular medium-term period must contain rules
as objectives and principles of spatial planning
for the development, organisation and safe-
guarding of the area, in particular for the uses
and functions of the area.

Under section 7 subsection 3 of the ROG, these
rules 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 priority
functions or uses.

Reservation areas, which are to be reserved for
certain spatially significant functions or uses, to
which particular weight is to be attached when
weighing them up against competing spatially
significant 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 section 7 subsection 3 sentence 2 no. 4 of
the ROG.

According to section 7 subsection 4 of the ROG,
the Spatial Plans should also contain those rules
on spatially significant planning and measures
by public bodies and persons under private law
under section 4 subsection 1 sentence 2 of the
ROG which are suitable for inclusion in Spatial
Plans and which are necessary for the coordina-
tion of spatial requirements and which can be se-
cured by objectives or principles of spatial plan-
ning.

1.3 Relationship to other relevant
plans, programmes and projects

In Germany there is a tiered planning system of
spatial planning by the Federal Spatial Planning
Act (Bundesraumordnung) as well as by state
and regional planning to coordinate all spatial re-
quirements and concerns arising in a given area.
According to section 1 subsection 1 sentence 2
of the ROG, this system is used to coordinate
different spatial requirements in order to recon-
cile conflicts arising at the respective planning
level and to make rules for individual uses and
functions of the space.

The tiered system allows the planning to be fur-
ther specified by the subsequent planning levels.
According to section 1 subsection 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 safe-
guarding of the overall area should take into ac-
count the conditions and requirements of its sub-
spaces.

The Federal Ministry of the Interior, Building and
Community (BMI) is responsible for regional
planning at the federal level in the EEZ. In con-
trast, the respective federal state is responsible
for state planning for the entire area of the state,
including the respective coastal sea.
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In addition to spatial planning for the respective
areas of responsibility, there are sectoral plans
based on sectoral laws for certain specific plan-
ning areas. Sectoral plans serve to define details
for the respective sector, taking into account the
requirements of spatial planning.

1.3.1 Spatial plans in adjacent areas

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 cumu-
lative assessment of impacts on the marine en-
vironment. At present, the state spatial planning
for Schleswig-Holstein is being updated. Re-
gional spatial planning programmes of the
coastal regions are taken into account, provided
that significant rules are made for the coastal
sea.

1.3.1.1

In Schleswig-Holstein, the State Development
Plan (LEP S-H) is the basis for the state's spatial
development. The Ministry of the Interior, Rural
Areas, Integration and Equality of the state
Schleswig-Holstein (MILIG) is responsible for
drawing it up and amending it. The current 2010
LEP S-H forms the basis for the spatial develop-
ment of the state until 2025. The state of Schles-
wig-Holstein has initiated the procedure for up-
dating the 2010 LEP S-H and carried out a par-
ticipation procedure in 2019.

Schleswig-Holstein

1.3.1.2 Mecklenburg-West-

ern Pomerania

For the state of Mecklenburg-Western Pomera-
nia, the highest state planning authority is the
Ministry for Energy, Infrastructure and Digitalisa-
tion of Mecklenburg-Western Pomerania. It is re-
sponsible for spatial planning at the state level,
including the coastal sea.

The current State Spatial Development Pro-
gramme of Mecklenburg-Western Pomerania
(LEP M-V ) came into force on 9 June 2016.

1.3.1.3

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 cover a time frame up to 2050.

Denmark

1.3.1.4 Sweden

Sweden is in the final phase of its first Spatial
Plan. This plan is divided into three planning ar-
eas and describes two different levels, the na-
tional level and the municipal level. The Swedish
plans are more of a management character and
are not binding.

1.3.1.5 Poland

In Poland, the first Spatial Plan is currently being
prepared and is also in its final phase. The Polish
plan covers a planning area with three regions.
The planning horizon of the binding plan is 2030.

1.3.2 MSFD programme of measures

Each Member State must develop a Marine
Strategy to achieve good status for its marine
waters, in Germany for the North Sea and the
Baltic Sea. The key to this is the establishment
of a programme of measures to achieve or main-
tain a good state of the environment and the
practical implementation of this programme of
measures. The establishment of the programme
of measures (BMUB, 2016) is regulated in Ger-
many by Section 45h of the Federal Water Act
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(WHG). Under Objective 2.4 "Oceans with sus-
tainably and carefully used resources", the cur-
rent Marine Strategy Framework Directive
(MSFD) Programme of Measures mentions mar-
itime spatial planning as a contribution of existing
measures to achieving the operational objec-
tives of the MSFD. In addition, the catalogue of
measures also formulates a concrete review
mandate for updating of spatial plans with regard
to measures for the protection of migratory spe-
cies in the marine area. Both the environmental
objectives of the MSFD and the MSFD pro-
gramme of measures are taken into account in
the SEA.

1.3.3 Management plans for nature conser-
vation areas EEZ

In September 2017, the Regulations on the des-
ignation of the Fehmarn Belt (NSGFmbV), Kadet
Trench (NSGKdrV), and Bay of Pomerania —
Rénnebank (NSGPBRV) nature reserves came
into force. According to the ordinances, the
measures necessary to achieve the conserva-
tion objectives established for the nature conser-
vation areas are presented in management
plans. These plans are drawn up by the Federal
Agency for Nature Conservation (BfN) in consul-
tation with the neighbouring states and the tech-
nically affected public agencies, and with the
participation of the interested public and the na-
ture conservation associations recognised by
the Federation.

On 16 June 2020, BfN initiated the participation
procedure under section 7 subsection 3 of the
NSGFmbV, section 7 subsection 3 of the
NSGKdrV and section 11 subsection 3 of the
NSGPBRYV on the management plans for the na-
ture conservation areas in the German Baltic
Sea EEZ. As part of the participation procedure,
a hearing on the drafts was held on 17 August
2020.

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

For some uses in the German EEZ, such as off-
shore wind energy and power cables, a multi-
tiered planning and approval procedure — i.e. di-
vided into several tiers — is envisaged. In this
context, the instrument of maritime spatial plan-
ning is at the highest and primary level. The Spa-
tial Plan is the forward-looking planning instru-
ment which coordinates the most diverse inter-
ests of users in the fields of industry, science and
research as well as protection claims. A Strate-
gic Environmental Assessment must be carried
out when the Spatial Plan is drawn up. The SEA
for the ROP is related to various downstream en-
vironmental assessments, in particular the di-
rectly downstream SEA for the Site Develop-
ment Plan (SDP).

The next level is the SDP. Within the framework
of the so-called central model, the SDP is the
control instrument for the orderly expansion of
offshore wind energy and electricity grids in a
tiered planning procedure. The SDP has the
character of a sectoral plan. The sectoral plan is
designed to plan the use of offshore wind energy
and electricity grids in a targeted manner and as
optimally as possible under the given framework
conditions — in particular the requirements of re-
gional planning — by defining areas and sites as
well as locations, routes and route corridors for
grid connections or for transboundary cables (in-
terconnectors). In principle, a Strategic Environ-
mental Assessment is carried out in parallel with
the establishment, updating and modification of
the SDP.

In the next step, the sites for offshore wind tur-
bines defined in the SDP undergo preliminary in-
spection. If the requirements of section 12 sub-
section 2 of the Offshore Wind Act (WindSeeG)
are met, the site investigation is followed by the
determination of the suitability of the site for the
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construction and operation of offshore wind tur-
bines. The site investigation is also accompa-
nied by a Strategic Environmental Assessment.

If a site is deemed suitable for the use of offshore
wind energy, the site is put out to tender and the
winning bidder or the authorised entity can sub-
mit an application for approval (planning ap-
proval or planning permission) for the erection
and operation of offshore wind turbines on the
site specified in the SDP. As part of the planning
approval procedure, an environmental impact
assessment is carried out if the prerequisites are
met.

While the sites defined in the SDP for the use of
offshore wind energy undergo preliminary inves-
tigation and are put out for tender, this is not the

Spatial Planning

Strategic Environmental Assessment

Site development plan

case for defined sites, routes and route corridors
for grid connections or transboundary cables (in-
terconnectors). Upon application, a planning ap-
proval procedure including an environmental as-
sessment is usually carried out for the construc-
tion and operation of grid connection lines. The
same applies to transboundary cables (intercon-
nectors).

Under section 1 subsection 4 of the UVPG, the
UVPG also applies where federal or state legis-
lation does not specify the environmental impact
assessment in more detail or does not comply
with the essential requirements of the UVPG.

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 procedure in the EEZ.
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In the case of multi-tiered planning and approval
procedures, it follows from the relevant legisla-
tion (e.g. Spatial Planning Act, WindSeeG and
Federal Mining Act (BBergG)) or, more gener-
ally, from section 39 subsection 3 of the UVPG
that, in the case of plans, at which of the stages
of the process certain environmental impacts are
to be assessed should be determined when the
scope of the investigation is defined. In this way,
multiple assessments are to be avoided. The na-
ture and extent of the environmental impacts,
technical requirements, and the content and
subject matter of the plan must be taken into ac-
count.

In the case of subsequent plans and subsequent
approvals of projects for which the plan sets a
framework, the environmental assessment pur-
suant to section 39 subsection 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 investiga-
tions.

As part of the tiered planning and approval pro-
cess, all reviews have in common that environ-

mental impacts on the factors specified in sec-
tion 8 subsection 1 of the ROG and section 2
subsection 1 of the UVGP are considered, in-
cluding their interrelationships.

According to the definition in section 2 subsec-
tion 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 factors.

According to section 3 of the Environmental Im-
pact Assessment Act, environmental assess-
ments comprise the identification, description
and assessment of the significant impacts of a
project or a plan or programme on the factors.
They serve to ensure effective environmental
protection in accordance with the applicable
laws and are carried out according to uniform
principles and with public participation.

In the offshore sector, the special avifauna have
become established as sub-categories of the le-
gally protected fauna, flora and biodiversity: sea-
birds/resting and migratory birds, benthos, bio-
topes, plankton, marine mammals, 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
ELIS
bio-
diversity

Interactions

Marine
mammals

S
space
Sea floor

Cultural assets
and other
material assets

People
Human
health

Water
Air
Climate
Landscape

Figure 2: Overview of the factors in the environmental assessments.

In detail, the tiered planning procedure is as fol-
lows:

1.3.4.1 Maritime spatial planning (EEZ)

The Maritime Spatial Planning instrument is at
the highest and primary level. For sustainable
spatial development in the EEZ, the BSH pre-
pares, on behalf of the competent Federal Min-
istry, a Spatial Plan which comes into force in the
form of statutory ordinances.

The Spatial Plans should define specifications,
taking into account possible interrelationships
between land and sea and safety aspects,

e to ensure the safety and ease of navigation,

e for further economic uses,

e for scientific uses and

e to protect and improve the marine environ-
ment.

In the context of spatial planning, definitions are
mainly specified in the form of priority and reser-
vation areas and other objectives and principles.
According to section 8 subsection 1 of the ROG,
when drawing up Spatial Plans, the body respon-
sible for the Spatial Plan must carry out a Strate-
gic Environmental Assessment in which the
probable significant impacts of the respective
Spatial Plan on the factors, including interrela-
tionships, must be identified, described and eval-
uated.
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The aim of the spatial planning instrument is to
optimise overall planning solutions. A wider
spectrum of uses and functions is considered.
Fundamental strategic questions should be clar-
ified at the beginning of a planning process. Thus
the instrument primarily functions as a manage-
ment planning instrument for the planning ad-
ministrative bodies, and within the framework of
the legal provisions, in order to create a frame-
work for all uses which is compatible with the
spatial and natural environment as far as possi-
ble.

In spatial planning, the depth of investigation
is generally characterised by a greater breadth
of investigation, i.e. a fundamentally greater
number 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 synergetic
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 Site Development Plan
(SDP).

The rules to be made by the SDP and reviewed
within the framework of the SEA are derived from
section 5 subsection 1 of the WindSeeG. The
plan mainly specifies areas and sites for wind
turbines as well as the expected generation ca-
pacity on the sites. In addition, the SDP also
specifies routes, route corridors and locations.
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 assess-
ment is required as part of the SEA.

With regard to the SDP's objectives, it deals
with the fundamental questions of the use of off-
shore wind energy and grid connections on the
basis of the legal requirements, especially with

the need, purpose, technology and the identifi-
cation of sites and routes or route corridors. The
plan therefore primarily has the function of a
management planning instrument in order to cre-
ate a spatially and, as far as possible, environ-
mentally compatible framework for the imple-
mentation of individual projects, i.e. the con-
struction and operation of offshore wind turbines,
their grid connections, interconnectors and
cross-connections between converter/trans-
former platforms.

The depth of the investigation of likely signifi-
cant 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 per-
formed. Above all, local, national and global im-
pacts as well as secondary, cumulative and syn-
ergistic impacts in the sense of an overall view
are taken into account.

As in the case of the maritime spatial planning
instrument, the investigation focuses on possi-
ble cumulative effects as well as possible trans-
boundary impacts. In addition, the SDP focuses
on strategic, technical and spatial alternatives,
especially for the use of wind energy and power
lines.

1.3.4.3 Suitability assessment as part of

the site investigation

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

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

When determining suitability, there will be exam-
ination pursuant to section 10 subsection 2 of the
WindSeeG to ensure that the criteria for the in-
admissibility of the determination of a site in the
Site Development Plan pursuant to section 5
subsection 3 of the WindSeeG or, insofar as they
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can be assessed independently of the later de-
sign of the project, the interests relevant for the
planning approval pursuant to section 48 sub-
section 4 sentence 1 of the WindSeeG do not
conflict with the construction and operation of off-
shore wind turbines on the site.

Both the criteria of section 5 subsection 3 of the
WindSeeG and the concerns of section 48 sub-
section 4 sentence 1 of the WindSeeG require
an examination of whether the marine environ-
ment is endangered. With regard to the latter
concerns, it must be examined in particular
whether pollution of the marine environment as
defined by Article 1 subsection 1 no. 4 of the
United Nations Convention on the Law of the
Sea is not of concern and that bird migration is
not endangered.

The site investigation with the suitability assess-
ment and determination is thus the instrument
that connects the SDP and the individual ap-
proval procedure for offshore wind turbines. It re-
fers to a specific site designated in the SDP and
is thus much smaller than the SDP. It is distin-
guished from the plan approval procedure by the
fact that an assessment approach is to be ap-
plied regardless of the later specific type of in-
stallation and layout. Thus, the impact prognosis
is based on model parameters, e.g. in two sce-
narios or ranges of scenarios which are intended
to represent possible realistic developments.

Compared to the SDP, the SEA of the suitability
assessment is thus characterised by a smaller
assessment area and a greater depth of inves-
tigation. In principle, fewer and spatially limited
alternatives are seriously considered. The two
primary alternatives are the determination of the
suitability of a site and the determination of its
(possibly partial) unsuitability (see section 12
subsection 6 of the WindSeeG). Restrictions on
the type and extent of development, which are
included as specifications in the determination of
suitability, are not alternatives in this sense.

The focus of the environmental assessment
within the framework of the suitability assess-
ment is on the consideration of the local impacts
of a development with wind turbines in relation to
the site and the location.

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

bines

The next step after the site investigation is the
approval procedure for the installation and oper-
ation of offshore wind turbines. After the investi-
gated site has been put out to tender by the Fed-
eral Network Agency (BNetzA), the winning bid-
der can, with the acceptance of the bid by the
BNetzA, submit an application for planning ap-
proval or — if the prerequisites are met — for plan-
ning permission for the construction and opera-
tion of offshore wind turbines including the nec-
essary ancillary installation on the site investi-
gated.

In addition to the legal requirements of section
73 subsection 1 sentence 2 of the Administrative
Procedure Act (VwWVfG), the plan must include
the information contained in section 47 subsec-
tion 1 of the WindSeeG. The plan may only be
established under certain conditions listed in
section 48 subsection 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 environ-
ment within the meaning of Article 1 subsection
1 no. 4 of the Convention on the Law of the Sea
and if bird migration is not endangered.

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

e of the environmental impacts of the pro-
ject,

e the characteristics of the project and of the
site, which are intended to prevent, reduce
or offset significant adverse environmental
effects,
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e measures to prevent, reduce or offset sig-
nificant negative environmental impacts,
and

e substitution measures for interventions in
nature and the landscape.

Under section 16 subsection 1 of the UVPG, the
project developer must submit a report to the
competent authority on the expected environ-
mental impacts of the project (EIA report), which
must contain at least the following information:

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

e a description of the environment and its
components within the scope of the pro-
ject,

o a description of the characteristics of the
project and of the location of the project
to exclude, reduce or offset the occur-
rence of significant adverse environmen-
tal effects of the project,

e adescription of the measures planned to
prevent, reduce or offset any significant
adverse effects of the project on the en-
vironment and a description of planned
substitution measures,

e a description of the expected significant
environmental effects of the project,

e a description of the reasonable alterna-
tives, relevant to the project and its spe-
cific characteristics, that have been con-
sidered by the developer and the main
reasons for the choice made, taking into
account the specific environmental ef-
fects of the project; and

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

Pilot wind turbines are dealt with only in the con-
text of the environmental assessment in the ap-
proval 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 procedure, the establish-
ment and operation of grid connections for off-
shore wind turbines (converter platform and sub-
marine cable systems, if applicable) are exam-
ined at the level of the approval procedures
(planning approval and planning permission pro-
cedures) in implementation of the regional plan-
ning requirements and the specifications of the
SDP at the request of the respective project ex-
ecuting agency - the responsible Transmission
System Operator (TSO).

According to section 44 subsection 1 in conjunc-
tion with section 45 subsection 1 of the Wind-
SeeG, the construction and operation of facilities
for the transmission of electricity require plan-
ning approval. In addition to the legal require-
ments of section 73 subsection 1 sentence 2 of
the VWVFG, the plan must include the information
contained in section 47 subsection 1 of the
WindSeeG. The plan may only be approved un-
der certain conditions listed in section 48 sub-
section 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 section 1 subsection 1 no. 4 of the
Convention on the Law of the Sea and bird mi-
gration is not endangered.

Moreover, according to section 1 subsection 4 of
the UVPG, the requirements for the environmen-
tal impact assessment of offshore wind turbines,
including ancillary installations, apply accord-
ingly to the performance of the environmental as-
sessment.
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1.3.4.6 Interconnectors

According to section 133 subsection 1 in con-
junction with subsection 4 of the BBergG, the
construction and operation of an underwater ca-
ble in or on the continental shelf requires a per-
mit
e from a mining point of view (by the compe-
tent state mining authority) and
e concerning the arrangement of use and oc-
cupation of waters above the continental
shelf and the airspace above these waters
(by the BSH).

Pursuant to section 133 subsection 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 property or an impairment of overrid-
ing public interests which cannot be prevented or
compensated for by a time limit, conditions or re-
quirements. An impairment of overriding public
interests exists in particular in the cases speci-
fied in section 132 subsection 2 no. 3 of the
BBergG. Pursuant to section 132 subsection 2
no. 3 b) and d) of the BBergG, an impairment of
overriding public interests with regard to the ma-
rine environment exists in particular if the flora
and fauna would be impaired in an unacceptable
manner or if there is reason to believe that the
sea will be polluted.

According to section 1 subsection 4 of the
UVPG, the essential requirements of the UVPG
must be observed for the construction and oper-
ation of interconnectors.
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1.3.5 Cables

The spatial planning instrument is at the top tier.
In this framework, areas or corridors for pipelines
and data cables are defined.

According to section 8 subsection 1 of the ROG,
the probable significant impacts of the rules on
pipelines on the factors must be determined, de-
scribed and evaluated.

According to section 133 subsection 1 in con-
junction with subsection 4 of the BBergG, the
construction and operation of a transit pipeline or
underwater cable (data cable) in or on the conti-
nental shelf requires a permit

e from a mining point of view (by the compe-
tent state mining authority) and

e concerning the arrangement of use and oc-
cupation of waters above the continental
shelf and the airspace above these waters
(by the BSH).

Pursuant to section 133 subsection 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 property or an impairment of overrid-
ing public interests which cannot be prevented or
offset by a time limit, conditions or requirements.
An impairment of overriding public interests ex-
ists in particular in the cases specified in section
132 subsection 2 no. 3 of the BBergG. Pursuant
to section 132 subsection 2 no. 3 b) and d) of the
BBergG, an impairment of overriding public in-
terests with regard to the marine environment
exists in particular if the flora and fauna would be
impaired in an unacceptable manner or if there
is reason to believe that the sea will be polluted.

Under section 133 subsection 2a of the BBergG,
the construction and operation of a transit pipe-
line which is also a project as defined in section
1 subsection 1 no. 1 of the UVPG is subject to
an environmental impact assessment in the ap-
proval procedure with regard to the arrangement
of the use and occupation of the waters above

the continental shelf and the airspace above
these waters in accordance with the UVPG.

According to section 1 subsection 4 of the
UVPG, the essential requirements of the UVPG
must be observed for the construction and oper-
ation of data cables.

Environmental
Assessment

Pipelines and data cables

SEA
No threatto the marine
environment
No expected significant
environmental Impact

EWWEA
Mo conflict with public interests
Mo expected significant
snvironmental impast

Figure 4: Overview of the focal points of the environ-
mental 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 primary in-
strument, spatial planning deals with possible
large-scale spatial definitions, possibly including
other uses. The anticipated significant environ-
mental impacts are reviewed (cf. also Chapter
1.5.4.3).

During implementation, the extraction of raw ma-
terials is regularly divided into different phases—
- exploration, development, operation and after-
care phase.

The exploration serves the purpose of exploring
raw material deposits in accordance with section
4 subsection 1 of the BBergG. In the marine area
it is regularly carried out by geophysical surveys,
including seismic surveys and exploration drill-
ing. In the EEZ, the extraction of raw materials
includes the extraction (loosening, release), pro-
cessing, storage and transport of raw materials.
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According to the Federal Mining Act, mining per-
mits (permission, licence) must be obtained for
exploration on the continental shelf. These grant
the right to explore for and/or extract mineral re-
sources in a defined field for a specified period
of time. Additional permits in the form of operat-
ing plans are required for development (extrac-
tion and exploration activities) (cf. section 51 of
the BBergG). For the establishment and man-
agement of an operation, main operating plans
must be drawn up for a period not normally ex-
ceeding 2 years, which must be continuously up-
dated as required (section 52 subsection 1 sen-
tence 1 of the BBergG).

In the case of mining projects requiring an EIA,
the preparation of a general operating plan is
mandatory, and a planning approval procedure
must be carried out for its approval (section 52
subsection 2a of the BBergG). Framework oper-
ation plans are generally valid for a period of 10
to

30 years.

Pursuant to section 57c of the BBergG in con-
junction with the Ordinance on the Environmen-
tal Impact Assessment of Mining Projects (UVP-
V Bergbau), the construction and operation of
production platforms for the extraction of oil and
gas in the area of the continental shelf require an
EIA. The same applies to marine sand and
gravel extraction on mining sites of more than 25
ha or in a designated nature conservation area
or Natura 2000 area.

The licensing authorities for the German North
Sea and Baltic Sea EEZ are the State Mining Au-
thorities.

1.3.7 Shipping

In the context of spatial planning, the shipping
sector is regularly defined in terms of areas (pri-
ority and/or reservation 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 turbines, grid connec-
tions, interconnectors, pipelines and data ca-
bles.

With regard to the consideration of likely signifi-
cant effects of the rules on the shipping 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.

With regard to the consideration of the likely sig-
nificant impacts, reference is made to
Chapter 1.5.4.3

1.3.9 Marine scientific research

Marine and maritime scientific research is con-
sidered as a matter of concern in the context of
spatial planning. There is no tiered planning and
approval process.

With regard to the consideration of the likely sig-
nificant impacts, reference is made to
Chapter 1.5.4.3

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 process.

With regard to the consideration of the likely sig-
nificant impacts, reference is made to
Chapter 1.5.4.3

1.3.11 Leisure

The issue of leisure is also considered. There is
no tiered planning and approval process.
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With regard to the consideration of the likely sig-
nificant impacts, reference is made to
Chapter 1.5.4.3

1.4 Presentation and consideration
of environmental protection ob-
jectives

The ROP is drawn up and the SEA implemented
with due regard for the objectives of environmen-
tal protection. These provide information on the
state of the environment 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 deal-
ing with marine environmental protection, on the
basis of which the Federal Republic of Germany
has committed itself to certain principles and ob-
jectives. The environmental report will contain a
description of how compliance with the require-
ments is checked and what specifications or
measures are taken.

1.4.1 International conventions on the pro-

tection of the marine environment
The Federal Republic of Germany is a 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 environment
e 1973 Convention for the Prevention of Pollu-

tion from Ships, as amended by the 1978
Protocol (MARPOL 73/78)

e 1982 United Nations Convention on the Law
of the Sea

e Convention on the prevention of marine pol-
lution by dumping of waste and other matter
(London, 1972) and the 1996 Protocol

1.4.1.2 Regional conventions on marine
environmental pro-
tection

e 1992 Convention on the Protection of the
Marine Environment of the Baltic Sea Area
(Helsinki Convention)

1.4.1.3 Factor-specific agreements

e 1979 Convention on the Conservation of Eu-
ropean Wildlife and Natural Habitats (Bern
Convention)

e 1979 Convention on the Conservation Of Mi-
gratory Species Of Wild Animals (Bonn Con-
vention)

Under the Bonn Convention, regional agree-
ments for the conservation of the species listed
in Appendix Il were concluded in accordance
with

Art. 4 no. 3 of the Bonn Convention:

e 1995 Agreement on the Conservation of Af-
rican-Eurasian Waterbirds

(AEWA)

Migratory

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

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

e 1991 Agreement on the Conservation of Eu-
ropean Bat Populations (EUROBATS)

e 1993 Convention on Biological Diversity
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1.4.2 Environmental and nature conserva-
tion requirements
at the EU level
As relevant EU legislation must be taken into ac-
count:

e Directive 2014/89/EU of the European Par-
liament and of the Council of
23 July 2014 establishing a framework for
maritime spatial planning (MSP Directive)

e Council Directive 337/85/EEC of
27 June 1985 on the assessment of the ef-
fects of certain public and private projects
on the environment (Environmental Impact
Assessment Directive, EIA Directive)

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

e Directive 2000/60/EC of the European Par-
liament and of the Council of
23 October 2000 establishing a framework
for Community action in the field of water
policy (Water Framework Directive, WFD)

e Directive 2001/42/EC of the European Par-
liament and of the Council of
27 June 2001 on the assessment of the ef-
fects of certain plans and programmes on
the environment (Strategic Environmental
Assessment Directive, SEA Directive)

e Directive 2008/56/EC of the European Par-
liament and of the Council of
17 June 2008 establishing a framework for
Community action in the field of marine en-
vironmental policy (Marine Strategy Frame-
work Directive, MSFD),

Directive 2009/147/EC of the European Par-
liament and of the Council on the conserva-
tion of wild birds (Birds Directive).

1.4.3 Environmental and nature conserva-
tion requirements
at the 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:

e Law on nature conservation and landscape
management (Federal Nature Conservation
Act - BNatSchG)

e Water Resources Act (WHG)

e Law on Environmental Impact Assessment
(UVPG)

e Regulation on the designation of the Feh-
marn Belt nature conservation area, Regula-
tion on the designation of the Kadet Trench
nature conservation area and Regulation on
the designation of the Eastern German Bay -
Rénnebank" nature conservation area in the
Baltic Sea EEZ

e Management plans for the nature conserva-
tion areas in the German Baltic Sea EEZ (par-
ticipation procedure not yet completed)

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

International/regional level

Biodiversity Convention, Bern

UNCLOS, Marpol, London Convention, Bonn Convention,
Espoo Convention Convention, Helsinki, Ospar Trilat. AEWA, Ascobans, Seals
Wadden Sea Cooperation Convention, Eurobats, Trilat.
Wadden Sea

European level

MSP Directive/ _ o )
EIA/SEA MSFD, WFD Habitats IE)lrec_tlve, Birds
Directive

Directive

National level

UVPG WHG BNatSchG,ar:;ure reserve

f ROG f

Figure 5: Overview of the levels of standardisation of the relevant legal acts for SEA.
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1.4.4 Support for the objectives of the Ma-

rine Strategy Framework Directive
Spatial planning can support the implementation
of individual objectives of the MSFD and thus
contribute to the good status of the environment
in the North Sea and Baltic Sea.

In the setting of objectives and principles, the fol-
lowing environmental objectives (BMUB, 2016)
are taken into account:

o Environmental objective 1: Oceans unaf-
fected by anthropogenic eutrophication: to
be taken into account in the objectives and
principles for ensuring the safety and ease
of navigation.

o Environmental objective 3: Oceans without
deterioration of marine species and habi-
tats due to the impact of human activities:
consideration in the objectives and princi-
ples relating to offshore wind turbines and
nature conservation

o Environmental objective 6: Oceans without
adverse effects from anthropogenic energy
inputs: consideration in the objectives and
principles for offshore wind turbines 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 certain
uses possible only in geographically defined ar-
eas and for a limited period of time. The princi-
ples of environmental protection must be taken
into account. At the permit level, the design of
the use is specified in detail, if necessary with
conditions, in order to avert negative impacts on
the marine environment.

An essential basis of the MSFD is the ecosystem
approach regulated in section 1 subsection 3 of
the MSFD, which ensures the sustainable use of
marine ecosystems by managing the overall bur-

den of human activities in a way that is compati-
ble with the achievement of Good Environmental
Status. The application of the ecosystem ap-
proach is outlined in Chapter 4.3.

1.5 Strategic Environmental Assess-
ment methodology

In principle, different methodological approaches
can be considered when conducting the Strate-
gic Environmental Assessment. The present en-
vironmental report builds on the methodology al-
ready applied in the Strategic Environmental As-
sessment of the federal sectoral plans and the
Site Development Plan with regard to the use of
offshore wind turbines and electricity grid con-
nections.

For all other uses for which specifications are
made in the ROP, such as shipping, extraction
of raw materials and marine research, sector-
specific criteria are used to assess possible im-
pacts.

The methodology is mainly based on the rules of
the plan to be examined. Within the framework
of this SEA, it is determined, described and eval-
uated for each of the specifications whether the
specifications are likely to have significant im-
pacts on the factors concerned. According to
section 1 subsection 4 of the UVPG in conjunc-
tion with section 40 subsection 3 of the UVPG,
the competent authority shall provisionally as-
sess the environmental impacts of the specifica-
tions in the environmental report with a view to
effective environmental precautions in accord-
ance with the applicable laws. Criteria for the as-
sessment are to be found, inter alia, in Annex 2
of the Spatial Planning Act.

The object of the environmental report is the de-
scription and assessment of the likely significant
impacts of the implementation of the ROP on the
marine environment for rules on the use and pro-
tection of the EEZ. The examination is carried
out in each case on the basis of the factors.

According to section 7 subsection 1 of the ROG,
Site Development Plans must contain rules as
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objectives and principles of spatial planning on
the development, organisation and safeguarding
of the space, in particular on the uses and func-
tions of the space. Under section 7 subsection 3
of the ROG, these rules may also designate ar-
eas.

Rules on the following uses are the subject of the
environmental report, in particular

e Shipping
o Offshore wind energy
e Cables

¢ Raw material extraction
e Fisheries and marine aquaculture
e Marine research

Under section 17 subsection 1 no. 4 of the ROG,
rules for the protection and improvement of the

marine environment (nature conservation / ma-
rine landscape / open space) also play a role.

1.5.1

Two separate environmental reports are pro-
duced for the North Sea and Baltic Sea EEZs.
The description and assessment of the state of
the environment in this environmental report re-
fers to the Baltic Sea EEZs, for which the Site
Development Plan makes rules. The SEA study
area covers the German EEZ (Figure 7).

Investigation area

The adjoining territorial waters and the adjacent
areas of the neighbouring states are not covered
by this plan, but they are considered in the cu-
mulative and transboundary consideration — and
where necessary —in the impact assessment un-
der this SEA.
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Figure 6: Boundary of the investigation area for the Baltic Sea SEA EEZ.
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1.5.2 Implementation of the environmental

assessment

The assessment of the likely significant environ-
mental effects of the implementation of the Spa-
tial Plan shall include secondary, cumulative,
synergistic, short-, medium- and long-term, per-
manent and temporary, positive and negative ef-
fects in terms of the factors. Secondary or indi-
rect effects are those which are not immediate
and therefore may take effect after some time
and/or in other places. Occasionally consequen-
tial effects or interrelationships are referred to.

Possible impacts of the plan implementation are
described and evaluated in relation to the fac-
tors. A uniform definition of the term "signifi-
cance" does not exist, since it is an "individually
determined significance" which cannot be con-
sidered independently of the "specific character-
istics of plans or programmes" (SOMMER, 2005,
25f.). In general, significant impacts can be un-
derstood to be effects that are serious and sig-
nificant in the context under consideration.

According to the criteria of Annex 2 of the ROG,
which are decisive for the assessment of the
likely significant environmental impacts, signifi-
cance is determined by

¢ "the probability, duration, frequency and irre-
versibility of the effects;

e the cumulative nature of the effects;
¢ the transboundary 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 impacts;

o the importance and sensitivity of the area
likely to be affected, due to its specific natural
characteristics or cultural heritage, exceeded
environmental quality standards or limit val-
ues and intensive land use;

o the impact on sites or landscapes whose sta-
tus is recognised as protected at the national,
Community or international level".

Also relevant are the characteristics of the plan,
in particular

the extent to which the plan sets a framework
for projects and other activities in terms of lo-
cation, type, size and operating conditions 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 particular
with a view to promoting sustainable develop-
ment;

¢ the environmental issues relevant to the plan;

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

In some cases, further details on when an impact
reaches the materiality threshold can be derived
from sectoral legislation. Thresholds were devel-
oped under the law in order to be able to make a
delimitation.

The description and assessment of potential en-
vironmental impacts is carried out for the individ-
ual spatial and textual specifications on the use
and protection of the EEZ in relation to the fac-
tors, including the status assessment.

Furthermore, where necessary, a differentiation
is made based on different technical designs.
The description and assessment of the likely sig-
nificant impacts of the implementation of the plan
on the marine environment also relate to the fac-
tors presented. All contents of the plan that could
potentially have significant environmental im-
pacts are examined.

Both permanent and temporary, e.g. construc-
tion-related, effects are considered. This is fol-
lowed by a presentation of possible interrelation-
ships, a consideration of possible cumulative ef-
fects and potential transboundary impacts.

The following factors are considered with regard
to the assessment of the state of the environ-
ment:
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e Area e Bats

e Soil o Biodiversity

o Water o Air

e Plankton e Climate

o Biotopes e Landscape

e Benthos e Cultural heritage and
other material assets

e Fish e Human beings, in par-
ticular human health

e Marine e Interrelationships

mammals
e Avifauna

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

e Qualitative descriptions and assess-
ments

e Quantitative descriptions and assess-
ments

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

e Visualizations

e Worst-case assumptions

e Trend assessments (e.g. on the state of
the art of systems and the possible de-
velopment of shipping traffic)

e Assessments by experts/the profes-
sional community

An assessment of the impacts resulting from
the rules of the plan is made on the basis of the
status description and status assessment and
the function and significance of the individual
areas for the individual factors on the one hand,
and the impacts resulting from these rules and
the resulting potential impacts on the other. A
prognosis of the project-related impacts when
the ROP is implemented 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 to section 8
subsection 2 of the ROG.
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Status description
= Spatial distribution
= Temporal variability

Condition assessment
Criteria:
= Protection status

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

= EXxisting pressures

= Function and importance of
the designated areas

»

Environmental
objectives

Effect of designation
(permanent / temporary )

4

Impact prognosis

» Depending on

= |ntensity
= Duration / frequency
= Scope and spatial extension

¥

Assessment of the likely
significant environmental effects

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

1.5.3 Criteria for the status description and
assessment

The status of the individual factors is assessed
on the basis of various criteria. For the protected
assets of area/soil, benthos and fish, the assess-
ment is based on the aspects of rarity and vul-
nerability, diversity and uniqueness, and legacy
impacts. The description and assessment of ma-
rine mammals and marine and resting birds are
based on the aspects listed in the figure. Since
these are highly mobile species, an approach
analogous to that for the factors area/soil, ben-
thos and fish is not appropriate. For seabirds,
resting birds and marine mammals, the criteria
used are protection status, assessment of occur-
rence, assessment of spatial units and legacy

impacts. For migratory birds, the aspects of rar-
ity, threat and legacy impacts are taken into ac-
count, as are the aspects of occurrence assess-
ment and the area's significance for bird migra-
tion over a large area. There is currently no reli-
able data basis for a criteria-based assessment
of bats as a protected species. The biodiversity
factor is evaluated in text form.

The following is a summary of the criteria that
were used for the status assessment of the re-
spective factor. This overview deals with the fac-
tors which can be meaningfully delimited on the
basis of criteria and which are considered in the
focus area.
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Areal/Soil

Aspect: Rarity and threat

Criterion: Percentage of sediments on the seabed and distribution of the morphological inventory of
forms.

Aspect: Diversity and uniqueness

Criterion: Heterogeneity of the sediments on the sea floor and development of the
morphological inventory of forms.

Aspect: Legacy impacts

Criterion: Extent of the anthropogenic legacy impacts of the sediments on the sea floor and the mor-
phological inventory of forms.

Benthos

Aspect: Rarity and threat

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

Aspect: Diversity and uniqueness

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

Aspect: Legacy impacts

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.
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Biotopes

Aspect: Rarity and threat

Criterion: national conservation status and threat of biotopes according to the Red List of Endangered
Biotopes in Germany (FINCK et al., 2017)

Aspect: Legacy impacts

Criterion: Hazard due to anthropogenic influences.

Fish

Aspect: Rarity and threat

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 uniqueness

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 Baltic Sea as a whole and the German EEZ, as well as between the EEZ and
individual areas.

Aspect: Legacy impacts

Criterion: By-catch of target species and by-catch, as well as seabed disturbance in the case of seabed-
disturbing fishing methods, fisheries are considered to be the most effective disturbance to the fish
community and therefore serve as a measure of the pressure on fish communities in the Baltic 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 path through which human activities can affect fish communities.
For this reason, eutrophication is used to assess the legacy impacts.

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 and
North Seas), Convention on the Conservation of European Wildlife and Natural Habitats (Bern Con-
vention)

Aspect: Assessment of occurrence

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

Aspect: Assessment of spatial units
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Criteria: Function and importance of the German EEZ and the areas defined in the ROP for marine mammals

as migration areas, feeding grounds or breeding grounds

Aspect: Legacy impacts

Criterion: Hazards due to anthropogenic influences and climate change.

Seabirds and resting birds

Aspect: Protection status

Criterion: Status according to Annex | of the Birds Directive, European Red List from BirdLife Interna-
tional

Aspect: Assessment of occurrence

Criteria: Baltic Sea stock and EEZ stock, large-scale distribution patterns, abundances, variability

Aspect: Assessment of spatial units

Criteria: Function of the areas defined in the ROP for relevant breeding birds, migrants, as resting
areas, location of protected areas

Aspect: Legacy impacts

Criterion: Hazards due to anthropogenic influences and climate change.
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Migratory birds

Aspect: The importance of bird migration over a large area

Criterion: Guidelines and areas of concentration

Aspect: Assessment of occurrence

Criterion: Migration activity and its intensity

Aspect: Rarity and threat

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

Aspect: Legacy impacts

Criterion: Prior pollution/hazards due to anthropogenic influences and climate change.

1.5.4 Assumptions used to describe and
assess the likely significant impacts

The description and assessment of the likely sig-
nificant impacts of the implementation of ROP-E
on the marine environment is carried out for the
individual rules on the use and protection of the
EEZs on a factor basis, taking into account the
status assessment described above. The follow-
ing table lists, on the basis of the main impact
factors, those potential environmental impacts
which arise from the respective use and which
are to be examined both as a legacy impact, in
the event of non-implementation of the plan, or
as an anticipated significant environmental im-

pact resulting from the rules in the ROP. The ef-
fects are differentiated according to whether they
are permanent or temporary.
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Table 1: Overview of potentially significant impacts of the uses defined in the ROP-E.

Maritime uses with designations in the maritime spatial plan

Potential effect

Protected Assets

§

Habitat change X X X X X
Loss of habitat and land X X X X X X X
Placement of hard R R
substrate Attraction effects, increase in
(foundations) pecies diversity, change in x x
species composition
(Change in hydrological .
conditions
Iiﬁgcuggg‘sedlmem Habitat change X X X
Sediment swirls and _ [Impairment xt
turbidity plumes —
(construction phase) Phys_lo!oglcal effects and xt
scaring effects
Resuspension of
sediment and \mpaiment t
| Areas for sedimentation pairmef
loffshore wind | (construction phase)
energy
Noise emissions Impairment / scaring effect xt xt
during pile driving
(construction phase) potential disruption/damage xt xt
Visual disturbance . .
) Local scaring and barrier
e:e rkto construction effocts xt
Scaring effects, loss of X
habitat
Obstacle in
Barrier effect, collision X
Light emissions
(construction and Attraction effects, collision X
ration)
wind farm related
(s::;’:g ::Iﬁec see shipping x X X X x x x xt X X X
construction traffic)
ok tion of hear Habitat change X x X X
Introduction of ha
substrate (stone fill) || oss of habitat and space x x x x x
Heat emissions . .
(current-canying Impalnnentldlfsplacem_enl of x X
cold water-loving species
Cables Routes |°22¢3)
|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) |Physiological effects and xt
scaring effects
Underwater Sound  |impairment / scaring effect x X
missions and
discharges of
hazardous Impairment/ damage X X X X X X X X
substances
|(accidents)
z’:r):snlgczlnillf;r:gance Impact on the seabed xt xt xt xt X
|Shipping E:rl:.nssa':;d ar Impairment of air quality X X X
Introduction and Change in es
spread of invasive nge In spe X X x
species composition
Bringing in waste Impairment/ damage x X X X X
Risk of collision Collision X
Visual agitation Impairment / scaring effect X
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Potential effect

i
ge
38

Protected Assets

Maritime uses with designations in the maritime spatial plan
Veranderung von Habitaten X X X X X
Removal of T -
substrates ebensraum- u
Flachenverlust x x x x x
Raw materials Impairment xt
Sand and gravel | Turbidity plumes
ining / Physiological effects and
. xt
investigations scaring effects
Physical disturbance |Impact on the seabed X X X
Underwater sound
during seismic Impairment / scaring effect xt xt
Jsurveys
i Reduction of stocks X
Sampling of selected
species - orat
IMarine Research P Deterioration of the food
base
Physical disturbance .
by trawls Impairment/ damage x X X
[Maritime uses without designations in the maritime spatial plan
Underwater sound Impairment / scaring effect xt xt
Introduction of
[ L hazardous Impairment x X X X x X X
substances
Risk of collision Collision x
Surface sound Impairment / scaring effect X
Taklpg of species Reduction of stocks X
fishing)
Underwater Sound  |Impairment / scaring effect X X
|Recreation Emission of air 5 . )
1 ) pollutants Impairment of air quality X
Bringing in waste Impairment X X X X
Visual agitation Impairment / scaring effect X
Introduction of Impairment X x
nutrients pa
Aquakultur X 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
base x x
Bycatch Reduction of stocks X X
Physical disturbance .
by trawls Impairment / damage X X X
X potential impact on the factor
x t potential temporary impact on the factor

In addition to the impacts on the individual fac-
tors, cumulative effects and interrelationships
between factors are also examined.
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1.5.4.1 Cumulative assessment

According to Art. 5 subsection 1 of the SEA Di-
rective, the environmental report also includes
an assessment of cumulative effects. Cumula-
tive impacts arise from the interrelationship of
various independent individual effects which ei-
ther add up as a result of their interrelationship
(cumulative effects) or reinforce each other and
thus generate more than the sum of their individ-
ual effects (synergistic effects) (e.g. SCHOMERUS
et al., 2006). Both cumulative and synergetic ef-
fects can be caused by the coincidence of effects
in time and space. The impact can be reinforced
by similar uses or different uses with the same
effect, thereby increasing the impact on one or
more factors.

I Energy }—bl Underwater noise
| Energy }—»I Underwater noise
| Energy '—DI Underwater noise

I Energy |—>{ Underwater noise

| Shipping I-—P{ Underwater noise

National
defence

Underwater noise

Figure 9: Exemplary cumulative effect of different
uses.

| Energy ]—>| Underwater noise

National
defence

Removal of
selected species

Underwater noise

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

In order to examine the cumulative effects, it is
necessary to assess the extent to which the rules
of the plan, when taken together, can be ex-
pected to have a significant adverse effect. An
examination of the rules is performed on the ba-
sis of the current state of knowledge within the

meaning of Art. 5 subsection 2 of the SEA Di-
rective.

1.5.4.2 Interrelationships

In general, impacts on a factor lead to various
consequences and interrelationships between
the factors. The essential interdependence of
the biotic factors exists via the food chains. Due
to the variability of the habitat, interrelationships
can only be described in very imprecise terms
overall.

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 rules are as follows:

Offshore wind energy

With regard to the priority and reservation areas
for offshore wind energy, a worst-case consider-
ation is generally assumed. In this SEA, certain
parameters are assumed in the form of band-
widths spatially separated into zones 1 and 2
and zones 3 to 5. In detail, these are, for exam-
ple, the power output per installation [MW], hub
height [m], rotor diameter [m] and total height [m]
of the installations.

As input parameters, the SEA takes particular
account of

- installations already in operation or un-
dergoing the licensing procedure (as ref-
erence and legacy impacts)

- Transfer of the average parameters of
the installations commissioned in the last
5 years on the sites defined in the SDP
2019

- Forecast of certain technical develop-
ments for the additional priority and reser-
vation areas for offshore wind energy de-
fined in the ROP on the basis of the pa-
rameters shown in the
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- Table 2. It should be noted that these are
only partly estimation-based assump-
tions, 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

Wind Turbine Generator (WTG) Param-
eters Bandwidth Bandwidth

Zones 1 and 2 Zone 3to 5

from to from to

Output per turbine [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 grid connection systems in the Baltic Sea
EEZ, the capacity is between 250 and 300 MW.
The route length varies between 14 and 24 km.
A width of 1 m is assumed for the cable trench of
submarine cable systems.

For the route corridors for pipelines, transbound-
ary 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 impacts 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 are to be de-
veloped or specified in the further procedure.

Shipping

In order to assess the environmental impact of
shipping, it is necessary to examine what addi-
tional effects can be attributed to the rules of the
Spatial Plan.

The priority areas identified must be kept free of
construction. This control in the ROP-E should
prevent or at least reduce collisions and acci-
dents. Based on the rules in the ROP, the fre-
quency of traffic in the priority areas is expected
to increase, in particular due to the increase in

offshore wind farms along the shipping routes.
Vessel movements on the shipping routes SN1
to SN17 and SO1 to SO5 vary considerably, with
the most heavily used
route SN1 sometimes carrying more than 15
vessels per km? per day, while on the other, nar-
rower 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 presentation of the general effects of ship-
ping is described in Chapter 2 as a legacy im-
pact, especially for birds and marine mammals.
The effects of service traffic to the wind farms are
dealt with in the chapter on wind energy.



Introduction ‘ 33 ‘

Raw material extraction

When assessing the potential environmental im-
pact 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 approx. 2 m width and the
subsoil is extracted to a depth of approx. 2 m.
The seabed between the excavation strips re-
mains undisturbed. 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 portion is re-
turned to the sea on site. Turbidity plumes result
from the mining and discharge. Potential tempo-
rary effects result from the turbidity plumes,
which can lead to impairments and deterrence of
the marine fauna. Potential permanent effects
arise from the removal of substrates, and physi-
cal disturbance causes habitat and area loss,
habitat alteration and seabed degradation.

Sand and gravel extraction is carried out on the
basis of operational plans on sub-areas of the
approved approval fields.

Gas production

Exploratory and production wells are drilled for
the exploration and development of gas depos-
its. Drilling through the rock lying above the de-
posit 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 scare ef-
fects in marine mammals.

Operationally induced material discharges into
the sea result from the discharge of production

and spray water, waste water from the sewage
treatment plant and from the shipping traffic. Pro-
duction water is essentially reservoir water that
may contain components from the underground,
such as salts, hydrocarbons and metals. As the
deposit ages, the amount of gas in the produc-
tion water increases. Production water can also
contain chemicals that are used in mining to im-
prove extraction or to prevent corrosion of pro-
duction equipment. The production water is dis-
charged into the sea after treatment in accord-
ance with the state of the art and compliance
with national and international standards.

Marine research

The designated areas for scientific marine re-
search correspond to standard investigation ar-
eas ("boxes") of the Thuenen Institute in the
North Sea and the Baltic Sea. In the Baltic Sea,
scientific by-catches have been taking place
several times a year for over thirty years, for
which sampling is done for research outside the
boxes under the BALTBOX, BITS and COBALT
programmes. The data records form an im-
portant basis for assessing long-term changes in
the bottom fish fauna (commercial and non-com-
mercial species) of the Baltic Sea, caused by
natural (e.g. climatic) influences or anthropo-
genic factors (e.g. fisheries).

Bottom trawls and beam trawls are used in the
Baltic Sea. Details on the gear used, the ex-
pense, and the catch quantities can be found in
the respective cruise reports on the research
trips of the Thuenen Institute.
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Effects are to be expected from the equipment
used, in particular on the soil/sediment and the
habitats affected by it. For this purpose, fish of
various ages and sizes are taken.

Table 3: Parameters for the consideration of marine research

Frequency of surveys per year/ num-
ber of hauls/ duration per haul (approx-
imate values, vary from trip to trip)

min.

Gear used (target species)

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

Standardised bottom trawl catches, using high-den-

sity otter trawls (bottom fishing communities)

2-metre beam trawl (epibenthos)

Van-Veen grab sampler (Infauna)

Catches

Total quantities for all (sampled) boxes (partly with

other research activities) in double-digit tonnes

Nature conservation / marine landscape /
open space

The rules on nature conservation in the Spatial
Plan are not expected to have any significant
negative environmental impacts.

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 size of the defined area is
of particular importance in this context. Keeping
the protected areas free of uses that are incom-
patible with nature conservation also contributes
to the protection of open space and the marine
landscape on a large scale.

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 impairments to the balance of
nature.

The Spatial Plan all objectives.

National and alliance defence

The ROP-E contains textual rules on national
and alliance defence.

1.6 Data sources

The basis for the SEA is a description and as-
sessment of the state of the environment in the
study area. All factors must be included. The
data source is the basis for the assessment of
the probable significant environmental impacts,
the assessment under site and species protec-
tion law and the assessment of alternatives.

According to section 8 subsection 1 sentence 3
of the ROG, the environmental assessment re-
fers to what can reasonably be required on the
basis of the current state of knowledge and gen-
erally accepted assessment methods and the
content and level of detail of the Spatial Plan.

Under section 40 subsection 4 of the UVPG, in-
formation available to the competent authority
from other procedures or activities may be in-
cluded in the environmental report if suitable for
the intended purpose and sufficiently up-to-date.
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On the one hand, the environmental report de-
scribes and assesses the current state of the en-
vironment and presents the likely development if
the plan is notimplemented. It also forecasts and
assesses the likely significant environmental ef-
fects of implementing the plan.

The basis for assessing potential impacts is a
detailed description and assessment of the state
of the environment. The description and assess-
ment of the current state of the environment and
the likely development in the event of non-imple-
mentation of the plan will be carried out
with regard to the following factors

e Area/Soll e Bats

e Water e Biodiversity

e Plankton e Air

e Biotopes e Climate

e Benthos e Landscape

e Fish e Cultural heritage

and other material
assets

e Marine mam- e Humans, espe-

mals cially human
health
¢ Avifauna e Interrelationships

between factors.

1.6.1 Overview of data source

The data and knowledge situation has improved
significantly in recent years, in particular as a re-
sult of the extensive data collection in the context
of environmental impact studies and construc-
tion and operational monitoring for the offshore
wind farm projects and accompanying ecological
research.

This information also forms an essential basis for the
monitoring of the 2009 Spatial Plans under section
45 subsection 4 of the UVPG. Accordingly, the results
of monitoring are to be made available to the public
and taken into account when the plan is reinstated.
The results of plan-associated monitoring of the cur-
rent plans are summarised in the status report on the
update 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

e Data and findings from approval proce-
dures for offshore wind farms, subma-
rine cable systems and pipelines

e Results of the site investigation

e Results of the monitoring of
Natura 2000 sites

e Mapping instructions for section 30 bio-
topes

e Initial and progress assessment of
the MFSD

e Findings and results from R&D projects
commissioned by BfN and/or BSH and
from accompanying ecological research

e Results from EU cooperation projects,
such as Pan Baltic Scope and SEANSE

e Studies/ Technical literature

e Current red lists

e Opinions of the technical authorities

e Opinions of from the (professional)
community
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A detailed overview of the individual data and
knowledge bases has been included in the an-
nex

to the summary consideration.

1.6.2 Indications of difficulties in compiling

the documents

According to No. 3a Annex 1 to section 8
subsection 1 of the ROG, indications of
difficulties encountered in compiling
the information, such as technical gaps
or lack of knowledge, must be presented.
There are stil gaps in  knowledge
in some places, particularly with regard
to the following points:

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

o Effects of shipping on individual factors
o Effects of research activities

o Data for assessing the state of the envi-
ronment of the various protected areas 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 complex inter-
relationships 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, a scientific
basis on which to assess the effects of the pos-
sible use of strictly protected biotope structures
is lacking. At present, sediment and biotope
mapping is being carried out on behalf of the BfN
and in cooperation with the BSH, research and
higher education institutions and an environmen-
tal office, with a spatial focus on the nature con-
servation areas.

In addition, for some factors there is a lack of sci-
entific assessment criteria, both with regard to
the assessment of their status and with regard to
the impacts of anthropogenic activities on the de-
velopment of the living marine environment, in
order to fundamentally consider cumulative ef-
fects over time and space.

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

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

1.7 Application of the ecosystem ap-
proach

The application of the ecosystem approach con-
tributes to the achievement of "sustainable spa-
tial development that reconciles the social and
economic demands on the spatial environment
with its ecological functions and leads to a sus-
tainable, balanced order over a large area" (sec-
tion 1 subsection 2 of the ROG). The application
of the ecosystem approach is a requirement un-
der section 2 subsection 3 no. 6 p. 9 of the ROG
with the aim of controlling human activities, sus-
tainable development and supporting sustaina-
ble growth
(cf. section 5 subsection 1 of the MSPD in con-
junction with section 1 subsection 3 of the Marine
Strategy Framework Directive).

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 a good state of the en-
vironment.

According to Art. 5 para. 1 of the Maritime Spatial
Planning Directive, Member States "shall take
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into account economic, social and environmental
aspects in the preparation and implementation of
maritime spatial planning in order to support sus-
tainable development and growth in the maritime
domain, applying an ecosystem approach, and
to promote the coexistence of relevant activities
and uses. “

Art. 1 para. 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 interrelationships re-
sulting from their use. The approach is to man-
age ecosystems within the "limits of their func-
tional capacity" in order to safeguard them for
use by future generations. In addition, under-
standing ecosystems enables effective and sus-
tainable use of resources.

Comprehensive understanding, protection and
improvement of the marine environment and an
effective and sustainable use of resources within
the limits of sustainability will safeguard marine
ecosystems for future generations. The ecosys-
tem approach can therefore contribute - at least
in part - to good environmental status in the ma-
rine environment.

Based on the so-called twelve Malawi principles
of the Biodiversity Convention, the ecosystem
approach has also been concretised by the HEL-
COM-VASAB working group on maritime spatial
planning and specified for marine 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.

Figure 11 shows how the application of the eco-
system approach is understood. The approach is
applied 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
(Altvater, 2019) and offers versatile points of ref-
erence in the content- and process-oriented key
elements (see below).
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+ Best available knowledge and practice

Ecosystem approach ‘
il r * Precautions

\4 4 -
Preliminary Review of . Alterl?f?ltIV(.E development -
draft alternatives « 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 Strate-
gic Environmental Assessment

The ecosystem approach is anchored in the
mission statement as the basis of the Spatial
Plan. Its importance is also explicitly empha-

Chapter 4. The ecosystem approach does not
itself constitute an assessment, but does cover
a large number of important aspects and instru-

sised in the following principles: ments for sustainable spatial development. Of
these, the SEA serves comprehensively to
identify, describe and assess the impacts on

the marine environment.

e General requirements for economic uses,
Principles Best Environmental
Practice (8.1) and Monitoring (8.2)

e Principle of nature conservation Preserva-
tion 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 impacts
of economic uses and to the changes caused
by climate change.

A quantification of the sustainability of the eco-
system cannot be conclusively considered due
to a lack of data and knowledge. This repre-
sents a task for the future development of the
ecosystem approach. Even if quantification is
not possible at present, SEA and cumulative
consideration must ensure that the ROP and
the rules of economic uses contained therein
do not exceed the limits of ecosystem function-

ing.
The assessment of the likely significant envi-

ronmental impacts of the implementation of the
Spatial Plan is methodologically described in
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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 shows the abstract form the relation-
ships between the key elements. This ap-
proach becomes tangible and applicable when
viewed at the level of the individual key ele-
ments, in particular those of the HEL-
COM/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
consider the ecosystem approach as a perma-
nent task of further development.

Ci§ s
N\

N
P s

\\\ \ /

Pan iCil pal lion
Adaptation
Commu |cat ion

Figure 12: Networking between the key elements.

Relational
understanding

Subsidiarity
and
Coherence

Best available knowledge and practice

"The allocation and development of human
uses will be based on the most recent
knowledge of ecosystems as such and the
practice of the best possible protection of the
components of the marine ecosystem" (HEL-
COM/VASAB, 2016).

The use of the current (sound) state of
knowledge is fundamentally indispensable for
planning processes and forms the basis of the
planning understanding of the updating of the
Spatial Plan. This key element thus also affects
the other elements mentioned, such as the pre-
cautionary principle, the avoidance and reduc-
tion of impacts and the understanding of inter-
relationships.

As part of the update 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, among other things, 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 state of
knowledge.

The following stipulations of the spatial devel-
opment plan promote the use of the current
state of knowledge in economic uses as a basic
guideline:
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e General requirements for economic
uses Principle of best environmental prac-
tice (8.1);

e Shipping, principle of protection
of the marine environment (3);

e Offshore wind energy, principle
of protection of the marine
environment (6.1);

e Marine research, principle of protection
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 ac-
cording to StUK, scientific research activities
and from national and international monitoring
programmes.

Precautions

"Far-sighted, anticipatory and preventive plan-
ning should promote sustainable use in marine
areas and eliminate risks and hazards of hu-
man activities to the marine ecosystem. Those
activities which, on the basis of current scien-
tific knowledge, may have significant or irre-
versible impacts on the marine ecosystem and
the effects of which, in whole or in part, may not
be sufficiently foreseeable at present, require
special careful consideration and risk
weighting". (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 rules 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
conservation / marine landscape / open space)
and for the following uses:

e Shipping, shipping priority areas
objective (1);

e General requirements for economic uses
Decommissioning objective (3), principle
of land conservation (2) and best environ-
mental practice (8.1);

e Lines, Marine environment principle (8);

e Fisheries and marine aquaculture Sustain-
able management principle (2);

e Nature conservation principle Preserva-
tion of the EEZ as a natural area (5).

In the SEA, the significance of the impacts of
the ROP's rules on uses on the factors is ex-
amined (Chapter 4).

Alternative development

"Reasonable alternatives should be developed
to find solutions to avoid or reduce negative im-
pacts 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 tradi-
tional uses

e Planning option B: Climate protection per-
spective

e Planning option C: Marine nature conser-
vation perspective

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

The early and comprehensive consideration of
several planning options represents an essen-
tial planning and review step in updating the
Spatial Plans.
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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 included in the
planning process.

An alternative assessment is carried out in the
SEA (cf. Chapter 9). The focus is on the con-
ceptual/strategic design of the plan, and in par-
ticular on spatial alternatives.

Identification of ecosystem services

"To ensure a socio-economic assessment of
impacts and potentials, the ecosystem services
provided must be identified". (HEL-
COM/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 ser-
vices can contribute to a broader understand-
ing and illustrate the multiple functions that
ecosystems can provide. Particularly notewor-
thy are their function as natural carbon sinks
and other contributions to climate protection
and adaptation. This need should be taken into
account in future updates of the Spatial Plan
and the development of the necessary tools
should be continued.

With the MARLIN (Marine Life Investigator)
specialist application, BSH is currently devel-
oping a large-scale, high-resolution information
network on marine ecological data from envi-
ronmental investigations within the framework
of environmental impact studies, site investiga-
tions and monitoring of offshore wind farm pro-
jects. Various data analyses at different spatial
and temporal levels are possible in order to

support the tasks of the BSH in line with re-
quirements. MARLIN also combines the inte-
grated marine ecological data with various en-
vironmental data to support the understanding
of the impacts and interrelationships of marine
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 intended to prevent, reduce
and as fully as possible offset any significant
negative environmental impact [of the imple-
mentation of 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 by also
specifying how to avoid or reduce disturbances
and pollution from uses.

The rules of the Spatial Plan illustrate this con-
sideration with measures to avoid and reduce
negative impacts of individual uses:

e Shipping, principle of protection of the
marine environment (3);

e General requirements for economic
uses Principle of best environmental prac-
tice (8.1);

e Offshore wind energy, principle
of protection of the marine
environment (6.1);

e Management, principle of crossing avoid-
ance (5) and marine environment (8);
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e Raw material extraction, principle
of divers (3);
e Nature conservation, principle
of conservation area for divers (2)
and conservation area for harbour por-
poise (3).

In the SEA, measures to avoid, reduce and off-
set significant negative impacts of the imple-
mentation of the Spatial Plan are presented in
detail in Chapter 8.

Relational understanding

"There is a need to consider various impacts on
the ecosystem caused by human activities and
interrelationships between human activities
and the ecosystem and between different hu-
man activities. These include direct/indirect,
cumulative, short-/long-term, permanent/ tem-
porary and positive/negative effects
and interrelationships, including sea/land inter-
relationships". (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 emphasises the holistic approach and
includes the consideration of land-sea rela-
tions.

In the Strategic Environmental Assessment,
this is taken up and examined in Chapters 4.8
Interrelationships and 4.9 Cumulative consid-
eration.

For technical support, the BSH is currently de-
veloping the MARLIN (Marine Life Investigator)
specialist application as a large-scale, high-
resolution information network for marine eco-
logical data from environmental investigations
within the framework of environmental impact
studies, site investigations and monitoring of
offshore wind farm projects. Various data anal-
yses at different spatial and temporal levels are
possible in order to support the tasks of the
BSH as required. MARLIN also combines inte-
grated marine ecological data with various en-
vironmental data. MARLIN's holistic 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 man-
agement and regulation. This will support the
understanding of impacts and interrelation-
ships.

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:

e http://www.panbalticscope.eu/results/
reports/
e https://northseaportal.eu/downloads/

Participation and communication

"All relevant authorities and stakeholders as
well as a wider public should be involved in the
planning process at an early stage. The results
are to 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 update process, participation and
communication have been carried out inten-
sively 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 the sectoral level. On 18 and
19 March 2020, the concept and draft of the
study framework were consulted in the partici-
pation meeting (scoping).
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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 Scientific Advisory Board (WiBeK). The
WiBeK for the continuation of maritime spatial
planning in the Exclusive Economic Zone in the
North and Baltic Seas has been advising from
a scientific perspective since 2018, among
other things, on questions of content, the
course of the procedure and the participation
process.

Subsidiarity and coherence

"Maritime spatial planning, with an ecosystem
approach as the overarching principle, will be
carried out at the most appropriate level and
will seek coherence between the different lev-
els (HELCOM/VASAB, 2016).

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's mission statement sets forth this co-
operation as a contribution to coherent interna-
tional marine spatial planning and coordinated
planning with coastal countries.

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

In the context of SEA, the transboundary ef-
fects on the adjacent areas of the neighbouring
states are considered (Section 4.10).

Adaptation

"Sustainable use of the ecosystem should be
an iterative process involving monitoring, re-
view 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, the SEA lists in Chapter 10 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 the project level by means of effect monitor-
ing. This is laid down in Principle 8.2 of the
General Requirements for Economic Uses in
the ROP.

Summary

In sum and beyond, the key elements and their
implementation in the planning process, the
ROP and the SEA show how the ecosystem
approach as an overall concept supports the
holistic perspective of spatial planning and thus
contributes to the protection and improvement
of the state of the marine environment.

1.8 Taking climate change into ac-
count

Anthropogenic climate change as one of the
greatest challenges facing society is of particu-
lar importance for changes in the oceans and
their use. Figure 13 illustrates the links be-
tween climate change, the marine ecosystem,
uses and maritime spatial planning, including
as a tool for achieving sustainable develop-
ment goals.

In changing seas, the consideration and inte-
gration of climate impacts in maritime spatial
planning (MSP) is of great importance in order
to do justice to the precautionary and forward-
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looking nature of MSP and to develop
long-term sustainable plans.

Anthropogenic climate Marine ecosystem

> Sea state »> ; —
change \_/ services

Structure and
function of
ecosystems

Objectives for
sustainable

development
Minimisingthe impact |, Maritime spatial P Human uses

of climate change planning and activities
______________________________________ i i
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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 shipping, renewable energy or extraction of raw
and biological conditions in the North and Baltic materials (Frazdo Santos, 2020).

Seas. This will inevitably have an impact on
marine ecosystems, their structure and func-
tions, which may also change ecosystem ser-
vices. The changes may also have a direct im-
pact on the uses to which they are put, e.g.

The following table shows projections for some
relevant parameters.
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Table 4: Climate projections for selected parameters ! (UBA, in preparation), 2 (IPCC, 2019), * (Pity N, in

preparation)

North Sea Baltic Sea
Increase in mean sea surface | 1-1.5°C 15-2°C
temperature for 2031-2060
(in the 50th percentile of
the RCP8.5 scenario compared to 1971-
2000)*
Increase in mean sea surface | 2.5-3°C 2.5-3.5°C
temperature for 2071-2100
(in the 50th percentile of
the RCP8.5 scenario compared to 1971-
2000)*
Global sea level rise 2100 | 61-110cm 61—-110cm
(RCP8.5 scenario vs. 1986-2005)?
Increase in extreme wind | 0-0.5m/s No significant increases
speeds (RCP8.5 scenario compared to for the most part
1971-2000)

As a contribution to climate protection, the rules
on offshore wind energy should be mentioned
at the outset. Assuming that the current CO>
avoidance factor of electricity from offshore
wind energy is continued (UBA, 2019) to 2040,
this results in an average annual CO, avoid-
ance potential of 62.9 Mt CO. equivalents per
year for the period between 2020 and 2040. By

way of comparison, the annual emissions from
power plants in the energy industry in 2016
were 294.5 Mt CO; equivalents per year (BMU,
2019). Table 5: Calculation of the CO2 avoid-
ance potential of the rules on offshore wind en-
ergy. shows the abatement potential for the
years 2020, 2040 and the annual average for
the entire period.

Table 5: Calculation of the CO2 avoidance potential of the rules on offshore wind energy.

Installed Full  load | Annual electricity | CO2 avoidance fac-|CO2 avoid-
capacity hours production tor ance
GW h/a GWh/a g CO2eq/kWh Mt CO2eqg/a
2020 7.2 3800 27360 701 19.2
2040 40 3800 152000 701 106.6
Average annual
CO: avoidance 62.9
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Furthermore, keeping open the priority areas of
nature conservation and the potential of ecosys-
tems as natural carbon sinks contribute to cli-
mate protection. The designation of priority and
reservation 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 anal-
yses to climate change and adaptation
measures in the relevant sectors should be com-
municated to spatial planning. The holistic per-
spective of spatial planning can help to coordi-
nate 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.

In order to fully integrate climate change into
MSP, institutional strengthening, including inter-
national 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 develop-
ment 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

In accordance with Section 8 of the Spatial Plan-
ning Act (Raumordnungsgesetz, ROG) along
with Annexes 1 and 2 to Section 8 of the Spatial
Planning Act, the environmental report contains
a description of the characteristics of the envi-
ronment and the current state of the environment
in the strategic environmental assessment
(SEA) investigation area. The description of the
current state of the environment is necessary in
order to be able to forecast expected changes
once the plan is implemented. The review con-
cerns the factors listed in Section 8 Subsection
1 of the Spatial Planning Act, and interactions
between them. The presentation is problem-ori-
ented. The focus is therefore on possible legacy
impacts, elements of the environment requiring
special protection, and on those factors which
will be more strongly affected by the implemen-
tation of the plan. In spatial terms, the description
of the environment is based on the respective
environmental impacts of the plan. Depending
on the type of influence and the factor con-
cerned, these impacts vary in extent and may ex-
tend beyond the boundaries of the plan.

2.1 Seabed/Area

2.1.1 Area as a factor

Seabed and area are considered together as
factors. Where useful or necessary, area as a
factor is dealt with in more detail.

2.1.2 Data availabilty

The map on sediment distribution in the western
Baltic Sea (BSH/IOW, 2012) is one of the most
important sources for the description of surface
sediments in the German Baltic Sea EEZ. It is
based on interpolation of data from surveys at
selected points. In order to obtain more precise

information, in particular on the location and dis-
tribution of coarse sand, fine gravel, and residual
sediments (including gravel, stones and boul-
ders), the sediment in the area has been gradu-
ally mapped over recent years using hydro-
acoustic methods. The resulting detailed maps
and illustrations of the type and extent of seabed
topography, as well as of small-scale changes to
topography and sediment at the seabed surface,
are not given by the BSH/IOW map on sediment
distribution (BSH / IOW, 2012), due to the point-
based nature of the data. In particular, the distri-
bution of coarse sediments (gravel and stony re-
sidual sediment) appears to be greater than that
shown on the BSH/IOW map (BSH / IOW, 2012).
The same applies to the distribution of stones
and boulders.

These sediment distribution maps are not yet
available for the entire Baltic Sea EEZ. All results
are available for the Fehmarnbelt conservation
area, and the Kadetrinne conservation area is
largely complete. The results of the exploratory
surveys in the Arkona Sea and the Pommersche
Bucht - Rénnebank area of conservation are not
yet available for the entire area. Further infor-
mation comes from data and reports from site in-
vestigations and from investigations by the BSH
itself.

The description of the near-surface seabed
structure is mostly based on boreholes, cone
penetration tests, and reports from site investi-
gations, as well as the literature, investigations
and evaluations by the BSH.

The data and information used to describe the
distribution of pollutants in the sediment, sus-
pended particulate matter and turbidity, as well
as nutrient and pollutant distributions were col-
lected during the annual monitoring expeditions
by the BSH in cooperation with the Leibniz Insti-
tute for Baltic Sea Research (IOW).

2.1.3 Geomorphology and sedimentology
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The Baltic Sea is an arm of the Atlantic Ocean
and is connected to the North Sea via the Great
Belt, the Little Belt and the @resund. The plan-
ning area under consideration is the German
Baltic Sea EEZ.

The late glacial and post-glacial development of
the Baltic Sea is linked to global sea-level rise
and land uplift as a result of rebound of the
earth's crust, and may be divided into four major
stages:

e Baltic Ice Lake (up to 10,200 ago),

e Yoldia Sea (10,200-9,300 years ago),

¢ Ancylus Lake (9,300-8,000 years ago)
and

e Littorina Sea (8,000 years ago—present
day).

The seabed topography is distinguished by its
characteristic basin and sill structure. This se-
quence of basins and sills is illustrated by Figure
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14 on bathymetry in the German Baltic Sea (be-
low). It serves as a basis for the structure of the
geomorphological and sedimentological descrip-
tion in this environmental report.

In light of the basin and sill division of the Baltic
Sea, eight sub-areas were defined using geolog-
ical, geomorphological and oceanographic crite-
ria:

e Bay of Kiel

e Fehmarn Belt

e Bay of Mecklenburg
e Darss Sill

e Arkona Basin

o Kriegers Flak

e Adlergrund

e Oder Bank.
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Figure 14: Representation of the seabed bathymetry (Bathymetry, BSH/IOW, 2012) in the German Baltic Sea.
The Bay of Kiel and the Bay of Mecklenburg together form the Belt Sea. The dark blue areas indicate basins
(e.g. Bay of Mecklenburg or Arkona Basin), the shallower areas are correspondingly lighter shades of blue
(e.g. Plantagenetgrund, Adlergrund or Oder Bank).

Bay of Kiel  The Bay of Kiel forms the western
part of the Belt Sea. It lies in the western Baltic
Sea at the southern end of the Little and the
Great Belt. The Fehmarn Belt and Fehmarn
Sound form the eastern boundary. The Bay of

Kiel is a typical Férde coast, whose narrow,
deeply incised bays were formed by erosive ac-
tivity during the Weichselian glaciation.
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Water depths range from 5 m on the Stoller
Grund to over 35 m in the Vinds Grav channel
near Fehmarn. Average water depths are be-
tween 15 m and 20 m. Several shoals represent
remnants of a former land surface, which now
protrude from the surrounding seabed as
"drowned" terminal moraine remnants. In the
northern part of the Bay of Kiel, there is a system
of channels running from west to east, consisting
of the Vejsnaes Channel south of the Danish is-
land of Arg, which has its eastern continuation
in Vinds Grav at the western end of the Fehmarn
Belt via several smaller channels. The maximum
water depths are over 30 m in the Vejsnaes
Channel and up to 42 m in Vinds Grav.

Figure 15 shows the sediment distribution on the
seabed in the Bay of Kiel. Residual sediment de-
posits (coarse sand, gravel and stone deposits)
are mainly found in a narrow strip along large
parts of the coast of Schleswig-Holstein, on
shoals in the Bay of Kiel and west of Fehmarn.
Mud deposits (mostly silt, but also clays) are
mainly found in the deeper areas of the western
Bay of Kiel (Eckernférde Bay, Flensburg Firth
and the deeper areas of the EEZ). In the central
part of the Bay of Kiel, fine and medium sands
dominate, which transition to silty sands and silts
in the depression west of Fehmarn.
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Figure 15: Sediment distribution on the seabed in the area of the Bay of Kiel (BSH / IOW, 2012).
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It is relevant for the geological structure of the
upper seabed that the Bay of Kiel was only
flooded by the Baltic Sea in the course of the Lit-
torina Transgression about 8,000 years ago. Ac-
cording to ATZLER (Atzler, 1995), the Holocene
sedimentary cover consists of late glacial sands
and varved clays in addition to the sedimentary
distribution already described. While the sands
occur exclusively in the outer area of the Firth of
Kiel, the varved clays were deposited in old
channel systems distributed over the entire Bay
of Kiel. The Holocene sediments lie on a Weich-
selian till, 4-5 m thick, which consists of a newer
and an older unit and reaches a maximum thick-
ness of 70 m in the Kossauer Channel (west of
Fehmarn). Locally, Weichselian glaciofluvial
sands are intercalated in the boulder clay, which
can carry numerous stones and boulders.

In large parts of the Bay of Kiel, Saalian till and
glaciofluvial sands follow under the Weichselian
deposits, which in turn are usually located on
older glacial or Tertiary clays and sands. Several
large Pleistocene channel systems occur in this
sea area. Although they are largely filled in to-
day, some of them are still preserved as slight
depressions in the sea floor and correlate with
the recent distribution of silt.

Fehmarn Beilt

The 18-24 km wide Fehmarn Belt plays a central
role in the water exchange between the Belts
and the Baltic Sea basins to the east. The ex-
change between North Sea and Baltic Sea water
takes place mainly via the Great Belt—-Fehmarn
Belt system.

The average water depths in this strait are be-
tween 15 m and 25 m. At the western entrance,
the former push moraine of the Ojet rises to a
water depth of 10 m. It narrows the cross section
of the Fehmarn Belt in such a way that the re-
sulting high current velocities have further
cleared Vinds Grav (formed when Lake Ancylus
overflowed) to a depth of 42 m.

As a result of the hydrodynamic conditions in the
western part of the Fehmarn Belt, several giant
ripple fields have developed in the western Feh-
marn Belt. These giant ripple fields can be seen
in Figure 16 as elongated sandy structures run-
ning from SW to NE, deposited on coarse to re-
sidual sediments. The giant ripple fields occur at
a water depth of 11-18 m and consist mainly of
medium sand. They have ridge heights of up to
2 m and wave spacings of 60—70 m. Smaller
structures with a spacing of 25 m can be found
in water depths of 24 m.
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Figure 16: Sediment distribution on the seabed in the western part of the Fehmarn Belt. The sediment distri-
bution map is based on side scan sonar recordings. The sediment classification of level A is based on the
simplified ternary system for clastic sediment types described by Folk (1954). Source: Project "Sediment map-
ping EEZ"; Hoft, D., Feldens, A., Tauber, F., Schwarzer, K., Valerius, J., Thiesen, M., Mulckau, A. (in prep.):
Map of sediment distribution in the German EEZ (1:10,000), Federal Maritime and Hydrographic Agency; Pa-

penmeier, S., Valerius, J., Thiesen, M., Mulckau, A. (in prep.): Map of sediment distribution in the German EEZ
(1:10,000). Federal Maritime and Hydrographic Agency.

The giant ripples lie on a continuous layer of re-
sidual sediments consisting mainly of stones at

varying densities (Figure 17).
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Figure 17: Representation of the layer density of objects (stones or boulders above a size of about 50 cm) in
the area of the Fehmarn Belt nature conservation area. The basis of the representation is the 100x100 m EU
grid, which was divided into 50x50 m grid cells. Shown is the number of objects per 50x50 m grid cell. Source:
Project "Sediment Mapping EEZ"; Hoft, D., Richter, P., Valerius, J., Schwarzer, K. Meier, F., Thiesen, M.,
Mulckau, A. (in prep.): Map of boulder distribution in the German EEZ, Federal Maritime and Hydrographic

Agency.

Occasionally there may also be till on the sea-
bed. In the eastern Fehmarn Belt, the surface of
the till drops eastwards and residual sediments
or medium sands transition to fine and ultra-fine
sands and silt, which are increasingly overlaid by
silt towards the Bay of Mecklenburg.

Figure 18 shows a geological profile section of
the Fehmarn Belt between Puttgarden and
Redbyhavn. Above Tertiary clays and Creta-
ceous limestones lies a 6 to 57 m thick till, which
in turn is overlaid by up to 9 m thick basin clays

of the central Fehmarn Belt. In the shallow water
areas along the edge of the channel, mainly
sandy and silty gyttjias and peat are found,
whose stepped displacement is associated with
deep-seated faults in the Tertiary clays and
Pleistocene till. The disturbance-induced settle-
ment and deposition of this sedimentary unit
probably took place simultaneously, so that the
tectonic movements influenced the late and
post-glacial sedimentation.
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Figure 18: Geological profile section through the Fehmarn Belt between Puttgarden and Rgdbyhavn (RUCK,

1969)

Bay of Mecklenburg

To the east of the Fehmarn Belt is the Bay of
Mecklenburg, which, according to KOLP (1976),
is bounded roughly by the 20 m contour of the
Darss Sill and the Fehmarn Belt. The Bay of
Mecklenburg is on average slightly deeper than
the Bay of Kiel, but considerably shallower than
the Arkona Basin. The maximum water depth is
around 28 m. In contrast to the Bay of Kiel, the
Bay of Mecklenburg and the Arkona Basin lack
pronounced channel structures in their present-
day seabed topography.

The distribution of the surface sediments clearly
shows the basin character of the Bay of Meck-
lenburg (Figure 19). In the centre of the bay, be-
low the 20 m depth contour, is the mud zone.

The mud consists mainly of (mostly poorly
sorted) fine and medium silts. In general, the
thickness of the silt increases towards the centre
of the basin to between 5 m and 10 m.

Towards the edge of the basin, above the 20 m
depth contour, the mud transitions to fine and
medium sands, and in some places coarse
sands and residual sediments. Larger deposits
of coarse sands, gravel and residual sediments
(stones, boulders) occur in the shallow water
zones south of Fehmarn and in the south-east-
ern area of the Bay of Mecklenburg (north-west
of the island of Poel, Figure 19). In the northeast
of the Bay of Mecklenburg, the sediments transi-
tion to silty fine and ultra-fine sands in the direc-
tion of the Darss Sill.
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Figure 19: Sediment distribution in the Bay of Mecklenburg area (BSH/IOW, 2012). The edge of the mud (blue
colours in the centre of the basin) follows the 20 m contour quite closely. The EEZ in the area of the Bay of
Mecklenburg lies entirely in the northern part of the mud zone.

The Quaternary base of the Bay of Mecklenburg
probably consists of Tertiary sediments and lies
at depths of between 50 and 120 m below sea
level. This is followed by till, which can be divided
into two units similar to those in the Bay of Kiel
or the Arkona Basin. The lower till is probably be-
tween 20 and 120 m thick. The upper boulder
clay, on the other hand, is less thick at around
one metre. It is grey to grey-brown in colour and
contains numerous chalk and flint boulders. The
deepest parts of the Bay of Mecklenburg and the
Fehmarn Belt contain sediments from the early
Baltic Ice Lake (W2), which largely follow the
morphology of the till. In water depths over 20 m,
late glacial sediments from the late Baltic Ice
Lake phase (W3) occur. They consist of stratified
clays which transition to fine sands towards the
basin margin. In the deeper areas they too follow

the morphology of the underlying layers; outside
these late glacial basins they are horizontally de-
posited. The Early Holocene freshwater for-
mations of the W4 unit are 1 to 2 m thick in the
central Bay of Mecklenburg and are lithologically
extraordinarily diverse: in addition to grey me-
dium to coarse sands and grey clayey silt, there
are peat gyttjas and peats as well as highly cal-
careous gyttjas and sea chalk. In these sedi-
ments, the surface of which has been partially
eroded, plant remains often occur. The most re-
cent deposits are Littorina-period and later ma-
rine sediments (W5). These level the topography
of the subsurface seabed and are generally up
to 7 m thick, but can be over 10 m thick locally.
This unit wedges out towards the edge of the ba-
sin and transitions to thin sands. The basis of the
silt is a transgression contact, which can often
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only be recognised by the presence of different
species of molluscs.

Darss Sill
The Darss Sill is the sea area between the pen-
insula Fischland-Darf3 and the Danish islands of
Falster and Mgn. From an oceanographic point
of view, it is bounded on both sides by the 20 m
depth contour (KOLP, 1976). It represents a
raised area with an average water depth of 17 m,

|1‘3l0'0“E

12"0['0"E 12‘3:]'0"E

which separates the deeper mud accumulation
areas of the Bay of Mecklenburg and the Arkona
Basin. In a geological sense, the Darss Sill is
narrower, it being an approximately 12 km wide
strip between Fischland-Darf} and Falster, which
is enclosed by two submarine moraine ranges
(Darss Sill in the sense of the German term
"DarfRer Schwelle") and merges to the east into
the Falster-Rugen Plateau (KOLP, 1965).
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Figure 20: Sediment distribution on the seabed in the area of the Darss Sill between the Bay of Mecklenburg
in the west and the Arkona Basin in the east. The Darss Sill in the narrowest sense is characterised by a
submarine ridge of till running from the steep bank between Wustrow and Ahrenshoop in a north-westerly

direction to Gedser Rev (Falster, DK).

The Darss Sill in the narrow sense of the "DarfRer
Schwelle" and the Falster-Rligen Plateau show
significant morphological differences. The topog-
raphy of the Darss Sill in the narrow sense is
characterised by striking, small-scale changes in

morphology. The characteristic element is a sub-
marine ridge of till, which runs from the steep
bank between Wustrow and Ahrenshoop in a
north-westerly direction to Gedser Rev (Figure
20). The trench system of the Kadet Channel is
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cut into this ridge to a depth of 32 m. Southeast
of the Kadet Channel itself, the V-shaped, elon-
gated Grenztal channel runs parallel to it with a
maximum water depth of 22 m. The water depths
are mainly between 10 and 20 m, although
closely bounded 2 to 3 m high elevations of the
seabed can be observed, especially on the
flanks. Depending on seabed conditions, the
strong bottom currents have created a strongly
varying, small-scale topography in the deepest
parts of the Kadet Channel, which on closer in-
spection consists of three channels. Here, in ir-
regular succession, till ridges of 1 to 2 m in height
alternate with flat fine sand and muddy areas.
Mixed sediments occur throughout the entire
course of the Kadet Channel. The Kadet Chan-
nel is subject to aperiodic silt sedimentation,
whereby interruption or removal occurs when the
thermocline between salty deep water and sur-
face water (with lower salinity) becomes ineffec-
tive during strong inflows, and presumably out-
flows. The highest and steepest elevations are
observed in the central part of the Kadet Chan-
nel. The channels have an irregular trough and
are characterised by very steep slopes in places.
Giant ripples with ridge spans of about 400 m are
observed in the channels (SHD, 1987; DIESING
and SCHWARZER, 2003). Comparable struc-
tures with crest heights of up to 5 m are found on
the Darss Sill (LEMKE et al., 1994). The morpho-
logical structures indicate distinct sedimentary-
dynamic processes similar to those in the Feh-
marn Belt and Danish Belts.

The Darss Sill in the narrow sense consists of an
elevated layer of till, on top of which, especially
on the flanks of the channels, there is a varying
density of stone and boulder cover. In contrast,
the bottom and flanks of the Grenztal channel
are free of residual sediments. Here, more than
10 m thick sands are deposited above the boul-
der clay. An elongated sand ridge at a water
depth of 14 to 15 m separates the Grenztal
Channel from the Kadet Channel system
(TAUBER and LEMKE, 1995).

Gedser Rev (Falster Island, DK) is the subma-
rine southern spur of Falster Island and is the ge-
ological-morphological continuation of the wide
elevated layer of till on the Danish side. It is
characterised by a clear dichotomy in terms of its
morphology and sediment distribution. The
south-western slope has an irregular, densely
stone and boulder covered till surface with local
elevations. Extending the south-western slope, a
50 to 60 cm thick gravel layer is found on Gedser
Rev at depths of 8 to 10 m, which was subject to
extraction for construction purposes over a long
period of time (KOLP, 1966).

The Falster-Rugen Plateau, which borders the
Darss Sill to the east, is much flatter. With the
exception of the Plantagenetgrund, which rises
to a water depth of less than 8 m, and a channel
structure to the north in the direction of the Ar-
kona Basin, it has hardly any morphological
structure. It is mainly covered by calcareous fine
sand with humus particles and tiny plant re-
mains, as well as layers of peat. The sands are
between 10 m and 50 m. They largely level out
the Late Glacial topography (TAUBER et al.,
1999).

The foundation consists of three till horizons,
which are presumably Elsterian, Saalian and
Weichselian. Elsterian till (unit 1a) has been rec-
orded in the area of the Kadet Channel, but is not
directly exposed on the seabed. It is brownish
grey to greenish in colour and is very firm. Its
thickness varies between 2 and 26 m. The Saal-
ian till (unit 1b) is firm, grey and contains numer-
ous chalk deposits. It occurs almost on the entire
Darss Sill in the narrow sense. Its thickness
ranges from a few decimetres in deep channels
to a maximum of 26 m. In the deeper sections of
the Kadet Channel, the middle till is deposited
under a thin layer of silt or residual sediments.
The Weichselian till (unit 1c) is clearly visible in
the seismograms of the Darss Sill in the narrow
sense. On the Falster-Rigen Plateau only the
upper edge of the till was recorded, and a relia-
ble chronological classification was not possible.
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West of a line Darf3er Ort—Mgan its surface drops
into the Arkona Basin. The thickness of the
Weichselian till varies between 1.6 m and 16.9
m. It is grey to brownish grey, has a ductile to
very firm consistency and is characterised by nu-
merous chalk deposits. Its surface is covered on
the seabed by unsorted, coarse residual sedi-
ments consisting of stones and boulders up to
and above 1 m in diameter. Scouring around the
stones and boulders indicates the intense effect
of the strong currents.

Units 2 and 3 are sandy to silty sediments, which
were deposited as glaciofluvial deposits in the till
of the channels incised down to 50 m below sea
level. They are up to 15 m thick. Plant remains
prove the relatively old age of the fine sands,
which occur under a 30 cm thick layer of sand
and come from the Yoldia stage (about 10,200 -
9,300 years ago) of the Baltic Sea. The fine
sands contain clays several metres thick in
places, which accumulated in late glacial reser-
voirs. The distribution of unit 3 is mainly limited
to the western edge of the Arkona Basin, the
Grenztal Channel and Vierendehl Channel.
These are mainly well- to moderately sorted ol-
ive-grey fine sands with a high lime content,
which transition to the fine-grained facies of the
late glacial clays in the Arkona Basin. The sedi-
ments of unit 4 are characterised by a great lith-
ological diversity. On the Falster-Rlgen Plateau
they occur mainly bound in shallow channel and
basin structures. In the area of the Darss Sill in
the sense of the German word "Darler
Schwelle" they are represented by peat, peat
and limestone gyttjas and intercalated fine
sands. Unit 5 comprises the post-Ancylusian

sediments (sea sands, after about 8,000 years
ago), which rarely exceed 2 m thickness in the
area of the Darss Sill. Greater thicknesses are
found at Gedser Rev and east of Falster. On the
Falster-Rigen Plateau they are sparsely distrib-
uted and only reach a thickness of 3 m locally in
filled channels.

The Quaternary base is about 90 m below sea
level and is formed by Jurassic sedimentary
rocks (LEMKE, 1998). It rises from Fischland to-
wards the north-east, where Cretaceous rocks
form the bedrock. In the Prerow fault zone, the
base of the Quaternary lies at 30 m below sea
level and drops to about 70 m below sea level at
the western edge of the Arkona Basin.

Arkona Basin
The Arkona Basin sub-area is delimited from the
Falster-Rigen Plateau by the 40-m depth con-
tour. In the west the elevation of the Krieger Flak
juts into the basin. In the north-east, the Arkona
Basin is connected to the Bornholm Basin via the
Bornholm Gatt; in the east, it borders the shal-
lows of Rénne Bank with the Adlergrund as its
south-western extension. The Arkona Basin is
characterised by a uniform basin structure. The
maximum water depth is over 50 metres.

The sediment distribution on the seabed of the
Arkona Basin (Figure 21) consists of clayey, fine
and medium, poorly sorted silts (mud), usually of
very soft to mushy consistency. The silt is grey-
ish in colour and usually contains little in the way
of shell remains; bioturbate structures are de-
scribed in places. Towards the edges of the ba-
sin the silt sediments become sandier.
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Figure 21: Sediment distribution on the seabed in the Arkona Basin (BSH/IOW, 2012.) The seabed consists
mainly of clayey, fine to medium, poorly sorted silt of soft to mushy consistency.

About 25 km northeast of Cape Arkona, a small
area with residual sediments in the Arkona Basin
was mapped out as part of the "Sediment Map-
ping EEZ" project.

Due to the high gas content of the silt sediments,
large areas of the Arkona basin cannot be
mapped by seismic reflection, or only to a limited
extent. Nevertheless, the geological structure of
the subsurface can be reconstructed using re-
sults from seismic windows at specific locations.

In the Arkona Basin, the lowest unit can be di-
vided into two till horizons (E1b and E1c), both
presumably Weichselian. The upper limit of the
lower till horizon can be traced over wide areas
of the Arkona Basin. The greatest depth, 78 m
below sea level, occurs north-northeast of Cape

Arkona. The lower till is grey in colour and con-
sists mostly of very firm clayey, partly fine sandy
material. It carries numerous small boulders, the
composition of which is dominated by chalk and
flint. The lower till reaches a thickness of up to
35 m. The upper boulder clay (E1c) largely re-
produces the topography of the lower boulder
clay (E1b). It has thicknesses of barely more
than 12 m, is sometimes patchily distributed and
wedges out towards the edge of the basin.

This is followed by the late glacial pink clays of
the units E2 and E3. They can only be distin-
guished in the seismograms in the area of the
basin rim, e.g. in the sea area between Tromper
Wiek and the Adlergrund. They can be found
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throughout the southern Arkona Basin and con-
sist of layered reddish to reddish-brown varved
clays (E2) and a homogeneous, strongly silty,
reddish clay (E3), which can become up to 16 m
thick in areas with deep till. They trace the sur-
face of the till. Unit E4 consists of grey, post-gla-
cial silty clays, silt and humus sediments of the
Yoldia and Ancylus stages, which occur on the
southern and western edges of the Arkona Ba-
sin. Characteristic features of the grey silts are
the dark grey to black layers, lenses and pods.
Their surface generally follows the topography of
the reddish to reddish brown clays. They reach
thicknesses of up to 5 m. The central part of unit
E5 consists of silt, which transitions to sandy silts
or silty sands towards the edge of the basin. The
thickness is usually between 2 and 4 m, but de-
pending on the topography it can be up to 10 m
thick, which is mainly the case in the centre of
the southern part of the basin. The sedimenta-
tion of silt has led to an extensive levelling of the
topography. The silt has an olive to dark grey col-
our and soft plasticity. It often contains streaks,
lenses and narrow lamellae, which consist of
slightly lighter, coarse-silty to fine-sandy material
and are due to bioturbation. The surface of the
silt is covered by a brownish fluffy layer a few
millimetres thick. Immediately below, there is
usually a dark grey to black layer several deci-
metres thick, which is characterised by an in-
tense hydrogen sulphide odour. With increasing
sediment depth, this layer changes into the nor-
mal olive-grey silt, which becomes increasingly
solid and often contains mollusc fragments and
partially dissolved mollusc shells.

Kriegers Flak

To the west of the Arkona Basin, the spurs of the
Kriegers Flak shoal extend into the German
EEZ. Here the water depths range from 21 m in
the shallow area to 40 m in the direction of the
Arkona Basin. In contrast to the Arkona Basin,
the Kriegers Flak shoal (see also Figure 21) has
a strongly structured morphology and a very het-

erogeneous lithological composition of the sur-
face sediments, which have the typical sill char-
acter and are closely associated with their geo-
logical formation and post-glacial alteration. In
the higher areas of the Kriegers Flak shoal, the
seabed surface consists mainly of residual sedi-
ments, till, gravel and medium to coarse sands.
Especially in the northern part of Kriegers Flak,
numerous stones and boulders can be found,
some of which form embankment-like structures.
Towards the Arkona Basin the coarse sands
transition to medium and fine sands and with in-
creasing depth to silt and clays.

In the north-western part of the shoal, the till is
over 25 m thick. It is noticeably consolidated and
inhomogeneous in its lithological composition.
Characteristic features are the numerous stones
and boulders that also occur below the seabed
surface. These led to the premature termination
of exploratory drilling for the location of the FINO
3 measuring platform. Towards the south, its sur-
face is submerged under Late Glacial clays with
a thickness of about 5 m. These can reach a
thickness of more than 10 m in channel fillings
where they can be formed as very soft varved
clays. In addition, sand, gravel, silt and peat can
be expected in these old channels. In the south-
ern slope area, the Late Glacial clays are buried
under a sand wedge of about 8 m thickness.

Adlergrund
The Adlergrund is the south-western spur of the

Roénne Bank, a shallow area that stretches
south-west from Bornholm. The seabed has a
very uneven topography due to its glacial history
and post-glacial development. The water depths
range from 5 m at the Foule-Grund to 25 m.

Like the Kriegers Flak shoal, the Adlergrund also
has a very inhomogeneous sedimentary compo-
sition (Figure 21), with residual sediments
(coarse sand, fine gravel and stones) dominating
the till. The stones are fist to head size and occur
sporadically or widely in these areas. In addition,
boulders several metres long are common,
which are covered with shells (Mytilus) more or
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less densely. In the southeast, the till forms out-
right peaks. In the southern half of the area, a
band of residual sediment with a thin sand cover
runs parallel to the slope. The thin sea sands oc-
cur in patches between the residual sediments
or as elongated bands 100 to 200 m wide and
several kilometres long spaced 50 m apart. They
often have ripple fields on their surface. At the
north-western edge, the sands merge into the silt
of the Arkona Basin. Towards the south, there is
a continuous transition to the sandy areas of the
Bay of Pomerania and Oder Bank (DIESING and
SCHWARZER, 2003).

The Adlergrund owes its origin to the Weich-
selian glaciation. In the course of various glacial
advances and retreats, significant accumula-
tions of glaciofluvial deposits in the form of sands
and gravels occurred, in connection with signifi-
cant till settling. In the southern area, delta-like
debris created sandur-like structures. The basis
is Cretaceous chalk, which, due to glacial-tec-
tonic stress, shows fault zones as well as inter-
mediate layers of sands, gravel or stones. This
is followed by a 6 to 10 m thick till, which is close
to the surface in the central area of the Adler-
grund. On its flanks it is overlaid by a sequence
of coarse and gravel sands, medium to coarse
sands and fine sands. Beneath it, Late Glacial
clays and silts of the Bornholm and Arkona Basin
wedge out. During the Littorina transgression
(about 8000 years ago) the surface of the sand
complexes were, reshaped forming complex de-
posits.

Oder Bank

This sub-area is bounded to the north by the
southern spurs of the Adlergrund and merges
into the Bornholm Basin to the east in Polish ter-
ritory. The water depths are about 7 m in the
shallowest parts of the Oder Bank and reach
maximum values of 31 m. The Oder Bank itself
is bounded by the 10 m depth contour (KRA-
MARSKA, 1998). Between the relatively steep
southern slope of the Oder Bank and the coast,
the seabed morphology is characterised by de-
pressions and shallows of up to 3 m in height;
the northern slope, on the other hand, slopes
gently towards the northeast.

From a sedimentological point of view, the
largely structureless seabed in the Oder Bank
area is dominated by well to very well sorted fine
sands (Figure 22). First results of the project
"Sediment Mapping EEZ" show that coarser sed-
iments such as medium and coarse sands can
also be found in the Oder Bank area. Residual
sediments in the form of isolated stone deposits
predominate off the Greifswald bodden and off
Usedom, and north to northeast of the Oder
Bank in the Adlergrund Channel, but not at the
same density as on the Adlergrund (BOBERTZ
et al., 2004). In the north-western part of the
Oder Bank, isolated residual sediment deposits
(stones up to 1 m in diameter) are found, as well
as mussel fields ranging from fist-size to several
square metres, and smaller ripple fields of
coarse sand (SCHULZ-OHLBERG et al., 2002).
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Figure 22: Sediment distribution on the sea floor in the Oder Bank area (BSH/IOW, 2012). The seabed in the
area of the Oder Bank is dominated by well to very well sorted fine sands.
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In addition, the sonograms (side scan sonar re-
cordings) showed elongated to oval formations
with a higher reflectivity than the surrounding
sandy soil, up to 10 m wide and about 20 m long.
Their distribution suggests a connection with
fishing activities (LEMKE and TAUBER, 1997).

The geological structure of the Oder Bank shows
glacial and fluvioglacial sediments in its core
(Figure 23). The till forms two locally different

units. The older one has so far only been rec-
orded in seismograms and lies directly on the
Cretaceous bedrock. The younger till is located
just below the seabed and extends as a thin de-
posit from the coast to the Oder Bank, probably
disappearing in the northern slope area and re-
appearing in the Bornholm Basin. The two tills
are separated by a Pleistocene sand layer which
is up to 30 m thick.

Fig. 2. Geologic cross-section A-B
Holocene: | — sands of Littorina and Post-Littorina seas; Late Glacial-Holocene: 2 — lacustrine silts and sands, locally peat; Pleistocene: 3 —
Interpleniglacial riverain(?) sands and silts, 4 — glaciofluvial sands and gravels, 5 — till; 6 — boreholes with radiocarbon datings

Figure 23: Geological profile section through the eastern extension of the Oder Bank on the Polish side (from:

KRAMARSKA, 1998).

On the Polish side of the Oder Bank, the distinct
paleotopography of the till was leveled by marsh
and lake sediments during the late and post-gla-
cial periods. On the Oder Bank, Littorina and
Post-Littorina sand barrier sediments lie above
the younger till. At their base, gravel and mollusc
shells are present, and on their surface they are
probably covered by former dune sands. The
sands reach thicknesses of about 6 m to over 10
m. To the north, they dive to a depth of about 20
m under the wedging sea sands of the Baltic
Sea, whose thickness hardly exceeds 1 m. The
south-eastern extension in 12.5 m to 13 m water
depth is interpreted as a pointed, "drowned"
sandbank, which was formed by former sand

transport parallel to the coast - similar to the pre-
sent-day counterpart of Dar3er Ort. South of the
Oder Bank, the old river bed of the ancient Oder
appears in the subsoil, which is filled with river
sediments about 5 to 7 m thick (KRAMARSKA,
1998; USCINOWICZ et al., 1988; RUDOWSKI,
1979).
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2.1.4 Distribution of pollutants in the sedi-
ment

2.1.4.1 Metals

Because of the short time-span of available se-
ries of measurements in the western Baltic Sea
(Bay of Mecklenburg to Arkona Basin) no trend
in the metal contents of surface sediments can
be identified to date. The main areas of contam-
ination are the Bay of Libeck and the western
Arkona Basin. Aside from historical pollution,
metals are introduced into the Baltic Sea in par-
ticular via rivers and atmospheric depositions. In
addition, there are possible entry routes from
various forms of use, such as shipping and the
offshore industry, which must be quantified more
precisely in the future.

Covering of the legacy pollution in the Bay of
Libeck, and the associated containment of the
resuspension of contaminated material, means
that a normalization of the sediment quality in
this area is expected in the long term. In the
western Arkona Basin, elevated mercury and
lead contents in particular have been measured
for years. The causes of this anomaly are not yet
known. Towards the coast, an increase in the el-
ement content of surface sediment is generally
observed. This applies in particular to mercury
and cadmium, but also to zinc and copper. In
contrast, the lead contents measured in the EEZ
are quite comparable with the values observed
near the coast, and in some cases are even
higher. In the MSRL Report 2018, concentra-
tions of the HELCOM indicators lead, cadmium
and mercury in sediment in the EEZ exceeded
the threshold values (Status of German Baltic
Sea waters 2018).

2.1.4.2 Organic substances

A summary overview of sediment pollution is
hampered on the one hand by the lack of com-
prehensive data on the open sea and on the
other hand by the heterogeneity of data from
coastal areas. In addition, the published data
usually lack a reference to TOC content (TOC =

total organic carbon) or particle size normaliza-
tion.

Pollutant discharges reach the Baltic Sea via di-
rect discharges, rivers, and the atmosphere as
well as indirect sources. Rivers and the atmos-
phere are the main routes of entry into the ma-
rine environment. In addition to input sources, in-
put quantities and input routes (direct via rivers
and offshore industry or diffuse via the atmos-
phere), the physical and chemical properties of
the pollutants and the dynamic/thermodynamic
state of the sea are relevant for dispersion, mix-
ing 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. However,
concentrations in the EEZ are consistently lower
than in coastal areas, where local concentrations
often occur.

More in-depth regional assessments require the
consideration of sediment parameters (TOC,
particle size distribution). In the EEZ, the sedi-
ments have a relatively homogeneous distribu-
tion with comparable TOC contents. Contamina-
tion levels at stations with a low fine particle con-
tent and low TOC values (sandy sediments) are
always very low. Compared to the North Sea
(German Bight), the concentrations in the Baltic
Sea EEZ are on average significantly higher; this
is most likely due to the higher TOC and silt con-
tents of the Baltic sediments. In the MSRL Re-
port 2018, the concentrations of the HELCOM in-
dicator substances anthracene and TBT in the
sediment of the EEZ exceed the threshold val-
ues (Status of German Baltic Sea waters 2018).
However, the available data are insufficient, so
that no statements can be made on trends over
time.

Due to the increasing use of the Baltic Sea, di-
rect discharges from e.g. shipping and the off-
shore industry will probably play a greater role in
future in the assessment of the environmental
status.



‘64

Description and assessment of the state of the environment

2.1.4.3 Radioactive substances (radionu-

clides)

In comparison with other marine areas, the sur-
face sediments of the Baltic Sea show signifi-
cantly higher specific activities than, for exam-
ple, those of the North Sea. In most cases, this
statement also applies to natural radionuclides.
On the one hand, this effect is due to the smaller
particle size of the siltier and thus finer-grained
sediments of the Baltic Sea; on the other hand,
it is also due to lower turbulence in the water of
the Baltic Sea leading to sedimentation of the
finer particles. Radioactive contamination of the
Baltic Sea is determined by precipitation from the
Chernobyl disaster in 1986, and the higher sur-
face deposition of the Chernobyl input into the
area of the western Baltic Sea compared to the
North Sea is also reflected in the increased ac-
tivities. It can be observed that the content in the
sediments increased steadily in the first years af-
ter the Chernobyl disaster. Stagnation has been
observed for about 10 years, which can be ex-
plained by a quasi-equilibrium between radioac-
tive decay (half-life of Cs-137: 30 years) and fur-
ther deposition. Although radioactive contamina-
tion of the Baltic Sea by artificial radionuclides is
higher than in the North Sea, it does not pose
any danger to man or nature according to cur-
rently available information.

2.1.4.4 Legacy contamination

Possible legacy contamination in the Baltic Sea
includes ammunition. In 2011, a joint Fed-
eral/State working group published a basic re-
port, updated annually, on the contamination of
German maritime waters by ammunition. Ac-
cording to official estimates, the seabed of the
North and Baltic Seas holds 1.6 million tonnes of
old ammunition and explosive ordnance of vari-
ous types. A significant proportion of these am-
munition dumps are from the Second World War.
Even after the end of the war, large quantities of
ammunition were sunk in the North and Baltic
Seas when Germany was disarmed. The explo-
sive ordnance load in the German Baltic Sea, in

particular in the coastal sea, is currently esti-
mated at up to 0.3 million tonnes. It should be
noted that the overall data are insufficient, and
explosive ordnance should also be expected in
the area of the German EEZ (e.g. remnants of
mine barriers, combat operations and military ex-
ercises).

In general, the ammunition may be silted up or
exposed on the seabed, depending on sediment
properties. In addition, storms or strong currents
can expose ammunition in the sediment. Thus,
ammunition can constitute an artificial hard sub-
strate.

Current research results indicate that corrosion
of ammunition stored at sea may be at an ad-
vanced stage. Whether and to what extent this
may have adverse effects on the marine environ-
ment, through the release of toxic ingredients
(e.g. explosives such as TNT), is the subject of
current research and part of the work to imple-
ment the resolutions of the 93rd Conference of
Environment Ministers, TOP 27.

The location of known ammunition dumps can be
found on official nautical charts and in the 2011
report (which also includes areas suspected of
contamination by ammunition). The reports of
the Federal/State working group are available at
www.munition-im-meer.de.
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2.1.5 Assessment of the state of the sea-
bed

The assessment of the state of the seabed in
terms of sedimentology and geomorphology is
limited to the Baltic Sea EEZ.

2.1.5.1 Rarity and threat

The aspect rarity and threat takes into account
the surface area of the sediments on the seabed
and the distribution of the morphological inven-
tory of forms in the south-western Baltic Sea as
well as in the entire Baltic Sea.

The sediment types of the seabed surface found
in the basin areas (such as the Bay of Mecklen-
burg or Arkona Basin), as well as the inventory
of forms, essentially match basin sediments of
identical or similar nature found in all basins of
the Baltic Sea. Sediment types such as till and
residual sediments, as well as stone and boulder
deposits found on the sills and shoals (e.g.
Kriegers Flak, Adlergrund or Darss Sill), are fre-
quently found in the western and southwestern
Baltic Sea.

The aspect rarity and threat is therefore rated as
medium—low.

2.1.5.2 Diversity and uniqueness

The aspect diversity and uniqueness considers
the heterogeneity of the described surface sedi-
ments and the uniqueness of the morphological
inventory of forms.

Both the sills and shoals such as Kriegers Flak,
Adlergrund and Darss Sill, as well as large areas
of the Bay of Kiel and the Fehmarn Belt show a
heterogeneous distribution of sediments and a
rather distinct inventory of forms. This is particu-
larly true for the pronounced, inflow-related bot-
tom topography in the Fehmarn Belt and Darss
Sill (in the narrow sense). The basin areas, such
as the Bay of Mecklenburg or Arkona Basin, on
the other hand, have a very homogeneous sedi-
ment distribution and a seabed devoid of struc-
ture.

The aspect diversity and uniqueness is therefore
rated as medium-high, primarily due to the dis-
tinctive structures in the Fehmarn Belt and the
Darss Sill (in the narrow sense of the term).

2.1.5.3 Legacy impacts

Natural factors

Climate change and sea level rise: The Baltic
Sea region has experienced dramatic climate
change over the past 11,800 years, with a pro-
found change in land/sea distribution due to a
global sea level rise of 130 m. Over the past
2,000 years or so, the sea level of the Baltic Sea
has adjusted to its present level and is subject to
short-term, meteorologically induced changes.
Storms cause the most drastic changes to the
seabed. All sediment dynamics can be traced
back to meteorological and climatic processes
which are essentially controlled by the weather
in the North Atlantic.

Tectonic and isostatic movements, earthquakes:
the tectonic and isostatic processes cover peri-
ods of several millennia. They have their causes
in the tectonic movements of plates of the earth's
crust and therefore occur over a large area. AN-
DREN and ANDREN (2001) found evidence in
sediment cores that the tsunami wave from the
submarine Storegga landslide in the Norwegian
Sea could have spread to the Baltic Sea some
8,000 years ago. The trigger was probably a sea-
quake. The analysis of earthquake frequency
and magnitude for the south-western Baltic Sea
region shows that only relatively weak earth-
quakes occur in this sea area, which are rela-
tively rare compared to the Baltic Sea as a
whole. For this reason, the south-western Baltic
Sea cannot be considered an earthquake-prone
area.

Anthropogenic factors

Eutrophication: As a result of anthropogenic in-
puts of nitrogen and phosphorus via rivers, the
atmosphere and diffuse sources, increased pri-
mary production leads to increased sedimenta-
tion of organic matter in the Baltic Sea basins.
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Microbial degradation usually results in oxygen
deficiency, leading to the formation of gyttja,
which has a much softer consistency than silt de-
posits.

Fisheries: Since the end of World War |, com-
mercial fisheries in the Baltic Sea have almost
exclusively engaged in bottom trawling using ot-
ter boards. Beam trawling does not take place in
this sea area (RUMOHR 2003). There are only
isolated observations of seabed tracks caused
by fishing in the area under consideration.

In general, the investigations in the Bay of Kiel
have shown that the distribution density of the
otter board tracks increases with water depth
and the decreasing mechanical resistance of the
sediments. The absence of trawl tracks on sandy
soils is less due to reduced fishing activity than
to the higher sediment redistribution potential of
these sediments. For the remaining part of the
south-western Baltic Sea, only isolated observa-
tions are available.

LEMKE (1998) describes numerous fishery
tracks in the mudflats of the Arkona Basin. In the
area of the Bay of Pomerania, otter board tracks
are restricted to an area southwest of the Oder
Bank (SCHULZ-OHLBERG et al. 2002). The
penetration depths can reach up to 23 cm in silt
(WERNER et al. 1990), up to 15 cm in silty fine
sands (ARNTZ & WEBER 1970) and up to 5 cm
in sands (KROST et al. 1990). Much shallower
tracks are left by roller and ball gear, which ac-
cording to observations by divers can be 2 to 5
cm deep (KROST et al. 1990).

Experimental investigations with a 3 m prawn
trawl in the Baltic Sea showed penetration
depths of max. 17 mm for the chains and over 40
mm for the runners (PASCHEN et al., 2000). The
width of the otter tracks depends on the angle of
attack, which in turn is influenced by the compo-
sition of the sediments. In the case of "hopping"
otter boards, it lies between 1 and 2 m. This phe-
nomenon occurs when the otter boards pene-
trate too deeply into the soft soil and jump over

the compressed sediment. In most cases, how-
ever, the otter boards are pulled at an angle of
attack of 35° to 40° and leave tracks less than 1
m wide (KROST et al., 1990). Banked up edges
can only be clearly observed in the narrow otter
board tracks. Often the banks are rounded at
their edges, which indicates that the tracks have
been levelled by natural sediment dynamics dur-
ing heavy weather conditions. On muddy soils,
jumping tracks consisting of sediment accumula-
tions resembling a string of pearls are often ob-
served. Roller and ball tracks are rare due to
their low penetration depth, and are also easily
overlaid by otter board tracks. In areas of mud,
the otter board tracks can persist for at least 4 to
5 years (KROST et al., 1990). The formation of
turbidity plumes also plays a role in this context.
WERNER et al. (1990) were able to detect a 5-
m-high turbidity plume in Eckernférde Bay 90
minutes after a towing operation using an otter
trawl bottom net.

Historical stone removal: From around 1800 to
the mid-1970s, large stones and boulders were
taken from the shallow water areas off the Ger-
man Baltic coast for the construction of piers,
buildings and roads, among other things. In
Schleswig-Holstein, stone removal was banned
in 1976 in order not to further undermine coastal
protection measures. Stone removal was re-
stricted to water depths of up to a maximum of
20 m, with around 100 million tonnes of stones
being removed from the entire Baltic Sea (ZAN-
DER, 1991). For the Bay of Kiel, estimates by
BREUER and SCHRAMM (1988) showed about
1.5 million tonnes of stones in the period from
1930 to 1970, which was corrected to 3.5 million
tonnes (total quantity) by BOCK (2003) and
BOCK et al. (2004), not taking illegal removal
into account. KAREZ and SCHORIES (2005) es-
timate that a total of approx. 5.6 km? of settle-
ment space for hard substrate inhabitants were
lost to stone removal off the coast of Schleswig-
Holstein. No such information is available for the
coast of Mecklenburg-Western Pomerania.
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However, it can be assumed that, as in Schles-
wig-Holstein, extraction activities were restricted
to the coastal sea area for economic reasons. It
can therefore be assumed that the stone depos-
its in the EEZ were not affected by stone re-
moval.

Sand and gravel extraction: Since the 1960s,
sand and gravel have been extracted in the
southwestern Baltic Sea as raw materials for
coastal protection and the construction industry.
In the Bay of Kiel, sand was extracted between
1971 and 1981 on the Gabelsflach, the Stoller
Grund and near Kiel Lighthouse, mainly for har-
bour construction; off the coast of Mecklenburg-
Western Pomerania, sand and gravel extraction
has been taking place since the 1960s. While no
figures are available for the period before 1989,
the extraction volume from 1990 to 2003
amounts to approximately 18 million m3. On the
Danish continental shelf, sand and gravel have
been extracted on Gedser Rev, Kriegers Flak
and Rénne Bank. Two types of extraction with
different ecological impact need to be consid-
ered: areal extraction is carried out by trailing
suction hopper dredgers and leads to the for-
mation of decimetre-deep furrows, whereas sta-
tionary extraction by anchor suction hopper
dredgers can produce funnel-like structures up
to several metres deep (ICES, 2001). Whether
and how quickly these structures become refilled
depends on water depth, sediment availability,
exposure and extraction method. Where refilling
does occur, finer-grained sediments usually pro-
vide the filler material. In gravel sand deposits in
particular, a funnel or trough-shaped topography
is retained because the recent hydrodynamic
and sedimentary processes cannot completely
refill or even regenerate the seabed, due to sed-
iment availability (ZEILER et al., 2004).

Crude oil production: Between 1984 and 2000, a
total of 3.4 million tonnes of crude oil were ex-
tracted from depths of between 1,400 and 1,600
m at the platforms Schwedeneck A and Schwe-
deneck B, which have since been dismantled,

about 4 km off the coast of Schleswig-Holstein.
There are no indications of subsidence phenom-
ena in the vicinity of the production facilities as a
result of oil production, as described for the
North Sea (e.g. FLUIT and HULSCHER 2002;
MES, 1990). Therefore, subsidence phenomena
in the EEZ can also be ruled out.

Wind turbines and platforms: Wind turbines and
platforms are currently installed almost exclu-
sively on deep foundations. To protect against
scouring, either mud mats or stone fill are distrib-
uted around the foundation elements, or the piles
of deep foundations are inserted deeper into the
ground. With regard to soil as factor, in addition
to temporary sediment resuspension during in-
stallation, wind turbines and platforms lead to lo-
calized permanent sealing of the seabed. The
area affected (sealed) by platforms, which al-
most exclusively use jacket foundations (without
scour protection), is approx. 600 m?to 900 m?
depending on size. Wind turbines are also al-
most exclusively built on deep foundations. By
far the most common type of foundation for wind
turbines is the monopile. A monopile with a di-
ameter of 8.5 m, including scour protection, re-
quires a surface area of around 1400 m?2.

Submarine cables (telecommunications and
power transmission): Submarine cables are usu-
ally jetted in. Turbidity of the water column in-
creases as a result of sediment resuspension
caused by the jetting process. The extent of re-
suspension depends mainly on the laying pro-
cess and the fine-grain content of the soil. In ar-
eas with a lower fine-grain content, most of the
resuspended sediment will settle relatively
quickly directly at the construction site or in its
immediate vicinity. The suspension content will
then decrease back to natural background val-
ues due to dilution effects and sedimentation of
the resuspended particles. The expected nega-
tive impact due to increased turbidity remains lo-
calized. In areas with soft sediments and corre-
spondingly high fine-grain content, the resus-
pended sediment will settle much more slowly.
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However, as the near-seabed currents are rela-
tively slow in these areas, it can be assumed that
the turbidity plumes will remain localized and that
the sediment will settle relatively close to the dis-
turbance. A substantial change in sediment com-
position is unlikely.

Former ammunition dumps: After the end of
World War Il, 35,000 tonnes of chemical muni-
tions were dumped east of Bornholm. The car-
goes were transported along predefined routes
from the loading ports of Wolgast and Peene-
minde to the dumping area in the Bornholm Ba-
sin. According to eyewitness reports, part of the
cargo was jettisoned during transport. From
1994 to 1996, the BSH surveyed these transport
routes from the exit of Greifswald bodden to the
edge of the EEZ by side scan sonar and magne-
tometer at 50 m intervals to locate possible am-
munition remnants. As a result, about 100 suspi-
cious objects were identified. In the course of the
detailed inspection by the competent authority of
the German Navy, the suspicion of corroded am-
munition remnants could be substantiated for
only four objects (SCHULZ-OHLBERG et al.,
2002), which lie exclusively within the 12 nautical
mile zone.

Military exercises at sea: During naval and air
force firing exercises at sea, ammunition rem-
nants (shells of grenades and the like) drop onto
silty and sandy seabeds. Over time, they sink
into the soft silt, or silt up, and can be re-exposed
in the course of natural sediment displacement.
In addition, submarines can compress sediment
locally to varying degrees by their own weight
when they are set down on the seabed.

Navigation: Wrecks can become silted and re-
exposed, depending on water depth and the type
and available amount of sediment. Depending
on their size, wrecks influence the small-scale
sediment dynamics by causing scouring in their
vicinity or sedimentation of sands in their lee. In
the case of anchoring, depending on the size of
the anchor and the type of sediment, material is
locally stirred up to a depth of about 1.5 to 2 m.

In silty sediments a turbidity plume is formed
which, due to the size and duration of the dis-
turbance, is much smaller than that which results
from bottom trawling.

Anthropogenic factors affect the seabed in the
following ways:

e Erosion
e Mixing
e Sealing

e Resuspension
e Material sorting
e Displacement

¢ Compaction

In this way, the natural sediment dynamics (sed-
imentation/erosion) and substance exchange
between sediment and water are influenced.

The extent of anthropogenic legacy impacts on
sediments and the morphological inventory of
forms are crucial for the assessment of the as-
pect legacy impacts. The seabed/area as a fac-
tor is assigned a medium impact, as legacy im-
pacts do not cause a loss of ecological function.

2.2 Water

The Baltic Sea is an intracontinental sea. The
Baltic Sea is connected to the Kattegat via the
Little Belt, the Great Belt and the @resund. The
Kattegat is connected to the North Sea via the
Skagerrak and thus to the Atlantic Ocean. Due
to the shallow water depths of the straits, there
is little water exchange with the North Sea. The
Baltic Sea covers a total area of 415,000 km?
with an average depth of 52 m (JENSEN & MUL-
LER-NAVARRA 2008). Due to its low salinity,
the Baltic Sea is brackish. Water circulation in
the Baltic Sea is characterised by the inflow of
fresh water via rivers on the one hand and the
exchange of water with the North Sea on the
other. As a result of the morphological condi-
tions, the Baltic Sea can develop significant ver-
tical salinity and temperature gradients , which
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cannot be broken up by the wind-driven currents
and minimal tide (< 10 cm) (JENSEN & MUL-
LER-NAVARRA 2008, FENNEL & SEIFERT
2008).

2.2.1 Currents

Circulation in the Baltic Sea is characterised by
an exchange of water with the North Sea through
the Belts and the @resund . Near the surface,
brackish Baltic Sea water flows into the North
Sea, while at the bottom heavier, more saline
North Sea water from the Kattegat advances into
the Baltic Sea. This inflow of saline water is hin-
dered by the Drogden Sill (sill depth 9 m) at the
southern end of the @resund and the Darss Sill
(sill depth 19 m) east of the Belt Sea. Specific
weather conditions cause saltwater intrusion to
occur sporadically, as a result of which salt and
oxygen-rich water at times flows into the deeper
eastern basins of the Baltic
Sea.

During these inflow events of saltwater from the
Kattegat into the Baltic Sea, which contribute sig-
nificantly to the aeration of the deeper Baltic Sea
basins, two processes can be distinguished: On
the one hand, there are the large saltwater in-
flows, which transport large quantities of saltwa-
ter into the Baltic Sea over a period of at least
five days. During this process, large parts of the
Arkona Basin are filled up with salt water. On the
other hand, there are inflow events of medium

intensity, which occur about 3 to 5 times per win-
ter. After overflowing the Darss Sill and the Drog-
den Sill, the bottom water enters the Arkona Ba-
sin as a dense bottom current. The denser water
entering over the Drogden Sill into the Arkona
Basin flows as a relatively narrow band counter-
clockwise along the edge of the Arkona Basin. It
flows around Kriegers Flak and continues to-
wards the Darss Sill, where the saltwater flowing
in over the Darss Sill overlaps this band. From
there the band continues along the southern
edge of the Arkona Basin eastwards towards the
Bornholm Gatt, where it flows into the Bornholm
Basin (BURCHARD & LASS 2004, LASS 2003).

Model studies (BURCHARD et al. 2005) with a
simplified numerical model modify this picture:
According to these studies, the majority of the
water entering via the Drogden Sill flows clock-
wise around Kriegers Flak and influences the
sector lying in the German EEZ less than the ob-
servations and model results published so far in-
dicate. Measurements carried out using an
acoustic Doppler current profiler set on the sea-
bed east of Kriegers Flak could support these
model results. As the new model studies are lim-
ited to the inflow from the @resund only, no new
findings are available concerning the inflow from
the Belt Sea (Darss Sill). It can be assumed that
this inflow spreads eastwards mainly along the
southern edge of the Arkona Basin, and thus
also affects the deeper parts of the Adlergrund.
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Table 6: Characteristic current parameters for selected positions in the western Baltic Sea.

Fehmarnbelt

Bay of Mecklen-
burg

Arkona Basin

Water depth [m] 28 26 31
Close to the surface:

Average current [cm/s] |28,7 17,7 9,6
Maximum current [cm/s] |117,6 74,8 78,0
Residual current [cm/s] |7,6 1,4 2,3
Direction [°] 347 332 184
Near the seabed:

Average current [cm/s] |16,4 12,9 6,0
maximum current [cm/s] (92,7 90,7 30,0
Residual current [cm/s] |6,6 2,3 0,4
Direction [°] 114 175 230

Source

LANGE et al. (1991)

BSH measure-
ment (2005)

In the Baltic Sea, currents are primarily caused
by the influence of wind (wind-driven current).
Where a current meets the coast, stagnation
also causes downward currents. A third factor is
the freshwater discharge of the rivers, which is
about 480 km?3/year. With precipitation and evapora-
tion taken into account, there is a freshwater surplus
of 540 km?3/year, which is about 2.5% of the water vol-
ume of the Baltic Sea. Tidal streams are negligible in
the Baltic Sea. An annual average net outflow of 8
cm/s at the surface and average inflow of 7 cm/s at
the seabed are observed in the Fehmarn Belt
(LANGE et al. 1991). The average speeds here are
on the order of 30 cm/s at the surface and 16 cm/s at
the bottom. In the large basins east of the Belts, the
near-surface velocities are in the range of 10-18 cm/s
and 7-13 cm/s near the bottom.




Description and assessment of the state of the environment ‘ 71 ‘

Table 6 shows characteristic current parameters
for the Fehmarn Belt, Bay of Mecklenburg and
Arkona Basin.

2.2.2 Sea state and water level fluctuations

In a sea state, a distinction is made between
waves generated by the local wind (the wind
sea), and swell. Swell consists of waves that
have left their area of origin. Due to the small
size and irregular shape of the Baltic Sea, a fully
developed swell rarely occurs. In the Arkona Sea
the swell fraction is only about 4%. Swell has a
longer wavelength and period than the wind sea.

The height of the wind sea depends on the wind
speed and the length of time the wind acts on the
surface of the water (duration of action), as well
as on the fetch, i.e. the distance over which the
wind acts. The significant wave height (Hs), i.e.
the mean height of the upper third of the wave
height distribution, is given as a measure of the
sea state.

Seasonal variation of wind in the Arkona Sea
(1961-1990) shows the highest speeds in De-
cember at about 19 kn, with a continuous drop to
13 kn in June. After that, the wind speed rises
steadily again until the end of November. (BSH
1996). The annual average wind speed is 16.2
kn.

This annual cycle can be transferred to the aver-
age wave height of the sea state. It is just under
1.4 m in December, drops to about 1.15 m by the
end of January and maintains this value until
mid-March. Then the value drops steadily to 0.7
m until the end of May. From June onwards the
wave height increases again continuously until
December.

Water level fluctuations due to tides are negligi-
ble in the Baltic Sea. The tidal range of the sem-
idiurnal tide at springs is less than 10 cm in the
German EEZ. Due to its small size, the Baltic
Sea reacts very quickly to meteorological influ-
ences (BAERENS & HUPFER 1999). Extremely
high or low water levels are primarily caused by

wind. Water levels of more than 100 cm above
or below mean sea level are known as storm
surges and reverse storm surges, respectively.
On a long-term average, these extreme water
levels are about 110 to 128 cm above and 115
to 130 cm below mean sea level. Individual
events can lie significantly above these values.
In addition to storm surges and reverse surges,
natural oscillations of the Baltic Sea basins
cause water level fluctuations on the order of up
to one metre.

For the 20" century, the annual maximum water
levels in the Baltic Sea and the annual variability
show a statistically significant positive trend with
a significant increase in the 1960s and 1970s.
Sea level fluctuations with periods above one
year also correlate with fluctuations in the North
Atlantic Oscillation Index (NAO).

Long-term factors influencing mean sea level in
the Baltic Sea are the isostatic land uplift in the
Gulf of Bothnia (9 mm/a) and the eustatic sea-
level rise of 1-2 mm/a (MEIER et al. 2004). Esti-
mates for global sea-level rise range from 0.09
to 0.88 m by 2100, provided that the West Ant-
arctic ice sheet remain stable. If it melted, this
would raise global sea levels by up to 6 m.

2.2.3 Surface temperature and temperature
stratification

Figure 24: Climatological monthly averages of
surface temperature (1900-1996) according to
JANSSEN et al. (1999). based on the data of
JANSSEN et al. (1999), shows an area-wide dis-
tribution of monthly average surface tempera-
tures. In the climatological mean, the lowest tem-
peratures occur in February. The data set of
JANSSEN et al. (1999) comprises all available
temperature measurements from 1900 to 1996.
Summer warming starts in April and reaches its
maximum in August. The cooling phase begins
in September.

Between May and June, a strong thermal strati-
fication forms, which reaches its maximum in Au-
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gust with temperature differences between sur-
face and seabed of up to 12 °C. In the course of
September, the thermal stratification decom-
poses rapidly, and in October the western Baltic
Sea is largely vertically homothermic. Depend-

ing on meteorological conditions, significant de-
viations from the long-term average may occur
in individual years.
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Figure 24: Climatological monthly averages of surface temperature (1900-1996) according to JANSSEN et al.
(1999).
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2.2.4 Surface salinity and salinity stratifica-
tion
Salinity in the western Baltic Sea generally de-
creases from west to east, with horizontal gradi-
ents being particularly pronounced in the Belts
and Jresund. Figure 25 shows the mean annual
variation in salinity of the surface layer according
to JANSSEN et al. (1999). The long-term aver-
age near-surface salinity in the Belt Sea can vary
between 10 and 20 over the course of the year,
while values between 6 and 8 are observed in
the eastern Arkona Sea. The 10 isohaline is
highlighted to illustrate the boundary between

Januar April

the low salinity brackish Baltic Sea water and the
more saline water flowing into the western Baltic
Sea from the Kattegat through the Belts and Or-
esund from the west. Due to the higher density
of the saltier water, this inflow takes place pri-
marily at the bottom and stratifies under the
lighter surface water. The 10 isohaline reaches
its westernmost position in the summer months
and its easternmost position in December, when
strong winter storms from the west push water
from the Skagerrak and Kattegat into the west-
ern Baltic Sea.

Juli Oktober

2 4 6 8 10 12 14 16 18 20 22 24

Figure 25: Monthly climatological averages of surface salinity (1900 - 1996) according to JANSSEN et al

(1999).

The stratification of salinity is shown in Figure 26,
based on the difference in salinity between bottom
and surface. Large parts of the Belt Sea and the deep
basins show year round haline stratification (water
stratification caused by different levels of salinity)
while shallow areas such as the Bay of Pomerania

are vertically homohaline all year round, or show only
very weak stratification. The haline stratification in the
Belt Sea and deep basins intensifies in spring and
reaches differences between surface and bottom sa-
linity of more than 10 in summer.
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Figure 26: Stratification of salinity in the western Baltic Sea according to JANSSEN et al (1999).

2.2.5

In the Baltic Sea south of 56° N, ice does not
form regularly in winter. The large spatial and
temporal variations in ice cover are aresult of the
nature and stability of the overall weather condi-
tions prevailing over Europe. Ice formation can
undergo four characteristic stages of develop-
ment, which are determined by the severity of
the winter, the regional oceanographic condi-
tions and also by coastal morphology and sea
depth. They are reflected in Figure 27 by the fre-
quency distribution of ice occurrence.

Ice conditions

In moderately icy winters, only shallow bays ice
over completely. As they are relatively closed off

from the sea, they have no significant water ex-
change with the warmer open sea. To a lesser
extent, ice also forms on the outer coasts, espe-
cially off the eastern coast of Rigen and off
Usedom.

In severely icy winters, the surface layer of the
Bay of Kiel, Bay of Mecklenburg and Fehmarn
Belt is cooled to such an extent that ice forms on
the open sea. It grows into grey ice (ice thickness
10-15 cm). The degree of coverage is usually
less than 60% of the water surface over a large
area. East of the Darss Sill, ice occurs only in a
narrow strip off the Baltic Sea coasts, and the
degree of coverage is largely less than 60% of
the water surface.
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55° N

54° N

Figure 27: Frequency of ice occurrence in the Baltic Sea south of 56° N in the 50-year period 1961-2010 (BSH

2012).

During very rare extremely icy winters, the heat
stored in the sea area between Bornholm and
the Baltic coast — albeit significant due to the
depth of water — is also depleted, so that contin-
uous ice cover may form here. This rare state of
icing occurred in the last century in the winters of
1939/40, 1941/42 and 1946/47.

In the 50-year period 1961-2010, ice in the Baltic
Sea south of 56° N occurred with a frequency of
80 to 100% in shallow and sheltered bays, from
20 to 50% on the outer coasts and from 5 to 30%
in the open sea area.

2.2.6 Suspended particulate matter and
turbidity

The term suspended particulate matter (SPM)
refers to all particles suspended in seawater with
a diameter above 0.4 ym. Suspended particles
consist of mineral and/or organic material. The
organic part is strongly dependent on the sea-
son, with the highest values occurring during

3 Medium Resolution Imaging Spectrometer remote sens-
ing method

plankton blooms in early summer. During stormy
weather conditions with a large swell, the sus-
pended particle content in the entire water col-
umn increases sharply due to the resuspension
of silty-sandy bottom sediments. The wind sea
and, in deeper water especially, the swell have
the greatest effect. In the shallow water areas of
the Baltic Sea, the sandy sediment is often cov-
ered by a layer of fluff, which gets resuspended
very easily and has a high proportion of organic
material (EMEIS et al. 2000).

In the German EEZ of the Baltic Sea, available
in-situ measurement data are highly inhomoge-
neous and insufficient for statistically reliable
conclusions. As an initial estimate of the near-
surface distribution of suspended particles, Fig-
ure 28 shows the monthly average for 2004 of
the SPM content from the MERIS?® data gathered
by the European Space Agency’s ENVISAT sat-
ellite.
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Figure 28: Monthly average of the total suspended particle content near the surface from the MERIS data

gathered by the ENVISAT satellite for 2004.

The highest concentrations are observed in Stet-
tin Lagoon and in the bodden. In spring, strong
freshwater runoff (due to thaw) increases the
amount of suspended particulate matter in the
Bay of Pomerania. As easterly winds prevail in
spring, suspended matter is transported mainly
along the coast into the Arkona Sea (SIEGEL et
al. 1999). The sedimentation rate in the Arkona
Basin was estimated by EMEIS et al. (2000) to
be about 600 g per m2 per year. An increased
concentration of suspended matter is also visible
year-round between the southern tip of Falster,
the Gedser Odde, and the south-eastern coast
of Lolland above Regdsand. This is primarily
caused by current-induced cliff erosion.

2.2.7 Assessment of the state of nutrient
and pollutant distribution

In general, the Baltic Sea area is a sensitive eco-
system with nutrients and pollutants remaining in
the area for long periods of time, due to limited
water exchange through the Belt Sea. Major
problems continue to result from excessive nutri-
ent loads and the resulting eutrophication phe-
nomena. By nature, nutrient and pollutant loads
are usually higher at river mouths and coasts
and decrease towards the open sea.

2.2.71

Nutritive salts such as phosphate, inorganic ni-
trogen 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

Nutrients
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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 from industry, transport and
agriculture, leads to a high accumulation of nu-
trients in seawater and thus to eutrophication.
This continues in coastal regions even today. As
a result, there may be an increased occurrence
of algal blooms (in the Baltic Sea particularly cy-
anobacterial blooms), reduced visibility, changes
in species composition, and oxygen deficiency
near the seabed.

To monitor the nutrients and the oxygen content,
the Leibniz Institute for Baltic Sea Research
Warnemunde (IOW) carries out several monitor-
ing trips per year on behalf of the BSH. In the
Baltic Sea as in the North Sea, a typical annual
cycle of nutrients may be observed, with high nu-
trient concentrations in winter, followed by a
sharp decrease in concentrations with the onset
of biological activity in spring.

In spatial terms, nutrient concentrations in in-
shore waters are generally two to three times
higher than in the open sea off the outer coast,
and these differences are more pronounced for
nitrate concentrations than for phosphate con-
centrations. Particularly in the shallow areas of
the Baltic Sea, varying stratifications of temper-
ature and salinity lead to highly variable nutrient
distributions. Furthermore, in these shallower ar-
eas, exchange processes between water and
sediment — in particular the dissolution of phos-
phorus — play a major role for concentrations in
the water column.

The occurrence of oxygen-deficient areas is a
natural phenomenon in the Baltic Sea due to the
limited water exchange with the North Sea and
the permanent stratification of bodies of water in
some areas. However, eutrophication and the
associated increased decomposition of organic
material is leading to an increase in the fre-
quency, intensity and spatial extent of oxygen
deficiency. As the release of phosphorus from

sediment occurs particularly in the presence of
oxygen deficiency, this further increases eu-
trophication.

Although transport of phosphorus and nitrogen
compounds by German tributaries to the Baltic
Sea has been decreasing since the 1990s, the
eutrophication problems of the Baltic Sea are
only decreasing very slowly due to this internal
fertilization. The follow-up assessment under the
EU Marine Strategy Framework Directive
(MSFD) therefore concludes that 100% of the
German Baltic Sea continues to be eutrophi-
cated (BMU 2018). The greatest exceedance of
the concentrations of dissolved inorganic nitro-
gen (DIN) was found in the Bornholm Basin, due
to the influence of the Oder plume. The same ap-
plies to the concentrations of total nitrogen (TN)
and total phosphorus (TP). The evaluation (ex-
cept for TN and TP as additional national indica-
tors) is based on the HELCOM Eutrophication
Assessment Tool HEAT 3.0, which classifies the
entire Baltic Sea — with the exception of smaller
areas in the northern Baltic Sea and Kattegat —
as eutrophicated (HELCOM 2017).

2.2.7.2

The deeper areas of the western Baltic Sea are
characterised by oxygen depletion in summer.
The intensity of oxygen depletion depends on
meteorological (temperature, wind) and hydro-
graphic (stratification) factors, and the level of
nutrient inputs from the drainage basin. The year
2002 represents an extreme situation with ex-
treme oxygen depletion especially off the Danish
and Schleswig-Holstein coasts. Hydrogen sul-
phide was widespread, with its negative conse-
quences for seabed fauna. In the deep basins of
the central Baltic Sea, the frequency and inten-
sity of saltwater influx from the North Sea, which
is necessary for water renewal and aeration, has
decreased significantly since the mid-1970s. In
the last 30 years, significant inflow events were
only observed in 1983, 1993 and 2003. In be-

Oxygen
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tween there have been long periods of stagna-
tion with significant concentrations of hydrogen
sulphide in deep water.

Due to limited water exchange with the North
Sea, the bottom morphology, and the permanent
haline stratification, periods of stagnation regu-
larly occur in the deep waters of the central Baltic
Sea. Salinity and oxygen concentrations are de-
creasing and considerable accumulations of hy-
drogen sulphide are being formed. Deep water
can only be renewed by saltwater inflows, which
transport salt and oxygen-rich water into the
deep basins.

2.2.7.3 Metals

The metals cadmium, mercury, lead and zinc
show a characteristic spatial distribution with a
gradient decreasing from west to east in the sur-
face waters of the EEZ (cf. BMU, 2012b). The
elements lead, cadmium and mercury are below
the reference values. On the basis of current
knowledge, the above-mentioned metal pollution
of seawater does not pose an immediate threat
to the marine ecosystem.

2.2.7.4 Organic pollutants

The more polar compounds such as the HCH
isomers and modern pesticides (triazines, phe-
nylureas and phenoxyacetic acids) are present
in the water at much higher concentrations than
the more lipophilic, "classic" pollutants such as
HCB, DDT, PCBs and PAHs. From 2012-2018,
the herbicide diflufenican exceeded the thresh-
old values along the coast of Mecklenburg-West-
ern Pomerania (within 1 nautical mile) (MSRL
Status Report 2018).

The HELCOM indicator for the new priority sub-
stance perfluorooctanesulphonic acid (PFOS)
shows concentrations in water significantly ex-
ceed the threshold values, especially along the
coasts. The lipophilic chlorinated hydrocarbons
(HCB, DDT and PCB) are found in water only in
very low concentrations (mostly < 10 pg/L). Pol-
lution is generally higher near the coast than in

the open Baltic Sea. No temporal trends can be
observed due to the high variability and limited
data available.

The Baltic Sea is polluted with organotin com-
pounds, which were frequently used as ship
paints in the past. Dibutyltin (DBT), for example,
shows an exceedance in the Unterwarnow. The
HELCOM indicator for TBT indicates an exceed-
ance of the threshold value in the Baltic Sea
(HELCOM 2018, MSRL Status Report 2018).

Pollution of Baltic Sea water with petroleum hy-
drocarbons is low. Identification of the individual
components shows that the aliphatic hydrocar-
bons come mainly from biogenic sources. The
concentrations of PAHs are also relatively low
and do not show any particular spatial distribu-
tion. The content of more highly condensed
PAHs (4-6-ring aromatics) increase near the
coast, which is largely due to a higher sus-
pended matter content. Due to the high variabil-
ity, no time trends can be observed for any of the
different hydrocarbon classes, but there are sea-
sonal differences, with highest values in winter
(PAH). Exposure to toxically relevant PAHSs is
two to three orders of magnitude below those
concentrations at which the first signs of carcino-
genic effects were observed in animal experi-
ments (VARANASI 1989).

Most concentrations of pollutants in the Baltic
Sea waters are at similar levels to the German
Bight. Slightly higher concentrations of DDT
have been observed in the Baltic Sea. The val-
ues are also slightly higher for y-HCH. The con-
centrations of a-HCH are about three times and
those of B-HCH at least ten times higher than in
the North Sea. In contrast to the southern North
Sea, the spatial distribution in the western and
central Baltic Sea is characterised by the ab-
sence of major input sources. For this reason,
gradients are small or non-existent. Long-term
trends have only been found for the HCH iso-
mers. Here, significant decreases in concentra-
tions can be observed both in the short and long
term.
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Pollutants in the water of the Baltic Sea that ex-
ceed the threshold values are mainly pollutants
that are already regulated or banned. However,
due to the persistence of these substances, only
a slow decrease in concentrations can be ex-
pected. The introduction of further pollutants
would lead to increased pollution of the Baltic
Sea.

2.2.7.5 Radioactive substances (radionu-

clides)

The Chernobyl accident and subsequent fallout
have significantly altered the inventory of artifi-
cial radionuclides, in particular Cs-134 and Cs-
137, with significant deposits in the Gulf of Both-
nia and the Gulf of Finland. In the years following
the accident, these high levels of contamination
were also transported into the western Baltic Sea
by the surface waters. The radioactive contami-
nation of the Baltic Sea has decreased in recent
years. Because the water exchange between the
Baltic Sea and North Sea via the Danish straits
averaged over many years is so low, the radio-
activity introduced by Chernobyl remains in the
water of the Baltic Sea for a long period of time.
The concentrations of Cs-137 still increases
slightly towards the east, the focal point of the
fallout from Chernobyl. Concentrations of Cs-
137 are still higher than the levels before the
Chernobyl accident in April 1986, which coin-
cides with the HELCOM threshold (15 Bg/m?)
(HELCOM 2018). Concentrations are expected
to be below this threshold in the next status re-
port in 2024.

Among the artificial radionuclides, this nuclide
contributes the most to a possible dose via the
"seafood consumption" exposure route. How-
ever, a significant dose from this source or from
time at sea or on the beach is not to be expected.

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 (bacterio-
plankton) and fungi.

2.3.1 Data availability and monitoring pro-

grammes

In the Baltic Sea, regular surveys of phytoplank-
ton and zooplankton have been carried out since
1979 under the Helsinki Convention (HELCOM).
Within the framework of the COMBINE monitor-
ing programme of HELCOM, investigations into
both phytoplankton and zooplankton have been
carried out by the countries bordering the Baltic
Sea, using a large-scale station network in the
Baltic Sea. This data is now freely available
through the International Council for the Explo-
ration of the Sea (ICES). In addition, coastal wa-
ters are sampled for plankton within the frame-
work of the national marine surveillance for the
Baltic Sea.

In the western Baltic Sea, the Leibniz Institute for
Baltic Sea Research Warneminde (IOW),
among others, examines plankton samples from
stations in the coastal waters and in the German
EEZ as part of the national monitoring pro-
gramme. The German EEZ of the Baltic Sea has
been covered by a total of 5 stations since 1979:
one in the Bay of Mecklenburg, one at the Darss
Sill, two in the Arkona Sea and one at the Oder
Bank. The IOW takes two samples per year (on
the outward and return journey) at each station
on a total of five trips. In addition, the number of
samples per station is adjusted based on the
prevailing water stratifications (thermocline and
halocline), so conclusions can be made on the
vertical distribution of plankton. Vertical sam-
pling is particularly relevant for the detection of
zooplankton, as different communities occur at
different depths within the water column. In
2015, a total of 65 samples were taken. The
monitoring missions took place in February,
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March, April/May, July and October/November.
However, there is no continuous sampling of
plankton. This means that understanding of the
occurrence of plankton communities is incom-
plete. In particular, long-term changes in plank-
ton and the causes cannot be tracked precisely.

2.3.2 Spatial distribution and temporal var-

iability 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 microalgae, either consisting
of a single cell or being able to form chains or
colonies of several cells. Phytoplankton organ-
isms are predominantly autotrophic, i.e. through
photosynthesis they can use the inorganic nutri-
ents dissolved in water to synthesise organic
molecules for growth. Phytoplankton also in-
cludes microorganisms that are heterotrophic,
i.e. they can feed on other microorganisms.
There are also mixotrophic organisms that can
feed auto- or heterotrophically, depending on the
situation. Many microalgae, for example, are ca-
pable of changing their diet during their life cycle.
Bacteria and fungi form separate groups phylo-
genetically (in terms of evolutionary history).
When examining phytoplankton, bacteria, fungi
and those organisms that are closer to the ani-
mal kingdom due to their physiological proper-
ties, are also taken into account. In this report the
term phytoplankton is used in this extended
sense.

Around 800 different phytoplankton species oc-
cur in the Baltic Sea (WASMUND 2012). Phyto-
plankton of the western Baltic Sea include the
following important taxonomic groups:

e diatoms (bacillariophyta),
¢ dinoflagellates (dinophyceae),

e microalgae or microflagellates of different
taxonomic groups, and

e blue-green algae (cyanobacteria). These
dominate fresh and brackish water areas. In
waters with low salinity, such as the Baltic
Sea, this group can be very abundant.

Phytoplankton serves as a food source for or-
ganisms that specialise in filtering the water for
food. The primary consumers of phytoplankton
include zooplanktonic organisms such as cope-
pods and water fleas (Cladocera).

The special nature of the Baltic Sea as a semi-
enclosed sea also leads to special ecological
characteristics, and shapes the occurrence of bi-
ological communities. Overall, the Baltic Sea is
characterised by limited species diversity (biodi-
versity). The brackish water of the Baltic Sea has
salinity that decreases from 20 PSU in the west
to 1 PSU in the eastern area. The water masses
of the Baltic Sea also show strong stratification.
As a result, the spectrum of species includes
both marine and freshwater species. The special
conditions in the Baltic Sea also mean that the
marine food chains are highly sensitive to
changes.

The occurrence of phytoplankton depends pri-
marily on the physical processes in the water col-
umn. Hydrographic conditions, in particular tem-
perature, salinity, light, currents, wind, turbidity,
topography and exchange processes influence
the occurrence and biodiversity of phytoplank-
ton. The direct dependence of phytoplankton on
light for photosynthesis restricts its occurrence to
the euphotic zone of the pelagic. The depth of
the euphotic zone depends on the clarity or tur-
bidity of the water. The turbidity of the Baltic Sea
varies greatly between different regions. Turbid-
ity has increased dramatically over the past 25
years in many regions of the Baltic Sea. The in-
crease in turbidity has favoured the growth of
blue-green algae, and often leads to excessive
blue-green algal blooms in summer. However, in
2015, blue-green algal bloom in the whole Baltic
Sea remained below the extent observed in re-
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cent years. This was due to the lower sea sur-
face temperature (SST) in the summer months
compared to previous years.

Aside from the physical processes, the concen-
tration of nutrients dissolved in the water deter-
mines the abundance and biomass development
of phytoplankton. In addition, the distribution and
abundance of plankton is affected by various
other natural and anthropogenic factors. In the
North Sea and Baltic Sea area, for example, the
North-East Atlantic Oscillation (NAO) is vital for
the natural succession of plankton. River dis-
charge also influences the development of
plankton — both through freshwater runoff and
through nutrient and pollutant transport. Alt-
hough some plankton species and developmen-
tal or dormant stages use sediment as a habitat,
the water masses represent the real habit of
plankton. Therefore, unlike the benthos, for ex-
ample, spatial delimitation of habitat types is only
possible to a very limited extent for plankton. The
hydrographic properties of water masses are
more decisive for associations of plankton spe-
cies.

Seasonal phytoplankton growth in the Baltic Sea
shows fixed patterns. Salinity, water depth, and
how long the water remains at a certain location
determine the occurrence and development of
phytoplankton (THAMM et al. 2004). In spring,
shallow coastal waters warm up more quickly
and favour the growth of phytoplankton. In addi-
tion, nutrient inputs via rivers favour growth.

The spring bloom is usually dominated by diatom
species. Spring algal blooms are triggered by the
accumulation of nutrients in the preceding winter
months, the increase in light intensity and the re-
sulting warming of the water.

The spring bloom in the Bay of Mecklenburg in
2015 was not dominated by diatom species as is
usually the case. Instead, dinoflagellates, dicty-
ochophyceae and prymnesiophyceae domi-
nated. However, the Bay of Mecklenburg is a
very diverse system, so these shifts could also

be due to measurement inaccuracies. In the Ar-
kona Sea, the bloom started with Mesodinium
rubrum. In mid-March, the bloom was dominated
by diatoms (WASMUND et al. 2016a). The bound-
ary between different bloom formations usually
runs between the western and central Baltic Sea
at the Darss Sill. In 2015, this boundary ran
along the eastern Bay of Mecklenburg. The
spring bloom grew until mid-March 2015 and dis-
appeared in mid-April, with nitrate being the lim-
iting nutrient factor this year (WASMUND et al.
2016a).

Each year, different species of diatoms such as
Thalassiosira levanderi, Skeletonema costatum,
Thalassiosira baltica, Dictyocha speculum and
Chaetoceros sp. provide the spring algal bloom.
In May the diatoms usually stop blooming ab-
ruptly. At the same time, dinoflagellates in-
crease. In particular, dinoflagellates are then
found in high concentrations even in deeper ar-
eas (15 m). It is likely that flagellates use nutri-
ents from deeper water layers or low concentra-
tions of regenerated nutrients. Gymnodinium sp.
and Peridiniella sp. are among the most common
taxa of dinoflagellates (WASMUND et al. 2005). In
the summer months of July and August, blue-
green algae occur in high concentrations and of-
ten cause extensive blooms. Blue-green algal
blooms are favoured by salinity values between
3.8 and 11.5 PSU, temperatures around 16°C,
insolation above 120 W/m2 (daily averages) and
wind speeds of less than 6 m/s. The develop-
ment of blue-green algal blooms comes to an
end when weather conditions deteriorate (low in-
solation or strong winds) (WASMUND 1997). In
autumn, diatom blooms develop again, but these
are very weak compared to spring blooms (WAS-
MUND et al. 2005). Over the past 30 years, the
species composition of diatoms has been chang-
ing continuously in the summer and autumn
bloom. The species of the diatom genera Skele-
tonema and Chaetoceros are successively being
replaced by Ceratulina pelagica, Dactyliosolen
fragilissimus, Proboscia alata, and Pseudo-
nitzschia spp.
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Eutrophication is a major threat to the Baltic Sea
marine ecosystem. The concentration of chloro-
phyll. in the water, as a measure of phytoplank-
ton biomass, provides information on the degree
of eutrophication. In the Arkona Sea, the concen-
tration of chlorophyll, in the water is much lower
than in the Bay of Finland or the northern Baltic
Sea (HELCOM 2004). Between 1993 and 1997,
average primary production in the Arkona Sea
varied between 37 mg C*m per day in January
to February and 941 mg C*m per day in June
to September (WASMUND et al. 2000).

Series of measurements by the IOW from 1979
to around 1995 show a significant increase in
chlorophylla concentration during this period.
Since this time, measurements have been at a
consistent high level, or have decreased slightly
(WASMUND et al. 2016a). The high nutrient con-
centrations (mainly nitrate and phosphate) intro-
duced in the 1970s affected the proliferation of
spring blooms in particular, while summer and
autumn blooms remained largely constant in
character. The Bay of Mecklenburg is an excep-
tion, with a continuous decrease in spring bloom
since measurements began in 1979 (WASMUND
et al. 2016b).

2.3.3 Spatial distribution and temporal var-
iability of zooplankton

Zooplankton includes all minute marine animals
that drift or migrate in the water column. Zoo-
plankton plays a central role in the marine eco-
system. On the one hand, as the lowest second-
ary producer within the marine food chain it is a
food source for carnivorous zooplankton spe-
cies, fish, marine mammals and seabirds. On the
other hand, zooplankton has a special signifi-
cance as a primary consumer (grazer) of phyto-
plankton. Grazing can stop algal bloom and reg-
ulate the decomposition processes of the micro-
bial cycle by consuming the cells.

In the Baltic Sea, the succession of zooplankton
shows a pronounced seasonal pattern. Maxi-
mum abundances are generally reached in the

summer months. The succession of zooplankton
is of critical importance for secondary consumers
of the marine food chains. Predator-prey ratios
and trophic relationships between groups or spe-
cies regulate the marine ecosystem. Temporally
or spatially staggered occurrence of succession
and abundance of species leads to the interrup-
tion of food chains. In particular, temporal dis-
placement, so-called trophic mismatch, results in
food shortages at different developmental
stages of organisms, with effects on the popula-
tion level.

Zooplankton is divided into two large groups
based on the survival strategies of the organ-
isms:

e Holozooplankton: The entire life cycle of
these organisms takes place exclusively in
the water column. Among the best-known
holoplanktonic groups of significance for the
Baltic Sea are crustaceans such as cope-
pods and cladocera (water fleas).

e Merozooplankton: Only certain stages of the
life cycle of these organisms, mostly the early
life stages such as eggs and larvae, are
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/fish larvae are abun-
dant in meroplankton during the reproduction
period.

In 2015, merozooplankton was particularly abun-
dant in the Bay of Kiel, but reached below-aver-
age abundances in the Arkona Basin and the
Bay of Mecklenburg. Among the main represent-
atives were larvae of polychaetes and mussels
(WASMUND et al. 2016a).

The genera Acartia and Oithona, belonging to
the holozooplankton, were the main representa-
tives among the copepods in 2015 with Acartia
bifilosa as the most abundant species (WAs-
MUND et al. 2016a).
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As mentioned above, marine invertebrates have
various stages of development that occur in
plankton (e.g. larvae). The dispersal of larvae
largely determines the occurrence and popula-
tion development of both nektonic and benthic
species. The transport, dispersal and successful
settlement of larvae are of particular importance
for the spatial distribution of the species and the
development of their populations. The dispersal
of larvae is determined both by the movements
of the water masses themselves and by endog-
enous or species-specific characteristics of the
zooplankton. Environmental factors that may in-
fluence larval dispersal, metamorphosis and set-
tlement include sediment type and structure, me-
teorological conditions (particularly wind), light,
temperature and salinity.

Two transport mechanisms influence the disper-
sal of the larvae and their settlement in the final
habitat: horizontal advection of the larvae with
the prevailing current direction, and diffusion
through small-scale and mesoscale turbulence,
i.e. mixing processes in the water body. Field
studies have shown that larval settlement can
take place both locally and far removed. The dis-
persal of larvae from coastal waters is mostly
regulated by frontal zones between coastal wa-
ters and the open sea. However, the larvae have
a limited ability to migrate vertically within the
water column to reach areas that allow them to
cross the boundary, such as areas of increased
turbulence. Each species of organisms develops
strategies that help the larvae to spread and set-
tle successfully. Such strategies, which ulti-
mately ensure the survival of the species, range
from adjusting reproduction time, depth and area
to vertical movements of the larvae and active
crossing of boundary layers. Larval competence,
or maintaining the ability to initiate metamorpho-
sis until favourable conditions arise, regulates
the success of individuals of each species in set-
tling in the species-specific habitat (GRAHAM &
SEBENS 1996).

Characterisation of habitat types based on the
presence of zooplankton is difficult. As already
explained for phytoplankton, the zooplankton
habitat consists of water masses. A characteri-
sation of water masses and associated zoo-
plankton is therefore useful. When differentiating
water masses, it is not the spectrum of zooplank-
ton species populations that is important, but ra-
ther the proportion of the respective species, es-
pecially key species, in the composition of the
associations.

In Baltic Sea biocoenoses, a shift in vertical dis-
tribution occurs due to the variability in salinity.
This phenomenon was described by REMANE
(1955) as submergence. Animals of the eulittoral
and supralittoral zone tolerate greater fluctua-
tions in salinity than animals of the sublittoral or
the deep sea. They can therefore penetrate fur-
ther into brackish water than deep sea species.
Only a few species can also penetrate the
depths, namely those that are carnivorous. How-
ever, the phenomenon of brackish water sub-
mergence is not unique to the Baltic Sea, but is
typical of brackish waters (REMMERT 1968). In
the Bay of Kiel, for example, the copepod Oi-
thona similis occurs near the surface in concen-
trations of several thousand individuals per m3.
East of the faunistic boundary of the Darss Sill,
on the other hand, this species is found in deep,
salty water. Sampling at the Arkona Sea station
after the saltwater inflow of 2003 showed that
with increasing water depth, the abundance of
this species increased from 2,400 females per
m3 in the upper 5 m to 31,500 females per m?
between 18 and 22 m water depth (WASMUND et
al. 2004).

On average, 22 zooplankton taxa occur in the
Baltic Sea each year (WASMUND et al. 2005).
However, only 12 taxa were encountered year-
round in the period from 1999 to 2002 (POSTEL
2005). In general, spectrum of species, abun-
dance and dominance conditions depend on the
prevailing hydrographic and meteorological con-
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ditions and the development of the phytoplank-
ton. Saltwater influxes from the North Sea supply
the Baltic Sea ecosystem with marine species
such as the copepod Paracalanus parvus and
the anthomedusa Euphysa aurata. The arrow-
worm Sagitta elegans occurs after the autumn
and winter storms.

During long periods of stagnation, on the other
hand, the brackish water copepod Limnocalanus
macrurus occurs frequently in the southern Bal-
tic Sea (POSTEL 2005). Mild winters and warm
summers also influence the occurrence and
abundance. For example, thermophilic species
such as the copepods Acartia tonsa and Eury-
temora affinis occur more frequently in particu-
larly warm summer months. The occurrence of
merozooplankton is controlled by the oxygen
conditions on the seabed and the reproduction
cycles of benthic organisms.

In 2015, significantly more zooplankton taxa
were recorded at 9 IOW stations from the west-
ern Baltic Sea to the western Gotland Basin than
in previous years. 61 taxa were registered in
2015, while 45 taxa were identified in 2014 and
52 taxa in 2013. This species increase is at-
tributed to a strong saltwater influx from the
North Sea in the previous year (WASMUND et al.
2016). The most recent comparably strong influx
occurred in 1880 (Mohrholz et al., 2015, Nausch
et al., 2016). Among the most numerous new
species that occurred were Acartia clausi,
Calanus spp., Centropages typicus, Corycaeus
spp., Longipedia spp., Oithona atlantica and
Oncaea spp.

High abundances of cladocera (water fleas) are
usually found in the waters of the Bay of Meck-
lenburg and the Arkona Basin. In 2015, however,
no occurrence of Cladocera could be detected
(WASMUND et al. 2016a). Zooplankton develop-
ment in the Bay of Mecklenburg and the Arkona
Basin in 2015 was characterised by early growth
compared to previous years. This led to an early
population maximum in spring (March), usually

reached in summer/autumn. Overall, zooplank-
ton abundances have been declining since
2000. This trend continued in 2015. With 130 x
10® individuals per m3, the total zooplankton
abundance was at its lowest level since 1995
(WASMUND et al. 2016a).

2.3.4 Assessment of the state of the plank-
ton

Based on the findings presented, only very lim-
ited conclusions can be drawn about the state of
the plankton and the resulting effects on marine
food chains. Firstly, there is a lack of consistently
implemented monitoring programmes and long-
term series of measurements to identify or differ-
entiate between natural processes and anthro-
pogenic changes in plankton development. Sec-
ondly, the influence of physical processes or hy-
drodynamics on plankton is profound. For exam-
ple, phytoplankton data is of limited use in distin-
guishing between the effects of eutrophication
and natural processes (ICES 2004).

The entire ecosystem of the Baltic Sea has un-
dergone changes in recent years. Anthropogenic
influences and climate change, in addition to nat-
ural variability, govern these changes. From the
beginning of the 1980s onwards, slow changes
and, in 1987/1988, abrupt changes have been
observed throughout the Baltic Sea ecosystem.
The changes in plankton are related to these ob-
servations.

Phytoplankton

The evaluation of phytoplankton data reveals
changes in the spectrum of species, abundance
and biomass. An increase in phytoplankton bio-
mass can be observed. For years, the IOW has
observed a decrease in diatoms in the spring
bloom in favour of dinoflagellates (WASMUND et
al. 2000). In recent years an increased occur-
rence of algal blooms, an aperiodic and unpre-
dictable occurrence of toxic algal blooms and the
introduction of non-native species have also
been observed. However, it remains unclear to
what extent eutrophication, climate change or
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simply natural variability contribute to the
changes in phytoplankton (EDWARDS & Richard-
son 2004). The variability of hydrographic pa-
rameters governs and potentially restricts biolog-
ical events.

Nutrient concentrations and the subsequent phy-
toplankton reaction to nutrient supply do, how-
ever, show pronounced seasonal effects. In the
summer months in particular, nutrient supply is
much more critical for phytoplankton growth than
the accumulation of nutrients in winter, which
only really stimulates spring growth. The spatial
variability in nutrient uptake and utilisation be-
tween phytoplankton in coastal waters and off-
shore phytoplankton further complicates the
evaluation of eutrophication effects on plankton
development (PAINTING et al. 2005). Findings
from large-scale investigations and research
projects (HELCOM, IOW) have documented the
high variability of phytoplankton occurrence in
the Baltic Sea.

Phytoplankton growth developed in parallel with
increasing nutrient inputs. Chlorophyll, concen-
trations increased significantly from the first chlo-
rophyll measurements in 1979 until the mid-
1990s, i.e. increased growth in the mass of mi-
croalgae was observed every year. Since then
the values have stagnated or even decreased.
Overall, however, phytoplankton abundance in
the Baltic Sea is still at a very high level. An ex-
cessive supply of nutrients causes changes in
the structure and functionality of the ecosystem.

In the case of phytoplankton, the following direct
effects have been described with regard to eu-
trophication (HELCOM 2006): an increase in pri-
mary production and biomass, a change in the
spectrum of species, an accumulation of algal
blooms, an increase in turbidity and reduction in
light penetration depth in the water, and an in-
crease in sedimentation of organic material.

The IOW compiles comprehensive lists of dia-
toms and dinoflagellates for the Baltic Sea on an
annual basis. For years it has been observed

that the number of diatoms decreases in favour
of dinoflagellates during the spring bloom (WAs-
MUND et al. 2000). ALHEIT et al. (2005) have an-
alysed the existing long-term data from the Heli-
goland Roads and the Baltic Sea station K2
Bornholm for changes. It was found that the eco-
systems of the North Sea and Baltic Sea have
undergone simultaneous changes with divergent
consequences for the marine food chains since
1987. This is all the more significant when the
completely different hydrographic conditions of
the North and Baltic Seas are taken into account.
These changes affect all levels of the food
chains, from phytoplankton to upper secondary
consumers. For both ecosystems, the changes
correlated with changes in the NAO.

Under certain conditions, phytoplankton can
pose a threat to the marine environment. In par-
ticular, toxic algal blooms (e.g. blue-green algal
blooms) pose a major threat to secondary con-
sumers of the marine ecosystem, and to hu-
mans. Toxic and potentially toxic species have
been regularly identified in the Baltic Sea in re-
cent years, occasionally in high abundance. The
extreme proliferation or algal bloom of the toxic
species Chrysochromulina polylepis from May to
June 1988 led to mass mortality of fish and bot-
tom-dwelling animals along the Norwegian coast
in the Skagerrak (GJOSAETER et al. 2000). In
2015, the cyanobacterial bloom was smaller in
terms of spread and density than in preceding
years (OBERG 2016).

Avoidance reactions to toxic algal blooms in
coastal waters have been documented in sea-
birds (KVITEK & Bretz 2005). Similar avoidance
reactions are rarer in fish-eating offshore sea-
birds, and as a result they often fall victim to algal
toxin accumulations in fish (SHUMWAY et al.
2003).

Zooplankton
Zooplankton is also affected by natural and an-

thropogenic changes. A creeping change may
be demonstrated for the zooplankton of the west-
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ern Baltic Sea in recent years. Species compo-
sition and dominance relationships within the zo-
oplankton groups have changed. The number of
non-native species has increased. Many non-na-
tive species have already established them-
selves. Many species typical for the area have
declined, including those belonging to the natu-
ral food resources of the marine ecosystem.
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Evaluation of the data from the IOW monitoring
trips has shown that the abundance of some zo-
oplankton taxa has decreased in recent years,
e.g. the maximum abundance of Pseudocalanus
spp. an important food source for herring in the
Baltic Sea (HELCOM 2004). In addition, there
have been significant shifts in the spectrum of
species (POSTEL 2005).
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Figure 29: Development of abundance maxima of a) five holoplanktonic taxa (Rotatoria, Cladocera, Cyclo-
poida, Calanoida and Copelata) and three meroplanktonic taxa (Polychaeta, Bivalvia, Gastropoda) and b)
seven calanoid copepods from 1995-2015 (WASMUND et al. 2016a).
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The general trend in the IOW status report re-
sults shows a decrease in the overall abundance
of the holozooplankton from 1995-2015 (Figure
29a). Apart from relatively high concentrations in
1995 and 2002, the sum of the maxima of all taxa
under consideration reduced from 850 x 10°to
130 x 10%ind. per m? between 1995 and 2015. In
2011, however, the sum of the respective maxi-
mum concentrations doubled compared to the
previous year, due to a large increase in poly-
chaete larvae and a moderate increase in rota-
toria. The unusually high concentration of poly-
chaete larvae is due to the synchronous release
of the larvae, which must have coincided with the
date of sampling in March. The low abundances
in 2015 are due to a strong decrease in Cladoc-
era and Calanoida compared to previous years
(Figure 29a). Looking at individual calanoid co-
pepods, it can be seen that the abundance of the
species Pseudocalanus spp., Temora longicor-
nis and Centropages hamatus tends to de-
crease. No clear trend can be seen for Acartia
spp. (Figure 29b).

Changes were also observed in the zooplankton
of the North Sea. Due to the exchange between
the North Sea and Baltic Sea ecosystems, these
changes are also relevant for the Baltic Sea. For
example, the abundance of scyphomedusae (jel-
lyfish) has decreased with rising water tempera-
tures (LYNAM et al. 2004). Jellyfish feed primarily
on fish larvae and may contribute to the deple-
tion of fish stocks.

The authors therefore discuss the positive ef-
fects of climate change on the recovery of fish
stocks — in this case caused by a reduction in
predator abundance. Nevertheless, the simulta-
neous impact of other factors, such as eutrophi-
cation and fishing activity, cannot be ruled out.

Non-native species are increasingly influencing
succession. These are mainly introduced by
shipping (in ballast water) and mussel aquacul-
ture. Changes in the species composition and
possible species displacement due to the spread

of non-native plankton cannot be ruled out. Indi-
rect impacts of non-native species on the marine
food chain cannot be ruled out either. Overall, it
can be assumed that natural processes in plank-
ton are endangered by the introduction of non-
native species. Many non-native zooplankton
species have already established themselves.
The crustacean species Acartia tonsa, Ameira
divagans and Cercopagis pengoi were intro-
duced into the Baltic Sea by ballast water from
ships. Recently, the introduction of the large
comb jellyfish Mnemiopsis leydei has been the
cause of increasing concern. If this comb jellyfish
were to establish itself in the Baltic Sea and re-
produce excessively as a result of warming, this
would pose a threat to fish stocks. The large
comb jellyfish feeds on larger zooplankton and in
particular on fish larvae. However, there was no
evidence of this in 2011 (WASMUND et al. 2012).
Currently, no larger stocks of the comb jellyfish
have been identified (WASMUND et al. 2016a).

As phytoplankton is transported and dispersed
by currents, phytoplankton species also flow
from the Atlantic into the Baltic Sea along with
the water masses, and affect the natural succes-
sion (REID et al. 1990). In the phytoplankton, Pro-
rocentrum minimum has been identified as the
most important immigrant species. It probably
entered the Baltic Sea naturally, has spread
strongly from the west since 1981 and formed
strong blooms, especially in the 1990s. Proro-
centrum minimum (now called Prorocentrum
cordatum) has now established itself in the Baltic
Sea and occasionally develops dominant popu-
lations (WASMUND et al. 2016a).

Effects of climate change

In recent years, scientists have become increas-
ingly concerned about climate change and its
consequences for the marine ecosystem.
BEAUGRAND (2004) analysed and summarised
previous findings on the phenology, causes or
mechanisms, and consequences of changes in
the marine ecosystem of the northeast Atlantic
and the North Sea. Considering the data from
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1960 to 1999, statistical evaluations have shown
a clear change or increase in the phytoplankton
biomass after 1985. The increase in phytoplank-
ton biomass was particularly pronounced in
1988. The increase in biomass coincides with
the pronounced climatic and hydrographic
changes of the years 1987 to 1988. BEAUGRAND
(2004) suspects that changes in the marine eco-
system due to changes in hydrographic and me-
teorological conditions, especially after 1987,
are strongly correlated with NAO development
and that a shift in biogeographical boundaries
has been taking place since the early 1980s as
a result of the reorganisation of the biological
structure of the ecosystem in the northeast At-
lantic.

According to HAYS et al. (2005), changes in cli-
mate have particularly affected the distribution
range of species and groups of the marine eco-
system. For example, zooplankton associations
of warm-water species in the northeast Atlantic
have extended their range by almost 1,000 km
to the north. In contrast, the range of cold-water
associations has shrunk. In addition, climate
change has an impact on the seasonal occur-
rence of abundance maxima of various groups.
A time-lagged shift in populations can have con-
sequences for the entire marine food chain. ED-
WARDS and RICHARDSON (2004) even suspect
that temperate marine ecosystems are particu-
larly vulnerable to changes or temporal shifts in
the development of different groups. The threat
arises from the direct dependence of the repro-
ductive success of secondary consumers on
plankton (fish, marine mammals, and seabirds).
Evaluation of long-term data for the period from
1958 to 2002 on 66 marine taxa have confirmed
that marine planktonic associations react to cli-
mate change. However, the responses vary con-
siderably in terms of association or group and
seasonality.

BEAUGRAND & Reid (2003) have analysed long-
term changes in three different trophic levels of

the marine food chains (phytoplankton, zoo-
plankton and fish) in connection with climate
change. It was found that changes occurred with
a time lag at all three pelagic levels. In 1982, a
decrease in the number of Euphasiaceae (krill)
was first observed. This was followed in 1984 by
an increase in the abundance of small copepods.
In 1986 there was an increase in phytoplankton
biomass on the one hand and a decrease in the
large copepod Calanus finmarchicus on the
other. In 1988 there was a decrease in salmon
stocks. In 1986, these changes initiated a new
phase in the structure of the marine ecosystem
in the northeast Atlantic and adjacent seas,
which continues to this day. The increase in tem-
perature seems to play a major role in this pro-
cess.

Studies by SOMMER et al. (2007) also show that
climate change can have an impact at several
trophic levels. Higher mortality rates of Nauplius
larvae, a developmental stage of copepods,
were found at temperature increases of 2—6°C.
Nauplius larvae are an important organism in the
trophic network, as they are the main food of
many fish larvae.

According to HELCOM, a surface water temper-
ature increase of 2°C in the southern Baltic Sea
and 4°C in the northern Baltic Sea can be ex-
pected by the end of the next century (HELCOM
2013a). In addition, a dramatic decrease in ice
cover in winter is expected. Precipitation has in-
creased already, and may increase more
strongly on average, causing a reduction in sa-
linity. The expected rise in temperature could
lead to changes in the species composition of
zooplankton (HELCOM 2013a).

A change in the size distribution of phytoplankton
is another possible consequence of the rise in
temperature. SOMMER et al. (2007), for example,
found lower abundances of larger phytoplankton
organisms at a temperature increase of only 2°C.

Changes in the seasonal pattern of growth in
phytoplankton can also lead to trophic mismatch
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(the temporally staggered occurrence of groups
that are dependent on each other for their food
supply) within the marine food chains: Delayed
diatom growth can affect the growth of primary
consumers. Small copepods may suffer food
shortages due to the absence of diatoms during
the growth phase. In turn, copepods are an im-
portant part of the diet of fish larvae. Fish larvae
would starve as a result of reduced copepod
growth. Trophic mismatch has often been ob-
served in various areas in recent years.

Plankton organisms react to adverse situations
by means of species-specific survival and de-
fence mechanisms. The best known of these
mechanisms, which are important for survival, in-
clude diapause and spore formation (PANOV et
al. 2004). Diatoms and dinoflagellates are able
to develop resting cysts, which then winter in the
sediment or wait for conditions favourable to
growth.

2.4 Biotope types

According to VON NORDHEIM & MERCK (1995), a
marine biotope type is a characteristic, typified
marine habitat. Individual marine biotope types
provide largely uniform conditions for marine bi-
ocoenoses, which differ from other types. Typifi-
cation includes abiotic (e.g. moisture, nutrient
content) and biotic features (occurrence of cer-
tain vegetation types and structures, plant com-
munities, animal species).

The majority of the biotope types of Central Eu-
rope are also characterised in their specific fea-
tures by the prevailing anthropogenic uses (agri-
culture, transport, etc.) and damage (pollutants,
eutrophication, leisure use, etc.).

The current biotope type classification of the Bal-
tic Sea was published by the Federal Agency for
Nature Conservation (BfN) in the Red List of en-
dangered biotope types in Germany (FINCK et al.
2017).

2.4.1 Data availability

As part of the BfN R&D project "Marine Land-
scape Types of the North and Baltic Seas", a
spatial distribution pattern of most important sed-
iment classes from an ecological point of view
and, in some cases, higher-level biotope type
classes, was developed (see Figure 30 Schu-
chardt ET al. 2010). It is, however, not possible
to draw up sufficiently scientifically sound bound-
aries for the areas of marine biotope types on
this basis. A modelled area-wide distribution of
marine biotopes in the German Baltic Sea in ac-
cordance with the HELCOM "Underwater Bio-
tope and Habitat Classification System" (HEL-
COM HUB) was developed by SCHIELE et al
(2015). For this purpose, modelled distributions
of less mobile macrozoobenthos species were
combined with abiotic data (e.g. particle size, sa-
linity, temperature, water depth etc.). Further-
more, the occurrences of reefs and sandbanks
reported by the BfN can be used. Further im-
portant findings come from the data on biotope
occurrence determined in the course of approval
procedures for grid connections and wind farms.
In the wind energy priority area EO1, the results
of the biotope conservation assessment can be
used, which were collected in the course of the
two-year basic surveys from 2011 to 2013 (IFAQ
2015, IFAO 2016).
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Figure 30: Map of the German Baltic Sea biotope types that can be defined on the basis of existing data (after

SCHUCHARDT et al. 2010).

2.4.2 Biotope types in the German Baltic
Sea

A current representation of the distribution of ma-
rine biotopes in the German Baltic Sea in accord-
ance with the HELCOM "Underwater Biotope
and Habitat Classification System" (HELCOM
HUB) is shown in Figure 31. The analysis re-
sulted the identification of a total of 68 HELCOM
HUB biotopes for the German Baltic Sea area.
According to SCHIELE et al. (2015), almost 60%
of the German Baltic Sea area is covered by the
following predominant HUB biotopes:

¢ Photic/aphotic sand with predominant colo-
nisation by the bivalve species Cerasto-
derma glaucum, Macoma balthica and Mya

arenaria (31.2%, code AA/AB.J3L9)

e Aphotic silty sediment dominated by the Bal-
tic clam Macoma balthica (12.1%, code

AB.H3L1)

Photic/aphotic silty sediment dominated by
Arctica islandica (9.6%, code AA/AB.H3L3)

Photic/aphotic sand with Arctica islandica as
the dominant species (6.3%, code
AA/AB.J3L3)

Very few strong saltwater influx events have oc-
curred in the Baltic Sea in recent decades. As a
result, the deep water aphotic zone has seen
prolonged periods of oxygen deficiency near the
seabed. This has had a negative impact on the
stocks of Arctica islandica in the deep basins of
the Baltic Sea. For this reason, the two HUB bi-
otopes characterised by Arctica islandica coloni-
zation are listed as endangered biotope types in
the HELCOM Red List (HELCOM 2013a).
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Figure 31: Biotope map of the German Baltic Sea according to SCHIELE et al. (2015). HELCOM HUB codes

explained in HELCOM (2013a).

2.4.3 Legally protected marine biotopes in
accordance with Section 30 of the
Federal Nature Conservation Act and
the Habitats Directive

Under Section 30 of the Federal Nature Conser-
vation Act (BNatSchG), a number of marine bio-
topes are subject to direct federal protection.
Section 30 Subsection 2 of the BNatSchG cate-
gorically prohibits actions that could cause de-
struction or other significant impairment of the
listed biotopes. This does not require the desig-
nation of a protected area. This protection was
extended to the EEZ with the 2010 amendment
to the BNatSchG. In addition to the marine habi-
tat types listed in Annex | of the EU Habitats Di-
rective, reefs and sandbanks, the two biotopes
"seagrass beds and other marine macrophyte
populations" and "species-rich gravel, coarse

sand and shell layers in marine and coastal ar-
eas" in the Baltic Sea EEZ area enjoy a statutory
conservation status under Section 30 Subsec-
tion 2 sentence 1 no. 6 of the Federal Nature
Conservation Act. The "seapen and burrowing
megafauna communities" biotope type, which is
also protected, does not occur in the German
Baltic Sea.

2.4.3.1 Reefs

Habitat type 1170 (reefs) as per the Habitats Di-
rective, and also a biotope type protected under
Section 30 of the Federal Nature Conservation
Act, is defined as follows: "Reefs can be either
biogenic concretions or of geogenic origin. They
are hard compact substrata on solid and soft bot-
toms, which arise from the sea floor in the sublit-
toral and littoral zone. Reefs may support a zo-
nation of benthic communities of algae and ani-
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mal species as well as concretions and corallo-
genic concretions". (DOC.HAB. 06-09/03). The
"hard compact substrata" include rocks (includ-
ing soft rocks such as chalk), as well as boulders
and cobbles. The "BfN Mapping Instructions for
"Reefs" in the German Exclusive Economic Zone
(EEZ)" (https://www.bfn.de/fileadmin/BfN/meer-
esundkuestenschutz/Dokumente/BfN-Kartieran-
leitungen/BfN-Kartieranleitung-Riffe-in-der-

deutschen-AWZ.pdf) was  published on
09/07/2018, but has not yet seen use in projects.

In the Baltic Sea EEZ, reefs and reef-like struc-
tures occur predominantly as boulder fields on
moraine ridges. They have been found mainly in
the Adlergrund, Rénne Bank, Kadet Channel
and Fehmarn Belt. Well-developed mussel
banks with their accompanying species are
found here, which have a comparatively high
species count for the Baltic Sea. Plant cover con-
sisting of large algae, especially laminaria (sugar
kelp), red algae and sea lace is also of signifi-
cance here. According to the BfN, reefs covering
an area of approximately 460 km? have been
identified in the German Baltic Sea EEZ. A large
part of this area (270 km?) has now been placed
under protection by the regulation of 22/09/2017
on the designation of the Pommersche Bucht -
Roénnebank nature conservation area, the regu-
lation of 22/09/2017 on the designation of the
Kadetrinne nature conservation area and the
regulation of 22/09/2017 on the designation of
the Fehmarnbelt nature conservation area.
These regulations declared the existing nature
conservation areas and Habitats Directive areas
as nature conservation areas, and partly re-
grouped them. Within the scope of the approval
procedure for the grid connection "Cables 1 to 6
/ cross connection”, suspected reef areas in ad-
dition to those reported by the BfN were desig-
nated in area EO1. The relevant mapping in-
structions issued by the BfN (BFN 2018) must be
consulted when recording the "reefs" biotope
type in the German EEZ.

2.4.3.2 Sandbanks

Habitat type 1110 (as per the Habitats Directive)
designates "sandbanks which are slightly cov-
ered by seawater all the time" (DOC.HAB. 06-
09/03) and is defined as follows: "Sandbanks are
elevated, elongated, rounded or irregular topo-
graphic features, permanently submerged and
predominantly surrounded by deeper water.
They consist mainly of sandy sediments, but
larger grain sizes, including boulders and cob-
bles, or smaller grain sizes including mud may
also be present on a sandbank. Banks where
sandy sediments occur in a layer over hard sub-
strata are classed as sandbanks if the associ-
ated biota are dependent on the sand rather than
on the underlying hard substrata." Sandbanks
are also protected biotopes according to Section
30 of the Federal Nature Conservation Act.

Several sandbanks in the German Baltic Sea
EEZ have now been identified as worthy of pro-
tection from a nature conservation perspective.
Sandbanks as defined by the Habitats Directive
occur in the German EEZ east of the Darss Sill
on the edge of the Arkona Basin, and in the Bay
of Pomerania. They are covered in residual sed-
iments (cobbles, boulders, coarse sand, medium
sand) and are accordingly colonised by sandy
soil communities, or covered in large algae on
hard soils in the euphotic zone. The total area is
about 570 km?, with the Oder Bank being a par-
ticularly large sandbank.

For these reasons, the identified sandbanks
were placed under protection by the Habitats Di-
rective designations Fehmarnbelt (DE 1332-
301), Adlergrund (DE 1251-301) and Pommer-
sche Bucht mit Oderbank (DE 1652-301) in the
Baltic Sea EEZ.

The epifauna on the sandy soils is species-poor
and consists mainly of mussels, which are cov-
ered in attached species on which substrate-
bound species such as small crustaceans are
found. Most of the species are found in the sand
(infauna). Mollusc and polychaete species dom-
inate. The number of species on the Adlergrund
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and Kriegers Flak is around 110, while only 21
species have been recorded on the Oder Bank.
The decline in species richness compared to the
Belt Sea is due to the low salinity.

The low number of species on the Oder Bank is
due to the homogeneity of the habitat, which
consists of level soils with little structure and fine
sand cover. Under these extreme living condi-
tions (exposed sandy soils, low salinity), adapted
sandy soil species such as Pygospio elegans,
the crabs Bathyporeia pilosa and Crangon cran-
gon as well as the bivalves Mya arenaria, Ma-
coma balthica and Cerastoderma lamarcki dom-
inate. They often reach very high individual den-
sities and are distributed quite homogeneously
throughout the area. Three species, Bathyporeia
pilosa, Mya arenaria and Hydrobia ulvae, to-
gether typically make up over 70% of the total
number of individuals.

There are currently no mapping instructions for
the biotope type "sandbanks which are slightly
covered by seawater all the time ".

2.4.3.3 Seagrass beds and other marine

macrophyte populations

The biotope "Seagrass beds and other marine
macrophyte populations" describes a habitat
characterised by submerged flowering plants
and/or large algae under the influence of light.
Currently it is only known to occur in association
with reefs in the Baltic Sea EEZ. In coastal ar-
eas, however, extensive "marine macrophyte
populations" also occur beyond reefs. Various
biotope types characterised by marine macro-
phyte populations are recorded in the OSPAR
and HELCOM lists of declining and/or endan-
gered biotope types (BFN 2012a). There are cur-
rently no mapping instructions for the biotope
"Seagrass beds and other marine macrophyte
populations". Based on current knowledge, no
specific areas can be identified for this biotope

type.

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

This legally protected biotope includes species-
rich pure or mixed sublittoral occurrences of
gravel, coarse sand or shell sediments of the
seabed, which are colonised by a specific
endofauna (e.g. interstitial fauna) and macrozoo-
benthos community, irrespective of their general
location.

In the North Sea and Baltic Sea, this biotope may
be associated with the occurrence of stones or
mixed substrates and the occurrence of mussel
beds or may occur in close proximity to the sand-
bank and reef habitat types. Reefs and species-
rich gravel, coarse sand and shell beds regularly
occur together. In the sublittoral of the Baltic
Sea, this biotope is characterised by the poly-
chaete genera Ophelia spp. and Travisia
forbesii. Branchiostoma lanceolatum is also
found in the western Baltic Sea shell layers. The
richness of species or high proportion of special-
ised species in these sediment types results
from the occurrence of relatively stable intersti-
tial spaces between sediment particles with a
large pore water content and relatively high oxy-
gen content.

The colonisation of species-rich gravel, coarse
sand and shell layers is very heterogeneous.
Gravel and coarse sand biotopes occur in the
outer coastal waters of the Baltic Sea, mainly at
a depth of 5-15 m, in submarine sills and to-
gether with reefs, among others. An example is
the Adlergrund, whose sediment contains
coarse sand and gravel in certain areas. Pure
shell gravel biotopes are generally rare.

On the basis of the comprehensive mapping of
HELCOM HUB biotope types in the German Bal-
tic Sea presented by SCHIELE et al. (2015), cer-
tain conclusions can be drawn about the possi-
ble occurrence of "species-rich gravel, coarse
sand and shell layers". However, as the distribu-
tions of the relevant characteristic species Ophe-
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lia spp. and Travisia forbesii, which form the ba-
sis of the study, stem from presence/absence
modelling, the mapping instructions "Species-
rich gravel, coarse sand and shell layers in ma-
rine and coastal areas" (BFN, 2012b) must also
be consulted when recording this biotope.

2.4.4 Assessment of the state of the bio-
topes

The assessment of biotope types occurring in
the German marine area is based on the national
conservation status and the threat to these bio-
tope types according to the Red List of Endan-
gered Biotope Types in Germany (FINCK et al.
2017). The legally protected biotopes mentioned
above are generally of great importance in this
context. In the Baltic Sea, these biotopes are en-
dangered mainly by current or past nutrient and
pollutant inputs (including wastewater discharge,
oil pollution, and dumping of waste and debris),
by bottom fishing, and possibly also by the ef-
fects of construction activities. As bottom fishing
activity is largely precluded within the wind
farms, a certain degree of recovery of the bio-
topes occurring in these areas can be expected.

2.4.41 Importance of wind energy areas

for biotope types
Wind energy priority area EO1

The biotope "reefs" is known to occur in area
EO1. Particularly in the south-east of the area
there are boulder fields with well-developed
mussel beds, which extend from the Adlergrund
into the area. Mainly mussel banks, gravel and
stone banks and the presence of till have been
identified. Stone cover in the southeastern area
is above 10% in many areas. In the southwest-
ern part of area EO1, stone cover is lower (<10
%). This section of the reef designated area no.
33 by the BfN, has a reef share of 26 % accord-
ing to BfN estimates.

Area reserved for wind energy EO2

Area EO2 has a low overall structural richness.
According to the Red List (FINCK et al. 2017),
there is currently no identifiable threat to the bio-
tope type "Sublittoral mudflats of the Baltic Sea"
(Code 05.02.11), which occurs throughout area
EO2. No legally protected biotopes are expected
to occur in this area.

Wind energy priority area EO3

The northern flat part of area EO3 has stone and
cobble areas with well-developed mussel beds.
The embankment-like erratic boulder accumula-
tions occurring there could possibly be classified
as biotope type "reef". Verification using the
mapping instructions of the BfN is still pending.

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 Baltic 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 (1990),
benthos includes micro-organisms such as bac-
teria and fungi, unicellular animals (protozoa)
and plants, as well as multicellular organisms,
large algae and organisms including bottom-
dwelling fish. Zoobenthos refers to those ani-
mals that live predominantly in or on the seabed.
These creatures largely restrict their activities to
the boundary layer between the free water and
the uppermost layer of the seabed, which is usu-
ally only a few decimetres in depth.

In the case of holobenthic species, all phases of
life take place within this community close to the
seabed. However, the majority of animals are
merobenthic, i.e. only certain phases of their life
cycle are linked to this ecosystem (TARDENT
1993).
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These animals usually spread via planktonic lar-
vae. In more mature stages of their life cycle,
however, their ability to relocate is more limited.
Overall, most of the benthos is characterised by
a lack of or limited mobility compared to plankton
and necton. As a result of this relative lack of mo-
bility, the seabed fauna is generally unable to
avoid natural or anthropogenically induced
changes and pressures, and is therefore in many
cases an indicator of changed environmental
conditions (RACHOR 1990).

The German part of the Baltic Sea is character-
ised by a textured seabed and a very heteroge-
neous surface structure. Although the seabed of
the Baltic contains coarse sand, cobbles and
boulders, it consists largely of sandy or silty sed-
iments, and therefore animals can also pene-
trate the bottom. In addition to the epifauna living
on the surface of the seabed, a typical infauna
living in the soil has also developed. Micro-ani-
mals of less than 1 mm body size (micro- and
meiofauna) make up the majority of these soil
dwellers. However, the larger animals
(macrofauna) are better known, especially the
more sedentary forms such as annelids, shells
and snails, echinoderms and various crusta-
ceans (RACHOR 1990). For practical reasons,
therefore, the macrozoobenthos (animals > 1
mm) are studied internationally as representa-
tives of the entire zoobenthos (Armonies & As-
MUsS 2002).

2.51

The flora and fauna living on the bottom of the
Baltic Sea aroused the interest of naturalists as
early as the middle of the 19th century, when
they started collecting and cataloguing them
(MoBIUs, 1873). In the 20th century, the macro-
zoobenthos of the Bay of Kiel and Bay of Meck-
lenburg were studied in detail (HAGMEIER 1925;
KUHLMORGEN-HILLE 1963, 1965, ScHULZ 1968,
1969a, 1969b, ARNTZ 1970, 1971, 1978, ARNTZ
et al. 1976; GOSSELCK & GEORGI 1984, Weigelt
1985, Arntz & RUMOHR 1986, GOSSELCK ET AL.
1987, Brey 1984, Rumohr 1995, GOSSELCK

Data availability

1992, ZETTLER ET AL. 2000). More recent data
are available from long-term biological monitor-
ing by the IOW, and from benthos investigations
carried out since 2002 within the scope of ap-
proval procedures for offshore wind farm pro-
jects. Research projects such as the benthologi-
cal work on the ecological assessment of areas
suitable for wind energy by ZETTLER et al. (2003)
or BeoFINO, as well as the monitoring of benthic
communities in nature conservation areas, also
provide important information.

2.5.2 Spatial distribution and temporal var-
iability

The spatial and temporal variability of zooben-
thos is largely controlled by oceanographic and
climatic factors as well as by anthropogenic in-
fluences. Important climatic factors include win-
ter temperatures, which cause high mortality
rates for some species (BEUKEMA 1992, ARMO-
NIES et al. 2001), and wind-driven currents. The
currents are responsible for the dispersal of
planktonic larvae and for a redistribution of the
bottom-dwelling stages via current-induced sed-
iment redistribution (ARMONIES 1999, 2000).
Among the anthropogenic impacts, disturbance
of the seabed surface by fisheries is of particular
importance, in addition to nutrient and pollutant
inputs (RACHOR et al. 1998).

Salinity is the determining factor for the occur-
rence and distribution of benthic species in the
Baltic Sea. Aperiodic saltwater influxes tempo-
rarily raise the salinity in deeper areas (> 40 m)
to over 15 PSU, while surface water rarely ex-
ceeds a salinity of 10 PSU. The zoobenthos of
the Baltic Sea is composed of a variety of sys-
tematic groups and shows a wide range of differ-
ent behaviours. In general, this fauna has been
quite well studied, allowing comparison with con-
ditions several decades ago.
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Natural area division of the German Baltic
Sea EEZ: benthos

The following proposal for a division of natural
areas in the German Baltic Sea EEZ from a ben-
thological point of view differs from the division
based on sedimentological criteria. The main
structuring factor for the composition of macro-
zoobenthos is salinity. Furthermore, the occur-
rence of macrozoobenthos species in the Baltic
Sea depends on hydrographic conditions and
water depth. The natural areas are classified in
accordance with the BfN's nature conservation
planning contribution to the spatial plan (BFN
2006). According to this contribution, five natural

units of area may be distinguished (from west to
east): Bay of Kiel (A) and Bay of Mecklenburg
(B), which are still quite marine in character, the
transitional area of the Darss Sill (C), followed by
the Arkona Basin (D) and Bay of Pomerania (E)
(Figure 32).

The German part of the Baltic Sea lies in the
transition area between the marine Belt Sea and
the brackish water dominated central Baltic Sea.
The Darss Sill forms a prominent ecological
boundary between the two different water bod-
ies.
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Table 7: Natural area division of the German Baltic Sea EEZ (according to BFN 2006).

Designation Ab- Hydrography Water depth Sediment Benthos
brevi-
ation
Figure
32
Belt Sea EEZ|A thermohaline stratifica- | from 15 m to 30 | Fine sand, oc- | Marine species domi-
and Bay of Kiel tion with avg. salinity >|m casionally also | nate, partly species-rich
20, frequent oxygen de- silt and clay, | endofauna communities
pletion in the water lay- stones, residual |and very species-rich
ers near the bottom; rare sediment, het- | phytal communities
icing erogeneous
sediment distri-
bution
Bay of Mecklen- | B relatively low flow veloci- | from 20 m to 30 | silt, clay in the | Marine species domi-
burg EEZ ties; thermohaline stratifi- | m central area, re- | nate, partly species-rich
cation with regular oxy- sidual sediment | endofauna communities
gen depletion, avg. salin- areas in the pe- |and very species-rich
ity > 7 < 20; occasional ripheral areas | phytal communities
icing
Darss Sill C Water exchange be- |from 18 m to 25 | Medium and | Transitional area, de-
tween central and west- | m; threshold be- | coarse sand, | crease of marine spe-
ern Baltic Sea through | tween Belt | gravel, residual | cies (Macoma balthica;
the Kadet Channel Sea/Bay of | sediment areas |in depths below 20 m
Mecklenburg and boulder | also Abra alba, Arctica
and Arkona Ba- | fields (reef) islandica communities
sin; the up to 25 as well as phytal com-
m deep Kadet munities in the Kadet
Channel is em- Channel)
bedded
Arkona Basin|D relatively low flow veloci- | from 20 m to 47 | silt, clay Species-poor brackish
EEZ ties; thermohaline stratifi- | m water community of the
cation with frequent oxy- central Baltic Sea with
gen depletion; icing pos- stenothermal cold-water
sible in winter, salinity > relicts in unique combi-
7 nation with freshwater
species
Bay of Pomera- | E relatively low flow veloci- | Flat seabed | Medium and | Species-poor brackish
nia (with Adler- ties; icing possible in win- | from 6 m to 30 | coarse sand, | water communities in
grund and Oder ter: (Adlergrund: rare ic- | m gravel, boul- | unique combination with
Bank) ing; Oder Bank: frequent ders, in the cen- | freshwater species (Ma-
winter icing), salinity > 7 tral areas large | coma balthica; Mya are-
areas of homo- | naria, Theodoxus fluvi-
geneous sand | atilis)

The Kadet Channel acts as a link between the
two. More than 70% of the water exchange of the

entire Baltic Sea runs through the Fehmarn Belt
and Kadet Channel.
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Water exchange of the bottom water in the Belt
Sea takes place several times a year, while salt-
water influxes into the Baltic Sea occur rarely.
The salinity is subject to strong horizontal and

vertical fluctuations. The stratification in the Belt
Sea is unstable (stagnation phases), whereas in
the central Baltic Sea there is a stably stratified
water body.
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— - Klustenmeer
— Intermationale Grenze|
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0-10m
10-20 m
N 20-40 m
N 40-50 m
Il 50-60 m

Figure 32: Natural area classification of the German Baltic Sea EEZ (according to BFN 2006).

The macrozoobenthos of the Ger-
man Baltic Sea

2.5.21

Overall, the Baltic Sea is species-poor compared
to the North Sea. The bottom-dwelling inverte-
brates of the Baltic Sea are primarily composed
of marine immigrants from the North Sea, brack-
ish water species and ice age relics (GOSSELCK
et al. 1996). The majority of species are marine
euryhaline species, which penetrate into the Bal-
tic Sea to varying degrees depending on their tol-
erance to decreasing salinity. Many marine spe-
cies do not penetrate into the areas east of the
Darss Sill, or only following extreme events. As
such, marine species decrease from the Belt
Sea towards the central and eastern Baltic Sea
in favour of brackish and limnic species, and
reach their eastern limit of distribution in the area
of the Arkona Basin. As the marine euryhaline
species are not replaced by a similar number of

limnic species, overall species richness tends to
decrease.

The decline in species as a result of decreasing
salinity from west to east is illustrated in Figure
33, an evaluation of data from long-term moni-
toring at 8 monitoring stations in the western Bal-
tic Sea (WASMUND et al. 2017). The results show
a clear decrease in species numbers from the
Bay of Kiel (83 species) to the central Bay of
Mecklenburg (12-16 species) both in 2016 and
in the long-term trend. In the Fehmarn Belt area,
significantly lower species numbers were rec-
orded in 2016 compared to the long-term trend.
An increased species diversity of up to 62 spe-
cies can be seen in the area of the southern Bay
Mecklenburg and the Darss Sill. East of the
Darss Sill into the Bay of Pomerania, species
numbers are again lower (18-28 species) and
the lowest in the long-term trend (WASMUND et
al. 2017).
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Figure 33: Number of macrozoobenthic species at 8 monitoring stations in November 2016 (green bars). Black
dots and error bars show median, minimum, and maximum species numbers between 1991 and 2016 (modi-

fied according to WASMUND et al. 2017).

The number of macrozoobenthos species corre-
lates closely with both salinity and sedimentary
conditions (REMANE 1934; ZETTLER et al. 2014).
Higher mean salinity levels and hard or fine sub-
strate habitats (including silty areas) have
proven to be particularly rich in macrozooben-
thos species.

When looking at the detailed results for the Feh-
marn Belt Station, it becomes clear that the ben-
thic communities are subject to strong fluctua-
tions from year to year, both in terms of individual
densities and species composition (Figure 34).
The highest abundances are found in molluscs,
which are not very species-rich, with Macoma
baltica (Baltic clam) and Mytilus edulis (blue
mussel) being the most common. Less con-
sistent in their densities are the crustaceans and
polychaetes.

Polychaetes have the highest number of species
over the years. This is due to their high adapta-
bility to changing environmental conditions (e.g.
lower salinity or low oxygenation).

Fluctuations in abundance of other species can
be explained by strong annual fluctuations in
saltwater inflow from the North Sea. A strong
saltwater influx can lead to a significant increase
in the number of individuals among macrozoo-
benthos species within a few weeks. Frequent
oxygen deficiency events have reduced species
diversity and colonisation density in recent dec-
ades. However, following a saltwater influx in
2014, euhaline species such as the bivalves
Abra alba and Corbula gibba, the polychaetes
Nephtys ciliata and Nephtys hombergii and the
brittle star Ophiura albida were detected in the
central Arkona Basin the following year after a
long absence (WASMUND et al. 2016a).
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Figure 34: Development of species numbers, abundance and biomass of macrozoobenthos at the Fehmarn
Belt station from 1991 to 2011. The arrows mark summer oxygen deficiency events in the bottom-level water

body (from WASMUND et al. 2012).

A total of 383 benthic species are listed for the
German marine and coastal area of the Baltic
Sea by GOSSELCK et al (1996). In comparison, a
total of 2,035 macrozoobenthos species can be
found throughout the Baltic Sea, distributed
among 1,423 marine species and 612 freshwa-
ter and brackish water species (ZETTLER et al.
2014). A total of 51 of these species are classi-
fied as neozoans.

WASMUND et al (2017) state that between 1991
and 2016 a total of 260 taxa were detected at
eight stations in the Baltic Sea (Bay of Kiel to Bay
of Pomerania). Of these, however, around a third
only occur occasionally. 150 regularly occurring
macrozoobenthos species were recorded in the
Bay of Kiel in the 1980s (BREY 1984; WEIGELT
1985). In the course of the long-term monitoring
of the outer coasts of Mecklenburg-Western
Pomerania (IFAO 2005b), around 140 taxa were
identified in the Bay of Mecklenburg. The high
proportion of marine "guest species" introduced
into the Bay of Mecklenburg during saltwater in-
flows is striking. ZETTLER et al (2000) identified a
total of over 240 macrozoobenthos species in
the Bay of Mecklenburg. The dominant system-
atic main groups were Polychaeta (71 taxa),
Crustacea (57 taxa) and Mollusca (50 taxa). This
high species diversity can be attributed to the
fact that all benthic habitats were recorded, and

also to the fact that, due to favourable hydro-
graphic conditions, a large number of marine im-
migrants were resident in the benthic zone of the
Bay of Mecklenburg at the time of the study in
1999.

According to literature research in the context of
an R&D project (Zettler ET al. 2003), 126 taxa
have been identified in the Arkona Sea so far. It
should be noted that more than 80 species are
rare or isolated finds. The bivalves Macoma
balthica and Mytilus edulis as well as the poly-
chaetes Pygospio elegans and Scoloplos armos
are the dominant species.
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The occurrence of macrozoobenthos species in
the Baltic Sea depends not only on salinity but
also on hydrographic conditions and water
depth. In particular, deeper zones (40 m) below
the halocline with silt seabeds are considered to
be very species-poor. For example, ZETTLER et
al (2000) found the greatest species diversity
(140 taxa) in the Bay of Mecklenburg in water
depths between 10 and 20 m. The lowest spe-
cies diversity ( around 70 taxa) was found at
depths of 25-30 m, which represented the deep-
est zone studied.

Stratified waters have a special status. In-
creased salinity and temporary oxygen defi-
ciency in the body of water near the bottom lead
to different benthos settlement patterns. Larvae
of marine invertebrates penetrate into the Baltic
Sea with the saline water from the North
Sea/Kattegat area, so that marine faunal ele-
ments at least temporarily settle in the mixoha-
line waters. On the other hand, the resulting ox-
ygen deficiency can lead to the collapse of ben-
thic communities (KOLMEL 1979, WEIGELT 1987,
GOSSELCK et al. 1987).

A special feature of this region is the brackish
water submergence of some species. Saline wa-
ter is deposited in the basins and depressions,
providing a habitat for species that can be found
at shallower depths in a fully marine environ-
ment. They may also move to substrates that do
not correspond to their preferred habitat in a fully
marine environment. Due to the constant ex-
change processes between the North Sea and
the Baltic Sea, submergence areas can shift and
need not remain constant. Among the species of
macrozoobenthos which, according to TISCHLER
(1993), can serve as examples of "brackish wa-
ter submergence" in the Baltic Sea are Mytilus
edulis (blue mussel), Macoma baltica (Baltic
clam), Hydrobia ulvae (mudsnail) and the worms
Pygospio elegans and Scoloplos armiger.

2.5.2.2

According to RUMOHR (1996), the zoobenthos
community in the shallow waters of the western
Baltic Sea is mostly dominated by the Macoma
balthica (Baltic clam) community. The lower limit
of the community's distribution in the North Sea
is at 10-15 m. However, as a result of increasing
salinity in deeper water, it extends to depths be-
tween 75 and 100 m in central, low salinity re-
gions of the Baltic Sea (TISCHLER 1993). In the
western Baltic Sea, the species of the Macoma
balthica community can also be found in shal-
lower parts of the coastal waters. The "true"
deep-water communities of the western Baltic
Sea, on the other hand, are dominated by the
Abra alba or Arctica islandica communities.
GLOCKZIN & ZETTLER (2008) also point to a clear
distinction between shallow and deep-water
benthic communities.

According to Kock (2001), the fauna of the
deeper Fehmarn Belt (19—28 m) can be consid-
ered a depauperate Abra alba community in the
sense of PETERSEN (1918) and THORSON (1957).
This community occurs on mixed to silty soils
with organic matter at depths of 5 to 30 metres.
The expected characteristic species are the bi-
valves Abra alba, Phaxas pellucidus, Aloides
gibba and Nucula sp., the polychaetes Pecti-
naria koreni and Nephtys sp. and the sea urchin
Echinocardium sp.

Benthic communities

In the Bay of Mecklenburg, according to ZETTLER
et al. (2000), the delimitation of biocoenoses is
directly linked to depth zoning (salinity, tempera-
ture, and sediments). Three main communities
can be distinguished: The first group can be de-
scribed as the Mya arenaria-Pygospio elegans
biocoenosis of shallow sandy areas in water
depths of less than 15 m. Here, aside from the
softshell clam and the spionid pygospio elegans,
Hydrobia ulvae, Mytilus edulis, Macoma balthica
and Scoloplos armiger are significantly repre-
sented. The second group is the biocoenosis of
sandy silt and silt in water depths of over 15 m.
The main species are Arctica islandica and Abra
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alba. Other important taxa are Diastylis rathkei,
Euchone papillosa and Terebellides stroemi.
This Abra alba-Arctica icelandica biocoenosis is
found in the Bay of Mecklenburg at depths be-
tween 15 and 29.6 m. After prolonged oxygen
deprivation, this biocoenosis can be reduced to
A. islandica and Halicryptus spinulosus (PRENA
et al. 1997). The third group are species of silty
sand at water depths between 12 and 22 m. This
transition area from sands to silt has also pro-
duced a definable biocoenosis. This biocoenosis
can be referred to as the Mysella bidentata-As-
tarte borealis biocoenosis. This area is mainly
dominated by five species of bivalves. Besides
Mysella bidentata and Astarte borealis, Corbula
gibba, Parvicardium ovale and A. elliptica are
regularly represented. This zone is also the main
area of occurrence of Asterias rubens.

The exposed crests with their moving coarser
sands represent a special habitat. Various spe-
cialists such as the bristle worms and Bathy-
poreia sarsi settle here. Fine sands with low silt
content predominate. They are colonised by a
characteristic species-poor community with high
stability. Dominant species in these areas are
the Baltic clam, softshell clam, lagoon cockle,
mussel and the laver spire shell from the mollusc
phylum as well as the ragworm, Pygospio ele-
gans, Marenzelleria neglecta and Heterochaeta
costata from the annelid phylum (Polychaeta
and Oligochaeta). Special communities can also
be found on the boulder and cobble slopes. The
epifauna community of hard soils is dominated
by the mussel (Mytilus edulis) and barnacles (B.
improvisus). This community, like the phytocoe-
nosis, is accompanied mainly by sessile colony
formers (bryozoans, cnidarians) and vagile
woodlice and amphipods (SORDYL et al. 2010).

An up-to-date and comprehensive description of
benthic communities for the entire Baltic Sea is
provided by GOGINA et al. (2016). This study
identified 10 benthic communities based on
abundance and 17 communities based on bio-
mass. In the area of the Bay of Mecklenburg and

in shallow sandy sediments, a biocoenosis is
found which is characterised by high abun-
dances of snails of the genus Hydrobiidae, the
polychaete Pygospio elegans and the lagoon
cockle Cerastoderma glaucum. Furthermore, in
deeper areas of the Bay of Mecklenburg, a bio-
coenosis occurs which is characterised by the
occurrence of the cumacean Diastylis rathkei,
the bivalve molluscs Corbula gibba, Arctica is-
landica, Abra alba as well as the polychaetes
Dipolydora quadrilobata and Aricidea suecica. In
the Arkona basin, the amphipod Pontoporeia
femorata and the polychaete Bylgides sarsi are
common. This community is closely linked to the
level of oxygenation in the deep basins. When
oxygen concentrations increase after prolonged
periods of oxygen deficiency, Bylgides sarsi is
often one of the first species to recolonize the
sediment GOGINA et al. (2016).
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Wind energy priority area EO1

Three communities (A, B and C) have been iden-
tified in area EO1. Community A is mainly dis-
tributed above the halocline, but is locally pre-
sent below the halocline in areas with hard bot-
toms. The community is dominated by the mus-
sel and elements of its typical accompanying
fauna (e.g. Gammarus spp., Microdeutopus gryl-
lotalpa, Jaera albifrons), but also by Saduria en-
tomon. Community B remains restricted in its
distribution to the sandy areas above the halo-
cline. It is dominated by Oligochaeta, Pygospio
elegans and Hydrobia ulvae, locally also by Ma-
renzelleria neglecta and Travisia forbesii. Com-
munity C is the biocoenosis of the silt-rich soft
soils below the halocline. Characteristic species
include Scoloplos armiger, Halicryptus spinu-
losus, Pontoporeia femorata, Diastylis rathkei,
Ampharete spp. and Terebellides stroemi.

Area reserved for wind energy EO2

The Macoma balthica community, which is
spread over large parts of the Baltic Sea, has de-
veloped throughout area EO2. The three main
species, measured in terms of total individual
numbers, are the Baltic clam, Scoloplos armiger
and the cumacean Diastylis rathkei. The pre-
dominant benthic species are mainly composed
of species that regenerate quickly after disturb-
ances.

Wind energy priority area EO3

In the Arkona Sea, two biocoenoses can be des-
ignated in area EO3. The first community lives in
shallow areas (up to 30 m water depth). Here,
the polychaete Travisia forbesii, the bivalve Mya
arenaria, the snail Hydrobia ulvae and the am-
phipod Bathyporeia pilosa are typical represent-
atives of the community. Due to their diet, all four
are typical for coastal waters with slight to aver-
age exposure, and are rarely found below 20 m
water depth. The areas in the central and north-
ern part of area EO3 can be assigned to this bi-
ocoenosis. The second biocoenosis is found in
the deeper areas (30 to 40 m) and includes cold-

water species such as the bivalve mollusc As-
tarte borealis, the glacial relict amphipods Mono-
poreia affinis and Pontoporeia femorata, the rel-
ict isopod Saduria entomon and the polychaete
Terebellides stroemi.

2.5.23

Current estimates suggest a possible occur-
rence of at least 30 Red List species according
to RACHOR et al. (2013) and HELCOM (2013b) in
the area of the German EEZ (Table 8). The main
threats are habitat destruction due to direct an-
thropogenic influences and effects of eutrophica-
tion such as oxygen depletion and increasing sil-
tation of sandy soils. Climate-induced warming
of the Baltic Sea represents a significant threat
for the future of stenothermic species adapted to
cold water (SORDYL et al. 2010).

Red List species

The macrozoobenthos surveys carried out as
part of HELCOM monitoring at eight stations in
the western Baltic Sea (WASMUND et al. 2017)
revealed a total of 23 Red List species for the
North Sea and Baltic Sea (RACHOR et al. 2013)
in November 2016. Two of these species are
listed as critically endangered (category 1), in-
cluding the clam Macoma calcarea, which, as in
previous years, was recorded in low abundance
in the area of the Bay of Kiel. The anthozoan Hal-
campa duodecimcirrata, also classified as criti-
cally endangered, was found in small numbers in
the southern Bay of Mecklenburg, but outside of
the German EEZ. Among the species classified
as endangered (category 2) according to RA-
CHOR et al. (2013), the common whelk (Bucci-
num undatum) was found in the area of the Bay
of Kiel. The polychaete Euchone papillosa, also
categorised as endangered, was found in the
Bay of Mecklenburg. Among the species catego-
rised as vulnerable (category 3), the bivalve As-
tarte montagui was found exclusively in the area
of the Bay of Kiel, while the black clam (Arctica
islandica) was found at several stations in the
western Baltic Sea as well as in the Arkona Ba-
sin.
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As a result of different assessment criteria, fewer
species are listed as endangered in the HEL-
COM Red List of the entire Baltic Sea (HELCOM
2013b), which was developed in accordance
with global criteria of the International Union for
Conservation of Nature (IUCN), than in the na-
tional Red List according to RACHOR et al (2013)
(Table 8). Due to the different assessment crite-
ria of the two Red Lists, the risk categories also
differ.

Most of the species listed as endangered (cate-
gory EN) or vulnerable (category VU) on the
HELCOM list occur outside of the German EEZ
in the Kattegat area or are restricted to shallow
coastal waters or beaches. Of the species poten-
tially occurring in the area of the German EEZ,
HELCOM (2013b) lists the three shellfish spe-
cies Macoma calcarea, Modiolus modiolus and
Nucula nucleus as vulnerable (category VU).
Three species occurring in the EEZ are listed as
near threatened (category NT), including the
truncate softshell (Mya truncata), the Icelandic
moonsnail (Amauropsis islandica) and the bob-
tail trophon (Boreotrophon truncatus).

As part of investigations for the wind farm pro-
jects Wikinger, Wikinger Stid, Wikinger Nord, Ar-
konabecken Sudost, Baltic Eagle and EnBW
Baltic 2 as well as the grid connection "Cables 1
to 6 / cross connection", a further 6 species on
the Red List were identified. These include the

endangered bryozoan species Alcyonidium ge-
latinosum and the amphipod Monoporeia affinis.
A further four species are endangered to an in-
determinate extent. In the investigations of area
EO1 to date, 10 endangered species have been
identified (Table 8).

Arctica islandica is found in the Baltic Sea from
the Bay of Kiel via the Bay of Mecklenburg to the
northern Arkona Basin. It colonises silt and silty
sand and requires a high salinity of at least 14
PSU and low temperatures. A decline in the Bal-
tic Sea population has been seen since 1960,
caused by a long-term lack of oxygen in the deep
water (SCHULZ 1968). At depths from 20 to 15 m,
where oxygen deficiency is rare, Arctica island-
ica continues to occur and is again found in high
densities in the Bay Mecklenburg (ZETTLER et al.
2001). It has a high potential for recolonisation
and, following oxygen deficiency situations, is al-
most always one of the first colonisers of the de-
serted soils in the deep zones of the Bays of
Lubeck and Mecklenburg (GOSSELCK et al.
1987). Older individuals are tolerant of tempo-
rary oxygen deficiency. The occurrences in the
Baltic Sea are the only currently known repro-
ducing populations of this species, which in prin-
ciple is widely distributed throughout German
waters.

Table 8: Endangered benthic invertebrate species in the German Baltic Sea EEZ and detection (X) in areas
EO1 to EO3. (RACHOR et al. 2013: 1=critically endangered, 2=endangered, 3=vulnerable, G=threatened to
indeterminate extent HELCOM, 2013b: VU=vulnerable, NT=near threatened).

Species Status as per Rachor | Status as per | Area EO1 | Area EO2 | Area EO3
et al., 2013 HELCOM, 2013

Anthozoa

Halcampa duodecimcirrata 1 -

Bivalvia

Arctica islandica

Astarte borealis

Astarte elliptica

wl O O w

Astarte montagui

x| X[ X| X
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Species

Status as per Rachor
etal., 2013

Status as per
HELCOM, 2013

Area EO1

Area EO2

Area EO3

Macoma calcarea

1

VU

Modiolus modiolus

VU

Musculus discors

Musculus niger

Musculus subpictus

Mya truncata

N O O O N

NT

Gastropods (snails)

Amauropsis islandica

NT

Aporrhais pespelicani

Boreotrophon truncatus

NT

Buccinum undatum

Nassatrius reticulatus

Neptunea antiqua

@D @ N N O N

Crustacea

Monoporeia affinis

Saduria entomon

Oligochaeta

Clitellio arenarius

Tubificoides pseudogaster

Polychaeta

Euchone papillosa

Fabriciola baltica

Nereimyra punctata

Scalibregma inflatum

Travisia forbesii

@D O @ O ™

Echinodermata

Echinocyamus pusillus

Hydrozoa

Sertularia cupressina

Halitholus yoldiaearcticae

Bryozoa

Alcyonidium gelatinosum
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There are three species of Astartidae in the EEZ.
In area EO1, Astarte borealis and Astarte ellip-
tica have been documented. As marine species,
they colonise the sublittoral sandy-silty to silty-
sandy zone between about 12 m to 20 m water
depth. Astarte montagui has never been fre-
quently recorded. It is one of the marine species
that temporarily colonise the area of the Belt Sea
after saltwater influxes.

The population of Mya truncate, presumably al-
ways small, was further decimated by oxygen
deficiency. The occurrence of Mya truncata is
further influenced by eutrophication and bottom
fishing, as the species does not dig particularly
deep into the sediment (HELCOM 2013b). Since
1994, and more frequently since 1997, M. trun-
cata has again been detected at the deep sta-
tions (15 to 20 m) of the coastal monitoring pro-
gramme for Mecklenburg-Western Pomerania.

The species has so far been identified in small
numbers in the Bay of Kiel and in the course of
investigations in area EO1.

Macoma calcarea, the larger relative of the Baltic
clam, was found along the saltwater zone be-
tween 15 and 20 m water depth in the Belt Sea,
the Northern Arkona Basin and the Bornholm
Basin until the 1970s. Oxygen deprivation led to
a decline in the population in the Baltic Sea and
the Bay of Mecklenburg. Currently, occurrence
of this species is limited to the western part of the
German EEZ (HELCOM 2013b).

The sea snails Amauropsis islandica and Bore-
otrophon truncatus are marine species that re-
quire cold water and high salinity. Their occur-
rence is currently restricted to the western part
of the German EEZ and their stocks are threat-
ened above all by bottom fishing and eutrophica-
tion (HELCOM 2013b).

The amphipod Monoporea affinis lives in the
cold-water zone of the Baltic Sea proper. Under
favourable hydrographic conditions it is one of
the dominant species (ANDERSIN et al. 1978).
The species colonises sandy and muddy soils

and is linked to cold water temperatures. It lives
in the upper 5 cm of the sediment and is an ac-
tive bioturbator that influences sediment struc-
ture, nutrient fluxes and oxygen availability in the
sediment. Sedimented phytoplankton and or-
ganic detritus are considered to be the main food
source. In the German EEZ, M. affinis was de-
tected in area EOS3.

2.5.2.4 Benthic algae

The biotopes of the Baltic Sea EEZ are primarily
populated by benthic invertebrates. The sub-
merged vegetation is represented by large algae
(red and brown algae) on hard bottoms (cobbles,
boulders) in the area of the shoals (Adlergrund,
Kriegers Flak) and Channels (Kadet Channel).
There are no observations of eelgrass (Zostera
marina) from the EEZ area, although it could well
occur at this water depth.

Macrophyte populations have not yet been de-
tected in area EO1.

2.5.3 Assessment of the state of the factor
benthos

The benthos of the Baltic Sea EEZ is subject to
changes due to both natural and anthropogenic
influences. In addition to natural and weather-re-
lated variability (severe winters), the main influ-
encing factors are demersal fishing, sand and
gravel extraction, the introduction of non-native
species and eutrophication of the water body,
and climate change.

2.5.3.1 Importance of sites for benthic com-

munities

Criteria which have already proven their worth in
the environmental impact assessments for off-
shore wind farm projects in the EEZ are used for
the assessment of benthic communities.
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Criterion: Rarity and threat

The criterion rarity and threat of the population
takes into account the number of rare or endan-
gered species. This can be assessed on the ba-
sis of the Red List species that have been iden-
tified.

According to current studies, the macrozooben-
thos of the Baltic Sea EEZ is considered average
on the basis of the number of Red List species
detected. A species list for the entire EEZ is cur-
rently not available. However, information on
species diversity is provided by Kock (2001),
who found over 110 different macrozoobenthos
species in the deep-water area of the Fehmarn
Belt. According to ZETTLER et al (2003), over 126
species have been identified in the Arkona Sea
to date.

GOSSELCK et al (1996) list a total of 383 benthic
species for the German marine and coastal area
of the Baltic Sea. WASMUND et al. (2016) state
that between 1991 and 2015, a total of 251
macrozoobenthos taxa were detected at eight
stations in the Baltic Sea (Bays of Kiel and Meck-
lenburg, Arkona Sea). The 29 Red List species
detected in the German EEZ thus represent ap-
proximately 8-12% of the total population. Spe-
cies on the near-threatened list and data defi-
cient species are not included here.

Criterion: Diversity and uniqueness

This criterion refers to the number of species and
the composition of the species communities. It
assesses the extent to which species or biotic
communities characteristic of the habitat occur
and how regularly they occur.

The species inventory of the Baltic Sea EEZ,
with its approximately 200 macrozoobenthos
species, can be regarded as average. The ben-
thic communities are also largely nonexcep-
tional. At higher salinities, such as those found in
the deeper zones of the German Belt Sea (from
approx. 20 m), conditions are right for a relatively
species-rich Abra alba biocoenosis. The epony-
mous white furrow shell (Abra alba) is joined by

the basket shell (Corbula gibba), the black clam
(Arctica islandica), the trumpet worm (Lagis ko-
reni), the catworm Nephtys sp., the cumacean
Diastylis rathkei or the common brittle star
(Ophiura albida). In addition, there are a number
of other marine/euryhaline polychaetes, crusta-
ceans and bivalves. In the Baltic Sea proper, the
Macoma Balthica biocoenosis predominates in
the shallower areas, with salinity-related species
decline.

Criterion: Legacy impacts

For this criterion, the intensity of fishing exploita-
tion, which is the most effective disturbance var-
iable, will be used as a benchmark. Eutrophica-
tion can also affect benthic communities. Other
disturbance variables, such as vessel traffic, pol-
lutants, etc. cannot be included in the assess-
ment as there is currently a lack of suitable
measurement and detection methods.

The benthos of the Baltic Sea has legacy im-
pacts from various anthropogenic disturbance
factors and deviates from its natural state. As a
result, neither the species composition nor the
biomass of zoobenthos today corresponds to the
state that would be expected without human ac-
tivity. Particularly noteworthy is the disturbance
of the seabed surface by intensive fishing activ-
ity, which poses a high risk to epibenthos and
causes a shift from long-lived species (bivalve
molluscs) to short-lived, rapidly reproducing spe-
cies. Other major factors are eutrophication and
shipping. The main effects of eutrophication on
the Baltic Sea ecosystem have been the in-
crease in planktonic primary production, the in-
crease in benthic biomass (CEDERWALL and
ELMGREN, 1980) and the increase in oxygen de-
pletion events. Increasing oxygen consumption
due to eutrophication processes and reduced
water exchange due to climate fluctuations or
changes are considered to be the causes of the
frequent and extreme oxygen deficiency condi-
tions in the Baltic Sea (HELCOM 2009). Muni-
tions dumped in the Baltic Sea can also pose a
threat to the benthos.
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In addition to the evaluation criteria mentioned
above, the Baltic Sea succession model of
RUMOHR (1996) can be used to describe the sit-
uation of benthic communities in the Baltic Sea.
Application of this model shows that the bentho-
logical status of the Baltic Sea deteriorated by at
least one stage between 1932 and 1989. The
particular hydrographic and morphological char-
acteristics of the Baltic Sea, natural events (salt-
water intrusion, oxygen depletion) and anthropo-
genic influences (eutrophication, pollutant in-
puts) indicate a succession of typical benthic
states. RUMOHR (1996) distinguishes a se-
quence of typical states and defines a total of five
different stages. These begin with a stable (cli-
max) community dominated by long-lived bi-
valves or echinoderms (stage 1, hardly ever
found today) and, as eutrophication increases,
change into a community with increased bio-
mass (stage 2), which is dominated by bivalves
and long-lived polychaetes and is subject to
strong fluctuations. If conditions continue to de-
teriorate, a short-lived community of small poly-
chaetes with low biomass follows, with strong
fluctuations in population parameters and occa-
sional extinctions due to oxygen deficiency
(stage 3). If the oxygen content decreases even
further, the entire fauna living in the soil (infauna)
dies and only occasionally a mobile epifauna can
be found. In the long term, stage 5 consists of
animal-free (azoic) finely laminated sediment.

Since the end of the 1980s, the western Arkona
Basin, like the eastern basins, has been one of
the areas of the Baltic Sea acutely endangered
due to temporary oxygen deficiency events. This
is shown by a comparison of the state of the ma-
rine environment between data by HAGMEIER
from 1932 (stages 1-2) and data from 1989
(stages 3—4) (RUMOHR, 1996). However, follow-
ing previous oxygen deficiency situations, it also
became apparent that the benthos has enor-
mous regeneration potential (cf. WASMUND et al.
2012). Thus the current state of the benthos, as
derived from data from environmental impact
studies (EIS) and R&D projects, can be placed

in stage 2—3 of the Baltic Sea succession model
according to Rumohr (1996). However, the indi-
vidual steps in this succession model can be re-
versed if conditions change as a result of envi-
ronmental improvements.

Wind energy priority area EO1

In preparatory studies by ZETTLER et al (2003) for
the designation of the special suitability area
"West of Adlergrund" (area EO1), a total of 69
macrozoobenthos species were identified. Total
densities of between 750 and 31,250 individuals
per square metre were found, with abundances
mainly influenced by the presence of mussels
(Mytilus edulis). Accordingly, the biomass corre-
lates mainly with their occurrence. A total of six
species were identified by ZETTLER et al. (2003)
as being glacial relics (Halitholus yoldiaearcti-
cae, Astarte borealis, A. elliptica, Monoporeia af-
finis, Pontoporeia femorata and Saduria ento-
mon). Like Arctica islandica, these species de-
pend on cold and relatively salty water and are
therefore largely restricted in their occurrence to
the deeper parts of the area. From a macrozoo-
benthic point of view, the areas with Astarte bo-
realis are particularly valuable for the region.
Strong aperiodic saltwater influxes can transport
marine species into the eastern Arkona Basin
and thus contribute to biodiversity. In the south-
ern half of the area, bivalve coenoses of Mytilus
edulis and Macoma baltica have been recorded.

The investigations of the benthos in area 1
(MARILIM 2016) carried out as part of the base-
line survey were only partially able to confirm the
results of ZETTLER et al (2003). The species
found were assigned to the Macoma balthica
community, which is widely distributed in the
western and central Baltic Sea. Accordingly, in
area EO1 the species Macoma balthica, Scolo-
plos armiger and Pygospio elegans were the
most common, with the biomass dominated by
the Baltic clam (Macoma balthica). In the south-
ern part of area EO1, on the other hand, the
three main species Mytilus edulis, Pygospio ele-
gans and Macoma balthica were most abundant.
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The biomass in this area was constantly domi-
nated by bivalves (Mytilus edulis and Macoma
balthica).

The benthic community in area EO1 should be
considered of high quality due to the richness of
species, rare relict species and Red List species.
The area has a comparatively high proportion of
endangered species. From a macrozoobenthic
point of view, the boulder fields with their distinct
mussel beds are particularly valuable. In the
southeast, the high numbers of benthic species
from the Adlergrund reach into area EO1. Mainly
mussel beds, gravel and stone banks and the
presence of till have been identified.

Area reserved for wind energy EO2

The results of the environmental assessments
for the proposed offshore wind farms Baltic Ea-
gle and Ostseeschatz will be used for the as-
sessment of the benthos in area EO2. The Ma-
coma balthica community, which extends over
large parts of the Baltic Sea, is established
throughout the area. Apart from the eponymous
Baltic clam, the benthic community is dominated
Table 8).

Overall, area EO2 has a low structural richness.
The benthos is mainly composed of species that
regenerate quickly. The pronounced ability to re-
cover quickly after disturbances is a characteris-
tic feature of the benthic fauna (RUMOHR 1995).
The area is therefore of minor importance both
for the infauna and the epifauna.

Wind energy priority area EO3

The results of the preparatory investigations for
the designation of the special suitability area
Kriegers Flak, the results of the benthos investi-
gations within the scope of the EIA, and monitor-
ing performed during construction of wind farm
EnBW Baltic 2 will be used for the description of
the area EO3.

In the investigations of ZETTLER et al. (2003) a
total of 77 macrozoobenthos species were de-

by various other bivalves, polychaetes, crusta-
ceans and gastropods. The three main species,
measured in terms of the total number of individ-
uals, are the Baltic clam, Scoloplos armiger and
the cumacean Diastylis rathkei. Apart from the
bivalve molluscs, they are mainly fast-growing,
short-lived "opportunists", characterised by rapid
attainment of sexual maturity, high numbers of
offspring and short life cycles. These are crucial
characteristics for survival in the highly variable
environmental factors of this habitat.

A total of 42 macrozoobenthos species were
identified in the Baltic Eagle and Ostseeschatz
project areas. The average density of individuals
in the project area Baltic Eagle was 643 individ-
uals per m2. Individual species often dominate.
The epifauna is dominated by species that can
live as scavengers or predators on muddy sub-
strates, such as the polychaetes Nephtys ciliata
and Byilgides sarsi. Of the species identified, only
the Iceland mussel (Arctica islandica) is classi-
fied as endangered in accordance with the Red
List (Rachor et al., 2013) (cf.

tected. Total densities between 386 and 8875 in-
dividuals/m? were found, where the abundances
were significantly influenced by the presence or
absence of the Baltic clam (Macoma balthica)
and the polychaete Pygospio elegans. The bio-
mass was mainly dependent on the larger bi-
valve species (Macoma balthica, Mya arenaria
and Mytilus edulis). At the silt stations in water
depths of more than 35 m, the polychaete Tere-
bellides stroemi was regularly recorded in rela-
tively high abundances. Of the species recorded,
seven species should be regarded as glacial rel-
ics (including Astarte borealis, Monoporeia af-
finis and Pontoporeia femorata). These species,
as well as Arctica islandica, depend on cold and
relatively salty water and are therefore largely re-
stricted in their occurrence to the deeper zones
of the area. These zones are particularly valua-
ble for the Kriegers Flak region from a macrozoo-
benthic point of view.
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With the exception of a few reports of rare spe-
cies, the results of the investigations within the
scope of the EIA on the current population of
benthic communities are in agreement with the
results of the investigations within the scope of
the R&D project commissioned by the BfN (Zet-
tler ET al. 2003). A total of 83 macrozoobenthos
taxa were identified in the EIA of the study area
for the wind farm EnBW Baltic 2. Investigations
carried out as part of construction monitoring
(IFAO 2015a) identified a total of 60 species and
20 supraspecific taxa. Most frequently present
were the Baltic clam (Macoma balthica) and the
mussel, the laver spire shell (Hydrobia ulvae),
the polychaetes Pygospio elegans and Scolo-
plos armiger and the cumaceae species Di-
astylis rathkei.

Between 2002 and 2014, a total of 10 endan-
gered Red List species as per RACHOR et al.
(2013) were identified in area EO3 (cf. Table 8).

The benthic community in area EO3 is consid-
ered to be of high quality due to its species rich-
ness, rare relict species and the number of Red
List species. This follows from the fact that a total
of 83 species were identified in the study area of
the EnBW Baltic 2 wind farm, 10 of which are
Red List species. The southern and to some ex-
tent the northeastern area of the site is of partic-
ular importance, as it is home to cold-water spe-
cies that are rare in the Baltic Sea (e.g. Astarte
borealis, Monoporeia affinis). According to ZET-
TLER et al. (2003), the cobble and stone bottoms
in the northern shallow area with its pronounced
mussel beds are also particularly valuable from
a macrozoobenthic point of view.

Area reserved for cables LOG6

Within the scope of the benthos investigations
for the grid connection of the offshore wind farm
Arkona-Becken Siidost, a total of 36 macrozoo-
benthos species were detected by means of
grab sampling. Polychaetes and crustaceans
represented the most species-rich groups. The

average density of individuals was 3,396 individ-
uals per m?. A total of 61 species were detected
within the scope of the route investigations for
the planned grid connections for area EO1 car-
ried out in 2012.

The soft soil zone found along the route outside
area EO1 is relatively species-poor. The individ-
ual species densities and total biomass found
are also comparatively low. Soft soil-dwelling
species such as Halicryptus spinulosus, Ma-
coma balthica, Terrebellides stroemi, Diastylis
rathkei and Pontoporeia femorata predominate.
Especially in summer, aperiodic oxygen defi-
ciency events can occur in the muddy soils and
lead to large-scale die-off of benthic fauna. Over-
all, the importance of the route for macrozooben-
thos can be classified as low to medium, at most.
The transect studies within area EO1 show a
clearly species-rich benthic fauna with higher in-
dividual densities. Here the mussel dominates
the hard seabed biocoenosis.

More recent investigations of benthic communi-
ties were carried out as part of the approval pro-
cedure "Cables 1 to 6 / cross connection" for the
grid connection in areas 1 and 2 (50 HERTZ
2014), the route of which largely corresponds to
the routes of the connections. A total of 42 taxa
were identified along the planned cable routes,
with polychaetes (14 species), crustaceans (12
species) and molluscs (5 species) being the tax-
onomic groups with the greatest number of spe-
cies. Two of the identified species are on the Red
List as per RACHOR et al. (2013) with a degree of
threat of indeterminate extent due to their current
population or population development (directive
category G). These are the bivalve mollusc As-
tarte borealis and the isopod Saduria entomon.
The endangered, long-lived bivalve mollusc Arc-
tica islandica (directive category 3) may also oc-
cur locally, even if it was not detected in the
above investigations. Within the boulder fields
occurring in the area, the occurrence of typical
reef species or reef communities can be ex-
pected. The benthic community should therefore
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be classified as regionally significant, especially
in area EO1.

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-
dwelling fish feed predominantly on inverte-
brates living in and on the bottom, while pelagic
fish species feed almost exclusively on zoo-
plankton or other fish. In this way, biomass pro-
duced in and on the seabed and in open water,
and the energy it binds, is also made available to
seabirds and marine mammals.

The way of life of adult fish in the water body
lends itself as a first subdivision of the fish fauna,
according to which bottom-dwelling species (de-
mersal) can be distinguished from those living in
open water (pelagic). Mixed forms (benthope-
lagic) are also widely distributed. However, this
separation is not strict: demersal fish do ascend
into the water column, just as pelagic fish may
temporarily stay near the bottom. At 53%, de-
mersal fish account for the largest proportion,
ahead of benthopelagic (27%) and pelagic
(17%) species. Only around 3% of fish cannot be
assigned to any of the three habitats due to close
habitat affinity (FROESE & PAULY 2000). The in-
dividual life stages of each 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 ground, or sticks them to suit-
able substrates such as algae or stones (DICKEY-
CoLLAS et al. 2015); all flatfish have pelagic lar-
vae, which later take on their characteristic
shape and become bottom-dwelling (VELASCO et
al. 2015), and benthopelagic fish such as cod
have pelagic eggs and larvae (HISLOP et al.
2015). The most important influences on fish
populations are fishing and climate change (HOL-
LOWED et al. 2013, HEESSEN et al. 2015). These
factors interact, and their relative impact on fish
population dynamics is difficult to distinguish

(DAAN et al. 1990, VAN BEUSEKOM et al. 2018).
Added to this are the hydrographic conditions
and the influences of a wide range of human ac-
tivities. For example, although the dominance re-
lationships within a fish species community may
follow long-term, periodic climate fluctuations
(PERRY et al. 2005, BEAUGRAND 2009, GROGER
et al. 2010, HisLoP et al. 2015), they cannot be
explained without taking fisheries into account
(FAUCHALD 2010).

A weakening of the synchronicity between tem-
perature-controlled zooplankton development
and day-length-controlled phytoplankton devel-
opment represents another mechanism by which
elevated temperatures due to climatic change
can influence fish population dynamics. As a re-
sult of this temporal mismatch (CUSHING 1990),
fish larvae may find a reduced density of zoo-
plankton once they have consumed their yolk
sac and become dependent on an external food
supply. Across species, the survival rates of
early life stages have a disproportionately high
impact on population dynamics (HOUDE 1987,
2008). This variability can extend to predators at
the top of the food web (DURANT et al. 2007, DAN-
HARDT & BECKER 2011), which includes fisheries.
Indirectly, climate change could affect marine
fish communities due to the installation of off-
shore wind farms in response to climate change
(EEA 2015). On the one hand, this would create
large areas from which fishing is excluded, and
on the other hand it would introduce artificial
hard substrates on a large scale, thereby creat-
ing habitats for species that would not otherwise
occur in the areas concerned (EHRICH et al.
2007). In principle, these mechanisms are also
effective in the Baltic Sea, whose hydrographic
dependence on wind-driven inflow of saline and
oxygen-rich North Sea water is the determining
factor for fish populations (MOLLMANN et al.
2009). Oxygen deficiency repeatedly occurs in
the deep basins. Stable stratification of the water
body, with oxygen depletion below the thermo-
cline can massively impair the reproductive suc-
cess of fish whose eggs float in these layers (e.g.
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Baltic cod; NISSLING et al. 1994). However, cli-
mate change and fisheries are not the only fac-
tors that can control fish populations. For exam-
ple, OSTERBLOM et al. (2007) explain the devel-
opment of fish stocks in the Baltic Sea between
1900 and 1980 largely based on the decline in
the seal population and severe eutrophication.

2.6.1

As data is almost exclusively available from bot-
tom fisheries, not from pelagic sampling, the fol-
lowing assessment can only be made for demer-
sal fish. For pelagic fish, no reliable estimates
can be made. The bases for the status assess-
ment of the protected (bottom-dwelling) fish are

Data availability

¢ the results of environmental impact studies
and cluster investigations for the prepara-
tion of current species lists (Area 1: Cluster
west of Adlergrund spring 2014; Area 2: Bal-
tic Eagle autumn 2012; Area 3: EnBW Baltic
2 autumn 2014), and

¢ the International Council for the Exploration
of the Sea (ICES) trawl survey database
(DATRAS) (accessed 12" of March 2018).
Only the standard areas and grid squares
covering the German Baltic Sea EEZ were
considered. These are standard roundfish
areas 22 and 24, with wind farm areas EO1,
EO2 and EO3 all located in standard round-
fish area 24. The catch data from the 4™
quarter of 2017 and the 1%t quarter of 2018
were combined.

EHRICH et al (2006) and KLOPPMANN et al (2003)
were considered as a historical reference.
HEESSEN et al. (2015) was used to classify the
project in the wider context of the entire Baltic
Sea. The Internet portal "Fischbestande Online"
(BARZ & ZIMMERMANN 2018), which summarises
the scientific assessment of stocks by ICES, was
used for the current assessment (2017/2018) of
exploited stocks.

2.6.2 Spatial distribution and temporal vari-
ability

The spatial and temporal distribution of fish is de-
termined first and foremost by their life cycle and
the associated migrations of the various devel-
opmental stages (HARDEN-JONES 1968, WOOT-
TON 2012, KING 2013). The framework for this is
set by many different factors affecting different
spatial and temporal scales. On a large scale,
hydrographic and climatic factors (in the broad
sense) such as swell, and above all wind-driven
currents — which control the influx of cold, oxy-
gen-rich saltwater from the North Sea — have a
major impact on living conditions for fish in the
Baltic Sea. On a medium (regional) to small (lo-
cal) space-time scale, the effects of water tem-
perature and other hydrophysical and hydro-
chemical parameters, as well as food availability,
intra- and inter-species competition and preda-
tion, including fisheries, may be seen. Another
decisive factor for the distribution of fish in time
and space is habitat. In a broader sense this re-
fers not only to physical structures, but also to
hydrographic phenomena such as fronts (MUNK
et al. 2009) and upwelling areas (GUTIERREZ et
al. 2007), where prey aggregates and can
thereby set in motion and maintain entire trophic
cascades. Various human activities and influ-
ences are further factors that structure the fish
distribution. These include nutrient and pollutant
discharges, the obstruction of migration routes
for migratory species, fisheries, and marine
structures used by fish as a spawning substrate
(sheet piling for herring spawn), food source
(fouling/growth on artificial structures), and even
as a refuge (wind farms) (EEA 2015).

2.6.21

The special hydrography and decrease in salin-
ity from west to east are also reflected in the fish
fauna of the Baltic Sea. Where marine species
predominate in the North Sea, freshwater fish
make up a large part of the Baltic Sea fish spe-
cies community. As of November 2015, the fish
database Fishbase (FROESE & PAULY 2000)
lists 160 species recorded throughout the Baltic
Sea to date. THIEL et al (1996) put the number of

Fish fauna in the German EEZ
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Baltic fish species at 144, comprising 97 marine
fish species, 7 migratory and 40 freshwater fish
species. In their comprehensive overview, WIN-
KLER & SCHRODER (2003) list 151 species for the
entire German Baltic Sea coast. The reference
area covers the Baltic coasts of Schleswig-Hol-
stein and Mecklenburg-Western Pomerania, ex-
ternally bounded by the central EEZ dividing line
established with neighbouring countries (as de-
fined by FRICKE et al. 1996). The documentation
includes all species for which there is scientifi-
cally proven evidence from the German Baltic
Sea region. Taking into account all individual
species ever recorded in the Baltic Sea, the list
of Baltic fish consists of 176 species (WINKLER et
al. 2000). According to MOBIUS & HEINCKE
(1883), the species are divided into four catego-
ries depending on how the area is used as a hab-
itat:

o Marine sedentary fish which, although they
do migrate, are continuously encountered
and reproduce in the area

e Marine migratory and erratic migratory spe-
cies which regularly, sporadically or ex-
tremely rarely migrate from the North Sea,
but do not reproduce in the Baltic Sea

e Diadromous migratory fish that reproduce in
fresh water and grow to maturity in the sea,
or vice versa

e Freshwater fish that are stationary or migra-
tory, reproducing in brackish or pure fresh
water

According to MOYLE & CECH (2000), diadromous
migratory species can be divided into

e anadromous species such as salmon, twaite
shad (Alosa fallax) and river lamprey (Lam-
petra fluviatilis), which spawn in freshwater
and grow to maturity in estuaries or the sea,

e semi-anadromous species such as vimba
bream (vimba vimba), ziege (Pelecus cultra-
tus), Baltic whitefish (Coregonus maraena)
and smelt Osmerus eperlanus, which spawn

in the upper estuary/low salinity brackish or
fresh water, and

e catadromous species such as eel or floun-
der, which spawn in the sea and grow to
maturity in brackish or fresh water.

While migratory species generally occur regu-
larly in the area during their food migrations, er-
ratic migratory species appear in the area with
little predictability and mostly as a result of unu-
sual hydrographic and meteorological phenom-
ena. In the Baltic Sea, almost half of all species
are resident, 18% can be classified as regular
visitors, 29% as migrants and 8% have been in-
troduced into the Baltic Sea, mostly temporarily,
through deliberate or accidental stocking.

The total number of species has almost doubled
since the 16th century, mainly due to the appear-
ance of marine species. However, the ratio be-
tween marine species, and diadromous and
freshwater species has remained at 2:1. Accord-
ing to WINKLER & SCHRODER (2003), 2/3 of the
fish community are marine species, 12% are di-
adromous migratory species and 21% are fresh-
water fish. Of the 151 species found in the Baltic
Sea, 44 are considered very rare, 36 rare, 33
regular, 24 common and 13 species are very
common in the German Baltic Sea. This means
that around 46% of the fish species (70 of 151)
occur regularly to very frequently and around
54% rarely to very rarely in the German Baltic
Sea (WINKLER & SCHRODER 2003).

2.6.2.2

The habitat-typical fish communities of the Baltic
Sea are represented by pelagic, benthic (demer-
sal) and littoral species (NELLEN & THIEL 1995).
The boundaries are fluid and there is inter-
change, e.g. when pelagic fish such as herring
visit their spawning grounds on the coast. In ad-
dition to spawning grounds, there are also feed-
ing grounds for many fish species along the
coast. The pelagic fish community is dominated
by herring, which is found throughout the Baltic

Habitat-typical fish communities
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Sea. Sprat, salmon and sea trout are other typi-
cal representatives. The economically most im-
portant representatives of the benthic fish com-
munity are cod, flounder and plaice. In addition
to the above-mentioned commercially exploited
species, various small fish species (e.g. gobies)
are important members within the fish communi-
ties of the Baltic Sea.

The littoral fish community consists almost exclu-
sively of juvenile individuals of pelagic species.
The littoral of the Baltic Sea, consisting of bod-
den and lagoons, is characterised by dense
growth of algae and sea grass as well as a rich-
ness of food, which explains its function as a
nursery area for economically important species
and as a habitat for small fish.

2.6.2.3

The distribution of Baltic fish is largely deter-
mined by their tolerance or preference for abiotic
factors such as salinity, temperature and oxygen
content. In particular, the more sensitive devel-
opmental stages are decisive in this respect.
Freshwater fish reach their physiological limits in
the brackish Baltic Sea in the same way as ma-
rine fish from the North Sea, and the distribution
of fish species reflects the salinity gradient,
which decreases toward the east and north
(RHEINHEIMER 1996). Along the same gradient,
both the number of species and the species-spe-
cific abundance decreases, which can be ex-
plained to a large extent by the fact that marine
fish avoid areas that are too low in salinity. In the
Kattegat and the western Baltic Sea, marine fish
are predominantly found (NELLEN & THIEL 1995),
while freshwater fish are found in the coastal wa-
ters of the central Baltic Sea, where they are the
most abundant species. REMANE (1958) reports
120 species of marine fish in the North Sea, only
70 in the Bays of Kiel and Mecklenburg, 40 to 50
in the southern and central Baltic Sea, and only
20 species in the Sea of Aland, the Gulf of Fin-
land and the Bothnian Sea. In addition to salinity,
water temperature also appears to be a factor
that structures the fish community. The fish

Biocoenoses typical of the region

fauna of the North Sea is composed of species
whose distribution centres on the north (Norway
and Iceland) or the south (the Channel and the
Bay of Biscay). In the western Baltic Sea, with
few exceptions, all common marine fish are pre-
dominantly adapted to cold, e.g. cod, whiting,
plaice and dab. In contrast, fish species with a
more southerly distribution, including mackerel
(Scomber scombrus), horse mackerel (Trachu-
rus trachurus), haddock (Melanogrammus ae-
glefinus), tub gurnard (Chelidonichthys Iu-
cernus), anchovy (Engraulis encrasicolus) and
grey mullet (Chelon labrosus) rarely enter the
western Baltic Sea. Nevertheless, the resident
turbot, garfish, sprat, black goby (Gobius niger)
and sand goby are all representatives of the
"southern type" (NELLEN & THIEL 1995). The oc-
currence of freshwater fish in the Baltic Sea is
limited to the river estuaries, bodden and lagoon
waters (THIEL et al. 1996).

2.6.2.4 Red List species in the German
EEZ

As part of the Red List, the threat to the 89 es-
tablished fish and lamprey species in the Baltic
Sea was assessed, based on current stocks as
well as long-term and short-term stock trends
(THIEL et al. 2013). According to this assess-
ment, 9% (8 species) of the established marine
fish and lamprey species in the Baltic Sea are
classified as extinct or endangered under the
Red List status. Taking extremely rare species
into account, the proportion of Red List species
increases to 16.9% (15 species). In the eastern
EEZ, a total of 4 species having Red List status
in the Baltic Sea were identified (FREYHOF 2009;
THIEL ET AL. 2013). The river lamprey is critically
endangered (1) (FREYHOF 2009). The European
eel is endangered in the Baltic Sea (2), twaite
shad and salmon are vulnerable (3) (THIEL et al.
2013).

Three of the Red List species are listed in Annex
Il of the Habitats Directive, namely the twaite
shad, river lamprey and salmon (which however
only has this status in freshwater). The sturgeon
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Acipenser oxyrhinchus is considered extinct in
the Baltic Sea (FREYHOF 2009). According to ge-
netic and morphometric studies, the "Baltic stur-
geon" is not the Atlantic sturgeon Acipenser
sturio, as previously assumed, but the descend-
ant of A. oxyrhinchus, now widespread in North
America (LUDWIG et al. 2002). A. sturio was last
caught off Rigen in 1952. As part of the project
to reintroduce the Baltic sturgeon Acipenser ox-
yrinchus, several thousand juveniles, some of
which were tagged, have been released in the
Oder River since 2007/2008. To date, no natural
reproduction has taken place and all reported
sturgeon catches are the result of these stocking
measures (GESSNER et al. 2000).

2.6.3 Assessment of the state of the factor
fish

The status assessment of the demersal fish
community in the German Baltic Sea EEZ is
based on i) rarity and threat, ii) diversity and
unigueness, and iii) naturalness. These three cri-
teria are defined below and applied separately
for areas 1, 2 and 3.

Rarity and threat

The rarity and threat of the fish community are
assessed on the basis of the proportion of spe-
cies that are considered vulnerable according to
the current Red List of marine fish (THIEL et al.
2013) or Red List of freshwater fish for diadro-
mous species (FREYHOF 2009) and have been
assigned to one of the following Red List catego-
ries: Extinct in the wild (0), critically endangered
(1), endangered (2), vulnerable (3), threatened
to an indeterminate extent (G), extremely rare
(R), early warning (V), data deficient (D) or not
threatened (*) (THIEL et al. 2013) Particular atten-
tion is paid to the threat level for species listed in
Annex |l of the Habitats Directive. They are the
focus of Europe-wide conservation efforts and
require special conservation measures, e.g. for
their habitats.

In the Baltic Sea areas where areas EO1, EO2
and EO3 are located, a total of 45 fish species
were identified as part of the environmental im-
pact assessment and fish stock monitoring as-
sessment in the above period (2.8.1). Of these,
according to THIEL et al. (2013) and FREYHOF
(2009), no species is considered extinct in the
wild (0) or critically endangered (1). Three en-
dangered species (2), eel, haddock and sea
stickleback, were identified (6.7%). Trachinus
draco and Trisopterus minutus are considered
vulnerable (3) (2 species, 4.4%). None of the oc-
curring species were found to be threatened to
an indeterminate extent (G). Pollack is consid-
ered extremely rare (R, 1 species, 2.2%). Turbot,
mackerel and sole (Solea solea) are on the early
warning list (V; 3 species, 6.7%). The data avail-
ability for the sand eels Ammodytes tobianus,
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Hyperoplus immaculatus and H. lanceolatus, as
well as hake and longspined bullhead (5 species,
11.1%), is considered insufficient for an assess-
ment (D). The vast majority of species (31,
68.9%) are considered not threatened (*).

In the sea areas in which area EO1 is located, a
total of 38 species were identified during the en-
vironmental impact assessments and fish stock
monitoring assessment. According to FREYHOF
(2009) and THIEL et al. (2013), none of these
species are considered extinct in the wild (0),

critically endangered, or threatened to an inde-
terminate extent (G). Eel, haddock and sea stick-
leback, are the three endangered species (cate-
gory 2, 7.9%), while the greater weever is vulner-
able (3, 1 species, 2.6%). Pollack is considered
extremely rare (R, 1 species, 2.6%), turbot,
mackerel and sole are on the early warning list
(V; 3 species, 7.9%). For the greater sandeel
and Corbyn’s sandeel, the available data do not
allow an assessment (D, 3 species, 7.9%). The
remaining 27 species (71.1%) are considered
not threatened (*) (Table 9).

Table 9: Relative proportions of the Red List categories in the fish species detected in areas 1, 2 and 3. Extinct
in the wild (0), critically endangered (1), endangered (2), vulnerable (3), threatened to an indeterminate extent
(G), extremely rare (R), early warning list (V), data deficient (D) or not threatened (*) (THIEL et al. 2013). (EIA
data for areas 1, 2, and 3 and 2017/2018 data from ICES DATRAS database, see 2.8.1). For comparison, the
relative proportions of the assessment categories of the Baltic Sea Red List (THIEL et al. (2013) are shown.

Red List Category
TERRITORY 0 1 2 3 G R Vv D *
1 0,0 0,0 7,9 26 0,0 2,6 7,9 7,9 71,1
2 0,0 0,0 7,1 24 0,0 2,4 7,1 9,5 71,4
3 0,0 0,0 75 5,0 0,0 2,5 75 5,0 72,5
Red List 1,1 21 1,1 3,2 1,1 7,4 1,1 19,1 63,8

In the sea areas in which the area EO2 is lo-
cated, a total of 42 species were identified during
the environmental impact assessments and fish
stock monitoring assessment. According to
FREYHOF (2009) and THIEL et al. (2013), none of
these species are considered extinct in the wild
(0), critically endangered, or threatened to an in-
determinate extent (G). Eel, haddock and sea
stickleback are the three endangered species
(category 2, 7.1%), while the greater weever is
vulnerable (3, 1 species, 2.4%). Pollack is con-
sidered extremely rare (R, 1 species, 2.4%), tur-
bot, mackerel and sole are on the early warning
list (V; 3 species, 7.1%). For sandeel and hake,
the available data do not allow an assessment
(D, 4 species, 9.5%). The remaining 30 species
(71.4%) are considered not threatened (*) (Table
9).

In the sea areas in which the area EO3 is lo-
cated, a total of 40 species were identified during
the environmental impact assessments and fish
stock monitoring assessment. According to
FREYHOF (2009) and THIEL et al. (2013), none of
these species are considered extinct in the wild
(0), critically endangered, or threatened to an in-
determinate extent (G).

Three endangered species (2) were identified
(7.5%): eel, haddock and sea stickleback. The
greater weever and poor cod are considered to
be vulnerable (3) (2 species, 5.0%). Pollock is
considered extremely rare (R, 1 species, 2.5%),
turbot, mackerel and sole are on the early warn-
ing list (V; 3 species, 7.5%).

For the greater sandeel and Corbyn’s sandeel
the available data do not allow an assessment
(D, 2 species 5.0%). The remaining 29 species
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(72.5%) are considered not threatened (*) (Table
9).

In the Baltic Sea Red Lists of marine fish (THIEL
et al. 2013) and freshwater fish (FREYHOF 2009),
a total of 16.0% of the species assessed were
assigned to a risk category (0, 1, 2, 3, G or R);
1.1% are on the early warning list, and for 19.1%
no assessment is possible due to a lack of data.
A total of 63.8% of species are considered not
threatened (FREYHOF 2009, THIEL et al. 2013)
(Table 9). By comparison, fewer species with a
threatened status were recorded in all three Bal-
tic Sea areas (1: 13.1%, 2: 11.9%, 3: 15.0%),
while in each case there were more non-threat-
ened species than on the Red Lists (1: 71.1%, 2:
71.4%, 3: 72.5%).

As expected, no extinct species (category 0)
were found in any of the areas. The significance
of the areas is below average for critically endan-
gered species (1), while endangered species (2)
were relatively more common in all areas than in
the Red Lists. This also applied to vulnerable
species (3) in Area 3. For these species, the ar-
eas are of above average significance. Vulnera-
ble species accounted for a smaller proportion in
areas 1 and 2 (Table 9). Species in category G
(threatened to an indeterminate extent) and ex-
tremely rare species were found in lower propor-
tions than in the Red Lists in all three areas,
while the proportion of species on the early warn-
ing list was higher. The proportion of species that
could not be assessed due to lack of data (D)
was half (area 2) to almost three quarters (area
3) below the proportion in the Red Lists. Rela-
tively more non-threatened species (*) were
found in all areas, which means that they are of
above-average importance for species in this
category (Table 9).

Habitats Directive species were identified neither
during the environmental impact assessments
nor in the fisheries management surveys.
Against this background, the fish fauna of the ar-
eas under consideration is considered to be av-
erage in terms of the criteria of rarity and threat.

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 uniqueness of a fish com-
munity, i.e. how regularly habitat-typical species
occur. Diversity and uniqueness are compared
and assessed below, between the Baltic Sea as
a whole and the German EEZ, and between the
EEZ and the individual areas.

Taking all documented species into account,
there are 176 species in the Baltic Sea (WINKLER
et al. 2000). According to the fish database
Fishbase, as of November 2015, 160 fish spe-
cies have been recorded in the entire Baltic Sea,
and WINKLER & SCHRODER (2003) list 151 spe-
cies for which there is scientifically proven evi-
dence from the German Baltic Sea region. THIEL
ET AL (1996) put the number of Baltic fish species
at 144, including 97 marine fish species, 7 migra-
tory fish species and 40 freshwater fish species.
The vast majority of these are rare and only just
over half of them reproduce regularly in the Ger-
man Exclusive Economic Zone (EEZ) or are
found as larvae, juveniles or adults. In accord-
ance with these criteria, only 89 species are con-
sidered established in the Baltic Sea (THIEL et al.
2013). In the Baltic International Trawl Surveys
(BITS), 69 fish species were recorded through-
out the North Sea between 2014 and 2018. In
the German EEZ, represented here by the clus-
ter-related fish data from environmental impact
studies (see 2.8.1) and the DATRAS database
of ICES (BITS data 2017 & 2018), a total of 45
species were identified (Table 10). The number of
species in the individual areas was tightly
grouped between 38 and 42 (cf. "Rarity and
threat"). Most of the species were caught during
the fisheries management surveys, but some
species that did not appear in the BITS survey
were detected in the ElAs. These were the sand
lance, anchovy, three-spined stickleback, com-
mon seasnail Liparis liparis, hake, sand goby,
longspined bullhead and pouting. Most species
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were found in Area 2, followed by Areas 3 and 1
(Table 10).

All demersal flat and roundfish species typical for
the Baltic Sea were detected across all areas. All
flatfish species (long rough dab (Hippoglos-
soides platessoides), common dab, flounder,
plaice, turbot, brill and sole) were present in all
of the areas considered (Table 10).

Although the bottom trawls used were not suita-
ble for capturing pelagic fish, the typical pelagic
species of this fish community were found in all
clusters, namely sand lance, herring, greater
sand eel, Corbyn’s sandeel, smelt, mackerel,
sprat and horse mackerel (Table 10).

Of the 45 species recorded in the German EEZ
during the period in question, 37 species were
found in all areas, one species (sand goby) was
found in two areas and seven species were rec-
orded in one area each (Table 10). No spatial
structure of the occurrence of different species,
e.g. according to their preferred habitat or salin-
ity preference, could be identified. Freshwater

fish such as perch and zander and inshore spe-
cies such as flounder and smelt were found in all
three areas, while marine species such as an-
chovy and hake were caught in only one area
(Table 10). It is possible that the environmental
gradients in the area under consideration are not
sufficiently pronounced to give a measurable
structure to the occurrence of species. The com-
position of fish species differs between the areas
only in terms of individual rare species, while
there are large similarities in the more common,
characteristic species (Table 10).

Between 1977 and 2005, EHRICH et al. (2006)
identified 58 fish species in the Baltic Sea. Com-
pared to these reports and to data from the Baltic
Sea as a whole, the diversity in all areas can be
considered average. In all areas, the typical and
characteristic species of both the pelagic and de-
mersal components of the fish communities con-
sidered were represented (see above). The
uniqueness of the fish communities found is
therefore also considered to be average.




120 | Description and assessment of the state of the environment

Table 10: List of all fish species in the German Baltic Sea EEZ and species records in clusters 1, 2 and 3 (EIS
data from 2014 and data from 2017/2018 from the ICES DATRAS database, see 2.8.1)

Arthame Deutscher Trivialname O0S1 OS2 OS3

Agonus cataphractus Steinpicker
Ammodytes tobianus Tobiasfisch

Anguilla anguilla Europaischer Aal

Aphia minuta Glasgrundel

Clupea harengus Hering

Cydopterus lumpus Seehase

Enchelyopus dmbrius Vierbartelige Seequappe
Engraulis encrasicolus Sardelle

Eutrigla gurmardus Grauer Knurrhahn
Gadus morhua Kabeljau

Gasterosteus aculeatus Dreistachliger Stichling
Gobius niger Schwarzgrundel
Hippoglossoides platessoides | Doggerscharbe
Hyperoplus immaculatus Ungefleckter gro3er Sandaal
Hyperoplus lanceolatus Gefleckter grolRer Sandaal
Limanda limanda Kliesche

Liparis liparis Grol3er Scheibenbauch
Melanogrammus aeglefinus | Schellfisch

Merlangius merlangus Wittling

Merluccius merluccius Seehecht

Mullus surmuletus Streifenbarbe
Myoxocephal us scorpius Seeskorpion
Neogobius melanostomus Schwarzrmundgrundel
Osmerus eperlanus Stint

Perca fluviatilis Flussbarsch
Platichthys flesus Flunder

Pleuronectes platessa Schdlle

Pollachius pollachius Pollack

Pollachius virens Seelachs
Pomatoschistus minutus Sandgrundel

Sander ludoperca Zander

Scomber scombrus Mekrele

Scophthalmus maximus Steinbutt
Scophthalmus rhombus Gattbutt

Soleasolea Seezunge

Spinachia spinachia Seestichling

Sprattus sprattus Sprotte

Syngnathus rostellatus Kleine Seenadel
Syngnathus typhle Grasnadel

Taurulus bubalis Seebull

Trachinus draco Grof3es Petermannchen
Trachurus trachurus Holzmakrele (=Stdcker)
Trisopterus esmarkii Stintdorsch
Trisopterus minutus Franzosendorsch
Zoarces viviparus Aalmutter

Anzahl Arten 38 42 40
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Legacy impacts

The legacy impacts on a community are defined
as the presence of anthropogenic influences, of
which fishing is the most important. It is true that
fish are also subject to other direct and indirect
human influences, such as eutrophication, ship-
ping traffic, pollutants, and sand and gravel ex-
traction. However, these effects cannot yet be
measured reliably. In principle, the relative ef-
fects of individual anthropogenic factors on the
fish community and their interactions with natural
biotic (predators, prey, competitors, reproduc-
tion) and abiotic (hydrography, meteorology,
sediment dynamics) parameters of the German
EEZ cannot be clearly separated. However, by
taking target species and by-catch, and by dis-
turbing the seabed in the case of bottom fishing
methods, fisheries are the most effective disturb-
ance to fish communities and can therefore
serve as a measure of the legacy impact on fish
communities in the Baltic Sea. An assessment of
stocks on a smaller spatial scale, such as the
German EEZ, is not carried out as part of fisher-
ies management, so the following assessment of
this criterion cannot be carried out at cluster level
either, but only for the Baltic Sea as a whole. Of
the 89 species considered established in the Bal-
tic Sea (THIEL et al. 2013), 17 stocks of 9 species
are fished commercially (ICES 2017a). The as-
sessment of the existing stocks is based on the
"Fisheries Overview - Baltic Sea Ecoregion" of
the International Council for the Exploration of
the Sea (ICES 2017a).

Fisheries have two main effects on the ecosys-
tem: the disturbance or destruction of benthic
habitats by nets in contact with the seabed, and
the taking of target species and by-catch spe-
cies. The latter often include protected, threat-
ened or endangered species, including not only
fish but also reptiles, birds and mammals (ICES
2017b). More than 5300 fishing vessels from
nine nations operate in the Baltic Sea with an an-
nual catch of almost 700,000 tonnes across spe-
cies and stocks (ICES 2017a). In total there are

4100 small-scale coastal fishing vessels, and
only 1200 vessels fishing in the open Baltic Sea.
However, there are major differences between
the countries involved.

Bottom fishing is concentrated in the southern
Baltic Sea. However, outside of coastal waters
the fleet mainly uses pelagic trawls in the entire
Baltic Sea. In coastal fisheries, bottom-set gill-
nets predominate (ICES 2017a).

The German fleet consists of more than 700 ves-
sels, of which only 60 operate in offshore areas.
In coastal waters, 650 smaller vessels operate
exclusively in bottom-set gillnet fisheries. On the
German Baltic Sea coast alone, the number of
recreational anglers targeting cod, herring, sea
trout, whiting and flatfish from shore or boats is
estimated at 161,000.

Commercial fisheries and the size of spawning
stocks will be assessed against Maximum Sus-
tainable Yield (MSY), taking into account the pre-
cautionary approach. A total of 17 stocks have
been considered in terms of fishing intensity,
with scientific stock assessments for 14, neglect-
ing just 3 stocks. Of the 17 stocks assessed, 7
are sustainably managed and 7 are over-ex-
ploited (Figure 2.8.5; ICES 2017a). Of the 17
stocks, 10 were assessed in terms of their repro-
ductive capacity (spawning biomass). Of these,
6 have full reproductive capacity (Figure 22;
ICES 2017a). The biomass share of the total Bal-
tic catch (687,000 tonnes in 2017) of over-ex-
ploited stocks outweighs by a large margin
(>90% ) the share of stocks caught sustainably
and not assessed. Nevertheless, fish from
stocks whose reproductive capacity is above the
defined reference value accounts for the majority
of the biomass share in the catch (>90%). Bio-
mass from assessed stocks and those with a re-
productive potential below the reference value
accounts for less than 10% overall.

Overall fishing yields were at their peak in the
mid-1970s and 1990s, which can be explained
by the stocks of cod Gadus morhua and herring
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Clupea harengus. Half of the fish stocks in the
Baltic Sea monitored against reference values
are managed at or below sustainable yield
(FMSY), while the other half are overfished. This
is reflected in the fact that the vast maijority of the
biomass in the catch comes from these stocks
(Figure 35). While pelagic trawls and passive fish-
ing gear are the predominant fishing methods in
the Baltic Sea, bottom trawling with its resultant
disturbance of the seabed is concentrated in the
southern Baltic Sea. The bottom trawling fisher-
ies sometimes have high by-catch rates of diving
seabirds (auks and seaducks) and, more rarely,
harbour porpoises.

In the overview of the fishery indicators (ICES
2017a), the ecosystem effects of bottom fishing
(WATLING & Norse 1998, Hiddink ET al. 2006)
and set gillnetting, the impact on fish fauna is
considered to be average.
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Figure 35: Summary of the status of fish stocks in the
Baltic Sea in 2017. Left: Fishing intensity indicates the
number of stocks (top) and the biomass share of the
catch (bottom, in 1000 tonnes) that is below (green)
or above (red) the reference level (fishing mortality at
maximum sustainable yield, FMSY). Right: Repro-
ductive 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

Fischereiintensitat

opue)seg
lyezuy

(usuuoyl 0001)
Bueq we |BUY

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 17 stocks were considered, which together
accounted for a catch of 687,000. Amended in ac-
cordance with ICES (2017a).
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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 linked to
stage-specific habitat requirements by more or
less extensive migrations between them. No in-
formation on reproductive status was collected
for the data sets used, so the importance of the
areas for fish can only be described in general
terms. A further obstacle to a high-resolution ar-
eal assessment is the fact that the catch data
were collected using methods that do not allow
for an assessment with respect to habitat. The
overview of species records by area did not
show any particular significance of a specific
area for the regular, common characteristic spe-
cies. There is no apparent tendency for species
with specific habitats to favour certain areas (Ta-
ble 10), but this may be due to the fact that the
area under consideration is too small and too ho-
mogeneous for environmental gradients to be re-
flected in the species composition. Fish also
pass through wind farm areas on the regular mi-
grations between the spawning and nursery
grounds near the coast and the deeper areas
that characterise the life cycle of most species.
They are therefore important as transit areas, at
least for marine species. Freshwater species are
concentrated along the coast and near the estu-
aries, as evidenced by the absence of many
freshwater species that are quite typical and
characteristic in the Baltic Sea (THIEL et al. 2013)
in the data evaluated here. The importance of
wind farm areas is low for these species. How-
ever, the relatively higher proportion of endan-
gered fish species in all three areas indicates
that these areas are more important for these
species (eel, haddock and sea stickleback).

Importance of the areas for fish

2.7 Marine mammals

Three species of marine mammals regularly oc-
cur in the German Baltic Sea EEZ: Harbour por-
poises (Phocoena phocoena), grey seals (Hali-
choerus grypus) and harbour seals (Phoca vi-
tulina). All three species are characterised by
high mobility. Migration, especially in search of
food, is not limited to the EEZ. It includes coastal
waters and large areas of the Baltic Sea beyond
the German EEZ. The two seal species have
their resting and whelping grounds on islands
and sandbanks in coastal waters. They forage
extensively in the open sea from their resting
sites. Due to their high mobility and use of very
extensive areas, it is necessary to consider the
occurrence not only in the German EEZ, but in
the entire western Baltic Sea.

Marine mammals are among the top consumers
in the marine food chain. They are therefore de-
pendent on the lower components of the marine
food chain: on the one hand on their direct food
organisms (fish and zooplankton) and on the
other hand indirectly on phytoplankton. As con-
sumers at the top of the marine food chain, ma-
rine mammals also influence the occurrence of
food organisms.

271

As aresult of alarge number of investigation pro-
grammes, particularly in German waters, data
availability has improved significantly in recent
years, and can now be considered good. How-
ever, there is no continuous investigation or
monitoring programme for marine mammals in
the EEZ and coastal waters.

Data availability
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Data are available at different spatial levels from
the following sources:

e Surveys of the entire area of northern Euro-
pean waters carried out under SCANS |, I
and IlI* in 1994, 2005 and 2016, and the
mini-SCANS of 2012 (however, SCANS
only covers the western Baltic Sea up to the
German part of the Bay of Pomerania)

e Research projects in the German EEZ and
in coastal seas, such as the MINOS® and
MINOSplus surveys in the years 2002 to
2006

¢ Investigations in the context of authorisation
and planning approval procedures for off-
shore wind farms, and planning approval
procedures for pipelines

e Monitoring of Natura 2000 sites / acoustic
monitoring by the German Oceanographic
Museum

e The EU research project SAMBAH®

SAMBAH (Static Acoustic Monitoring of the Bal-
tic Sea Harbour porpoise) is an international
monitoring project aimed at providing scientific
data to support the conservation of the Baltic
porpoise. Between May 2011 and May 2013,
300 click detectors were deployed in the Central
Baltic Sea to determine the density, frequency
and distribution of the harbour porpoise popula-
tion.

4 Small Cetacean Abundance in the North Sea and Adja-
cent Waters

5 Marine warm-blooded animals in the North and Baltic
Seas: Principles for the assessment of wind turbines in the
offshore area (project funded by BMU)

2.7.2 Spatial distribution and temporal var-
iability

The high mobility of marine mammals depending
on specific conditions of the marine environment
leads to a high spatial and temporal variability in
occurrence. Both the distribution and abundance
of the animals vary over the course of the sea-
sons. A good database is necessary in order to
draw conclusions about seasonal distribution
patterns and the use of different sub-areas.
Large-scale long-term studies in particular are
necessary in order to identify the effects of intra-
annual and interannual variability.

Harbour porpoises occur all year round in the
German Baltic Sea EEZ, but their abundance
and spatial distribution varies with the seasons
(GILLES et al. 2008, 2009). However, the sea-
sonal distribution patterns are less pronounced
than in the North Sea.

2.7.21

The harbour porpoise is a common cetacean
species in the temperate waters of the North At-
lantic and North Pacific, and in some marginal
seas like the Baltic Sea. Due to its hunting and
diving behaviour, the distribution of harbour por-
poises is limited to continental shelf seas (READ
1999). The harbour porpoise is the only species
of cetacean that occurs regularly in the Baltic
Sea.

Harbour porpoises

Studies indicate that there are three separate
porpoise populations in the waters between the
North Sea and the Baltic Sea: a) the population
of the North Sea and the Skagerrak, b) the Belt
Sea population (Kattegat, Belt Sea, Qresund
and Western Baltic Sea) and c) the separate
population of the Central Baltic Sea (TEILMANN et
al. 2011). The existence of a separate population

6 Static Acoustic Monitoring of the Baltic Sea Harbour Por-
poise
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in the eastern Baltic Sea with a stock of a few
hundred individuals is indicated by the results of
morphometric and genetic investigations and the
results of the SAMBAH research project (GALA-
TIUS et al. 2012).

Harbour porpoises migrate in search of rich food
sources and temporarily concentrate in areas of
high quality and/or high quantity food supplies
(REIUNDERS 1992, EVANS 1990). Fish, mainly
herring and cod species, are part of the harbour
porpoise's preferred food spectrum. Harbour
porpoises mainly hunt schools of fish (READ
1999). Pelagic and semi-pelagic fish species
dominate the porpoise's diet. Breeding grounds
are mainly reported as coastal areas with water
depths below 20 m, e.g. in the Belt Sea and on
the coasts of Mecklenburg-Western Pomerania
(KINZE 1990, SCHULZE 1996).

Occurrence of harbour porpoise in the Ger-
man Baltic Sea

There was a significant decrease in population
numbers between 1994 and 2005 for the whole
Kattegat, Belt Sea, Dresund and Western Baltic
Sea area. Whereas in 1994, 27,800 porpoises
(95% confidence interval = 11,946—-64,549) were
recorded in this area within the scope of SCANS
[, in 2005 only 10,900 individuals (Cl = 5,840—
20,214) were recorded for the area (TEILMANN et
al. 2011). However, the difference is not signifi-
cant, due to the wide range of the 95% confi-
dence intervals (ASCOBANS 2012). The area
east of the Darss Sill is not covered by the
SCANS survey.

SCHEIDAT et al. (2008) showed that population
density in the southwestern Baltic Sea is subject

to both seasonal and spatial fluctuations. The
highest densities occur in the area of the Bay of
Kiel. The abundance of harbour porpoise rec-
orded varied between 457 individuals in March
2003 (Cl: 0-1,632) and the highest estimates in
May 2005 with 4,610 individuals (Cl: 2,259-
9,098). The most recent population estimates for
the Bay of Kiel (including Danish waters to the
island of Funen) in 2010 and 2011 show low den-
sities of less than 0.4 individuals per km? (GILLES
et al. 2011).

For the area east of the Darss and Limhamn sill
to Dland and the outer Gdansk Bay, only 599 in-
dividuals were recorded in 1995 (HIBY & LOVELL
1995). These values reflect a significant de-
crease in population density along a gradient
from the Kattegat to Polish waters (KOSCHINSKI
2002).

An analysis of data from airborne censuses, ran-
dom sightings and strandings has shown that the
density of harbour porpoises in the Baltic Sea
decreases from west to east (SIEBERT et al.
2006). This is confirmed by a gradient in the ech-
olocation activity of harbour porpoises (GILLES-
PIE et al. 2003, VERFUSS et al. 2004). By using
stationary click detectors (PODs), harbour por-
poises were detected almost every day at Feh-
marn. In the period from 2008 to 2010, 90% to
100% porpoise-positive days (PPDs) were rec-
orded around Fehmarn and in the Bay of Meck-
lenburg. The results from Adlergrund and the
Oder Bank showed significantly lower harbour
porpoise registration rates overall than in the
western study areas, with a maximum of 21%
porpoise-positive days in February 2010 (see
Fig. 14; GALLUS et al. 2010).
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Figure 36: Harbour porpoise positive days as a percentage of the total number of recording days for the study
areas Fehmarn (3 stations), Bay of Mecklenburg (1 station), Kadet Channel (3 stations), Adlergrund (2 stations)
and Oder Bank (3 stations). Fehmarn, Kadet Channel and the Bay of Mecklenburg were automatically evalu-
ated using Cet All, while Oder Bank and Adlergrund were visually verified. The values for 2010 on Adlergrund
should be taken as a trend only, as at this time only one station provided usable data, and in March observa-
tions were made on just 6 days (source: GALLUS et al. 2010).

For the large-scale investigations in the MINOS
and MINOSplus projects, the German EEZ of the
Baltic Sea was divided into three sub-areas
(SCHEIDAT et al. 2004, GILLES et al. 2007, GILLES
et al. 2008). Area E (Bay of Kiel) comprises the
western part of the EEZ and coastal waters, area
F (Bay of Mecklenburg) the area up to the Darss
Sill and area G (Rugen) comprises the eastern
part of the German EEZ and coastal waters. In
the entire period under study, the mapping effort
reached 24,360 km. However, in total just 335
harbour porpoises were sighted. During the pe-
riod under review from 2002 to 2006, the density
of harbour porpoises in the areas varied between
0.06 individuals/km? in spring 2005, 0.08 individ-
uals/km? in June 2003 and 0.13 individuals/km?
in June 2005. The population was estimated at
1,300 (200 to 3,800) individuals in spring, 1,700

(700 to 3,700) individuals in summer and 2,800
(1,200 to 5,900) individuals in autumn.

Due to weather conditions in the winter months
from December to February, the mapping effort
remained low, so that no calculations are possi-
ble. In spring, most porpoises were seen around
the island of Fehmarn and on the Oder Bank. In
summer, the highest densities were found in the
Bay of Kiel. Although an unexpectedly high num-
ber were sighted on the Oder Bank in July 2002
(84), none were found in the following years. It
cannot therefore be excluded that this was a
temporary immigration of porpoises from the
western Baltic Sea in search of food. In autumn,
many individuals were sighted in the western
part of the Baltic Sea, although fewer than in
summer. With the exception of a single sighting
on the Adlergrund, no porpoises were sighted
east of the Darf} peninsula. The density gradient
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running from west to east remained throughout
the entire period and was particularly pro-

nounced in autumn (GILLES et al. 2007).

P 1.
: A b
. 'y ‘ - ' | »
» . \ N o N 3 N
= . N —_ /1 =
N Lk s | | L.
._.l—-- \ v.“ 2 I 5 |
/ | / ) ( /
e ; - ananay | Y |Il
(Indiv./km?) p! / o Y, B f
P { 1 sn 4 LN g )
oo ST T Frobling (Mirz-Ma) 7 sommer Juni-Aug)
-85 m‘ 2002 bis 2006 2002 bis 2006 )
-132.200
- 200 l,..,,..,
t T T
~ “* N ,
I3 A
MB : ‘
- - N N » tow Vs \
S e > Ak,
N g Al 1_ hl A [ -l_
il .r_ —'.'l g ) o~
It * { |5 ’
n ’ D 'y ’ A
Dichte | v Dichte t
(Indiv./km’) 7 t 3 (Indiv./km”) 4 .
o om | Ay | I oo \ K {
Horbst (Sop. - Nov.) . | > Winter (Dez. - Fob.) )
LI X ) P L X X L -
_—055-1.21 2*2&5 ‘\.\ o= 058121 bis
- 22230 =122 200
il st - - 200 ety ote 13010 un

Figure 37: Seasonal distribution patterns of harbour porpoises in the southwestern Baltic Sea (2002-2006).
The grid maps are corrected for effort expenditure. They show the average density of harbour porpoises per
grid cell (10x10km) in a) spring (March-May), b) summer (June-August), ¢) autumn (September-November)
and d) winter (December-February, source: GILLES et al. 2007, p.126f.).

Occurrence in nature conservation areas

Based on the results of the MINOS and EMSON’
surveys, five areas of particular importance for
harbour porpoises have been defined in the Ger-
man Baltic Sea EEZ. These are the Habitats Di-
rective areas Fehmarnbelt, Kadetrinne (Kadet
Channel), Adlergrund, Westliche Ro&nnebank
(western Rénne Bank) and Pommersche Bucht
mit Oderbank (Bay of Pomerania with Oder

7 Survey of marine mammals and seabirds in the German
EEZ of the North Sea and Baltic Sea

Bank). Systematic aerial surveys of harbour por-
poises in the Adlergrund and Bay of Pomerania
were only carried out in May 2002 (GILLES et al.
2004). The abundance extrapolated on the basis
of sightings for the Adlergrund comes to 33 indi-
viduals.
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For the Bay of Pomerania, an abundance calcu-
lation is only possible with a very large error. The
method used leads to excessive values. The ob-
servation of 84 individuals on the Oder Bank in
July 2002 remained unique. Despite a high map-
ping effort, no more animals were sighted here
in the following years. Echolocation clicks were
regularly recorded around the island of Fehmarn
and in the Kadet Channel (VERFUSS et al. 2004).
The Kadet Channel is regularly frequented by
harbour porpoises, especially during migration.
Furthermore, the significance of the area for the
animals is still unclear. Between 1996 and 2002,
calves represented 36% of all stranded por-
poises in the area of the Bay of Kiel to Fehmarn.
This indicates that the area is of great im-
portance for reproduction (SCHEIDAT et al. 2004).

High incidences of echolocation clicks in winter
at some stations near Fehmarn (VERFUSS et al.
2004) suggest use as a wintering area. Overall,
the evaluated data indicate a strongly seasonal
occurrence with abundance maxima in summer.

As a result of the 2017 regulations, the Habitats
Directive areas in the German Baltic Sea EEZ
have been granted the status of nature conser-
vation areas:

- Regulation on the designation of the nature
conservation area Fehmarnbelt
(NSGFmbV), Federal Law Gazette I, | p.
3405 of 22/09/2017,

- Regulation on the designation of the nature
conservation area Kadetrinne (NSGKdrV),
Federal Law Gazette I, | p. 3410 of
22/09/2017,

- Ordinance on the designation of the nature
conservation area Pommersche Bucht -
Oderbank (NSGPBRYV), Federal Law Ga-
zette |, | p. 3415 of 22/09/2017.

Occurrence in the wind energy areas EO1
and EO2

The areas for wind energy EO1 and EO2 are
designated as porpoise habitats based on sight-
ings in the general vicinity during MINOS and
EIS investigations, monitoring of the projects
Wikinger and Arkona-Becken Sidost, and
acoustic surveys of porpoise activity.

The results obtained so far from investigations in
the two areas as well as from the general vicinity
can be summarised as follows:

e The areas are irregularly used by harbour
porpoises to transit, rest and feed.

¢ The incidence of harbour porpoises in these
areas is low compared to the area east of the
Darss Sill, and in particular around the island
of Fehmarn, in the Bay of Kiel, the Belt Sea
and the Kattegat.

e Temporary use, as identified in July 2002, is
possible for areas such as the Oder Bank -
possibly as a result of increased food supply.

e There is no clear evidence that the areas are
used as nursery grounds.

e For harbour porpoises, these areas are gen-
erally of medium importance, and seasonally
high importance.

e The high importance of the areas results
from the possible use by individuals of the
separate and highly endangered Baltic Sea
population of harbour porpoises during the
winter months.

e These areas have a low to medium im-
portance for grey seals and harbour seals.
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If no prevention or mitigation measures are
taken, the construction of the wind turbines and
transformer platforms in areas EO1 and EO2, in
particular noise emissions during the installation
of the foundations, poses risks to harbour por-
poises.

Occurrence in wind energy priority area EO3

Wind energy priority area EO3 is designated a
harbour porpoise habitat based on the sightings
in the general vicinity during the MINOS and EIS
investigations, monitoring of the offshore project
EnBW Baltic 2 and on the results of the acoustic
recording of harbour porpoise activity within the
scope of research projects and monitoring by the
Federal Office for Nature Conservation (BfN).

All of the results obtained so far from investiga-
tions in area EO3 as well as from the general vi-
cinity can be summarised as follows:

e The area is irregularly used by harbour por-
poises for transit.

e The presence of harbour porpoises in this
area is low compared to the presence east of
the Darss Sill and, in particular, around the
island of Fehmarn, in the Bay of Kiel, the Belt
Sea and the Kattegat.

e Based on current information, use of the area
as a nursery ground has not been proven.

o For harbour porpoises, this area is of me-
dium importance.

o For grey seals and harbour seals, this area
is of little importance.

Hazards for harbour porpoises in area EO3 may
result from the construction of the transformer
platforms, in particular noise emissions during
the installation of the foundations, if no preven-
tion or mitigation measures are taken.

2.7.2.2

The harbour seal is the most widespread seal
species in the North Atlantic and is found
throughout the North Sea and Kattegat. In the

Harbour seals and grey seals

Baltic Sea, its regular range is limited to the Qr-
esund and areas around the Danish islands of
Falster, Lolland and Mgn. The southeastern limit
is in Skane (Sweden) (HARDER 1996, TEILMANN
& HEIDE-JORGENSEN 2001, SCHWARZzZ et al.
2003). There are currently no seal colonies on
the German coasts (HELCOM 2005). Every year
about 5to 10 seals are recorded in Mecklenburg-
Western Pomerania. The records are distributed
over the entire coastal region, with the main fo-
cus in the bodden west of Rugen and Wismar
Bay (HARDER & ScHULzE 2001). Occasional
whelping occurs here, too.

Suitable undisturbed resting sites are crucial for
the presence of harbour seals. The significantly
shallower diving depth observed in telemetric
surveys and the significantly shorter distances
covered in comparison to grey seals (DIETZ et al.
2003), indicate that harbour seals in the southern
Baltic Sea probably mainly hunt in shallow
coastal waters. Potential food habitats in Ger-
man waters can therefore be found along the
bodden coast of Mecklenburg-Western Pomera-
nia, especially within a radius of up to 60 km from
the resting sites. Telemetric studies show that
adult harbour seals in particular rarely move
more than 50 km from their original resting sites
(ToLLIT et al. 1998).

On the basis of regular airborne censuses of the
closest resting sites to the German EEZ off the
Danish and Swedish coasts in 2002 and 2003,
and applying a correction factor for harbour seals
in the water, the authors calculate a total popu-
lation of 655 individuals in the southern Baltic
Sea area (TEILMANN et al. 2004).

Suitable, undisturbed whelping and resting sites
are also crucial for the occurrence of grey seals.
Potential resting sites include sandbanks and
unused beach sections (e.g. in the core zone of
the Vorpommersche Boddenlandschaft National
Park). There are currently no grey seal colonies
on the German Baltic Sea coast. The closest
resting sites to the German EEZ are at Rgdsand
off the Danish island of Falster, in the @resund,
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and at Maklappen near Falsterbo in southern
Sweden (TEILMANN & HEIDE-J@RGENSEN 2001,
SCHWARZ et al. 2003). In the German EEZ, hab-
itats east of the Darf} are mainly used for forag-
ing, while areas further west probably only play
a minor role (SCHWARZ et al. 2003).

Grey seal counts at the time of moulting, be-
tween May and June in the Baltic Sea, resulted
in a total of 17,640 individuals for the Baltic Sea
in 2004 (KARLSSON & HELANDER 2005). A total
population of approximately 21,000 is extrapo-
lated from this data.

The distribution of Baltic grey seals is probably
dependent on ice cover, among other factors.
Grey seals hunt in shallow water areas near and
far from the coast, as well as on underwater
slopes and reefs (SCHWARZ et al. 2003). Poten-
tial hunting grounds can therefore be found in the
EEZ, for example in the Kadet Channel, the Ad-
lergrund or the Oder Bank. However, current
findings do not allow for predictions regarding
the use of these potential habitats, as both the
food composition and the preferences in the se-
lection of food habitats can vary greatly season-
ally and in the longer term (SCHWARZ et al.
2003).

In addition to relatively small-scale movements
of less than 10 km leading back to the same rest-
ing site, hunting excursions to grounds more
than 100 km away, and occasional extensive mi-
grations to other colonies were described. DIETZ
et al. (2003) determined the "95% Kernel Home
Range" from the positions of grey seals fitted
with transmitters at Rgdsand. This indicates the
area where an animal can be sighted with a
probability of 95% at any time. For four of the six
individuals, the "Kernel Home Range" includes
parts of the German EEZ.

No harbour seals or grey seals were sighted dur-
ing the Baltic Sea porpoise survey flights (GILLES
et al. 2004), so no conclusions can be made
about the use of the areas. The telemetric sur-
veys from the southern Baltic Sea ( DIETZ et al.

2003) and observations in the area of Wismar
Bay ( HARDER & SCHULZE 1997) suggest that the
Fehmarn Belt is occasionally used as a feeding
ground by harbour seals. The telemetric study
from the southern Baltic Sea ( DIETZ et al. 2003),
and individual observations as well as strandings
( HARDER et al. 1995) suggest that the Kadet
Channel, the Adlergrund and the Oder Bank may
be used as a migration corridor or feeding habitat
for grey seals. According to a current BfN survey,
there are about 50 to 60 grey seals living in the
waters around Rigen — 30 of which in the
Greifswald bodden alone.

2.7.3 Assessment of the state of marine
mammals

The population of harbour porpoises in the Baltic
Sea has decreased over the past centuries. The
situation of the harbour porpoise in the Baltic
Sea worsened due to commercial hunting in ear-
lier times, but also due to extreme ice winters.
More recently it has worsened due to by-catch,
pollution, noise and food limitation (ASCOBANS
2003). The separate population of the eastern
Baltic Sea is at particular risk due to the the small
number of individuals, geographical restrictions
and lack of gene exchange and is therefore con-

sidered critically endangered (ASCOBANS
2010).
2.7.3.1 Importance of the areas for marine

mammals

Reliable estimates of the occurrence of harbour
porpoise in the German waters of the North Sea
and Baltic Sea were made on the basis of large-
scale aerial surveys and acoustic recordings us-
ing click detectors, especially within the scope of
research projects such as MINOS and MINO-
Splus, and within the scope of the monitoring of
Natura 2000 sites by the German Oceano-
graphic Museum on behalf of the Federal
Agency for Nature Conservation (BfN). A density
gradient from west to east was determined in the
Baltic Sea. This gradient is already present in
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summer and increases in autumn. Current infor-
mation suggests that the western area is most
frequently used by harbour porpoises. The east-
ern part of the German Baltic Sea is used less by
harbour porpoises. The single sighting of a larger
group of animals on the Oder Bank indicates
temporary immigration rather than regular use of
the area (BENKE et al. 2014). It is conceivable,
however, that the population could be increased
through appropriate measures (ASCOBANS
2003/ 2010) and that the eastern area could
once again see more frequent use by harbour
porpoises. Overall, the evaluated data indicate a
strongly seasonal occurrence with abundance
maxima in summer.

Recent results of the SAMBAH research project
involving the Baltic Sea countries have shown
that three populations of harbour porpoise are
found in the Baltic Sea: a) the North Sea popula-
tion in Skagerrak, b) the Belt Sea population in
the western Baltic Sea (Kattegat, Belt Sea, Jre-
sund) up to the area north of Rugen, and c) the
Baltic Sea population from the area north of
Rlgen and in the central Baltic Sea. The abun-
dance of the Baltic Sea population was esti-
mated based on acoustic data to number 447 in-
dividuals (95% confidence interval, 90-97)
(SAMBAH 2014 and 2016).

The Baltic Sea population has been classified as
endangered by IUCN and HELCOM (HELCOM -
Red List Species, 2013), among other things be-
cause of the very small number of individuals
and the spatially limited gene exchange.

Importance of areas for wind energy EO1 and
EO2

Areas EO1 and EO2 are part of the harbour por-
poise habitat, as is the entire western Baltic Sea.

The BSH has solid data sources for the assess-
ment of the importance of the areas in the Ger-
man EEZ.

Based on current information, areas EO1 and
EO2 are predominantly assigned to the harbour
porpoise habitat of the highly endangered Baltic
Sea population. However, the area is irregularly
used by harbour porpoises for transit, resting
and feeding. Harbour porpoise numbers in these
areas are low compared to those west of the
Darss Sill and in particular around the island of
Fehmarn, the Bay of Kiel, the Belt Sea and the
Kattegat. Temporary use, as noted in July 2002,
is possible for areas such as the Oder Bank —
possibly through enrichment of the food supply.
There is no clear evidence that the areas are
used as breeding grounds. For harbour por-
poises, these areas have a medium importance,
rising to high importance during the winter
months. The importance of areas EO1 and EO2
results from possible use by individuals of the
separate and endangered Baltic Sea population
of harbour porpoise. Research results have
shown that individuals of the endangered har-
bour porpoise population of the central Baltic
Sea migrate to German waters in the winter
months in particular and also use the planning
area. For grey seals and harbour seals, these ar-
eas are of little importance. Harbour seals and
grey seals cross the areas sporadically during
their migrations.

Since 2003, data for the vicinity of areas EO1
and EO2 have been collected in the context of
various research projects, such as MINOS, and
from acoustic monitoring of harbour porpoises in
the German Baltic Sea by the German Oceano-
graphic Museum on behalf of the Federal
Agency for Nature Conservation. The data from
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long-term monitoring by the German Oceano-
graphic Museum show that the German waters
of the Baltic Sea are home mainly to harbour por-
poises of the Belt Sea population. The rates of
presence of harbour porpoise west of the Darss
Sill are significantly higher than east of it (Gallus
A., K. Kriigel and H. Benke, 2015; Acoustic Mon-
itoring of Harbour Porpoises in the Baltic Sea,
Part B in Monitoring of Marine Mammals 2014 in
the German North Sea and Baltic Sea commis-
sioned by the BfN).

Taking into account the results of acoustic, mor-
phological, genetic and satellite-based surveys,
the limit of the population of harbour porpoise in
the central Baltic Sea at the latitude of Rigen
classified as endangered is 13°30" East
(SVEEGARD et al. 2015).

The results of the multi-year SAMBAH project
have also shown that during the winter months
up to April, the members of the central Baltic
Sea population are distributed over a large area
and close to the coast. In summer, however, a
clearly defined border exists east of Bornholm
(SAMBAH 2015).

Additional findings for areas EO1 and EO2 are
provided by the investigations carried out as part
of monitoring for the existing Nord Stream pipe-
line. The occurrence of marine mammals was in-
vestigated from June 2010 until the end of 2013.
Within the scope of the environmental impact
study for the Nord Stream 2 pipeline, further in-
vestigations were carried out from September
2015 up to and including August 2016 (Nord
Stream 2, 2017. Environmental Impact Study
(EIS) for the area from the seaward boundary of
the German Exclusive Economic Zone (EEZ) up
to the landing site). Here, too, the focus of the
investigations was on the acoustic recording of
the harbour porpoise using C-PODs.

Due to the low frequency of occurrence, visual
surveying by means of observers or digital tech-
nology is not a suitable method of recording in
this area of the western Baltic Sea. No marine

mammals were observed during the ship-based
survey for the Nord Stream pipeline in the period
from June 2010 to the end of 2013. One harbour
porpoise was sighted from the ship in the period
2015 to 2016. No marine mammals were de-
tected in a total of four airborne surveys using
digital recording.

Further current information on the occurrence of
marine mammals in areas EO1 and EO2 is pro-
vided by the ongoing monitoring of the cluster
"West of Adlergrund" for the offshore wind farms
Wikinger and Arkona-Becken Stdost.

From March 2015 up to and including February
2016, ten video-based airborne surveys identi-
fied a total of eight harbour porpoises, two har-
bour seals and one unidentified species of seal
in the 2,620 km? study area. A single grey seal
was sighted as part of 12 vessel-based surveys
carried out over the same period, one each
month. In order to confirm the continuous use of
the area by harbour porpoises, data from the
acoustic survey using C-PODs at two measuring
stations located far north of the planned pipeline
were evaluated.

The data from the acoustic survey using C-PODs
show that the area of the German EEZ north of
the planned pipeline is used by harbour por-
poises to a small extent in the period from June
to October. At the nearest measuring station, at
a distance of approximately 18 km, in Area | of
the Pommersche Bucht - Rdnnebank nature
conservation area, a total of 17.8% of detection-
positive days were recorded, i.e. harbour por-
poises were present in the area on 65 out of 365
days (MIELKE L., A. SCHUBERT, C. HOSCHLE AND
M. BRANDT, 2017. Environmental monitoring in
the "West of Austerngrund" cluster, expert report
on marine mammals, 2" year of investigation,
March 2015 to February 2016).

The use of the area by harbour porpoises is low
compared to the use west of the Darss Sill. For
this reason, the assessment of habitat use is
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based on the proportion of days with porpoise
clicks recorded per month (PPD/month).

The use of the area by harbour porpoises shows
a strong interannual variability. The rate of pres-
ence was highest in 2013, with 40% porpoise-
positive days per month (PPD/month). The use
of the area by harbour porpoises was lower in
2011, on the other hand, with a maximum pres-
ence rate of up to 25% PPD/month.

There are also distinct seasonal patterns in the
use of the area by harbour porpoises east of
Sassnitz and the Oderbank.

Harbour porpoise abundance rates begin to rise
slowly from June onwards. The highest pres-
ence rates were always observed in late summer
and autumn. The area is only sporadically used
by harbour porpoises in winter and spring.

The highest presence rates were always found
in the northern part of the area along the slopes
of the Arkona basin.

In contrast, very low presence rates were found
in the southern part of the area in shallower
zones of the Bay of Pomerania. A seasonal pat-
tern was not observed in this area.

Based on all of the information available to date,
the area surrounding the cable route can be as-
signed to the harbour porpoise habitat.

o Areas EO1 and EO2 are regularly used by
harbour porpoises, but to a very limited ex-
tent.

e The presence of harbour porpoise in the vi-
cinity of areas EO1 and EO2 is low compared
to the presence west of the Darss Sill.

o Use of the area as a nursery ground has not
been proven based on current information.

e For harbour porpoises, these areas are of
low to medium importance.

e For grey seals and harbour seals these ar-
eas are of minor importance.

Predicted impacts on harbour porpoises in the
vicinity of the above areas include by-catch in
gilinets, fishing and reduction of food supply, pol-
lution, eutrophication and climate change.

No impact on marine mammals is expected from
the laying of the pipeline in the German Baltic
Sea EEZ or from the operation of the pipeline.

According to currently available information, the
three areas are used by harbour porpoises as
transit areas. There is currently no evidence that
these areas have any particular function as feed-
ing grounds or breeding grounds for harbour por-
poises. Harbour seals and grey seals only use
the areas sporadically as transit areas. On the
basis of the findings from the monitoring of
Natura 2000 sites and from research results, it is
currently possible to deduce that areas EO1 and
EO2 are of medium to seasonal importance for
harbour porpoises. The seasonally high im-
portance of the area results from the possible
use by individuals of the separate and endan-
gered Baltic Sea population of harbour porpoise
during the winter months. For harbour seals and
grey seals these areas have a low to medium im-
portance, at most.

Importance of the wind energy priority area
EO3

Area EO3 is of medium importance for marine
mammals. The use of the area by harbour por-
poises varies by season. Harbour porpoise num-
bers in the area are average to very low com-
pared to the Bay of Kiel, the Belt Sea and the
Kattegat. The area has no particular function as
a breeding ground for harbour porpoises. For
grey seals and harbour seals it is of little im-
portance due to the distance to the nearest rest-
ing sites.

Current data are available from the investiga-
tions for the wind farm project EnBW Baltic 2 (Bi-
oConsultSH, 2018. Expert report 2™ year of op-
eration monitoring).

e The area is used by harbour porpoises irreg-
ularly and on a very small scale.
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e The occurrence of harbour porpoise in area
EO3 is low compared to the occurrence in
the Kadet Channel.

e Use of the area as a nursery ground has not
been proven by current information.

e This area is of minor importance for harbour
porpoises.

e For grey seals and harbour seals, this area
lies on the edge of the distribution area of the
respective species and is of little importance.

2.7.3.2

Harbour porpoises are protected under several
international conservation agreements. Harbour
porpoises fall under the conservation mandate of
the European Habitats Directive, under which
special areas are designated to protect the spe-
cies. Harbour porpoises are listed in both Annex
Il and Annex IV to the Habitats Directive. As a
species listed in Annex IV, it enjoys strict general
species protection in accordance with Articles 12
and 16 of the Habitats Directive.

Conservation status

The porpoise is also listed in Appendix Il to the
Convention on the Conservation of Migratory
Species of Wild Animals (Bonn Convention,
CMS). The Agreement on the Conservation of
Small Cetaceans of the Baltic and North Seas
(ASCOBANS) was also adopted under the aus-
pices of CMS. In 2002, a specific conservation
plan for Baltic harbour porpoises, the Jastarnia
Plan, was adopted under ASCOBANS, following
the identification of the Baltic Sea harbour por-
poise populations as self-sustaining and particu-
larly threatened. The objective of the Jastarnia
Plan, revised in 2009, is to restore the population
size to 80% of the biotope capacity of the Baltic
Sea ecosystem (ASCOBANS 2010).

In addition, the Convention on the Conservation
of European Wildlife and Natural Habitats (Bern
Convention), in Annex Il of which the harbour
porpoise is also listed, should be mentioned.

In the IUCN List of Threatened Species, the har-
bour porpoise population of the central Baltic
Sea is considered to be endangered (Cetacean
update of the 2008 IUCN Red List of Threatened
Species). In Germany the harbour porpoise is
also included in the Red List of Threatened Spe-
cies (HAUPT et al. 2009), where it has been clas-
sified in threat category 2 (endangered).

Grey seal and harbour seal are also listed in An-
nex |l of the Habitats Directive. In the Red List,
the grey seal has also been classified in threat
category 2, while the common seal has been
classified as not threatened.

2.7.3.3

Legacy impacts on marine mammals results
from fishing, underwater noise emissions and
pollution. The main threat to harbour porpoise
stocks in the Baltic Sea comes from fishing
through unwanted by-catch in bottom-set gillnets
(ASCOBANS 2010). The by-catch in the Baltic
Sea is much higher than in the North Sea. In par-
ticular, the separate Baltic population is under
serious threat even at low by-catch levels. The
Baltic harbour porpoise population is also threat-
ened by a variety of anthropogenic activities,
changes in the marine ecosystem and climate
change.

Legacy impacts

The International Whaling Commission (IWC)
has agreed that by-catch mortality should not ex-
ceed 1% of the estimated stock (IWC, 2000). If
by-catch rates are higher, the conservation ob-
jective of population recovery to 80% of the car-
rying capacity of the habitat is at risk (ASCO-
BANS 2010).

From individual reports on by-catches in the Bal-
tic Sea ( KASCHNER 2001), it may be assumed
that bottom-set gillnet fisheries for turbot, cod,
plaice and lumpfish and the driftnet fisheries for
salmon are responsible for the majority of by-
catch. However, it is not possible to calculate by-
catch rates for the Baltic Sea due to the limited
information available (KASCHNER 2001, 2003).
Poland reports about 5 by-catches per year,
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Sweden also reported 5 in the early 1990s
(SGFEN 2001). A questionnaire-based projec-
tion for German fisheries in the western Baltic
Sea assumes an annual by-catch of 57 (21 by-
catches in part-time fisheries, 36 in commercial
fisheries) (RUBSCH & KOCK 2004).

For the area east of the Darss Sill, 25 by-catches
(1 part-time, 24 commercial) are reported. This
is much higher than the official figures reported
by fisheries and exceeds the tolerable by-catch
rates under IWC and ASCOBANS (IWC 2000).

In extreme cases, underwater noise from anthro-
pogenic sources can cause physical damage,
but it can also disrupt communication or lead to
behavioural changes, e.g. interrupt social behav-
iour and the catching of prey, or trigger flight be-
haviour. Current anthropogenic activity in the
EEZ causing high noise pollution includes seis-
mic exploration, sand and gravel extraction, mil-
itary activities, and shipping traffic. Hazards for
marine mammals may arise during the construc-
tion of wind turbines and transformer platforms,
in particular by noise emissions during the instal-
lation of the foundations, if no mitigation
measures are taken. As of yet there is no expe-
rience with the possible effects of water stratifi-
cation under particular hydrographic conditions
on the propagation of impact noise in the Baltic
Sea, and related effects on marine mammals. In
general, sound propagation in the Baltic Sea is
considered particularly difficult to describe, and
therefore also difficult to predict (THIELE 2005).

In addition to pressures from the discharge of or-
ganic and inorganic pollutants, threats to the
stock may also arise from diseases (of bacterial
or viral origin), eutrophication, and climate
change (impact on marine food chains). At pre-
sent, porpoises are also migrating to the south-
ern North Sea, presumably due to climate
change (CAMPHUYSEN 2005, ABT 2005). To what
extent this has an indirect impact on the harbour
porpoise population in the Baltic Sea is still un-
known.

2.8 Seabirds and resting birds

According to the "Quality standards for the use
of ornithological data in spatially significant plan-
ning" (Deutsche Ornithologen-Gesellschaft
1995), resting birds are defined as "birds which
stay in an area outside their breeding territory,
usually for a longer period of time, e.g. for moult-
ing, feeding, resting, wintering". Feeding birds
are defined as birds "which regularly seek food
in the investigated area, do not breed there, but
breed or might breed in the wider region".

Seabirds are species of birds that are mainly
bound to the sea by their way of life and come
ashore only for breeding for a short time. These
include, for example, fulmars, gannets and auks
(guillemots, razorbills). Terns and gulls, on the
other hand, are usually more common near the
coast than other seabirds.

2.8.1 Data availability

A good database is necessary in order to draw
conclusions about seasonal distribution patterns
and the use of different sub-areas. Large-scale
long-term studies in particular are necessary in
order to identify the effects of intra-annual and
interannual variability.

Findings on the spatial and temporal variability
of seabird abundance in the western Baltic Sea
are based on a number of research and monitor-
ing activities. However, the majority of these data
describe the occurrence of waterbirds, in partic-
ular sea ducks, in the inshore area and in the
Bay of Pomerania.

For the EEZ area, sources of information have
improved in recent years, in particular through
data from environmental impact studies (EIS) for
planning approval procedures for offshore wind
farms, and the subsequent mandatory investiga-
tions during the construction and operation
phase. Furthermore, findings from various re-
search projects contribute to a better under-
standing of seabird populations. In the period
2001-2004, studies were carried out within the
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scope of the R&D projects ERASNO and EM-
SON to define bird conservation areas in the
EEZ. Ship-based and airborne censuses were
carried out throughout the German Baltic Sea
between 2002 and 2006 as part of the MINOS
and MINOSplus projects (DIEDERICHS et al.
2002, GARTHE et al. 2004). In a study based on
the results of various research projects and liter-
ature sources, GARTHE et al. (2003) summarise
the findings on winter occurrence, threats and
conservation of seabirds and waterbirds in the
German Baltic Sea. On the basis of systematic
ship-based censuses in the period from 2000 to
2005, SONNTAG et al. (2006) performed the first
analysis of distribution and abundance of sea-
birds and waterbirds during the course of the
year, focusing on the offshore area. The seabird
monitoring of Natura 2000 sites commissioned
by the Federal Agency for Nature Conservation
in recent years contributes further essential in-
formation on resting populations and wintering of
regularly occurring and highly abundant bird
species in the Baltic Sea (MARKONES & Garthe
2011, Markones ET al. 2013, Markones ET AL.
2014, Markones ETAL. 2015, Borkenhagen ET al.
2017, Borkenhagen ET al. 2018, Borkenhagen
ET AL. 2019).

Data availability can therefore be regarded as
very good.

2.8.2 Spatial distribution and temporal vari-
ability

Seabirds have the highest mobility among the
upper consumers of the marine food chains.
They are able to scan large areas in their search
for food or, depending on the species, to track
prey such as fish over long distances. High mo-
bility, depending on specific conditions in the ma-
rine environment, leads to a high spatial and
temporal variability in the occurrence of sea-
birds. The distribution and abundance of birds
vary seasonally and interannually.

The distribution of seabirds in the Baltic Sea is
determined in particular by the food supply, hy-
drographic conditions, water depth and sediment
conditions. It is also influenced by distinct natural
events (e.g. icy winters) and anthropogenic fac-
tors such as nutrient and pollutant inputs, ship-
ping and fisheries. In general, open, largely shal-
low areas with water depths of up to 20 m and a
rich food supply offer ideal conditions for sea-
birds to rest and winter. In addition, the im-
portance of resting areas increases when, due to
ice formation or ice cover in the eastern Baltic
Sea, stocks move further west in winter (Vaitkus
1999).

Several million birds winter in the Baltic Sea
every year. It is one of the most important areas
for sea and waterbirds in the Palearctic. A num-
ber of studies also show the great importance of
the German Baltic Sea for seabirds and water-
birds, not just nationally but also internationally
(DURINCK et al. 1994, Garthe et al. 2003,
SONNTAG et al. 2006, SKov et al. 2011). Particu-
lar mention should be made here of the Pommer-
sche Bucht - Rénnebank nature conservation
area, which has been part of the Natura 2000
European network of protected areas since 2007
and was established by regulation on 22 Sep-
tember 2017, with the main resting and feeding
grounds Adlergrund and Oder Bank.

2.8.2.1 Abundance of seabirds and resting
birds in German waters of the Bal-
tic Sea
The western Baltic Sea is of great importance as
a resting and wintering habitat for many seabirds
and waterbirds. 38 species of seabirds and rest-

ing birds regularly occur in the German Baltic
Sea (SONNTAG et al. 2006). T

Table 11 below contains winter population esti-
mates for the most important seabird species in
the EEZ and in the entire German Baltic Sea.
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Table 11: Midwinter populations of the main resting bird species in the German Baltic Sea and EEZ according
to MENDEL et al. (2008).

Common name (binomial)

Baltic Sea stock

German EEZ stock

Long-tailed duck ' 315,000 150,000
(Clangula hyemalis)

Common scoter 230,000 57,000
(Melanitta nigra)

Velvet scoter

(Melanitta fusca) 38,000 37,000
Eider duck

(Somateria mollisima) 190,000 9,000
Red-breasted Merganser

(Mergus serrator) 10,500 0
Great crested grebe

(Podiceps cristatus) 8,500 <50
Red-necked grebe

(Podiceps grisegena) 750 210
Horned grebe (thin-beaked) 1,000 200
(Podiceps auritus) '

Red-throated diver

(Gavia stellata) 3,200 550
Black-throated diver

(Gavia arctica) 2,400 550
Great cormorant

(Phalacrocorax carbo) 10,500 <50
Razorbill

(Alca torda) 3,600 310
Common guillemot

(Uria aalge) 1,500 950
Black guillemot

(Cepphus grylle) 700 310
Little gull

(Hydrocoloeus minutus) 220 90
Black-headed gull

(Larus ridibundus) 15,000 0
Common gull 11.500 1100

(Larus canus)
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Common name (binomial) | Baltic Sea stock German EEZ stock
Great black-backed gull 7.000 800
(Larus marinus)
Herring gull 70.000 4.200
(Larus argentatus) ’ ’
. . Divers are found in the Baltic Sea as winter visi-
2.8.2.2 Common species and species of

special importance for the nature
conservation area Pommersche
Bucht - Ronnebank

Long-term observations and systematic cen-
suses provide information on recurring seasonal
distribution patterns of the most common spe-
cies in German waters of the Baltic Sea. Overall,
the evaluation by MENDEL et al (2008) and
SONNTAG et al (2006) confirms and underlines
the high species-specific spatial and temporal
variability of the occurrence of seabirds and rest-
ing birds in German waters of the Baltic Sea. Nu-
merous recent studies can be used to under-
score that these descriptions are up to date.

Sea ducks prefer coastal areas with shallow wa-
ter depths as well as shallow offshore areas such
as the Adlergrund and the Oder Bank. Great
crested grebes and red-breasted mergansers
are found almost exclusively in coastal waters,
while horned grebes prefer shallow water areas
further offshore. Guillemots and razorbills are
mainly found in areas far from the coast with
greater water depths. Terns only occur sporadi-
cally in offshore areas during migration periods.
They almost exclusively use bodden waters and
inland lakes for foraging (SONNTAG et al. 2006,
MENDEL et al. 2008).

Red-throated diver (Gavia stellata) and black-
throated diver (Gavia arctica)

tors and migrants (MENDEL et al. 2008). Red-
throated divers use the coastal sea and the Ger-
man EEZ in spring and winter, while black-
throated divers are found more frequently in au-
tumn and winter, with only small numbers in
spring and sporadically in summer. Both species
prefer an area east of the island of Rigen or the
Bay of Pomerania to the Oder Bank (seeFigure
38: Distribution of divers (Gavia stellata/G. arctica) in
the entire German Baltic Sea in January/February
2009 (airborne survey; MARKONES & GARTHE 2009).
Figure 38 and Figure 39; Fehler! Verweisquelle
konnte nicht gefunden werden.SONNTAG et al.
2006).

Red-throated divers rest in the Baltic Sea primar-
ily in waters less than 20 m deep (DURINCK et al.
1994). The most important resting sites are in the
sea area around Rlgen, in the area of the Oder
Bank and in the Bay of Mecklenburg. In spring,
the main distribution area is the Bay of Pomera-
nia, especially in the coastal waters off Rlgen.
Black-throated divers are concentrated in the
eastern part of the German Baltic Sea. In winter
they are widely distributed in the Bay of Pomer-
ania. Here, the highest densities can usually be
observed in the coastal area of Rlgen, on the
Adlergrund and on the Oder Bank (MENDEL et al.
2008). Towards spring, they occur mainly in ar-
eas of the Bay of Pomerania far from the coast.
Investigations within the scope of BfN seabird
monitoring in the German Baltic Sea confirm this
distribution (MARKONES et al. 2014).
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Horned Grebe (Podiceps auritus)

The main area of occurrence of the Horned
Grebe in the German Baltic Sea lies in the Bay
of Pomerania. This is the most important winter-
ing area in NW European waters (DURINCK et al.
1994). The main distribution area of the approx-
imately 1,000 horned grebes (German winter
population) is on the Oder Bank. In particular,
waters with less than 10 m depth are used. In
autumn, horned grebes migrate to the shallow
waters and spend the winter there (SONNTAG et
al. 2006). Horned divers are also increasingly
present on the Oder Bank in spring, but also
spend time in the coastal area off Usedom. In-
vestigations on wind farm projects in the EEZ
have revealed only very sporadic sightings of
horned grebes (BIOCONSULT SH GmbH & Co.KG
2016, Oecos GMBH 2015).

Little Gull (Larus minutus)

In spring and summer, little gulls are only found
in small numbers in offshore areas. The main fo-
cus of occurrence is in inshore waters. Little gulls
mainly migrate along the coastline. During the
autumn migration they appear in large numbers
in the Bay of Pomerania. Little gulls then prefer
areas close to the coast for foraging and rest
(SONNTAG et al. 2006).

Long-tailed Duck (Clangula hyemalis)

The long-tailed duck is the most common duck
species in the Baltic Sea. However, according to
a study by Skov et al. (2011), its winter resting
population in the Baltic Sea decreased by 65.3%
between 1992 and 2009. One of the most im-
portant winter resting areas is the Bay of Pomer-
ania in the southern Baltic Sea. As in the Baltic
Sea as a whole, a decline in the occurrence of
long-tailed ducks of 82% by 2010 was also rec-
orded here (BELLEBAUM et al. 2014). Considera-
tion of other resting habitats suggests a shift to
the north (SKov et al. 2011). However, it is gen-
erally assumed that the Bay of Pomerania will
continue to be able to accommodate larger num-
bers (BELLEBAUM et al. 2014). In winter and

spring, the long-tailed duck uses further exten-
sive resting habitats east of Riigen and north of
Usedom

10°E 1"E
r L

Eisente
Flugsurvey Feb. 2016

5N
L

L

.......

Dichta
[ind k]

0
.« > 0-5 K

£ . ® FFH und SPA

il ol 2 et — AWZ - Grenze s
@ > 20-100 i z G AR
® ~100 12-sm Granze g 2 3

T T T T T
1WE H'E 2'E 12E 14E

) (Garthe et al. 2003, Garthe et al. 2004). From
the end of October, a large migration to the Ger-
man Baltic Sea areas takes place. In summer,
on the other hand, only very few long-tailed
ducks are present in the German Baltic Sea. The
absence of the species in the offshore EEZ area
north and northeast of Riigen is conspicuous at
all times of the year. Like other duck species in
the Baltic Sea, the long-tailed duck prefers shal-
low water areas near the coast and shallow off-
shore grounds down to 20 m water depth
(SONNTAG et al. 2006, MARKONES & GARTHE
2009). Recent studies confirm the widespread
winter occurrence of long-tailed duck, with a fo-
cus on the Adlergrund and the Oder Bank (MAR-
KONES et al. 2014, BIOCONSULT SH & Co.KG
2016).

10°E 1"E 12°E 13°E 14'E
r L L

Eisente
Flugsurvey Feb. 2016

"N

55°

.......

Drichta

FFH und SPA
— AWEZ - Grenze

4
LI

12-sm Granze

T T T T
1WE H'E 2'E 12E

Figure 40: Occurrence of long-tailed ducks
(Clangula hyemalis) in the German Baltic Sea in
February 2016 (aerial surveys, BORKENHAGEN et
al. 2017).

Velvet scoter (Melanitta fusca)

&
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In addition to the northern Kattegat and Riga
Bay, velvet scoters use the northern Bay of Pom-
erania as their wintering grounds. In the Bay of
Pomerania, velvet scoter distributions in winter
and spring are concentrated in the area between
the Oder Bank and Adlergrund (Garthe et al.
2003, GARTHE et al. 2004). During ice-free winter
months, the velvet scoter mainly uses central ar-
eas of the Oder Bank. When ice cover occurs, its
occurrence appears to be limited to directly ad-
jacent ice-free areas in the northern part of the
Oder Bank (MARKONES et al. 2013, MARKONES et
al. 2014, BORKENHAGEN et al. 2018, BORKENHA-
GEN et al. 2019).

Common scoter (Melanitta nigra)

On the Oder Bank in the Bay of Pomerania lies
one of the most important common scoter resting
areas in the entire Baltic Sea (DURINCK et al.
1994, Garthe et al. 2003). Other resting areas in-
clude the shallow waters of the Bay of Kiel and
north of the DarR-Zingst peninsula (Figure
41Fehler! Verweisquelle konnte nicht gefun-
den werden.). According to Garthe et al. (2003,
2004) and SONNTAG et al. (2006) common sco-
ters can be found all year round in the German
Baltic Sea. The Bay of Pomerania plays a key
role as a resting and moulting habitat for the
common scoter. In the summer of 2012, around
2,000 common scoters were sighted during
moulting in the north-west of the Oder Bank on a
single day of investigation (MARKONES et al.
2013).
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years 2010 - 2012 (airborne and ship-based surveys,
MARKONES et al. 2015).

Eider duck (Somateria mollissima)

Eider ducks are very common during the winter
months and are found in high densities west of
the Darss Sill. East of the Darss Sill, eider ducks
are found only sporadically. Only in winter do
they occur in small numbers in the Greifswald
bodden and in the coastal waters off the Bay of
Pomerania. In summer, only a few eider ducks
are found in the western Baltic Sea (SONNTAG et
al. 2006).

Common Guillemot (Uria aalge)

DURINCK et al. (1994) estimate the winter resting
population of Common Guillemots in the Baltic
Sea at about 85,000 individuals. In spring, sum-
mer and autumn it occurs only sporadically. Guil-
lemots reach their highest numbers in winter. It
is assumed that common guillemots are less
sensitive to severe winter conditions.

Common guillemots spend the winter in the Bal-
tic Sea near their breeding colonies. Their main
area of distribution is in the offshore areas of the
Bay of Pomerania, particularly in the deeper wa-
ters between the Oder Bank and Adlergrund,
and north-west of the Adlergrund (see Figure
42Fehler! Verweisquelle konnte nicht gefun-
den werden.) (MENDEL et al. 2006). According
to GARTHE et al. (2003, 2004), common guille-
mots occur north-east of Riigen at low to me-
dium densities.
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Figure 41: Mean winter occurrence of common scoter
(Melanitta nigra) in the German Baltic Sea in the

Figure 42: Distribution of the common guillemot in the
German Baltic Sea (winter 2000-2005; SONNTAG et al.
2006).
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Razorbill (Alca torda)

The winter resting area of the razorbills lies
above the deeper parts of the central Baltic Sea.
Razorbills occur mainly in winter on the German
Baltic Sea. They occur at low to medium densi-
ties in large parts of the coastal and offshore
area of the Bay of Pomerania (MENDEL et al.
2008).

Black Guillemot (Cepphus grylle)

DURINCK et al (1994) estimate the winter resting
population of black guillemots in the Baltic Sea
at 28,560 individuals. Among the preferred win-
ter resting grounds of black guillemots are shal-
lower areas and rocky seabeds. In the German
Baltic Sea, Black Guillemots spend most of their
time from autumn to spring in the area of the Ad-
lergrund (see Figure 43). Despite relatively low
densities, Garthe et al. (2003) classify this occur-
rence as internationally significant (MENDEL et al.
2008).

Figure 43: Distribution of black guillemot in the western Baltic Sea in autumn (left) and winter 2000 to 2005

(right) from SONNTAG et al. (2006).

Red-necked grebe (Podiceps grisegena)

The main occurrence of red-necked grebes in
the German Baltic Sea is in the Bay of Pomera-
nia (see Figure 44Fehler! Verweisquelle konnte
nicht gefunden werden.). As is the case for di-
vers, they are mainly winter visitors and migrat-
ing species. The largest resting populations oc-
cur in winter, decreasing in spring (MENDEL et al.
2008).
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Figure 44: Distribution of red-necked grebes (Podi-
ceps grisegena) in the Bay of Pomerania, Baltic Sea,
in January 2013 (MARKONES et al. 2014).
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Yellow-billed diver (Gavia adamsii)

Yellow-billed divers are found in the Baltic Sea
as migrants during migration periods, and for
winter rest in the western Baltic Sea. Their winter
occurrence is low, and limited to the more off-
shore areas of the Bay of Pomerania (BEL-
LEBAUM et al. 2010).

Common gull (Larus canus)

Gulls occur in the Baltic Sea at much lower den-
sities than in the North Sea. This is also due to
the fact that their food is of terrestrial origin
throughout the breeding season (KUBETZzKI et al.
1999). In summer, gulls therefore only occur
sporadically in the German Baltic Sea. The larg-
est numbers occur in winter and spring. The
common gull then occurs mainly in the inshore
and offshore areas of the Bay of Pomerania
(SONNTAG et al. 2006).

Other Larus gulls

The most common gull species in the Baltic Sea
is the herring gull (Larus argentatus), which oc-
curs all year round. In winter and spring, herring
gulls are found in high concentrations both in
coastal waters and in the EEZ. In particular, they
are represented in the areas of the Bays of Kiel
and Mecklenburg, around Fehmarn and north-
west of Rugen. Particularly high concentrations
occur in connection with fishing activities
(SONNTAG et al. 2006). The herring gull is proba-
bly not a naturally occurring breeding bird in the
western Baltic Sea.

It was only the establishment of motorised trawl-
ing that led to immigration and stock growth
since the 1930s (VAUK & Prulter 1987).

Great black-backed gulls (Larus marinus) are
present in the western Baltic Sea all year round.
However, during the breeding season from April
to July the population is small. The winter popu-
lation may depend on ice conditions in the Baltic
Sea. However, the great black-backed gull is
more common during migration and in the winter

months. Like the herring gull, this species is of-
ten concentrated near fishing boats (SONNTAG et
al. 2006).

Herring gulls (Larus fuscus) are sometimes
found in the Baltic Sea in the summer months,
occasionally in connection with fishing activity
(MENDEL et al. 2008).

2.8.2.3 Occurrence of seabirds in the na-
ture conservation area Pommer-

sche Bucht - Ronnebank

By the regulation of 22/09/2017, the nature con-
servation area Pommersche Bucht - Rdnnebank
was placed under protection as a complex area
under national law. The conservation area is
home to significant populations of important rest-
ing bird species, especially sea ducks (long-
tailed duck, common scoter, velvet scoter).

It covers a total area of 2,092 km?. Sub-area IV
of the nature conservation area corresponds to
the Pommersche Bucht bird sanctuary, which
was designated as a nature conservation area
with effect from 15 September 2005, and was in-
cluded in the list of specially protected areas
(SPA) as a bird sanctuary (DE 1552-401). Sub-
area |l covers an area of 2,004 km?. Sub-area I
includes a total of three species listed in Annex |
of the European Birds Directive, namely the red-
throated diver, black-throated diver and red-
throated grebe. Regularly occurring migratory
bird species include red-necked grebes, yellow-
billed divers, long-tailed ducks, common scoters,
velvet scoters, common gulls, guillemots, razor-
bills and black guillemots (Section 7 Subsection
1 nos. 1 and 2 of the Regulation on the Estab-
lishment of Nature Conservation Area Pommer-
sche Bucht - R6nnebank).

As part of the description and status assessment of
the Pommersche Bucht - R6nnebank nature conser-
vation area (BfN 2020), species-specific population
figures were determined for the entire complex area
and not separately for sub-area IV. However, sub-
area |, which does not form part of the actual bird
sanctuary, is only 86 km? in size (BfN 2020).
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Table 12 below lists the populations determined
in BfN (2020) for the species protected in ac-
cordance with the protective purpose of sub-
area |V in the season of highest occurrence.
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Table 12 Stocks of bird species protected in the Pommersche Bucht - RGnnebank nature conservation area in
the season of highest occurrence according to BfN (2020).

Common name
(scientific Season Stock
NCA Pommersche Bucht - R6nnebank
name)

Red-throated diver .
(Gavia stella) Spring 1,600
Black'-throa'ted diver Winter 850
(Gavia arctica)
Horned Grebe .
(Podiceps auritus) Winter 1,500
Red-necked grebe ,
(Podiceps grisegena) Winter 430
Yellow-billed diver
(Gavia admasii)) Autumn 6-10
Long-tailed Duck .
(Clangula hyemalis) Winter 145,000
Common scoter Sorin 230.000
(Melanitta nigra) pring :
Velvet Scoter ,
(Melanitta fusca) Spring 73,000
Common gull .
(Larus canus) Spring 310
Common guillemot
(Uria aalge) Autumn 1,400
Razorbill
(Alca torda) Summer 550
Black guillemot )
(Cepphus grylle) Spring 90
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2.8.2.4 Occurrence of seabirds and rest-
ing birds in the areas

Priority area wind energy EO1

The investigations carried out so far on the wind
farm projects in area EO1 show a medium oc-
currence of seabirds.

The extensive resting habitats of the Bay of
Pomerania and the Adlergrund (including their
northern and north-western peripheries, respec-
tively) only extend to the southern and south-
eastern parts of area EO1. According to GARTHE
et al. (2003), the sub-area is not considered a
valuable resting habitat or preferred habitat in
the Baltic Sea for the seabird species listed in
Annex | of the Birds Directive. Current investiga-
tions in area EO1 show only a small occurrence
of divers south of area EO1 (BIOCONSULT SH &
C0.KG 2017A, BioConsult SH & Co.KG 2018, BI-
OCONSULT SH & C0.KG 2019). So fa,r only very
few horned divers have been sighted in this area.
Little gulls are sporadically seen as migrants in
spring (BIOCONSULT SH & C0.KG 2016, BioCon-
sult SH & Co0.KG 2018, BIOCONSULT SH &
Co.KG 2019).

Even during pronounced ice formation in coastal
waters and on the Oder Bank in winter 2010, the
ice-free part of area EO1 was not used as a fall-
back area by seabirds and resting birds
(SONNTAG et al. 2010). Similar observations
were made when the Bay of Pomerania froze
over in winter 2011 (MARKONES et al. 2013). This
is due to the special location of the area in the
transition zone between the deeper waters of the
Arkona Basin and the shallower areas of the Bay
of Pomerania and Adlergrund. For example, the
occurrence of diving sea ducks in the area EO1
is only average. In current studies, long-tailed
ducks have been sighted east and south of area
EO1 in high to very high densities, whereas in
the area itself, only a few individuals have been
sighted. Velvet scoter and common scoter were
mainly observed during migration periods in the
southern part of area EO1 (BIOCONSULT SH &

C0.KG 2016, BIOCONSULT SH & C0.KG 2017A,
BIOCONSULT SH & C0.KG 2018, BIOCONSULT SH
& C0.KG 2019).

Common guillemots and razorbills occur widely
in area EO1, with a southerly focus. For the two
species of auk, this area is one of the southern
spurs of their main wintering grounds in the Bal-
tic Sea. Black guillemots are observed only very
sporadically east of the area. Herring gulls are
among the most common species in area EO1
during migration periods, and are also widely dis-
tributed in winter. Great black-backed gulls and
common gulls, on the other hand, only occur in
low densities during these periods, but in some
cases over a large area (BIOCONSULT SH &
Co0.KG 2016, BIOCONSULT SH & C0.KG 2017A,
BIOCONSULT SH & C0.KG 2018, BIOCONSULT SH
& C0.KG 2019).

Area reserved for wind energy EO2

Area EO2 is home to a seabird community con-
sisting mainly of migrant pelagic species such as
common guillemots and gulls. The main occur-
rence of divers in the German Baltic Sea is far
south of area EO2, south-east of Rigen. All find-
ings to date indicate that the entire vicinity of
area EO2 is used by sea and resting bird species
for which this area of the German Baltic Sea is
more of a transit area than a resting or feeding
area (Oecos GmBH 2015, BIOCONSULT SH &
Co0.KG 2016, BIOCONSULT SH & C0.KG 2017A,
BIOCONSULT SH & C0.KG 2018, BIOCONSULT SH
& C0.KG 2019).
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Wind energy priority area EO3

A comparison of the data for area EO3 with data
from the Bay of Pomerania shows that seabird
occurrence in the area is below average
(GARTHE et al. 2003). A seabird community gen-
erally consisting of species that use the area
mainly for transit has been identified in area
EO3. According to GARTHE et al. 2003, area EO3
is not one of the preferred habitats in the Baltic
Sea for the divers (red-throated diver, black-
throated diver) and horned grebe listed in Annex
| of the Birds Directive. The same applies to little
gulls. Even more recent investigations have re-
vealed only isolated sightings of these species in
this area (IFAO 2016). Sea ducks diving for food,
such as long-tailed duck, velvet scoter and com-
mon scoter, mainly occur as migrants in spring,
but also to a lesser extent during winter rest in
this area of the EEZ. However, their distribution
area then extends to the Kriegers Flak shoal in
the north-west of area EO3 (IFAO 2016, IFAO
2017a). Great black-backed gulls and herring
gulls are among the most common species in
area EO3 and its surroundings. Common gulls
occur in winter in areas with greater water
depths. In recent studies, razorbills have been
observed in more abundant numbers than com-
mon guillemots in the vicinity of area EO3. For
both species, however, this area has no special

significance as a resting habitat. Black guille-
mots are only very sporadically sighted (IFAO
2016, IFAO 2017a).

2.8.3 Assessment of the state of seabirds
and resting birds

A high mapping effort in recent years and the
current state of knowledge allow for a good as-
sessment of the importance and state of the ar-
eas under consideration here as habitats for sea-
birds. This importance results from the assess-
ments of the occurrence and spatial units or
functions. In addition, the criteria of protected
status and legacy impacts are also considered at
a higher level.

2.8.3.1

The German Baltic Sea EEZ is home to signifi-
cant populations of long-tailed duck, common
scoter, velvet scoter and black guillemot. Black-
throated and red-throated divers, horned grebes
and little gulls are subject to special protection.
The other species are migratory bird species
whose protection must also be ensured under
Article 4 (2) of the Birds Directive.

Conservation status

Table 13 below summarises the current alloca-
tion to threat categories of the European Red List
(Europe and EU27) and the HELCOM Red List.
Differences in allocation result from different ge-
ographical frames of reference.
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Table 13: Allocation of the most important resting bird species of the German EEZ in the Baltic Sea to the
threat categories of the European Red List and according to HELCOM. Definition in accordance with IUCN

(also applies to HELCOM): LC = Least Concern, NT =

CR = Critically Endangered

Near Threatened, VU = Vulnerable, EN = Endangered,

Annex
| Birds . . . .
Di- IUCN Red List IUCN Red List HELCOM winter resting
. Europe? EU 272 population b
rectiv
e
Red-throated X LC LC CR
diver
Black-throated X LC LC CR
diver
Horned grebe X NT VU NT
Red-necked LC LC EN
grebe
Great crested LC LC LC
grebe
Little gull X NT LC NT
Herring gull NT VU
Great  black- LC LC
backed gull
Common gull LC LC
Long-tailed VU VU EN
duck
Velvet scoter VU VU EN
Black scoter LC LC EN
Eider duck VU EN EN
Black guillemot LC VU NT
Common guil- NT LC
lemot
Razorbill NT LC

a2  BIRDLIFE INTERNATIONAL (2015) European Red List of Birds

b HELCOM (2013c)

According to the European Red List, the long-
tailed duck, velvet scoter and eider duck are con-
sidered vulnerable due to negative population
trends in recent years. The drastic decline in the
winter resting population of the long-tailed duck

in the Baltic Sea (SKkov et al. 2011) is also re-
flected in the HELCOM Red List, where the long-
tailed duck is classified as endangered, along
with other species of sea duck. The winter rest-
ing populations of red-throated and black-
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throated divers in the Baltic Sea are even con-
sidered critically endangered, even though their
European populations are classified as being of
least concern. The populations of little gull and
horned grebe are classified as near threatened
in Europe as a whole and in the Baltic Sea (win-
ter resting population). Great black-backed gulls
and common gulls are generally considered to
be of least concern. The herring gull, common
guillemot and razorbill are listed as near threat-
ened in the pan-European Red List, but their win-
ter resting population in the Baltic Sea has not
been given a threat status. The situation is re-
versed for the black guillemot.

2.8.3.2 Legacy impacts

As part of the marine ecosystem, seabirds are
exposed to many legacy impacts that may pose
a potential threat, but also affect their occurrence
and distribution. Changes in the ecosystem may
be associated with threats to seabird popula-
tions. The following factors can cause changes
in the marine ecosystem and thus also in sea-
birds:

e Fisheries: Fisheries can be expected to
have a strong influence on the composition
of the seabird community in the EEZ. Fish-
eries can lead to a reduction in the food sup-
ply and even to food limitation. Selective
fishing of fish species or fish sizes may lead
to changes in the food supply for seabirds.
Bottom-set gillnet fishing causes high an-
nual losses of seabirds in the Baltic Sea
through entanglement and drowning in the
nets (ERDMANN et al. 2005). In particular di-
vers, grebes and diving ducks are among
the victims of bottom-set gillnets
(SCHIRMEISTER 2003, DAGYS & Zydelis
2002). According to ZYDELIS et al. (2009),
the annual by-catch of seabirds is around
73,000 in the entire Baltic, with 20,000 in the
southern Baltic Sea. Fishery discards pro-
vide additional food sources for some sea-
bird species (CAMPHUYSEN & Garthe 2000).
In particular, many species of seabird such
as the herring gull and the great black-
backed gull benefit from discards.

e Shipping: Shipping can have a deterrent ef-
fect on disturbance-sensitive species such
as divers (MENDEL et al. 2019, FLIESSBACH
et al. 2019, BURGER et al. 2019) and also in-
cludes the risk of oil spills.

e Technical structures (e.g. offshore wind
turbines): Technical structures can have
similar effects on disturbance-sensitive spe-
cies as shipping traffic. In addition, there is
an increase in the volume of shipping traffic,
due, for example, to maintenance trips.




150

Description and assessment of the state of the environment

There is also a risk of collision with such
structures.

e Hunting: Almost all migrating ducks in the
Baltic Sea area are affected by hunting. Be-
tween 1996 and 2001, 122,500 eider ducks
were shot annually in Scandinavia, of which
92,820 were shot in Denmark alone
(ASFERG 2002). This represents 16% of the
winter population of 760,000 individuals
(DESHOLM et al. 2002).

e Climate change: Changes in water temper-
ature are accompanied by changes in water
circulation, plankton distribution and the
composition of the fish fauna. Plankton and
fish fauna serve as a food source for sea-
birds. However, due to the uncertainty re-
garding the effects of climate change on the
individual ecosystem components, it is near
impossible to predict the effects of climate
change on seabirds.

o Other legacy impacts: In addition, eutroph-
ication, accumulation of pollutants in the ma-
rine food chain and water-borne debris, e.g.
parts of fishing nets and plastic debris, can
affect seabirds in their occurrence and dis-
tribution. Epidemics of viral or bacterial
origin may pose a threat to populations of
seabirds and resting birds.

In summary, it may be concluded that the sea-
bird community in the German Baltic Sea EEZ is
clearly subject to anthropogenic influence. The
seabird community in the EEZ cannot be re-
garded as natural for the reasons given here.

2.8.3.3 Significance of sub-area IV of the
Pommersche Bucht - Ronnebank

nature conservation area

In the German Baltic Sea, sub-area IV of the
Pommersche Bucht - RdGnnebank nature conser-
vation area has an exceptional function as a
feeding, wintering, moulting, transit and resting
area for species listed in Annex | of the Baltic
Sea Birds Directive (in particular red-throated

diver, black-throated Diver, and horned grebe)
and regularly occurring migratory bird species
(especially red-necked grebe, yellow-billed
diver, long-tailed duck, common scoter, velvet
scoter, common gull, common guillemot, razor-
bill and black guillemot). It is also one of the ten
most important wintering areas for seabirds in
the Baltic Sea (Durinck et al. 1994; Skov et al.
2000; Skov et al. 2011).

The importance of individual parts of the nature
conservation area for resting and migratory birds
varies from year to year due to hydrographic
conditions and weather patterns. Within the bird
sanctuary, numerous migratory and resting birds
use the high biomass available.

2.8.3.4 Importance of the areas for sea-

birds and resting birds
Wind energy priority area EO1

All findings to date indicate that area EO1 is of
medium importance for seabirds. It only touches
the southern and south-eastern edges of the ex-
tensive resting habitats of the Bay of Pomerania
and the Adlergrund. Overall, the area has a me-
dium seabird occurrence and medium occur-
rence of endangered species and species wor-
thy of special protection. It is not one of the main
resting, feeding and wintering habitats of species
listed in Annex | of the Directive or of species
worthy of protection in the Pommersche Bucht -
Roénnebank nature conservation area.

Area EO1 is of medium importance as a feeding
and resting habitat for seabirds and ship-follow-
ers. It is insignificant for breeding birds due to its
distance from the coast. Due to the depth of the
water (more than 20 m) and the seabed condi-
tions, it is not an important feeding ground for
diving sea ducks. They use the area as a transit
area in spring and autumn. Herring gulls are
common in the area, great black-backed gulls
and common gulls are found in comparatively
lower densities. Grebes and divers use the sub-
area exclusively as a transit area. Area EO1
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touches the outermost edges of the winter rest-
ing habitats of razorbill and guillemot. Black guil-
lemots are only rarely sighted. The legacy im-
pacts from fishing and shipping are of at least
medium intensity for seabirds.

Area reserved for wind energy EO2

All findings to date indicate that area EO2 is of
minor importance for seabirds. The area has a
low occurrence of endangered species and spe-
cies worthy of special protection. It does not be-
long to the main resting, feeding and wintering
habitats of species listed in Annex | of the Di-
rective or of species worthy of protection in the
nature conservation area Pommersche Bucht -
Roénnebank. The legacy impacts of fishing and
shipping are of at least medium intensity for sea-
birds.

Wind energy priority area EO3

According to currently available information,
area EO3 is of minor importance as a feeding
and resting habitat for seabirds. Overall, the area
has a low seabird population. It is not one of the
main resting, feeding and wintering habitats of
species listed in Annex | of the Directive or spe-
cies of the Pommersche Bucht - Rénnebank na-
ture conservation area which are worthy of spe-
cial protection. The occurrence of these species
is very low. The area is insignificant for breeding
birds due to the distance from the coast. Due to
the depth of the water and the composition of the
bottom, the area is also of no importance as a
feeding ground for diving sea ducks. The legacy
impacts of fishing and shipping are at least of
medium intensity for seabirds.

2.8.3.5

The EEZ in the Baltic Sea, in particular the prior-
ity and reservation areas for offshore wind en-
ergy considered in more detail here, have or had
a seabird occurrence to be expected based on
the respective prevailing hydrographic condi-
tions, the distances to the coast and legacy im-
pacts.

Conclusion

2.9 Migratory birds

Bird migration usually refers to periodic migra-
tions between the breeding area and a separate
non-breeding area, which for birds at higher lati-
tudes normally contains the wintering grounds.
Often, in addition to a resting destination, one or
more stopovers are made, e.g. for moulting or to
seek out favourable feeding areas. A distinction
is made between long-distance and short-dis-
tance migrants, depending on distance covered
and on physiological criteria.

2.9.1 Data availability

Systematic surveys of bird migration have a long
tradition in the Baltic Sea region. The first sur-
veys were carried out in 1901 at the former Ros-
sitten Ornithological Station on the Curonian
Spit. In Falsterbo at the southern tip of Sweden,
observation and ringing of migrating birds has
been carried out since 1972. In addition, numer-
ous experiments were carried out here, which
provided detailed information on various aspects
of migratory behaviour (e.g. choice of migration
direction). Also on the Swedish side, the Ottenby
ringing station, in operation since 1948, is lo-
cated at the southern tip of the island of Oland.
Another ringing station is located on the Danish
island Christiansg near Bornholm (LAUSTEN &
Lyngs, 2004). Since 1995, the Jordsand Associ-
ation has been conducting a registered catch of
migrating songbirds on the island of Greifswal-
der Oie southeast of Riigen (VON RONN 2001).

As a result of many years of research activities,
more than 1,000 publications have been pro-
duced on bird migration in the western Baltic
Sea. Detailed long-term data are available from
ringing stations, some of which allow an assess-
ment of population trends. The majority of these
data relate to songbird and raptor migration, but
in some cases there are also visual observations
of waterbirds and waders. These numbers de-
scribe migration in the coastal area.

There is hardly any long-term data on migration
on the open sea. The records from the lightship
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in the Fehmarn Belt, from which bird migration
over the sea was systematically observed be-
tween 1955 and 1957, represent one exception.
Migratory behaviour at sea has also been stud-
ied by military radar for a number of species
since the 1970s (Lund University, Sweden).
Since 2002, the Institute for Applied Ecology
(IfAQ) has been investigating visible bird migra-
tion in the German part of the Baltic Sea at vari-
ous locations along the western Baltic coast, and
at offshore sites within the scope of approval pro-
cedures for offshore wind farms, and Federal
Ministry for the Environment, Nature Conserva-
tion and Nuclear Safety (BMU) research pro-
jects (see Figure 45). In parallel, bird migration
up to 1,000 m altitude is quantified using vertical
radar. Further investigations within the scope of
offshore wind farm projects have been or are be-
ing carried out by other planning offices (e.g. OE-
COS 2015, BIOCONSULT SH 2017).
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Figure 45: Bird migration monitoring stations and
points of the IFAQ's radar survey of bird migration
in the western Baltic Sea (Falsterbo: no own ob-
servations; from BELLEBAUM et al. 2008 ).

In addition to data from ringing stations, various
other sources must also be consulted for popu-
lation estimates of migratory bird populations
(national breeding bird monitoring programmes
in  Scandinavia, BIRDLIFE INTERNATIONAL,
2004a). The breeding populations in Sweden
and Finland are relevant for migratory songbirds
and birds of prey. For divers and sea ducks, on

the other hand, the population sizes of birds
crossing the Baltic Sea on their migration from
breeding grounds in Western Siberia to their win-
tering grounds in Western Europe are of interest.
Population estimates of waders at the resting
places along the East Atlantic Flyway can be
used to estimate the extent of the migration of
this bird group in the Baltic Sea area. Despite
many years of observations, the available find-
ings are not yet sufficient for specific issues in
the German Baltic Sea EEZ area.

2.9.2 Spatial distribution and temporal vari-

ability of migratory birds
According to current findings, migratory bird ac-
tivity can be roughly divided into two phenom-
ena: broad-front migration and migration along
migratory corridors. It is known that most migra-
tory bird species fly over large parts of their
transit areas in a broad front. According to KNUST
et al. (2003), this also applies to the North Sea
and Baltic Sea, according to the current state of
knowledge. In particular, species that migrate at
night, which cannot be guided by geographical
structures due to darkness, migrate across the
sea in a broad front. However, many species mi-
grate in narrow corridors without any direct guid-
ing mechanism. This is the case with cranes, for
example. The crane migrates from its huge
range, which extends across most of northern
Eurasia, via relatively few established narrow mi-
gration corridors to just ten fixed wintering
grounds spread from Spain to North and East Af-
rica and China. This represents a case of nar-
row-front migration.

Itis well known, particularly from birds diurnal mi-
grants, that geographical barriers or guides,
such as estuaries and large water areas, influ-
ence the migratory routes. In the western Baltic
Sea, three main migration routes can be distin-
guished, according to PFEIFER (1974):

e Southern Sweden-Danish islands (Zealand,
Mgn, Falster, Lolland)-Fehmarn (known as
the "Vogelfluglinie" or "Bird flight route"). This
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route is mainly preferred by songbirds mi-
grating in daylight and thermal soarers such
as birds of prey. Distances over water sur-
faces are short.

o Southern Sweden—Rlgen. Besides cranes
and birds of prey, this route is probably also
used in spring by songbirds who cross the
Baltic Sea from the Darf} and Rigen in a nor-
therly direction.

¢ Coming from the Baltic states/Finland/Sibe-
ria, following the narrowing funnel of the
western Baltic Sea towards south-west/west.
A distinction is made here between two main
coastal routes 1) along the coast of Mecklen-
burg and 2) along the south coast of Sweden
and the Danish islands to Fehmarn.

Seasonal migration intensity is closely linked to
species- or population-specific life cycles (see,
for example, BERTHOLD 2000). In addition to
these largely endogenously controlled annual
rhythms in migratory activity, the actual course
of migratory events is mainly determined by
weather conditions. Weather factors also influ-
ence the height and speed at which the birds mi-
grate.

In general, birds wait for favourable weather con-
ditions (e.g. good visibility, tailwinds, no precipi-
tation) for their migration, in order to optimise it
in terms of energy use. As a result, bird migration
is concentrated on individual days or nights in
autumn and spring. According to the results of
an R & D project (Knust ET al. 2003), half of all
birds migrate on only 5 to 10% of all days. Fur-
thermore, migration intensity is also subject to
fluctuations depending on time of day. Around
two thirds of all bird species migrate mainly or
exclusively at night (HUPPOP et al. 2009).

29.21 Bird migration over the western
Baltic Sea

Bird migration over the western Baltic Sea is
documented throughout the vyear by various

methods (radar and visual observations, acoustic re-
cordings, ring analyses). The Baltic Sea is along the
migration route of numerous bird species. Every year
in autumn, around 500 million birds (see
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Table 14) migrate across the western Baltic Sea
from their Nordic breeding areas to their winter-
ing grounds further south (BERTHOLD 2000). In
spring, there are considerably fewer (200-300
million). This is due to the high mortality of young
birds in their first winter. More than 95% of these
birds are small land birds.

In order to analyse migratory rates and migratory
routes, it is useful to differentiate migratory birds

by type of migration. Water and land birds as well
as diurnal and nocturnal migrations should be
distinguished on the basis of the different migra-
tion conditions. Among land birds migrating in
daylight, some are optional thermal soarers
(cranes, large birds of prey), which use thermals
over land to gain height, but migrate over water
in active flight (BELLEBAUM et al. 2008).
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Table 14: Population estimates for migratory birds of different flight types in the southern Baltic Sea region
(data only for the autumn season; source: BELLEBAUM et al. 2008; calculated according to HEATH et al. 2000

and SKov et al. 1998).

Type of mi- . Autumn num-
. Species groups
gration bers
Waterbirds Divers, grebes, pelecaniformes, ducks, geese, mergansers, waders, 10-20 million
gulls, terns, auks

Land birds: op- | Birds of prey < 0.5 million
tional thermal

soarers Cranes 60,000
Land birds: | Nocturnal migrants 200-250 million
active fliers Diurnal/nocturnal migrants, pure diurnal migrants 150-200 million

About 200 species of bird are involved in bird mi-
gration in the Western Baltic Sea every year. In
addition, there are another 100 rare species and
vagrants. Figure 46 shows a schematic diagram
of the general migration systems in the western
Baltic Sea, with the arrows representing migra-
tion areas whose specific course cannot be nar-
rowly defined. The significant migratory popula-
tions of waterbirds (sea ducks, divers, geese and
swans) originate mainly from Siberia, so their mi-
gratory path is generally longitudinal. Sea ducks
and divers fly at low height above the water, usu-
ally below 10 m, and often close to the coast
(see, for example, KRUGER & GARTHE 2001).
Waders flying at high altitudes, at least in spring
(on average 2,000 m, GREEN 2005) have been
observed relatively rarely in the Baltic Sea. Birds
of prey migrate both along the "Vogelfluglinie"
and across the open Baltic Sea. Their flight be-
haviour varies by species and season. Active fli-
ers tend to take the route over the sea, while
thermal soarers such as buzzards generally use
the "Vogelfluglinie".

Crane migration across the Baltic Sea takes
place mainly between the Rugen-Bock region in

the Vorpommersche Boddenlandschaft national
park and the Swedish south coast, in a north-
south direction (Alerstam 1990).

For songbirds migrating in daylight, especially
short- and medium-distance migrants such as
finches and wagtails (BERTHOLD 2000), the "Vo-
gelfluglinie" is important, as guidelines play a
role for this species group (at least for the orien-
tation of individuals flying at low altidude). How-
ever, a large proportion of migration also takes
place latitudinally across the open Baltic Sea
when there is a tail wind at high altitude
(ALERSTAM & ULFSTRAND 1972). Due to the lim-
ited scope for visual navigation, broad-fronted
migration is assumed for small birds migrating at
night, especially middle-distance migrants such
as thrushes and robins or long-distance migrants
such as reed warblers (BERTHOLD 2000,
ZEHNDER et al. 2001, BRUDERER & LIECHTI 2005).
KNUST et al. (2003) identified the main migration
direction for the autumn migration in the German
Baltic Sea region at the locations Fehmarn and
Rigen as being SW to SSW.
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Figure 46: Diagram of the most important routes in the Baltic Sea region for the autumn migration (BELLEBAUM

et al. 2008).

Above open water, the migration altitude seems
to rise in general (BEzzEL & PRINZINGER 1990).
Ultimately, flight altitudes during the migration
depend on various factors (e.g. time of year and
day, wind and weather conditions). Nocturnal mi-
grants generally fly higher than diurnal migrants.
The wind conditions also have a major influence
on migration height. KRUGER & GARTHE (2001),
for example, found that divers and sea ducks (ei-
der duck, common scoter) often fly very low over
the water when there is a headwind (less than
1.5 m high), whereas flight altitudes increase
when there is a tailwind. This is probably due to
the fact that wind speed generally increases with
height. By adapting altitude to the wind condi-
tions, flight speed can be greatly increased and
energy consumption can be significantly re-
duced (LIECHTI et al. 2000, LIECHTI & BRUDERER
1998).

2.9.2.2

Waterbirds (active fliers, diurnal/nocturnal
migrants)

Species composition

The exact migration route is known for just one
third of the 70 or so waterbird species that regu-
larly migrate through the western Baltic Sea
(only diurnal migrants with flight altitudes < 200
m, divers, geese, sea ducks, terns). Many spe-
cies migrate at night and/or at high altitude (div-
ing ducks, waders, see for example GREEN
2005). The flight paths of most species/popula-
tions cross the area in an east-west direction to
reach their wintering grounds in western Europe
from their Arctic breeding grounds in western Si-
beria (e.g. geese, sea ducks, sandpipers, divers;
see Figure 46 and Figure 47). These birds often
orient themselves along the coastlines. Other
species/populations which breed in Scandina-
vian wetlands and use freshwater biotopes as
their habitat migrate in a north-south direction
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(ansers, dabbling ducks, mergansers, sandpi-
pers). These species often follow established,
population-specific migration routes. Species mi-
grating at night probably also fly in a broad front
(e.g. snipes).

In terms of diurnal migrants, there are three
known main routes for waterbirds through the
western Baltic Sea:

e Along the Swedish coast (main route of
most eider ducks, brent geese and barnacle
geese)

¢ Along the German coast (main route of
most common scoters and many divers and
terns)

¢ In a north-south direction (swans, ansers,
dabbling ducks, mergansers)

Geese

During the autumn migration, the Russian and
Baltic populations of the barnacle goose (Branta
leucopsis) and the brent goose (Branta bernicla
bernicla) cross the Baltic Sea to reach their win-
tering grounds on the coasts of western Europe.
In the western Baltic Sea, most of these geese
migrate along the southern Swedish coast. Only
a few thousand birds cross the Arkona Sea and
follow the German coast.

There are gradual differences between the two
species during the spring migration in the west-
ern Baltic Sea. Barnacle geese fly more over the
open sea or the southernmost tip of southern
Sweden, while brent geese tend to fly further in-
land (GREEN & ALERSTAM 2000). The general di-
rection of migration of the barnacle goose is
north-east, while brent geese fly in a more east-
erly direction. The spring migration of barnacle
geese tends to occur in April, while brent geese
migrate mostly in late May. The main migration
days fall in periods with tailwinds, which are se-
lectively favoured. Both species fly over the Ger-
man EEZ mainly in the Bay of Kiel/Fehmarn Belt
area. Brent geese show higher flight speeds in
spring than in autumn, and they migrate in larger

groups and at higher altitudes (average in spring:
341 m, autumn: 215 m).

Other species of geese probably migrate mainly
at higher altitudes across the Baltic Sea or prefer
to follow the coasts. In 25 years, only great
white-fronted geese (Anser albifrons) have been
observed in larger numbers on the Danish island
of Christiansg (LAUSTEN & LYNGS 2004). In the
previous migratory observations of the IfAO,
great white-fronted geese were predominantly
seen crossing the Baltic Sea. In May 2003 a con-
spicuous, low-altitude (< 100 m) moulting migra-
tion from Darf3er Ort to the Danish Islands was
recorded for the greylag goose Anser anser (and
for the mute swan Cygnus olor) (IFAO 2005).

Sea Ducks

The southern and western Baltic Sea represents
an important transit area to the wintering
grounds in the North Sea and the northern Kat-
tegat for sea ducks. Although most migration
tends to take place close to the coast (many sea
ducks maintain visual contact with land struc-
tures during flight), sea duck migration also takes
place over the open sea (IfAO 2005).

During spring, the eider duck migrates back
along the southern Swedish coast in a relatively
narrow corridor very close to the coast. Their
path shows a strong relation to topographical
structures (coastline): coming from the Kattegat
or the Belt Sea, they first migrate eastwards
(partly overland) and then remain concentrated
along the coastline in a north-easterly direction
(ALERSTAM 1990). In the autumn the migration
runs roughly along the same route. Although ei-
der ducks migrate both during the day and at
night, the main focus of migration is clearly dur-
ing the day. Radar surveys of the eider duck mi-
gration off the coast of southern Sweden showed
that less than 10% of the total migration occurred
at night (ALERSTAM et al. 1974). Depending
mainly on weather conditions, most of the eider
duck migration can take place over just a few
days (ELLESTROM 2002).
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The spring migration of the common scoter
runs mainly along the German coast. It appears
that most of the common scoters wintering in the
North Sea fly so far south during their inbound
migration that they meet the western beach of
the Darf® and then fly relatively closely around
Dar3er Ort and Cape Arkona. In spring 2003,
about 9% of the biogeographic population (1.6
million individuals, Wetlands International, 2006)
were recorded at Darf3er Ort alone (WENDELN &
KUBE 2005). However, with a 35% share of sim-
ultaneous observations (to the observations at
DarRer Ort itself) from a ship at sea 20 km north
of Darf3er Ort in spring (24% in autumn), larger
numbers of common scoters can also be ex-
pected in the offshore area. An unknown propor-
tion of these birds migrate at night.

While the moulting and autumn migration of the
common scoter north of Cape Arkona on Rugen
is highly concentrated (50,000 to 100,000 in
July/August alone, NEHLS & ZOLLICK 1990), the
total numbers at Darf3er Ort are low at this time
of year (Wendeln & Kube, 2005). It appears that

the autumn migration in the area between
Darf3er Ort and Falsterbo does not run close to
the coast. Presumably, the birds head for the
Danish island of Mgn from Cape Arkona. In the
Fehmarn Belt, hardly any common scoters were
observed along the German coast in spring and
autumn 2005 (IfAO 2005). Either the migration is
concentrated along the Danish coast, or the
birds are already at high altitudes in this area in
order to fly over Schleswig-Hol