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Preface

In the Baltic Sea, where the transboundary aspects of environ-
mental problems are highly evident, HELCOM plays a central role
in coordinating environmental management objectives and in the
implementation of actions and measures.

The HELCOM holistic assessments of the ecosystem health of
the Baltic Sea are reoccurring, transboundary, cross-sectoral as-
sessments that look at the effects of our activities and measures on
the status of the environment. The knowledge produced through
these assessment processes supports environmental policy and is
incorporated into the ecosystem-based management of the Baltic
Sea, as well as into national, regional and global measures.

These holistic assessments cover a broad range of topics rel-
evant to the state of the ecosystem, environmental pressures,
societal drivers and the effects on human well-being. The as-
sessment presented here, the third HELCOM holistic assessment
of the state of the Baltic Sea (HOLAS 3), also specifically enables
tracking our progress towards the implementation of the 2021
HELCOM Baltic Sea Action Plan goals and objectives. It also func-
tions as a regional contribution to the reporting required under
the Marine Strategy Framework Directive for those HELCOM
Contracting Parties that are also EU Member States, and it may
support achievement of or reporting under other international
policy initatives, e.g., the UN Sustainability Development Goals.

The holistic assessments cover ‘moments’ in time over the
dynamic life history of the Baltic Sea, supporting the adaptive
development of assessment methods, measures and policies.
The third HELCOM holistic assessment focuses on describing
the status for the years 2016-2021, contributing to our ambition
at HELCOM to develop, update and share knowledge about the
state of the Baltic Sea environment.

Thissummary report builds on,and integrates, results from a wide
range of assessment products produced within the third HELCOM
holistic assessment. The role of this summary report is to link infor-
mation from the underpinning assessment products together, thus
highlighting the holistic aspects. With this in mind, the summary
report focuses on presenting the results and on an in-depth look at
why we are seeing these results, providing over-arching context and
analysis. The report helps develop a clearer picture of where we are
and how things are connected, supporting coordinated and effec-
tive measures to strengthen the Baltic Sea environment.

© Joonas Linkola
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State of the Baltic Sea
Third HELCOM holistic assessment 2016-2021

Executive summary

The Baltic Sea has unique biodiversity, and people around the region depend on
its ecosystem in ways that are not always directly apparent or appreciated. But
in spite of its ecological, economic and cultural importance, biodiversity is con-
tinuously being degraded and lost. The importance of functioning ecosystems for
human well-being is too often underestimated or not fully recognized in planning
and decision-making. Key pressures on the Baltic Sea ecosystem include eutrophi-
cation, pollution from hazardous substances, land use and overfishing, but several
other pressures also add to the total impact.

N 1

ZQ Executive summary in short

— The Baltic Sea is under increasing impacts from climate change and

biodiversity degradation catalysed by eutrophication, pollution,
land use and resource extraction. Little to no improvement of the
Baltic Sea environment occurred during the assessment period.

— Measures to reduce pressures on the Baltic Sea are working, when

they are implemented, and the agreements in the updated Baltic
Sea Action Plan remain highly relevant.

— The effects of climate change are expected to increase in the future,

increasing the need for measures to enhance ecosystem resilience
and mitigate their negative impacts.

— Transformative changes are needed in all socioeconomic sectors

interacting with or affecting the Baltic Sea environment. Actions
are needed both to stop current negative trends and to protect and
restore ecosystems.

— Ecosystem knowledge and policies for the Baltic Sea environment

have developed substantially within the past six years.

— Implementing the updated Baltic Sea Action Plan, facilitating eco-

system-based management and minimizing impacts from climate
change are focal areas for HELCOM in the coming years.

State of the Baltic Sea
Third HELCOM holistic assessment 2016-2021

Countries around the Baltic Sea have agreed to improve
the state of its ecosystem

The HELCOM Baltic Sea Action Plan includes measures that coun-
tries have agreed on as highly important to halt the deterioration
of the Baltic Sea environment, strengthen biodiversity and im-
prove the living conditions of future generations. HELCOM carries
out holistic assessments every six years to follow up on how well
the agreement is functioning, focusing on how the Baltic Sea eco-
system is doing. These holistic assessments involve several hun-
dred experts on a wide range of topics, from monitoring to system-
level evaluations. The third HELCOM holistic assessment focuses
on the years 2016-2021 and includes results at various levels of
detail, including monitoring data, indicator reports and thematic
assessments. This summary report highlights and synthesizes the
main findings.

The measures of the Baltic Sea Action Plan also support several
other environmental commitments of the Baltic Sea countries, in-
cluding the United Nations Sustainable Development Goals. The
holistic assessment also helps EU countries within HELCOM meet
the requirements for coordinated reporting under the EU Marine
Strategy Framework Directive.

The state of the Baltic Sea ecosystem has not improved

The knowledge base of this holistic assessment is more compre-
hensive than that of previous HELCOM assessments. Several uncer-
tainties have beenreduced, and assessment approachesimproved.
Unfortunately, the results show only little or noimprovementin the
state of the Baltic Sea environment in 2016-2021. Indicator-based
assessments show cases of poor status in environmental pressures
across the full spatial extent of the Baltic Sea. Across pelagic habi-
tats, benthic habitats, fish, waterbirds and marine mammals, only
a few indicators reached their threshold values in parts of the Bal-
tic Sea, and none in all assessed areas. For some species groups,
such as marine mammals and fish, the integrated status has wors-
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ened compared to the previous assessment. Many commercial fish
stocks in the Baltic Sea are in an especially poor state.

This deterioration jeopardizes the sustainable use of species
in the Baltic Sea, and it also impacts ecosystem functions that
are of central importance for humans. The poor environmental
status of the Baltic Sea clearly affects, for example, the profitabil-
ity of fisheries and tourism, and it also impacts a wide range of
ecosystem services on which we depend. Considering the high
costs of inaction, achieving a healthy Baltic Sea is also an invest-
ment in the sustainable economic and societal development of
our region. Achieving good environmental status in national ma-
rine waters by 2040 has been estimated to be worth 5.6 billion
euros per year to the people around the Baltic Sea.

When implemented, regional measures are working

However, the assessment also shows that measures to reduce
pressures on the Baltic marine environment are working, when
they are implemented. As a result of regional agreements, inputs
of nutrients have reached sustainable levels in some parts of the
Baltic Sea, and so have levels of some hazardous substances that
were previously problematic. Actions for biodiversity conservation
have also increased, and the Baltic Sea region is on track to reach
the global target of 30% protected area by the year 2030. Such coor-
dinated measures are essential to enable the recovery of the Baltic
ecosystem over time. These are fundamental steps and necessary
actions, and it is imperative that we build on them further.

Among current key priorities, lowering the input of nutrients
to regionally agreed maximum levels in all sea basins remains a
central objective. In addition, strengthening the coordination of
management measures to limit the distribution of a wide range
of hazardous substances is needed. Transitioning to ecosystem-
based management is called for to ensure that fishing does not
have negative effects on food web functions or ecosystem resil-
ience. This need is further increased by climate change.

State of Baltic Sea pressures and biodiversity 2016-2021 & HELCOM
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Figure ES1. Summary of the integrated assessment results of pressures and status for the Baltic Sea showing the proportion of the Baltic Sea in the different assessment
status categories (based on square kilometres). Integrated assessment results are shown in five categories with three representing degrees of poor status and two
representing degrees of good status, as shown in more detail in the different chapters of the report.
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.j Policy statements

National work in HELCOM countries is at the core of im-
plementing the Baltic Sea Action Plan and improving
the health of the Baltic Sea.

The third HELCOM holistic assessment highlights the
importance of measures to strengthen Baltic Sea bio-
diversity.

Achieving a healthy Baltic Sea ecosystem requires
measures both to limit the extent and intensity of cur-
rent human-induced pressures and to protect and re-
store species and habitats.

An urgent need is to equip our shared Baltic Sea eco-
system with the capacity to withstand the future ef-
fects of climate change.

A central task for HELCOM is to incorporate current
knowledge developments in an ecosystem-based man-
agement framework that supports, and is supported by,
national, regional and global actions that enable a sus-
tainable future for the Baltic Sea region.

The need for stronger measures is accentuated
by climate change

Climate change increases the risk of biodiversity loss in the Baltic
Sea and aggravates the impact of existing pressures. The impacts
of climate change have increased in the Baltic Sea region lately and
are predicted to continue doing so in the near future. Assessments
show that the water temperature is rising, the ice extent in winter is
decreasing and the annual mean precipitation isincreasing over the
northern part of the region. The increased likelihood of marine heat-
waves, climate variability and extreme weather events is of growing
concern. These changes affect the abundance and distribution of
species in the Baltic Sea, and hence also ecosystem functions and
the delivery of ecosystem services. Measures are needed to limit
global warming, strengthen the resilience of the natural ecosystem
and enhance its potential to mitigate climate change effects.

Ecosystem-based approaches can support
environmental measures

The poor status of many species and habitats reflects their re-
sponse to multiple pressures acting in concert rather than to
individual pressures. For example, benthic habitats can be im-
pacted by a combination of physical disturbance, eutrophication
and the effects of food web disruptions. Mobile species, includ-
ing fish, waterbirds and marine mammals, are affected by pres-
sures throughout their distribution area. Several environmental
objectives for the Baltic Sea will likely require a combination of
measures targeting various pressures and climate change effects
in order to be achieved. Transformative changes are called for in
all socioeconomic sectors interacting with or affecting the Baltic
Sea environment in order to protect and rebuild ecosystems and
halt existing negative trends.

Maintaining the natural structure and function of food webs can
be expected to strengthen the resilience of the ecosystem against
multiple human pressures. Food webs cannot be directly man-
aged, but their structure and function can be improved by proper
management of the human activities and pressures that affect the
species involved in them. Since all parts of the ecosystem are in-
terconnected, changes in the status of one species in the food web
will affect others. Integrating food web knowledge into the design
and implementation of management measures (for example, by
identifying and coordinating a combination of actions that support
key species) is expected to increase the effectiveness of measures
to strengthen the species, habitats and food webs of the Baltic Sea.

To this end, ensuring continued, coordinated monitoring, as-
sessment and analysis among Baltic Sea countries, and devel-
oping these further, are key to ensuring the coherence and com-
munication needed to support environmental policy towards the
ecosystem approach.

E:/ Summary of assessment results per

assessment element

Status of biodiversity in the Baltic Sea
1.

B

Pelagic habitats, including phytoplankton and zooplankton,
do not have good status in any open sea sub-basin. The status
is most deteriorated in the central and northern Baltic Sea,
and the situation has worsened in the Bothnian Bay. Four out
of thirteen assessed coastal areas have good status for phyto-
plankton. When eutrophication indicators are also included
in the assessment, no open sea or coastal pelagic habitats
have good integrated status.

Benthic habitats generally do not have good status in the
southern Baltic Sea, while their status is good in open sea
areas in the northernmost sub-basins. Oxygen conditions are
worsening. The oxygen debt below the halocline is increasing
in all basins, especially in the Baltic Proper, and the increase
between the previous and current assessment periods was
very steep. Most coastal areas do not have good status.

. For fish, only four out of fifteen assessed commercial stocks

have good status. The status has declined for three stocks, im-
proved for one and remained unchanged for eight stocks that
were also assessed in the previous assessment period. The in-
tegrated status of coastal fish is good in only two of the twenty-
two assessed areas, representing a worsened situation.

. Waterbirds do generally not have good status, although

there is variability between groups with different feeding
behaviours. The status of benthic feeders and waders is not
good in any part of the Baltic Sea. Surface-feeders have good
status only in the Gulf of Bothnia. Grazing feeders do not have
good status in the Kattegat, the Northern Baltic Proper or the
Aland Sea. Pelagic feeders have good status in several sub-
basins. Many bird species characteristic of the Baltic Sea have
decreased in abundance over the past few decades.

. Marine mammals are represented by four species in the Bal-

.

tic Sea. Grey seals and harbour seals are increasing in some
areas, but the indicators for population growth rates, as well
as reproductive and nutritional status, do not reach thresh-
old values. Behavioural change in the ringed seal, possibly
explained by a warming climate, has impaired the quality of
monitoring data to evaluate its status in the Bothnian Bay.
The status of the harbour porpoise is not good.

Food web assessments address the species interactions and
energy flows that support ecosystem health. Changes in the
status of a food web occur through impacts on its interacting
species as these are mediated to other species and trophic
guilds. Major changes in the abundance and biomass of spe-
cies, driven by human pressures, have been associated with
changes in the food webs of the Baltic Sea in recent times,
and several examples of food web disruptions and putative
tipping points are a cause for concern.

State of the Baltic Sea 2023 @
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How can we protect and restore the Baltic Sea
and its biodiversity?

Pollution

Reducing eutrophication is a key measure for improving both
pelagic and benthic habitats in the Baltic Sea, and it will also
have positive effects on mobile species that depend on these
habitats. The increase of areas with poor oxygen conditions in
the Baltic Sea is strongly linked to eutrophication. Eutrophica-
tion status has shown no signs of recovery since the previous as-
sessment period. Inputs of nutrients have been reduced, but not
all basins have achieved the Maximum Allowable Inputs (MAI)
targets. Inputs of nitrogen are still too high in the Baltic Proper
and the Gulf of Finland, and possibly the Gulf of Riga, while in-
puts of phosphorus are too high in all sub-basins except the
Bothnian Bay, Bothnian Sea, Danish Straits and the Kattegat.
Hazardous substances affect the status of several species and
habitats. In the past, environmental contaminants decimated
marine mammal and bird populations of the Baltic Sea. While
many of the substances of the past are now banned, and their
impacts relieved, hazardous substances are still the most wide-
spread and impactful pressure in the Baltic, and emerging haz-
ardous substances are a concern. The contamination status of
the Baltic Sea has improved to some extent, but it was still as-
sessed as either bad or poor in 80% of the assessed spatial units.
The results partly reflect data availability, as units assessed with
better status tended to be represented by fewer variables or
lower assessment confidence. However, there are trends of im-
provement for several substances at the level of monitoring sta-
tions. Six open sea subbasins have improved their status catego-
ry, although they are still not in good status. Only a small fraction
of potentially hazardous substances is measured and assessed.
Marine litter can have direct effects on animals, as well as on
human activities. Eleven out of sixteen assessed sub-basins ex-
ceeded the HELCOM threshold value for beach litter, with the
highest amounts in the Sound, the Gulf of Riga, and the Eastern
Gotland Basin. Most beach litter items are plastic, though the
overall occurrence of plastic items has decreased. Litter on the
seafloor is monitored through fish trawling surveys. Glass, metal,
rubber, natural litter and single-use plastics have not increased
in weight or number on the seafloor. Fisheries-related litter has
increased in weight but not in number, and seafloor litter in the
categories “plastics” and “other litter” have increased.

The introduction of non-indigenous species affects food webs
by inducing changes in species interactions (for example, by com-
peting with naturally occurring species). The arrival of non-indig-
enous or cryptogenic species to the Baltic Sea increased sharply
in the second half of the last century and has not shown signs of
decline since then. Thirteen non-indigenous or cryptogenic spe-
cies were recorded for the first time in the Baltic Sea during 2016-
2021, meaning the threshold value of zero new introductions was
clearly exceeded. Most new non-indigenous species arrive in the
Baltic Sea in connection with maritime transport and shipping.
Underwater noise can have harmful effects on species if the
levels are too high. The status of underwater noise in the Baltic
Sea was evaluated as good with respect to the risk that continu-
ous underwater noise leads to behavioural disturbance of fish or
marine mammals. With respect to the risk that human-induced
sound masks natural sounds, the status is evaluated as good for
marine mammals, but not good for fish in 9 out of 17 assessment
units. Noise levels are clearly highest in shipping lanes. Loud

impulsive noise can induce a range of effects depending on its
intensity. Even if they don’t persist for a long time, activities such
as explosions and piling may have effects at vast distances from
the source unless mitigation measures are used.

Activities at sea

Fishing has had a significant impact on the Baltic Sea over the
past few decades. Over the current assessment period, only four
out of fifteen commercial stocks that could be fully evaluated
showed good status on average. Eight out of seventeen evaluated
stocks failed to achieve their threshold value for the fishing pres-
sureindicator. For the stock size indicator, two pelagic stocks, four
demersal stocks and eels failed to reach their threshold values.
Fourteen stocks were evaluated with respect to a new indicator
for age or size structure. Three of these showed negative trends,
while the others showed a positive or no significant trend over
time, though in several cases this reflects the indicator remaining
at low levels. The deterioration of fish stocks affects not only the
prospects of fishing but also of marine mammals and many fish
and waterbird species that are dependent on prey fish.
Unintentional by-catch is of concern with regards to marine
mammals and sea birds, which mainly drown in gillnets but
also in trawls. Based on available data, the highest impact of by-
catches likely occurs from the Kattegat to the Eastern Gotland
basin. By-catch is a problem for species with poor conservation
status, such as the harbour porpoise in the Baltic Sea.

Seafloor disturbance is a pressure that must be reduced for
the status of benthic habitats in the Baltic Sea to improve. The
effects of bottom trawling in the south-western Baltic Sea and
the Kattegat are key concerns, and the risk of cumulative impact
from physical pressures is also highest in these areas. In addi-
tion, habitat alterations in coastal areas (due to construction and
dredging, for example) are a risk to fish and sea bird habitats.
Erosion and habitat disturbance from boating and shipping can
also have a high impact in some areas.

Seafloor loss is defined as a change of seabed substrate or mor-
phology that has lasted for more than twelve years or is expected
to do so. Seafloor loss is estimated to potentially affect less than
one % of the total Baltic Sea area. The Sound experiences the
highest potential loss, above four %, while loss is clearly below
one % in the other the sub-basins.

Protection and restoration status of the Baltic Sea

Marine protected areas are spatially defined areas that are
selected for protection because they can be particularly useful
to safeguard marine ecosystems, processes, functions, habitats
and species, and they are managed to support this purpose. To-
day, the Baltic network of protected areas covers approximately
16.5% of the Baltic Sea, including just above 13% that are HEL-
COM marine protected areas. The area is expected to increase
in the near future as a result of efforts to reach the spatial pro-
tection targets of the Baltic Sea Action Plan, the EU Biodiversity
Strategy and the Global Biodiversity Targets of the UN Conven-
tion on Biological Diversity. For the protection to be effective,
it should also be ensured that the MPAs form an ecologically
coherent network.

Coastal and marine restoration is still in its infancy in the Bal-
tic Sea, and there is a clear need to build a knowledge base and
the capacity to ensure its successful implementation through
knowledge-sharing and following up on existing and planned
restoration initiatives.
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STATUS OF PRESSURE-BASED INDICATORS IN THE SUB-BASINS OF THE BALTIC SEA
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STATUS OF BIODIVERSITY INDICATORS IN THE SUB-BASINS OF THE BALTIC SEA
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1.1. Why is a holistic assessment of the
Baltic Sea needed?

Achieving good ecosystem health is a core area of collaboration
among countries bordering the Baltic Sea, which make up the
Contracting Parties to HELCOM. Pressures from various human
activities have an impact on Baltic Sea ecosystems, affecting the
status of species and habitats, as well as human well-being. The
close links between different parts of the Baltic Sea mean that
actions often have to be coordinated across national borders for
environmental measures to be effective. Environmental pres-
sures vary spatially and their importance can change over time,
depending on how human activities develop and on how effi-
ciently we are able to manage and minimize negative impacts.

The third HELCOM holistic assessment (HOLAS 3) provides a
wide-ranging update on the environmental status of the Baltic
Sea for the time period 2016-2021. The holistic assessment helps
us understand which pressures are currently of key importance
and what areas will require additional measures, assuming cur-
rent management measures are effective and are sufficient.

This holistic assessment captures a snapshot in time, reflect-
ing the environmental condition and the role contemporary
society plays in the dynamic life history of the Baltic Sea. In pro-
ducing the assessment, researchers and experts around the Bal-
tic Sea share insights into the various aspects that drive changes
in its ecosystem. The task is not trivial. Different pressures often
interact within the societal, economic and ecological complex-
ity encompassing the Baltic Sea environment, and the effects
on species and habitats may occur with a time lag or may be
expressed differently between species or areas. It is crucial to
produce an overview of the whole system that is as comprehen-
sive and accurate as possible. Together, we want to understand
which activities put pressures on the ecosystem and how they
do so, how those pressures affect the state of the environment
and biodiversity (in other words the species and habitats of the
Baltic Sea), how the ecosystem and its functions are altered,
and how such changes influence or can be influenced by soci-
etal factors. We want to use these insights to define new actions
to renew, update and establish more effective measures to en-
sure a healthy Baltic Sea.

State of the Baltic Sea
Third HELCOM holistic assessment 2016-2021

1.2. Policy use

In HELCOM, the holistic assessment provides a shared basis for
following up on progress towards the objectives of the Baltic Sea
Action Plan, facilitating the adaptive development of measures
for the Baltic Sea environment in alignment with the ecosystem
approach (Box 1.1).

The results and evaluations can be used to assess the current en-
vironmental status of the Baltic Sea and track the progress and ef-
fects of existing measures. This work supports several policies of key
importance for the marine environment, helping HELCOM countries
to come together and agree on the next steps to curb negative im-
pacts and improve the status of the Baltic Sea.

1.2.1 Baltic Sea Action Plan

The Baltic Sea Action Plan (BSAP) is HELCOM’s strategic pro-
gramme of measures and actions for achieving a good environ-
mental status of the sea (HELCOM 2021). The BSAP provides the
concrete basis for work in HELCOM by stimulating goal-oriented
cooperation among countries in the Baltic Sea region.

The BSAP is guided by the HELCOM vision of “a healthy Baltic
Sea environment with diverse biological components function-
ing in balance, resulting in a good ecological status and support-
ing a wide range of sustainable economic and social activities”.
The 2021 BSAP is divided into four segments, each with specific
goals and objectives, which have been jointly agreed amongst
the Baltic Sea countries (Figure 1.1).

Each of the four segments contains concrete measures and ac-
tions to be implemented by 2030 at the latest.

The Eutrophication and Hazardous substances and litter seg-
ments mainly reflect actions needed to manage pressures stem-
ming from land, while the Sea-based activities segment addresses
actions needed at sea to curb negative impacts resulting from our
marine activities. The segments of the BSAP are intrinsically linked,
and accomplishing the goals of these segments has direct impor-
tance for securing the status of species and habitats in the Baltic
Sea, which is the target of the Biodiversity segment. The actions
under this segment focus primarily on protection and restoration.

Horizontal topics

]

(PEe)
fed b8 o)

Figure 1.1. The four main segments of the Baltic Sea Action Plan (BSAP) focus on Biodiversity, Eutrophication, Hazardous substances and litter, and Sea-based activities. These
segments support each other and share cross-cutting topics. The cross-cutting topic of the BSAP are climate change, monitoring, maritime spatial planning, economic and social
analyses, knowledge exchange and awareness raising, hot spots, and financing.
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Figure 1.2. The EU Marine Strategy Framework Directive aims for good environmental status based on eleven descriptors
covering different aspects of the marine environment

The BSAP also includes a number of horizontal topics. These ad-
dress cross-cutting issues which have the potential to markedly in-
fluence the successful implementation of the BSAP. These include
climate change, monitoring, maritime spatial planning, economic
and social analyses, knowledge exchange and awareness raising,
hot spots and financing.

1.2.2 Marine Strategy Framework Directive
and other EU legislation

The Marine Strategy Framework Directive (MSFD) is the legal in-
strument for the protection of the seas in the European Union. The
overarching goal of the MSFD is to achieve a good environmental
status of the marine waters within the European Union, which is
specified using eleven descriptors (Figure 1.2). EU Member States
are required to report on the status of their marine environments
(using indicators) in relation to these descriptors in six-year as-
sessment cycles (EC 2017 a,b). While member states define the
indicators and their threshold values, they are often required to
do so through regional cooperation, and their data collection and
assessment approaches need to be as coherent as possible in or-
der to be meaningful, particularly within the same marine region.

The MSFD is an overarching framework that strives to establish an
ecosystem-based, adaptive, and integrated approach to the man-
agement of all human activities that have an impact on the marine
environment. The MSFD does not aim to replace other related EU
policies but makes links to them to support harmonised assess-
ment and monitoring. Examples of EU policies of direct relevance
for the implementation of the EU MSFD are the Birds and Habitats
Directive (EU 1992), the Water Framework Directive (EC 2000), and
the EU Common Fisheries Policy (EU 2013).

1.2.3 The Global Sustainable Development Goals

The HELCOM Baltic Sea Action Plan and HELCOM activities are well
aligned with the Sustainable Development Goals of the United Na-
tions (Figure 1.3), which provide a global blueprint for peace and
prosperity for people and our planet (UN 2015). The seventeen
goals were adopted by all United Nations Member States in 2015.
Rooted in an urgent call for action by both the Global South and
the Global North, the Sustainable Development Goals recognize
that ending poverty and other deprivations must go hand-in-hand
with strategies that improve health and education, reduce in-
equality and spur economic growth while tackling climate change
and working to preserve our forests and oceans.

— 2.4 By 2030, ensure sustainable food production systems
and implement resilient agricultural practices that increase
productivity and production, that help maintain ecosystems,
that strengthen capacity for adaptation to climate change,
extreme weather, drought, flooding and other disasters and that
progressively improve land and soil quality.

P

— 6.3 By 2030, improve water quality by reducing pollution,
eliminating dumping and minimizing release of hazardous
chemicals and materials, halving the proportion of untreated
wastewater and substantially increasing recycling and safe
reuse globally

2

— 6.5 By 2030, implement integrated water resources management
atall levels, including through transboundary cooperation as
appropriate

2

— 12.2 By 2030, achieve the sustainable management and
efficient use of natural resources

— 12.4 By 2020, achieve the environmentally sound management of
chemicals and all wastes throughout their life cycle, in accordance
with agreed international frameworks, and significantly reduce
their release to air, water and soil in order to minimize their adverse
impacts on human health and the environment

— 12.5 By2030, substantially reduce waste generation through
prevention, reduction, recycling and reuse

— 13.2 Integrate climate change measures into national policies,

strategies and planning

@ Biodiversity @ Eutrophication

Hazardous substances,
¥ marine litter,
underwater noise,
non-indigenous
species
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— 14.1 By 2025, prevent and significantly reduce marine pollution of

all kinds, in particular from land-based activities, including marine
debris and nutrient pollution

14.2 By 2020, sustainably manage and protect marine and
coastal ecosystems to avoid significant adverse impacts, including
by strengthening their resilience, and take action for their
restoration in order to achieve healthy and productive oceans

14.4 By 2020, effectively regulate harvesting and end
overfishing, illegal, unreported and unregulated fishing and
destructive fishing practices and implement science-based
management plans, in order to restore fish stocks in the shortest
time feasible, at least to levels that can produce maximum
sustainable yield as determined by their biological characteristics

14.5 By 2020, conserve at least 10 per cent of coastal and marine
areas, consistent with national and international law and based on
the best available scientific information

14.c Enhance the conservation and sustainable use of oceans
and their resources by implementing international law as
reflected in UNCLOS, which provides the legal framework for the
conservation and sustainable use of oceans and their resources,
as recalled in paragraph 158 of The Future We Want

P

15.8 By 2020 introduce measures to prevent the introduction and
significantly reduce the impact of invasive alien species on land
and water ecosystems, and control or eradicate the priority species

Economic and Spatial pressures
social analyses and impacts

Figure 1.3. Sustainable Development Goals and their links with HOLAS 3, based on information in the 2021 HELCOM Baltic Sea Action Plan (BSAP).
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BOX 1.1.

HELCOM policy and work are guided by the
ecosystem approach

Marine governance following the ecosystem approach places
ecosystem dynamics at the heart of the management of hu-
man activities and grounds policymaking in a scientific un-
derstanding of the environment. It focuses on the structure
and functioning of the ecosystem as a whole, highlights our
dependency on the health of the ecosystem, and acknowl-
edges that different parts of the ecosystem are linked to
each other. Ecosystem-based management necessitates the
development of comprehensive integrated policies reaching
across sectors and management levels. With an integrated
perspective to the management of human activities, eco-
system-based management aims to ensure successful and
sustainable societal and ecological outcomes. HELCOM con-
tributes to the operationalization of ecosystem-based man-
agement throughout the implementation of the HELCOM
Baltic Sea Action Plan.

State of the Baltic Sea
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nr 13. Data and methods underlying the
== | assessment

1.3.1 The HELCOM monitoring programmes

The holistic assessments are based on extensive data collected
in a comparable manner throughout the Baltic Sea region to cre-
ate the most accurate and comprehensive overview of the state
of the Baltic Sea.

Maintaining regionally agreed monitoring programmes is a
well-established function of HELCOM. Countries around the Bal-
tic Sea carry out the monitoring in line with commonly agreed
procedures and collate the data in centralized, open databases
(HELCOM 2013a). Monitoring of the physical, chemical and bio-
logical variables of the Baltic Sea open sea area started as early
as 1979, and monitoring of the input of nutrients and hazardous
substances began in 1998. The monitoring programmes are de-
veloped continuously. There are now 40 jointly agreed HELCOM
monitoring programmes being implemented by the countries
around the Baltic Sea. These programmes cover the sources
and inputs of human pressures and various variables that reflect
the state of the environment. The monitoring data are used in
various assessments to evaluate the state of the marine environ-
ment and to reveal long-term trends.

Despite recent developments to improve the assessment,
several data gaps are still evident and need to be filled in future
work. In some cases, data gaps exists because monitoring to sup-
port the assessed indicators (see Section 1.3.2) does not cover
the full extent of the Baltic Sea region or there is insufficient sam-
pling density. For some elements, regionally coordinated moni-
toring is still under development or is missing. More details for
specificindicators and elements are given in the reports summa-
rized in this report (HELCOM 2023a-e) and the indicator reports.

1.3.2 The HELCOM indicators

The HELCOM indicators are the basis for evaluating progress to-
wards our identified objectives for the marine environment.

The indicators are developed by HELCOM expert groups fol-
lowing a set of key principles that address factors such as ecologi-
calrelevance, policy relevance, measurability, and connection to
human pressures. HELCOM core indicators must be quantitative
and their underlying monitoring data and evaluation approach-
es must be harmonised across the Baltic Sea. The observed sta-
tus of each core indicator in defined spatial units (see section
1.3.4) is evaluated against a regionally (or sub-regionally) agreed
threshold value. Indicators are evaluated as either achieving or
failing to achieve their threshold value. The evaluations thus
help us understand the current situation in relation to our objec-
tives, what direction we are moving in, and whether we need to
take action (HELCOM 2020).

To avoid gaps in the holistic assessment and ensure that avail-
able knowledge of key importance is shared, the indicator evalu-
ation results are supplemented with qualitative information for
aspects that cannot be addressed quantitatively.

A central part of HELCOM’s work is to develop and improve
the set of indicators over time to enable better and more com-
prehensive assessments of the state of the environment and the
pressures that affect it. There are currently almost 60 HELCOM
indicators in use and reported in this assessment (Table 1.1).

State of the Baltic Sea
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Table 1.1. List of HELCOM indicators used in HOLAS 3. The colours are related to the Baltic Sea Action Plan (BSAP) segments.

Indicator name

Indicator category

(Core, Pre-core, Supplementary, Element

 Distribution of Baltic grey seals

 Distribution of Baltic ringed seals

 Distribution of Baltic harbour seals

 Population trends and abundance of grey seals
 Population trends and abundance of ringed seals

. Population trends and abundance of harbour seals
Nutritional status of seals

_Reproductive status of seals

Harbour porpoise distribution

- Harbour porpoise abundance

- Abundance of waterbirds in the breeding season

- Abundance of waterbirds in the wintering season

Breeding success of waterbirds

- Number of drowned mammals and waterbirds in fishing gear

- Abundance of coastal fish key functional groups

- Abundance of key coastal fish species

. Size structure of coastal fish

Abundance of salmon spawners and smolt

- Abundance of sea trout spawners and parr

- Zooplankton mean size and total stock

. Seasonal succession of dominating phytoplankton groups
. Diatom/Dinoflagellate index
 State of the soft-bottom macrofauna community

. Cumulative impact from physical pressures on benthic biotope (Cuml)

Inputs of nitrogen and phosphorous to the sub-basins

Total nitrogen concentrations

 Total phosphorus concentrations

 Dissolved inorganic nitrogen (DIN)
 Dissolved inorganic phosphorus (DIP)
Chlorophylla

- Cyanobacterial bloom index

- Water transparency

- Oxygen debt

 Shallow-water bottom oxygen

and Driver)

i Core
i Core
i Core
i Core
i Core
i Core
i Core
i Core
i Pre-core
i Pre-core
i Core
i Core
i Pre-core
i Core
i Core
i Core
i Core
i Core
i Core
i Core
: Pre-core
i Pre-core

Core

Core

: :
i Core

; Core

; Core

; Core

; Core

; Core

i Pre-core

Core

Core
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Table 1.1. (Continued). List of HELCOM indicators used in HOLAS 3. The colours are related to the Baltic Sea Action Plan (BSAP) segments.

Indicator name

 Oil-spills affecting the marine environment

Trends in arrival of new non-indigenous species
Driver Indicator name

 Fishery Operations

- Total Allowable Catch

WastewaterTreatment

1.3.3 Integrated and thematic assessments

The integrated assessments combine indicator evaluation results
and data to produce more holistic overviews of specific topics.

Different integrated assessment tools have been developed
to address several of the themes covered by the holistic assess-
ments. The BEAT tool addresses the biodiversity theme, HEAT
addresses eutrophication, and CHASE is designed for the inte-
grated assessment of hazardous substances. These tools all use
HELCOM indicators as their basis. The tool outputs show wheth-
er the integrated status is good or not in five assessment result
categories. The results thus also provide an understanding of
how far we are from reaching good status. Two assessment cat-
egories represent different levels of good status and three repre-
sent different levels of not good status. The tools also produce
assessments of confidence in the results, reflecting the spatial
and temporal data quality as well as the confidence in the meth-
odology and evaluation.

The SPIA tool, which can be used to show the spatial distribu-
tion of pressures and impacts, does not use indicators as a basis
for its assessment. Instead, it spatially plots and integrates data
on ecosystem components, such as species or habitats, as well
as human activities, together with the pressure they can exert
and their potential impact on the environment.

The integrated assessment tools are presented in more detail
in the thematic assessments on biodiversity (HELCOM 2023a),
eutrophication (HELCOM 2023b) and hazardous substances
(HELCOM 2023c). Thematic assessments directly supporting this
holistic assessment also cover economic and social analyses
(HELCOM 2023d) and spatial analyses of pressures and impacts
(HELCOM 2023e, see also Table 1.2).

Indicator category
| (Core, Pre-core, Supplementary, Element
Driver)

| Indicator category

Driver
Driver
~ Driver

~ Driver

1.3.4 HELCOM spatial assessment scales

The HELCOM spatial assessment units divide the Baltic Sea into eco-
logically relevant divisions with the aim of reporting indicator evalu-
ations and integrated assessment results at their most ecologically
relevant scale under a shared and coherent approach (Figure 1.4).
The system is nested, which means that spatial assessment units
with higher spatial resolution can fit into units with lower spatial
resolution (with a few minor exceptions). The applied levels of
scale are:

— Level 1. HELCOM Marine area: The whole Baltic Sea, encompass-
ing the entire HELCOM area,

— Level 2. HELCOM Sub-basins: Division of the Baltic Sea into 17
sub-basins,

— Level 3. HELCOM Sub-basins with coastal and offshore divisions
(national coastal areas)

— Level 4a. HELCOM Sub-basins with coastal water types or water
bodies aligned with the Water Framework Directive (WFD)

— Level 4b. HELCOM Sub-basins with coastal WFD water types or
water bodies with specific subdivisions for eutrophication as-
sessment

In addition, assessments may be evaluated in aggregations of these
assessment units where ecologically relevant (e.g., depending on
population or species distribution extent).

1.3.5 Assessment period of HOLAS 3

The HELCOM holistic assessments provide recurrent updates on
the state of the Baltic Sea over a given time period. Each HELCOM
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Figure 1.4. The spatial assessment units are a key tool for carrying out regional assessments coherently across the wide variety of topics and features of
HOLAS while ensuring that each is assessed at an ecologically relevant scale.
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Table 1.2. HOLAS 3 assessment products underpinning this summary report. In addition to these, introductory videos to explain concepts related to the assessments
(developed primarily under the BLUES project) and other products to facilitate access to the HOLAS 3 results are available (see the State of the Baltic Sea website).

HOLAS 3 products

Thematic Assessments Reports:

—  Thematic assessment of biodiversity 2016-2021
—  Thematic assessment of eutrophication 2016-2021

—  Thematic assessment of hazardous substances, marine litter, underwater noise and

non-indigenous species 2016-2021

—  Thematic assessment of economic and social analyses 2016-2021

— Thematic assessment on spatial distribution of pressures and impacts 2016-2021

Updated data and data layers (HELCOM Map and Data Services)

59 indicator reports (see also Table 1.1)

HELCOM Metadata catalogue

holistic assessment covers a timespan of six years, referred to as
the assessment period. The third HELCOM holistic assessment
(HOLAS 3) focuses on the years 2016-2021. The HOLAS 3 as-
sessment period partially overlaps with that of HOLAS II, which
covered the period 2011-2016 (HELCOM 2018). The first HOLAS
(HELCOM 2010) covered the years 2003-2007. These holistic as-
sessments also aim to explore changes in status compared to
prior assessment periods. Furthermore, the assessments reflect
improvements in our understanding of how the components of
the Baltic Sea ecological and societal systems are connected, in-
corporating enhancements in knowledge into each assessment.

E:/ | 1.t. How to read the summary report

The HELCOM holistic assessment is a multi-layered product rep-
resenting varying levels of detail for each of the topics covered,
and several assessment products underpin this summary report.
Detailed data and results generated by national monitoring and
regional data collection form the basis of the assessment, con-
tributing to indicator evaluations. These, in turn, contribute to
integrated results at overarching levels in the thematic assess-
ments (HELCOM 2023a-e). This approach allows anyone to ex-
plore and utilise the results at whatever scale is most relevant
while maintaining ecological relevance at the core.

The HELCOM indicator reports and thematic assessments di-
rectly underpin the results presented in this summary and offer
more detailed and technical information (Table 1.2).

The aim of this summary report is to connect information from
the underpinning assessment products to provide a more holistic

view of the overall status of the Baltic Sea. The holistic approach
strives to acknowledge the variety of roles that different species
have in the ecosystems, as well as how they link together. The
health and existence of each species in the Baltic Sea depends on
interactions with several other species, habitats and environmen-
tal conditions, and each species fulfils certain ecological functions,
many of which are vital for the ecosystem to function as a whole. An
important implication is that the degradation of one element of the
ecosystem, or the deterioration of one species, could damage other
parts of the ecosystem. As will be evident from further reading, pres-
sures and human-induced impacts can lead to modifications in the
entire food web, leading to further reduced stability and resilience.

The summary report strives for a combined view and analy-
sis of where we are today with the protection of the Baltic Sea
environment and why the status is as it is. Our activities at sea
and on land cause pressures on the marine environment, and
these pressures have negative impacts on the species and habi-
tats that we all depend for our survival and well-being. To keep
the negative impact of our activities within the bounds that the
ecosystem can tolerate, we must understand the effects of our
actions and use that information to manage the activities that
have a negative impact. This is accomplished by establishing
well-founded and ecologically relevant targets and objectives to
work towards and taking concrete measures to ensure we reach
them. Figure 1.5 shows the management framework HELCOM
works in and within which the holistic assessment is made. Ob-
servations of deteriorated species and habitats indicate the need
for measures to stop the negative trends and restore ecosystems
in order to realize sustainable outcomes for the natural environ-
ment and ourselves, now and in the future. The summary report
aims to support further discussion and analysis of the actions we
need to take to ensure a more sustainable future.

State of the Baltic Sea State of the Baltic Sea 2023
Third HELCOM holistic assessment 2016-2021 1. Introduction

L}

Measures

Figure 1.5. The conceptual management framework HELCOM works in and within which the holistic assessment is made. As a basis
for further development of the holistic assessment, HELCOM has used a version of the Driver-Activities-Pressures-State-Impacts-Re-
sponse (DAPSIR) framework, modified to fit the work under HELCOM and address the needs of the holistic assessment. This approach
has been taken to strengthen the holistic aspect of the assessment, providing a clearer picture both of what we know across
interlinked elements of the framework and of areas where further development or information is needed. In the modified manage-
ment framework, Response has been replaced with Measures, reflecting the terminology used in the Baltic Sea Action Plan, and the
definition of Impact has been expanded to include both perspectives presented in the assessment: impact on the environment and
on society. The majority of the assessment work focuses on the environmental perspective (HELCOM 2023a, HELCOM 2023b, HELCOM
2023c, HELCOM 2023e), with the assessments presented under the Thematic Assessment on Economic and Social Analyses (HELCOM
2023d) representing the societal perspective.
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2. This Is the Baltic Sea
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The Baltic Sea is one of the largest brackish water areas in the
world, with a surface area of 420,000 square kilometres. More
than one third of the Baltic Sea is shallower than 30 meters, re-
sulting in a small total water volume in comparison to its surface
area. Furthermore, the Baltic Sea has no tides and is relatively
isolated from other seas. These distinctive environmental condi-
tions form the setting for the unique biodiversity patterns that
prevail in the Baltic Sea region.

The water exchange in the Baltic Sea is slow; it takes approxi-
mately thirty years for its waters to be fully exchanged (Stige-
brandt 2001). Marine water masses enter the Baltic Sea from the
North Sea, predominantly during winter storms, while freshwa-
ter runs in from numerous rivers. These flows contribute to the
characteristic brackish water gradient of the Baltic Sea, with a
gradual decrease in salinity from around 15-18 (psu) at the sur-
face in its entrance in the Sound, to 7-8 in the Baltic Proper and
0-2in the northern and eastern parts. Salinity also changes with
depth, because high salinity water is denser than water of lower
salinity. Many Baltic Sea sub-basins are stratified, with higher
salinity water in a deeper layer and lower salinity water above
(Meier et al. 2023).

The salinity conditions of today’s Baltic Sea began only around
2,000 years ago (Emeis et al. 2003). Before then, the salinity had
been decreasing over a period of a few thousands of years. The
geological history of the Baltic Sea as we know it started around
12,000 years ago when the Scandinavian ice sheet retreated at
the end of the Weichselian glaciation. The sea area went through
different configurations characterised by either freshwater or
marine/brackish water, depending on how much it was connect-

ed to outer seas (Harff et al. 2011). The current opening from the
Baltic Sea to the North Sea was established between 7,500 and
4,000 years ago. Before this, the connection to the North Sea was
wider. Land upheaval has caused the connection to narrow (Lep-
paranta and Myrberg 2009).

The Baltic Sea also has other distinct characteristics. It is regularly
covered by ice in the winter, and even though the sea is shallow,
the water at the bottom remains cold during the summer. In gen-
eral, the water is more turbid than oceanic water. The photic layer,
in which photosynthesis is possible, is narrower than in the oceans.

There are clear geographical patterns in biodiversity across the
region. The Baltic Sea ecosystem includes both marine and fresh-
water species, which can tolerate the brackish conditions. In sev-
eral coastal areas, marine and freshwater species may live side by
side and interact within the same food web. However, the brack-
ish water conditions limit the distribution range of many aquatic
species. The low salinity limits the distribution into the Baltic Sea
of many marine species, while the range of many freshwater spe-
cies does not extend into waters with too high salinity for them.
This creates a salinity-driven gradient in biodiversity (Figure 2.1).
The overall number of species decreases from south to north. In
total, the Baltic Sea has around 5,000 known species (HELCOM
2017), out of which just over 3,000 are macro-species (species
that are visible to the naked eye; HELCOM 2020a). The species
form a variety of populations and subpopulations which interact
to create the unique ecosystem that is the Baltic Sea. While these
numbers may seem high, they are low in comparison with most
other sea areas. Because many Baltic Sea species live at the edge
of their salinity tolerance, any further changes in their living envi-
ronment can radically alter their abundance or growth. The struc-
ture of the communities could change significantly in response to
even a small change in environmental conditions.
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In many cases, the species of the Baltic Sea are genetically dis-
tinct from their counterparts in other areas. Most Baltic species
of marine origin likely originate from a time when this region
was saltier. As the salinity has decreased over the past few thou-
sand years, these species have faced the formidable challenge
of adapting to the novel conditions or becoming locally extinct
(Russell 1985). Modern methods of population structure analysis
make it possible to study evolutionary adaptation processes in
detail. There are several examples of marine species in the Baltic
Sea undergoing genetic diversification and ecological adapta-
tion on a very rapid timescale from an evolutionary perspective
(Johannesson and André 2006, Pereyra et al. 2009). Two endemic
species to the Baltic Sea have been identified, the narrow wrack
(Fucus radicans; Bergstrom et al. 2005) and the Baltic flounder
(Platichthys solemdali, Momigliano et al. 2018).

A highly varied geomorphology contributes further to creating
a mosaic of unique habitats and biodiversity conditions across
the region. The southern coasts are often characterized by sand,
whereas rocky and moraine shores are a common feature in the
north. Overall, these conditions make the Baltic Sea exceptional
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in terms of its biodiversity (Figure 2.2). There is no other sea like it
in the world. The ecosystems of the Baltic Sea are simultaneously
very unique and very vulnerable.

We humans are an integral part of the natural world and entirely
dependentonitfor our survival. In the Baltic Sea region, and around
the world, we depend on healthy ecosystems in our daily lives, of-
ten in ways that are not directly apparent or appreciated. As bio-
diversity is essential for the natural processes that support all life,
biodiversity status is a key indicator of the health of an ecosystem.
Maintaining a good state of biodiversity ensures the ecosystems’ re-
silience and productivity, as well as their capacity to adapt to future
environmental changes. Each unit and level of biodiversity fulfils
a multitude of necessary functions in a complex network. Without
healthy populations of a wide range of animals, micro-organisms,
plants and algae, we cannot have the healthy ecosystems that we
rely on. However, despite its ecological, cultural and economic im-
portance, biodiversity is still being degraded and lost in the Baltic
Sea region, and the importance of functioning ecosystems for hu-
man well-being is too often underestimated or poorly recognized in
planning and decision-making.
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Figure 2.1. The clear majority of the macrospecies in the Baltic Sea are benthic invertebrates. The other
main species groups are macrophytes (including algae, vascular plants and bryophytes), followed by fish.
Phytoplankton diversity includes the currently known planktonic microalgae and cyanobacteria.
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Figure 2.2. Species in all parts of the food web are affected by changes in the Baltic Sea environment.

w 2.2. How is climate change affecting the
Baltic Sea?

Climate change has global impacts on biodiversity and ecosys-
tem health (IPCC 2023), and effects of climate change are also
evident in the Baltic Sea today: the water temperature is rising,
the ice extent is decreasing, and annual mean precipitation is in-
creasing over the northern part of the region. Ongoing changes
in the climate are having significant impacts on the Baltic Sea
ecosystem, and this is expected to continue in the near future
(HELCOM and Baltic Earth 2021, see also Box 2.1). All these
changes affect the sea, its ecosystems and ecosystem services,
as well as human activities that depend on these.

The effects of climate change are complex and could differ be-
tween parts of the Baltic Sea region (Meier et al. 2022). This com-
plexity is further exacerbated by a system of feedbacks between
climatic and non-climatic factors, as well as between different
parts of the ecosystem (Figure 2.3). Climate change contributes
to the cumulative pressure from multiple environmental and
human-induced pressures. The effects of climate change can
therefore in some cases be difficult to distinguish from certain
human pressures (HELCOM/Baltic Earth 2021).

BOX 2.1.

Work on climate change knowledge in HELCOM

The joint HELCOM/Baltic Earth Expert Network on Climate
Change (EN Clime) functions as a coordinating platform to
connect leading scientists with expertise on the direct and
indirect effects of climate change on the Baltic Sea environ-
ment. A key role of the platform is to make this expertise
available to policymakers and create a space for closer dia-
logue. The network aims to ensure that new scientific find-
ings on climate change and its impacts on oceans and seas
are visible in HELCOM and find their way into HELCOM deci-
sion-making and day to day work. Among other things, the
Expert Network produces and delivers scientific products
on climate change, such as the climate change fact sheet
(HELCOM/ Baltic Earth 2021) and supporting material.
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Figure 2.3. The Baltic Sea is facing complex effects and feedbacks between climatic and non-climatic factors, as well as between
the effects of climate change on different parts of the ecosystem. Source: HELCOM/Baltic Earth 2021.
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The Baltic Sea region is located between two climate zones, the
maritime temperate and the continental subarctic climate zones.
The opposing effects of moist and relatively mild marine airflows
from the North Atlantic Ocean and the Eurasian continent make the
climate of the region variable; the prevailing weather regime varies
depending on the exact location of the polar front and the strength
of the westerlies, and there are considerable seasonal and inter-an-
nual variations (Meier et al. 2022).

The future climate projections with the greatest certainty
show that the water temperature and sea level will rise, whereas
sea ice cover will decrease. Such changes are already occurring
in the Baltic Sea environment (Figures 2.3-2.5) and are linked to
changes in the Baltic Sea ecosystem in various ways (Figures 2.6-
2.7). Model scenarios are still uncertain about future changes in
Baltic Sea salinity, although they show a tendency towards re-
duced salinity. The uncertainties relate to factors such as region-
al winds, the water cycle and global sea level rise. Increased oxy-
gen deficiency is also expected (Meier et al. 2022). The scenario
simulations, further, suggest that Baltic Sea water may become

State of the Baltic Sea
Third HELCOM holistic assessment 2016-2021

more acidic in the future, although these predictions depend on
several uncertain factors, such as future emissions of pollutants
that contribute to acidification. Changes in oxygen, salinity and
acidity are likely to erode the resilience of the Baltic Sea ecosys-
tem and affect the survival or distribution of its species.

How climate-related factors will develop further over time is
tightly linked to changes in our society. In order to obtain realis-
tic projections for the Baltic Sea, further work is needed on the
scenarios and models that evaluate the relative importance of
several drivers together (i.e. multiple or cumulative effects), as
opposed to looking at climate change in isolation. This calls for a
broad perspective that also considers factors such as changes in
emissions, demographic and economic changes, and changes in
land use. The evaluation of the effects of climate change on the
ecosystem is also dependent on how other environmental driv-
ers and pressures develop (Figure 2.4). Atmospheric and aquatic
pollution and eutrophication, overfishing, and changes in land
cover are all aspects that interact with climate-related changes
to affect the environment (Meier et al. 2022).

State of the Baltic Sea
Third HELCOM holistic assessment 2016-2021

2.2.1 Trends in temperature in the Baltic Sea

Changes in air temperature is the main driver of changes in water
temperature (Dutheil et al. 2021). Around the globe, marginal seas
have warmed faster than the global ocean since the 1980s, and of
these, the Baltic Sea has warmed the most (Belkin 2009). The sur-
face water temperature has increased the fastest (Figure 2.5) and
the heat spreads downward with time, eventually warming the
whole water column (Meier et al. 2022). Monitoring data, satellite
data and model-based historical reconstructions indicate an in-
crease in the annual mean sea surface temperature of 0.4-0.6 C°
per decade (averaged over the Baltic Sea), or around 1-2 C° since
the 1980s. Without excluding internal variability, warming trends
have recently accelerated tenfold (Meier et al. 2022).

In the future, the northern part of the Baltic Sea is expected to
have higher water temperatures, a shallower mixed layer with a
sharper thermocline during the summer, less sea-ice cover and
greater mixing during the winter than today. Both the frequency
and duration of marine heat waves will increase significantly in
the Baltic Sea, in particular in the coastal zone, except in regions
with frequent upwelling (Meier et al. 2022).
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Figure 2.4. The combination of biodiversity degradation and climate change creates a particularly challenging situation for plant and animals to adapt to changing
environmental conditions.
John Nurminen Foundation

Figure 2.5. Changes in temperature. Annual mean values of daily sea surface temperature (left column) and bottom temperature (right column) at seven monitoring stations
in the Baltic Sea during 1877-2018 (red dots). The grey lines indicate the period when every station has data for every year (1954-2018). The data shown has been post-pro-
cessed to overcome possible seasonal biases due to missing values in the observations. For data sources and more details, see Meier et al. (2022).
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2.2.2 Trends in ice cover in the Baltic Sea

The maximum extent of sea ice in the winter is an important key
indicator of climate change in the Baltic Sea region. On aver-
age, around 40% of the total Baltic Sea area is covered by ice
in the winter (including the Kattegat and Skagerrak), which cor-
responds to about 170,000 square kilometres (Finnish Meteoro-
logical Institute 2023). Mild ice winters are defined as having a
maximum ice cover of less than 130,000 square kilometres. The
frequency of mild ice winters has increased from 7 years within
the 30-year period 1950-1979 to 16 years within the 30-year pe-
riod 1993-2022, whereas the frequency of severe ice winters (at
least 270,000 square kilometres of ice) has decreased from 6
yearsto 1 year during the same periods (Figure 2.6). An extreme-
ly mild winter occurred in 2015, during which the Bothnian Bay
was not fully covered by ice and the maximum extent in the Bal-
tic Sea was 51,000square kilometres. In the winter of 2020, the
maximum ice extent was only 37,000 km?, the lowest value since
the start of the time series in 1720 (Finnish Meteorological Insti-
tute 2023) (Figure 2.7). a
The trend of decreasing sea ice extent in the Baltic Sea ex- e " o
ceeds natural variability so much that it can only be attributed
to global climate change (Meier et al. 2022). Baltic Sea ice extent
and thickness are projected to continue to shrink significantly.
The best estimate of the decrease in maximum ice extent over
the 21st century is 640km?/year for a medium emissions scenario
(RCP4.5). For a high emissions scenario (RCP8.5), the decrease
is estimated to be 1,090km?/year with largely ice-free winters by
the end of the century (Luomaranta et al. 2015).
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Figure 2.6. Changes in the maximum extent of ice cover in the Baltic Sea in the winter. The line shows a 15-year moving average. Source: EEA 2022. Figure 2.7. Ice conditions in the winter is an important indicator of climate change in the Baltic Sea.
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x 10 Extent of hypoxic and anoxic bottom water in the Baltic Proper, the Gulf of Finland and the Gulf of Riga, Aug-Oct, 1960-2022 A | 2.3. Human uses of the Baltic Sea

The Baltic Sea countries benefit considerably from their utilization of
the Baltic Sea, both economically and socially. Nine countries share
the borders of the Baltic Sea, namely Denmark, Sweden, Finland,
Russia, Estonia, Latvia, Lithuania, Poland and Germany. Another
five countries are partly located within its drainage area (Figure 2.9).
In total, around 85 million people live within the drainage area of
the Baltic Sea. The benefits we receive from the Baltic Sea include
jobs, income and natural resources, as well as various contributions
to personal well-being. We all depend on biodiversity in our daily
lives in ways that are not always directly apparent or appreciated.
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Figure 2.8. The extent of areas with hypoxic (<2 mLOzL'l) and anoxic (<0mL02 L") bottom water in the Baltic Proper, the Gulf of Finland, and the Gulf of Riga dur- I:l Drainage area
ing regular cruises in August-0ctober during 1960-2020. Source: Hansson and Viktorsson 2023.

2.2.3 Effects of climate change on biogeochemical cycling
and oxygen conditions

The impact of climate change on biogeochemical cycling is pre-
dicted to be considerable, but smaller than the impacts of nutri-
entinputs, even when recent nutrient reductions are considered.

Even in a future climate, implementing the nutrient reduction
targets of the Baltic Sea Action Plan for the entire catchment area
is expected to result in a significantly improved environmental
status of the Baltic Sea, including a reduced hypoxic area (Fig-
ure 2.8). This would also increase the resilience of the Baltic Sea
against climate change (Meier et al. 2022).

The areal cover of sea bottoms with no oxygen or poor oxy-
gen conditions is considerably higher today compared to when
the first oxygen measurements in the Baltic Sea were taken. In
2016, the maximum extent of areas with poor oxygen conditions
(hypoxia) in the Baltic Sea was about 70,000square kilometres,
whereas it was presumably very small or even absent 150 years
ago (Gustafsson et al. 2012, Carstensen et al. 2014a, b, Meier et
al. 2019). Hypoxia is mainly caused by increased nutrient inputs
from the land and atmospheric deposition, leading to eutrophi-
cation (Chapter 4). Other drivers, such as warming or sea level
rise, have a smaller, though still important, impact (Carstensen
et al. 2014a, Meier et al. 2019). On annual to decadal timescales,
variations in the halocline also have a considerable influence
(Conley et al. 2002, Vali et al. 2013).

4 HELCOM

Figure 2.9. The Baltic Sea and its drainage area.
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As one example, plants and algae take up nutrients from seawater __60
as part of their normal growth, and they in turn serve as food for oth- w 50 \
er species, supporting the production of fish, for example. But the s 4’%
storage of nutrients in tissues of long-lived plants and algae can also = 40 —_——
contribute to the regulation of excess nutrients stemming from hu- £ 30 -
man activities. The nutrients can become bound for a longer period 0 —~—
. . . o . £ 20
if the organic materials are buried in soft bottom sediments. Such L —_— —— —
sequestration of nitrogen and phosphorus has an estimated worth S 10
of nearly 10.5 billion euros per year in costs saved for the countries % 0
surrounding the Baltic Sea (HELCOM 2023d). Some of the nutrients m
. - . =] 2013 2014 2015 2016 2017 2018 2019
are also removed from the aquatic system by activities such as fish- =
ing. Similarly, the marine ecosystem can regulate carbon flows, as = Germany Benmatk Eskonia Finland

carbon is bound in plants and animals or accumulated in bottom
sediments (Figure 2.10). The monetary benefits of carbon seques- e | ithUaNig ===l atvia  e====Poland e====Sweden
tration range from 622 to 1,554 million euros on average per year
in the Baltic Sea region, based on an annual sequestration of 4.23
million tonnes of carbon in total.

Good biodiversity status and ecosystem functions are also es-
sential for human well-being in several other ways. Primary produc-
ers and animals at different levels of the food web form the basis
as prey for fish, birds and mammals, which could not exist without Passengers embarked and disembarked in all ports
them. These structures are essential to humans, for food provision, 50
supporting recreation, enabling cultural values, and more. Fishing
is among the most traditional livelihoods and is widely distributed
globally, including in the Baltic Sea region.

Figure 2.11. Value of landings (million €) 2013 - 2019. Shading indicates the years included in the HOLAS 3 assessment period. Source: STECF
2021b. All monetary values have been adjusted for inflation; constant prices (2015) using Eurostat (2022i). STECF does not report on Russia.
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Figure 2.12. Passengers embarked and disembarked at all ports (thousand persons) 2011 - 2019. Shading indicates the years included in the
HOLAS 3 assessment period. Source: Eurostat 2022e. Eurostat does not report on Russia.

However, humans use marine waters in a wide variety of ways
with different characters. While some activities, such as fishing
and most recreational activities, depend on the state of the marine
environment, others do not, such as maritime transport and con-
struction (Bryhn et al. 2020). Furthermore, activities can rely on the
extraction of tangible resources, the use of space, or on intangible
resources connected with how we, as humans, experience the sea.

The fishing sector depends on healthy fish stocks of a harvesta-
ble size for its well-being and long-term sustainability. Many Baltic
fish stocks are currently in an especially bad state and, moreover,
have a negative forecast, which affects the profitability of the fish-
ing sector (STECF 2022). The total value of landings in Baltic Sea
countries has been unchanged or has slowly declined during the
current assessment period (Figure 2.11). Sweden and Poland have

Figure 2.10. The variety of habitats in the Baltic Sea contribute to biodiversity and to a wide range of ecosystem services of importance to humans.
© Juuso Haapaniemi
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had the largest values of landings. Around 4,000 full-time equiva-
lent jobs remain in the Baltic Sea fisheries, of which more than half
are in Poland. Overall, the Baltic region’s small-scale coastal fish-
ing fleets have negative gross and net profit margins, which differs
from other marine regions within the EU (STECF 2022).

Marine transport encompasses both marine transport infra-
structure and the shipping sector. The infrastructure sector in-
cludes ports and the activities to maintain ports and their services,
such as dredging and cargo handling, while shipping includes the
transportation of freight or passengers by sea. The gross weight
of goods handled by ports in the Baltic Sea countries has been
relatively constant over the past decade, with the exception of a
notable increase in Poland. Passenger volumes were also rela-
tively unchanged overall, aside from a clear drop in 2020 reflecting
the impact of the COVID-19 pandemic (Figure 2.12). Employment
in shipping has been relatively stable over the past decade, with
only minor fluctuations, while the added value has shown larger
changes (HELCOM 2023d).

e Installed offshore wind power capacity
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Figure 2.15. The importance of healthy and functioning ecosystems for human well-being is too often underestimated or poorly recognized in
0,4 planning and decision-making. To realize the sustainable use of marine ecosystems, we must find a balance between the values we extract from

the environment and the negative impact we cause.
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2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 The Baltic Sea is a growing source of renewable energy from off-
shore wind farms. During the HOLAS 3 period, Germany joined
Denmark as a major producer of electricity from offshore wind
in the Baltic Sea (Figure 2.13). Increased renewable energy is in-
cluded in the maritime spatial plans of most Baltic Sea countries,
with additional capacity currently approved or under construc-
tion. At the European level, the EU strategy on offshore renew-
able energy recognises that Europe is in a unique position to de-
velop offshore renewable energy because of its large maritime

s GEIMANY  emmmmmDenmark e=s=Finland esSweden

Figure 2.13. Installed offshore wind power capacity 2011 - 2021. Shading indicates the years included in the HOLAS 3 assessment period. Source:
Eurostat 2022g, EMODnet 2022a. Eurostat does not report on Russia. See also Figure 5.6.

Nights spent at tourist accommodation establishments in coastal areas space and the variety and complementarity of its sea basins, and
the strategy proposes ways forward to support the long-term
__ 100 sustainable development of the wind energy sector (EC 2020a).
2 80 Tourism and recreation are important sectors in the Baltic
é 60 Sea region, although they are not always easy to quantify. For
£ example, the coastal and marine tourism sector includes accom-
4 40 S ——————— modation, food and drink, but also services, such as boating, wa-
fa 20 ter sports, recreational fishing, nature watching and beachside
s o recreation. Though most coastal and marine tourism activities
2 2012 2013 2014 2015 2016 2017 2018 2019 depend at least partly on the quality of the marine environment,
3 the level of dependence varies. Altogether, the value of the rec-
§ ==Denmark e===Estonia ====Finland Germany reational benefits for the Baltic Sea countries amounts to at least
=

33.7 billion euros on average per year, conservatively estimated
(HELCOM 2023d, based on Ahtiainen et al. 2022). Germany and
Poland have the largest total benefit, while the benefit per per-
son is largest in Denmark, Sweden and Finland. The number of

e | gtvia e |ithuania e=s==Poland e==Sweden

Figure 2.14. Number of nights spent at tourist accommodation establishments in coastal areas (million nights) 2012 - 2019. Shading indicates
the years included in the HOLAS 3 assessment period.
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nights spent at tourist accommodations in coastal areas is used
as a proxy for developments in tourism and recreation over time
(Figure 2.14). Over the past decade, the number of accommoda-
tion nights has increased in the Baltic Sea countries, increasing
by more than 50% in for example Latvia, Lithuania and Poland.
The annual value added and the level of employment in the tour-
ism industry also increased during this period.

However, our use of the sea also puts pressure on the marine
environment. This can cause environmental degradation which,
in turn, reduces human well-being. Pressure on marine ecosys-
tems from human activities can deteriorate their status, affect-
ing biological communities and entire socioeconomic systems
locally or at wider geographical scales (Osterblom et al. 2017).
The degradation of environmental conditions reduces the abil-
ity of marine ecosystems and food webs to maintain important
ecological functions. This also impairs the capacity of these
ecosystems to produce services that support human well-being
(Beaumont et al. 2007, Micheli et al. 2013, Bryhn et al. 2020).
Economic and social analyses linked to the status of the marine
environment provide several valuable perspectives on the close
relationships between society and ecosystems (Box 2.2).

Ecosystem services is the collective name for the variety of contri-
butions that ecosystems make which could benefit human society
(Potschin & Haines-Young 2016b). Functions and processes in eco-
systems provide a wide range of goods that are appreciated by hu-
mans, such as wild fish and algae for nutrition, along with benefits
that are necessary for our well-being, such as carbon sequestration.
We also gain considerable non-material benefits from interacting
with the ecosystem, like recreation. The concept of ecosystem ser-
vices supports environmental policy and management by helping
us understand and conceptualize the full range of connections be-
tween ecosystems and human well-being.

Cost of degradation is a term that refers to benefits that are lost to
society because of a failure to achieve good environmental status.
The term includes losses related to both the direct use of marine re-
sources and non-use values, which are values people gain from the
marine environment even if they do not use it directly, for example
value from the existence of marine biodiversity (Figure 2.15). Reach-
ing good environmental status in national marine waters by 2040
is estimated to be collectively worth 5.6 billion euros per year to
people around Baltic Sea, based on individuals' stated willingness
to pay for improved environmental conditions (HELCOM 2023d). As
another example, degraded environmental conditions are estimat-
ed to cost the region’s population 9 billion euros annually in terms
of forgone recreational benefits. In the first example, benefit trans-
fer was required to generate estimates for five of the nine Baltic Sea
countries, and in the second example for six of the countries, which
increases the estimates’ uncertainty. These estimates give overlap-
ping perspectives on the cost of environmental degradation in the
Baltic Sea and should therefore not be summed.

BOX 2.2.

Social and economic analyses

The relationship of humans to nature is multifaceted. On
the one hand, our well-being and prosperity depend on
a healthy and thriving environment that supports our
health, our economies and our overall quality of life. At
the same time, our activities to derive these benefits often
have negative impacts on our environment. This creates a
dynamic tension between the desire to preserve the natu-
ral world and the need to use it for our own benefit.

Economic and social analyses help navigate this tension
by accounting for the environmental and societal impacts
and values of different courses of action. The analyses
strive to clarify both the ways our society benefits from
using the sea and the negative impacts our activities have
on the ecosystem. Although there are typically no absolute
answers, the analyses support decision-making by clarify-
ing how our actions affect us in the short- and long-term
through their impacts on ecosystems.

Developing economic and social analyses at the inter-
national scale involves continuous effort to improve the
available data and methodologies. Promising tools cur-
rently in use and under development for regional work in
HELCOM are ecosystem accounting, ecosystem services
and cost-benefit analyses (HELCOM 2023d). Together,
these can provide a transparent and sound framework for
charting a course towards a more sustainable future.

The HELCOM Baltic Sea Action Plan (HELCOM 2021) in-
cludes eight actions targeted towards improving the qual-
ity and integration of economic and social analyses in de-
cision-making. The broad objective of the UN Sustainable
Development Goals is the improvement of economic and
social equity, and nearly all EU environmental directives
require addressing economic, social and cultural aspects.
For instance, the EU Marine Strategy Framework Directive
requires Member States to carry out economic and social
analyses of the use of marine waters and the cost of degra-
dation, and to consider the social and economicimpacts of
planned measures for protecting the marine environment
(EC2008). Hence, economic and social analysis plays a cru-
cial role in the practical implementation of environmental
protection, and in several policies related to management
of the marine environment.
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3. The status of biodiversity

In the Baltic Sea

</~ | 3.1. What is at stake for biodiversity?

2

The triple planetary crisis refers to the three main interlinked issues
that humanity currently faces (UNEP 2021) . The climate crisis, the
pollution crisis and the biodiversity crisis are three intersecting and
global environmental crises, and the first two are exacerbating the
third. Addressing these crises will require a transformative change
in the relationship between people and ecosystems (EU 2020c). Bio-
diversity is essential for the processes that support all life on Earth,
including humans. Biodiversity loss is thus one of the biggest global
threats to humanity today, and marine biodiversity is no exception.
On the other hand, restored and properly protected marine ecosys-
tems can bring substantial health, societal and economic benefits.
Updated biodiversity status assessment results for the Baltic
Sea clearly show the need for continued and improved coordi-
nated measures for its environment and biodiversity (Box 4).
Species and communities at all levels of the food web have at
least partially inadequate environmental status across the full
spatial extent of the Baltic Sea, as presented in summary here
and in full detail in the HELCOM thematic assessment of biodi-
versity in the Baltic Sea (HELCOM 2023a). Only a few indicators
have acceptable levels in parts of the region, and none in all as-
sessed areas. The deteriorated status is of immediate concern for
the affected species, but deteriorated status of individual spe-
cies also leads to impacts on ecosystem processes through the
connections among species and populations in the food web.
Hence, deteriorated biodiversity status also has implications for
the capacity of the Baltic Sea to support our human well-being.

The HELCOM vision is a healthy Baltic Sea environment with diverse
biological components functioning in balance, resulting in good
ecological status and supporting a wide range of sustainable eco-
nomic and social activities.

In the Baltic Sea Action Plan, a central goal for biodiversity is:

— A Baltic Sea that is healthy and resilient

Through the actions in the 2021 Baltic Sea Action Plan, HELCOM
countries have declared their firm determination to preserve the
ecological balance of the Baltic marine environment, to ensure the
possibility for it to self-regenerate, and to take all appropriate mea-
sures to conserve and protect the natural habitats, biological diver-
sity and ecological processes of the Baltic Sea by 2030 at the latest.

Ea 3.2. The status of biodiversity in the
<" | Baltic Sea

The integrated assessment of biodiversity gives an overview of the
status of key biodiversity components, namely pelagic habitats,
benthic habitats, fish, marine mammals and waterbirds, across the
Baltic Sea ecosystem during the assessment period 2016-2021. The
results of the assessment are presented in maps showing the sta-
tus for different areas of the Baltic Sea, which helps identify priority
topics and areas for further action. These results can be further ex-
plored by examining the indicators which underpin the integrated
results and looking into how areas of concern are affected by var-
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The HELCOM biodiversity assessment

The thematic assessment of biodiversity in the Baltic Sea (HELCOM 2023a) presents
the environmental status of components relating to the biodiversity segment of the
2021 HELCOM Baltic Sea Action Plan. Based on regionally agreed data, indicators
and integrated assessment approaches, HELCOM experts have produced evaluation
results for five principal ecosystem components of the Baltic Sea, namely pelagic
habitats, benthic habitats, fish, marine mammals and waterbirds. Regionally agreed
indicators or methods for evaluating the status of food webs are still not available, but
the currently available data and knowledge have been used to produce a qualitative
assessment and examples of possible ways forward. The thematic assessment of bio-
diversity also includes an evaluation of the by-catch, threatened species and habitats,
spatial protection and restoration measures.

.‘é/ | Pelagic habitats are living environments in the open water column, including
=¥ | both coastal areas and the open sea. Pelagic habitats are the main setting for
primary productivity in the Baltic Sea. Phytoplankton support the growth of species at
higher trophic levels, as they are food for zooplankton and benthic animals. They also
contribute to the microbial loop. Zooplankton are food for various species and are the
key food source for many fish.

@é/ | Benthic habitats are the living environments close to the seabed. Species in
=% | benthic habitats live attached to, in or very close to the substrate. The prima-
ry producers are microalgae, macroalgae and vascular plants. Typical animals in the
benthic habitats of the Baltic Sea are mussels, small crustaceans, worms and fish. The
primary producers occur only at depths which sunlight can reach, which varies within
the Baltic Sea depending on the water transparency. Deeper down, benthic habitats
are mainly supported by energy from organic material produced in the pelagic zone
that settles down to the seafloor.

< '® | Fisharepresentinall Baltic Sea habitat types. Around 230 fish species occurin

> | the Baltic Sea (HELCOM 2012), including species of both marine and freshwa-
ter origin. Different types of assemblages characterize coastal and open sea areas, and
many fish have different key habitats in different seasons. For example, they may mi-
grate between coastal and offshore areas for spawning or feeding. Some populations
even move between the Baltic Sea and the North Sea. Coastal areas and freshwater
tributaries are key habitats for freshwater species.

The sea bird community of the Baltic Sea is highly variable, depending on the
season. Some bird species are present throughout the year but many migrate
to the Baltic Sea to breed. In all, the Baltic Sea is an important area for around 80 spe-
cies of seabird. A variety of species groups with different habitat preferences are found
in coastal areas during the breeding period. In winter, the birdfauna is dominated by
species that breed in arctic freshwater habitats, which use ice-free areas of the Baltic
Sea as wintering areas.

-~ | Five marine mammal species are residents in the Baltic Sea: the grey seal,

J harbour seal, ringed seal, harbour porpoise and Eurasian otter. Of the seals,
the grey seal lives in the whole region and the harbour seal only in the southwestern
Baltic Sea and the Kattegat. The ringed seal is restricted to the eastern and northern
Baltic Sea. The harbour porpoise is found throughout the Kattegat, the Belt Sea, the
Sound, the southern parts of the Baltic Sea and the Baltic Proper. The harbour por-
poise population in the Baltic Proper is listed as Critically Endangered.
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jous activities and pressures. More detailed integrated results are
also available for several elements in the assessment, for example
species or functional groups. A summary of the status of the biodi-
versity topics included in the assessment is provided in the follow-
ing sections, and more detailed information is presented in the HO-
LAS 3 thematic assessment report on biodiversity (HELCOM 2013a).
Each section also presents an overview figure showing how the bio-
diversity component in question is linked to other aspects included
in the assessment reports, such as other parts of the ecosystem and
pressures. The threat status of species and habitats in the Baltic Sea
region was evaluated most recently by HELCOM (2013b), and the
evaluation is going to be updated in 2024 (Box 3.2).

ﬁ BOX 3.2.

Threat status of species and habitats in the Baltic Sea

The threat status of species in the Baltic Sea region was
evaluated most recently by HELCOM (2013b). About 1,750
of the nearly 2,800 taxa considered at the time were evalu-
ated according to the IUCN Red List criteria. Of these, four
per cent were evaluated as being in danger of becoming
extinct in the Baltic Sea, meaning that they were classified
as vulnerable, endangered or critically endangered. In all,
8 taxa were categorised as critically endangered, 18 as en-
dangered, 43 as vulnerable, 36 as near threatened and 37
as data deficient. Two fish species, namely the American
Atlantic sturgeon (Acipenser oxyrinchus) and the common
skate (Dipturus batis), and one bird, the gull-billed tern
(Gelochelidon nilotica), were listed as regionally extinct in
the HELCOM area.

In 2013, the HELCOM Underwater Biotope and Habi-
tat Classification System (HELCOM HUB) defined a total
of 328 benthic and pelagic habitats (HELCOM 2013c). A
threat assessment was made for 209 of these, of which ap-
proximately one quarter were red-listed. The others (73%)
were classified as Least Concern, meaning that they were
not seen to be at a risk of collapse at the time of the as-
sessment (HELCOM 2013c). Of the HELCOM HUB biotopes
that were red-listed, 1 was categorized as Critically Endan-
gered, 11 as Endangered and 5 as Vulnerable. Forty-two bi-
otopes were categorized as Near Threatened. The highest
comparative proportion of red-listed biotopes was within
the group benthic aphotic biotopes (HELCOM 2013b).

Regularly updating the Red List assessment is an integral
part of tracking the progress and effectiveness of HELCOM
and other relevant commitments, and it can help increase
the effectiveness and efficiency of measures by identifying
areas or species to be prioritized. The HELCOM Red List is go-
ing to be updated in 2024.
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3.2.1 The status of pelagic habitats

Pelagic habitats, including phytoplankton and zooplankton (Fig-
ure 3.2), do not have a good status in any of the fourteen open sea
sub-basins assessed in 2016-2021 (Figure 3.3). The most deteri-
orated status occurs from the northern Baltic Proper and north-
wards, and the situation has worsened in the Bothnian Bay. The
functioning of a pelagic habitat depends on its level of productiv-
ity, as well as on its species composition and the size structure of
the species. The mean size of zooplankton has increased in some
of assessed areas, which is a positive development, but the status
of phytoplankton is generally not good. Four out of the thirteen
assessed coastal areas have good status for phytoplankton. Eu-
trophication status and the status of pelagic habitats are closely
interlinked. When the eutrophication indicators are also taken
into account, no open sea or coastal pelagic habitats have good
integrated status (HELCOM 2023a). This represents an unchanged
situation since the previous assessment (HELCOM 2018).

Pelagic fish

Prey
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Why is this important?
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Functional pelagic habitats contribute to a wide range of
ecosystem services and support the overall productivity of
marine systems.

A poor status of pelagic habitats is associated with several
ecological and socio-economic losses.

Effects of eutrophication are particularly evident in pelagic
habitats, where they can lead to algal blooms and reduced
water transparency, for example, with secondary impacts
on benthic habitats, mobile species and human activities.

Eutrophication of the pelagic habitat also affect benthic
habitats by contributing to poor oxygen conditions.
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Figure 3.2. An overview of the ecosystem components and pressures descriptively linked to the status of pelagic habitats in HOLAS 3. The figure reflects aspects high-
lighted in the chapter on this topic in the HOLAS 3 thematic assessment report on biodiversity (HELCOM 2023a), based on the terms used and interlinkages made. The
chapter itself is symbolised by the dark blue circle in the centre, and the other circles represent the key elements (terms) used in the chapter. The size of each circle is
based on how often the term is mentioned in the chapter and should only be interpreted in this way. The terms are aggregated, so each circle includes both the term
itself and all terms deemed to be synonymous (e.g. “eutrophication” includes “eutrophication” and associated terms such as “nutrient input” or “concentrations”).
The width and length of the lines and the placement of the items is arbitrary. The image gives a simple visual representation of the topics covered in the evaluation,
while simultaneously providing a gap analysis of where more information may be required in the future to increase the holistic nature of the evaluation (e.g. if an
interaction between a certain pressure and an ecosystem component has not been well addressed). The overview was made using igraph.
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Pelagic habitats integrated assessment results

Status
I Good (2)
[ | Moderate (17)
[ Poor (5)
I Bad (1)

No results available (28)
I DE WFD: achieve (11)
I DE WFD: fail (37)

4 HELCOM

Figure 3.3. Summary of results from the integrated assessment of pelagic habitats. Source: HELCOM 2023a.

What can we do - what is affecting the status of
pelagic habtats?

Pelagic habitats are directly affected by eutrophication because
high nutrient levels enhance the productivity of phytoplankton.
Eutrophication also affects the biodiversity of the phytoplank-
ton community because some species benefit more than oth-
ers. Zooplankton, which feed on phytoplankton, are affected
by eutrophication if changes in the abundance and species
composition of phytoplankton affect the availability or quality
of their food. Moderate eutrophication is expected to benefit
herbivorous zooplankton through increased food availability.
However, high eutrophication is associated with algal blooms,
which affect other species by decreasing water transparency.
Blooms also affect other habitats because the organic materials
produced sink down in the water column, decomposing closer
to the seafloor and increasing oxygen consumption there (Fig-

ure 3.4). Reducing eutrophication is a key measure to improve
the status of pelagic habitats in the Baltic Sea, as well as other
habitats. The status of pelagic habitats is also affected to some
extent by hazardous substances and non-indigenous species
(HELCOM 2023a).

Maintaining the natural structure and ecological functions of
food webs is expected to enhance the resilience of pelagic food
webs to human pressures, including eutrophication. Species in
the food web are closely connected, and they interact with each
other through their feeding patterns. Thus, if consumer spe-
cies are in good status, they can contribute to regulating fluc-
tuations in the species that constitute their food. For example,
phytoplankton abundance can be controlled through grazing by
zooplankton, while the abundance of zooplankton, in turn, can
be controlled by predation from higher trophic level species,
such as other, larger zooplankton and pelagic fish.
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Figure 3.4. Distribution of pelagic habitat. Left: Productive surface waters are represented by the concentration of chlorophyll-a during spring. Higher values indicate areas
with more chlorophyll-a in surface waters. The dataset was prepared by the Finnish Environment Institute. Right: Bottom-water habitats not influenced by permanent anoxia.
Areas with low values are more influenced by anoxia. High values thus indicate suitable habitats for biota with respect to oxygen condition. The map was prepared based on
the occurrence of hydrogen sulphide near the sea bottom. Importantly, the map only shows areas with permanent anoxia, and nformation on this is only available for open sea
areas. Additional areas experience various degrees of temporary oxygen deficiency. For example, anoxia in coastal waters is often temporary in nature (HELCOM 2023h). Data
were provided by the Leibniz Institute for Baltic Sea Research Warnemiinde (I0W) and are based on point measurements and modelling for five periods per year during 2016-
2021. Source: HELCOM 2023e.

Effects of climate change on pelagic habitats

Various changes in the species composition and seasonality of
pelagic communities are expected in a future climate (HELCOM/
Baltic Earth 2021). For example, dinoflagellate blooms are as-
sumed to increase, and diatom blooms decrease with increasing
temperatures, although the associated processes are not yet ful-
ly understood. Worldwide, climate change is a significant driver
of changes in zooplankton communities. However, what impacts
this will have in the Baltic Sea is still uncertain.

Changes in the timing of spring blooms can occur due to
changes in ice cover, cloudiness or wind condition (Kahru et al.
2014, 2016). This could have consequences for zooplankton and
could also affect benthic productivity and fish if there is a mis-
match between the time when food is available and the import-
ant recruitment periods.

The effects of climate change can also interact with other
pressures. For example, increased pelagic primary productivity
is mainly attributed to eutrophication (Saraiva et al. 2019), but
warmer water may increase pelagic and benthic primary pro-
duction (Kahru et al. 2016, Karlson et al. 2015, Lindegren et al.
2012, Hjerne et al. 2019, Suikkanen et al. 2013).
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3.2.2 The status of benthic habitats

The status of benthic habitats (Figure 3.5) is assessed based on
the status of soft-bottom macrofauna, shallow-water oxygen
conditions, oxygen debt and the cumulative impact of physical
pressures. Large parts of the benthic habitats in the southern
Baltic Sea do not have a good integrated status, while the status
is good in most of the open sea areas in the northern parts of
the region (Figure 3.6). The vast majority of the coastal area, irre-
spective of its location, exhibits not good status (HELCOM 2023a).
Of particular concern is the increasing extant of areas with poor
or low oxygen in deep waters of the central Baltic Sea, which
limits the populations of benthic fauna and impacts on overall
ecosystem processes. The oxygen debt below the halocline has
increased in all sub-basins since the early 1900s, especially in the
Baltic Proper. The increase has been very steep between the pre-
vious and current assessment periods.
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Why is this important?

Benthic habitats are widely distributed and contribute to
various ecosystem services, including the assimilation,
storage and sequestration of carbon and nutrients.

Many benthic animals have important regulatory roles by
decomposing organic matter that sinks to the seabed or as
grazers in shallow areas.

Benthic species are a fundamental food source for fish and
birds and are therefore an important link between food
web processes in benthic and pelagic habitats.

Seaweeds and plants in shallow areas are an important
environment for many fish species.
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Figure 3.5. An overview of the ecosystem components and pressures descriptively linked to the status of benthic habitats in HOLAS 3. The figure reflects aspects high-
lighted in the chapter on this topic in the HOLAS 3 thematic assessment report on biodiversity (HELCOM 2023a), based on the terms used and interlinkages made. The
chapter itself is symbolised by the dark blue circle in the centre, and the other circles represent the key elements (terms) used in the chapter. The size of each circle is
based on how often the term is mentioned in the chapter and should only be interpreted in this way. The terms are aggregated, so each circle includes both the term
itself and all terms deemed to be synonymous (e.g. “eutrophication” includes “eutrophication” and associated terms such as “nutrient input” or “concentrations”).
The width and length of the lines and the placement of the items is arbitrary. The image gives a simple visual representation of the topics covered in the evaluation,
while simultaneously providing a gap analysis of where more information may be required in the future to increase the holistic nature of the evaluation (e.g. if an
interaction between a certain pressure and an ecosystem component has not been well addressed). The overview was made using igraph.
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Benthic habitats integrated assessment results
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Figure 3.6. Summary of results from the integrated assessment of benthic habitats. Biological quality ratios (BQR) above 0.6 correspond to good
status. Assessment confidence is presented in the inset map on the left. Source: HELCOM 2023a.

State of the Baltic Sea
Third HELCOM holistic assessment 2016-2021

What can we do - what is affecting the status of benthic
habitats?

Benthic habitats are often under impact from several simulta-
neous pressures, particularly in coastal areas. Typical pressures
affecting benthic habitats are eutrophication, alteration of the
physical habitat, habitat loss and pollutants.

Oxygen depletion in benthic habitats is influenced by the eu-
trophication status of the Baltic Sea, as increased productivity
in pelagic habitats leads to increased sedimentation of organic
matter to the seabed, where oxygen is consumed as the material
decomposes (Figure 3.4).

Several human activities also cause physical disturbance to
the deeper parts of the seafloor, including bottom trawling fish-
ery, extraction and disposal of sediments, and construction. The
cumulative impact-risk from physical pressures is generally high-
est in the southern Baltic Sea and in the Kattegat, where pres-
sures with a wide spatial extent commonly occur, such as bot-
tom trawling. To improve the status of benthic habitats, nutrient
runoff and physical disturbance from human activities such as
bottom trawling must be reduced.

Effects of climate change on benthic habitats

In the Baltic Sea, many benthic species live at their distributional
limit with regards to high or low salinity (Figure 3.7),and even small
fluctuations in climate-related factors can affect their abundance,
biomass or spatial distribution (HELCOM/Baltic Earth, 2021).

Potamogeton distribution
Absent

B Present

Figure 3.7. Distribution of a) Potamogeton spp, an important freshwater macrophyte

in the Baltic Sea, b) Fucus spp, a brown macroalga, and c) the marine macrophyte
Zostera marina (eelgrass). Source: HELCOM 2023a.
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3.2.3 The status of fish

For fish (Figure 3.8), only four out of fifteen commercial stocks
in the Baltic Sea have good status on average during 2016-2021.
Compared with the previous assessment period (HELCOM 2018),
the status has declined for three stocks, improved for one stock,
and remained unchanged for eight stocks assessed in both peri-
ods (Figure 3.9a). The integrated status of coastal fish is good in
two out of twenty-two assessed coastal areas (Figure 3.9b). For
migrating species, salmon (Salmo salar) stocks in the northern
Baltic rivers have improved, but their status is far from good in
many rivers further south. The European eel (Anguilla anguilla)
remains critically endangered, and efforts to re-introduce the
regionally extinct sturgeon (Acipenser oxyrinchus) are ongoing.

For the first time, the HOLAS assessment includes evaluation of
changes in fish age/size structure (HELCOM 2023a). Regional work
should continue to develop these assessments in relation to defi-
nitions of good environmental status, to ensure the overall assess-
ment has sufficient confidence (see also section 4.3.1).
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Why is this important?

Fish are a key food source for humans, waterbirds,
marine mammals, and other fish. Deterioration of fish
populations affects fishing opportunities for people as
well as food provisioning for many Baltic Sea species.
Effects can also be seen in the long term, since depleted
stocks are less productive than healthy stocks.

Healthy fish populations contribute to several ecosys-
tem services. The role of piscivores in regulating food
webs and maintaining trophic structure is increasingly
recognized, in connection to worrying declines in sever-
al key piscivores in the Baltic Sea, such as cod and pike.

changes. Because of the central role of fish in the food web,

Deteriorated stocks are more vulnerable to environmental
e this also lowers the overall resilience of the ecosystem.
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Figure 3.1. (Continued).Distribution of a) Potamogeton spp, an important freshwater macrophyte in the Baltic Sea, b) Fucus spp, a brown macroalga, and c) the marine macro-

phyte Zostera marina (eelgrass). Source: HELCOM 2023a.

The potential effects of climate change on benthic habitats
are closely linked with processes in the pelagic system and on
land. If climate change leads to increased freshwater inflows,
this could bring more dissolved organic carbon to the sea. This
would first affect pelagic primary production, which could either
decrease or increase, depending on which species are favoured,
and affect benthic habitats via changes in the amounts of organ-
ic material that eventually sinks down and reaches the seafloor.
Such a scenario could mainly be expected in the northern Bal-
tic Sea (Gulf of Bothnia). In the Baltic Proper, the combined ef-
fects of warming and planned nutrient reductions could lead to
reduced amounts of carbon reaching the seafloor in the future
(HELCOM/Baltic Earth, 2021). However, algal blooms have been
observed more frequently during warmer years in recent de-
cades (HELCOM/Baltic Earth 2021). Increased algal blooms may
cause increased decomposition and the depletion of oxygen in
bottom sediments (Carstensen et al. 2014). Warmer seawater in
the winter may also increase the energy expenditure of certain
species, such as mussels (Waldeck & Larsson 2013).

If climate change leads to lowered production of benthic an-
imals or reduces their quality as prey, this would also have neg-
ative effects on the feeding conditions for fish, marine mammals
and waterbirds (Hjerne et al. 2019, Kahru et al. 2014, 2016, 2020,
Lindegren et al. 2012, Saraiva et al. 2019, Waldeck & Larsson 2013).
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Figure 3.8. An overview of the ecosystem components and pressures descriptively linked to the status of fish in HOLAS 3. The figure reflects aspects highlighted in the
chapter on this topic in the HOLAS 3 thematic assessment report on biodiversity (HELCOM 2023a), based on the terms used and interlinkages made. The chapter itself

is symbolised by the dark blue circle in the centre, and the other circles represent the key elements (terms) used in the chapter. The size of each circle is based on

how often the term is mentioned in the chapter and should only be interpreted in this way. The terms are aggregated, so each circle includes both the term itself and
all terms deemed to be synonymous (e.g. “eutrophication” includes “eutrophication” and associated terms such as “nutrient input” or “concentrations”). The width
and length of the lines and the placement of the items is arbitrary. The image gives a simple visual representation of the topics covered in the evaluation, while simul-
taneously providing a gap analysis of where more information may be required in the future to increase the holistic nature of the evaluation (e.g. if the interaction
between a pressure and an ecosystem component has not been well addressed). The overview was made using igraph.



£

State of the Baltic Sea 2023 State of the Baltic Sea
3. Status of biodiversity Third HELCOM holistic assessment 2016-2021

Commercial fish integrated assessment results
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Figure 3.9a. Summary of results from the integrated assessment of commercial fish. Biological quality ratios (BQR) and Ecological Quality Ratio
(EQR) above 0.6 correspond to good status. Assessment confidence is presented in the inserted small maps. The spatial assessment units for
commercial fish are the ICES sub-divisions. Source: HELCOM 2023a.
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Coastal fish integrated assessment results
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Figure 3.9b. Summary of results from the integrated assessment of coastal fish. Biological quality ratios (BQR) and Ecological Quality Ratio (EQR)
above 0.6 correspond to good status. Assessment confidence is presented in the inserted small maps. Source: HELCOM 2023a.
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What can we do - what is affecting the status of fish in
the Baltic Sea?

Overfishing has had a wide impact on fish stocks in the Baltic
Sea. During the current assessment period, fishing mortality was
too high for about half of the assessed stocks (HELCOM 2023a,
section 4.3.1). Fish are also affected by eutrophication via its ef-
fects on habitat quality, prey abundance and feeding behavior.
Several cumulative pressures affect fish in coastal areas, in-
cluding impacts on spawning areas, feeding and fish popula-
tions (Bergstrom et al. 2016, 2018, Moyano et al. 2022, Olsson et
al. 2012, Olsson 2019, Snickars et al. 2015). The gradual reduc-
tion in the availability of important spawning and recruitment
areas is a growing concern, as sheltered coastal areas and river
mouths are often preferred areas for development and coastal
construction (Seitz et al. 2014, Sundblad and Bergstrom 2014).
In the open sea, the currently most important spawning area
for Eastern Baltic cod in the Bornholm Basin is now only a frac-
tion of its historical area, because of oxygen deficiency. The
Gdansk Basin and the Gotland Basin have had very limited con-
tribution to cod recruitment since the 1990s (Koster et al. 2017).

Effects of climate change on fish

It is very likely that climate change is already affecting fish in the
Baltic Sea, and that such effects will increase in the future. Cli-
mate change can affect fish directly, through effects on recruit-
ment success and growth (Huss et al. 2019, 2021, Lindmark et al.
2022, Polte et al. 2021, van Dorst et al. 2019), or it may influence
the distribution range of species, prey availability or the strength
of other ecological interactions, for example (MacKenzie et al.
2007). Changes in temperature and seasonality may affect the
length or onset of the reproductive season of fish, or alter the
availability of zooplankton during critical life stages when fish
are dependent on these for food (Polte et al. 2021). Decreases
in surface water salinity could have a strong effect on fish com-
munity composition, if marine species in the Baltic Sea are dis-
advantaged and habitats suitable for freshwater species expand
(Olsson et al. 2012, Koehler et al. 2022). Like any other organism,
fish populations are more likely to tolerate external pressures
when they are in a good status (Sumaila and Tai 2020). Reach-
ing healthy fish populations in the Baltic Sea in the near future
is crucial to build the ecosystem’s resilience to future negative
impacts of climate.

State of the Baltic Sea
Third HELCOM holistic assessment 2016-2021

3.2.4 Status of waterbirds

The overall status of waterbirds (Figure 3.10) is assessed as not
good, although there is variability between groups with different
feeding behaviour (Figure 3.11). Benthic feeders and waders do
not have good status in any part of the region, while surface feed-
ers have good status only in the Gulf of Bothnia. Grazing feed-
ers do not have good status in the Kattegat, the Northern Baltic
Proper, or the Aland Sea. Pelagic feeders have good status in sev-
eral sub-basins. Many bird species characteristic of the Baltic Sea
have decreased in abundance over the past decades, such as the
pelagic-feeding great black-backed gull (Larus marinus) and the
velvet scoter (Melanitta fusca), while a smaller number of species
have increased, such as the greylag goose (Anser anser).
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Why is this important?

Waterbirds are an integral part of the Baltic marine eco-
system, and their feeding behaviour also plays an im-
portant role in linking different parts of the ecosystem.

Waterbirds are a diverse group with various ecosystem
functions. For example, they are predators of fish and
macroinvertebrates, scavengers and herbivores

Waterbirds are unique in that they connect aquatic eco-

systems with terrestrial ecosystems. Their long-distance
migrations link the Baltic Sea with other marine regions.
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Figure 3.10. An overview of the ecosystem components and pressures descriptively linked to the status of waterbirds in HOLAS 3. The figure reflects aspects high-
lighted in the chapter on this topic in the HOLAS 3 thematic assessment report on biodiversity (HELCOM 2023a), based on the terms used and interlinkages made. The
chapter itself is symbolised by the dark blue circle in the centre, and the other circles represent the key elements (terms) used in the chapter. The size of each circle is
based on how often the term is mentioned in the chapter and should only be interpreted in this way. The terms are aggregated, so each circle includes both the term
itself and all terms deemed to be synonymous (e.g. “eutrophication” includes “eutrophication” and associated terms such as “nutrient input” or “concentrations”).
The width and length of the lines and the placement of the items is arbitrary. The image gives a simple visual representation of the topics covered in the evaluation,
while simultaneously providing a gap analysis of where more information may be required in the future to increase the holistic nature of the evaluation (e.g. if an
interaction between a certain pressure and an ecosystem component has not been well addressed). The overview was made using igraph.
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Waterbirds integrated assessment results
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Figure 3.11. Summary of reults from the integrated assessment of waterbirds. Biological quality ratios (BQR) above 0.6 correspond to good
status. Assessment confidence is presented in the map inserted to the left. Source: HELCOM 2023a.

State of the Baltic Sea
Third HELCOM holistic assessment 2016-2021

What can we do - what is affecting the status of water-
birds in the Baltic Sea?

The status of waterbirds is influenced by several factors, such as dis-
ruptions in the food web, habitat alterations, by-catches, hunting,
oil spills and climate change. Importantly, the pressures from hu-
man activities typically have a cumulative impact on waterbird pop-
ulations, and impacts on the status of waterbirds during the breed-
ing season carry over to the status during the wintering season and
vice versa. The need to address cumulative pressures is amplified by
the fact that waterbirds are widely distributed, so impacts from mul-
tiple pressures can have an effect at the population level (Dierschke
etal. 2012, Mercker et al. 2021).

Waterbirds respond strongly to food availability and impacts on
their food sources readily carry over to effects on bird numbers.
Fish-eating birds are sensitive to the depletion of fish populations.
On the other hand, in cases where a depletion of large predatory
fish has led to increases in the abundance of smaller fish species,
through cascade effects, this has shown to improve the food sup-
ply for bird species preying on such smaller species. Food avail-
ability is also influenced by eutrophication status. While waterbird
populations are likely food-limited under oligotrophic conditions,
more nutrient-rich conditions can initially benefit them through
an increased production of plants and benthic animals which they
can feed on. However, extreme eutrophication will again lead to a
decrease. The body condition of waterbirds is also affected by the
accumulation of contaminants ingested via their food (Broman et
al. 1990; Rubarth et al. 2011, Pilarczyk et al. 2012).

Unintentional by-catch in fishing gear is one important pres-
sure of concern for waterbirds in the Baltic Sea. However, cur-
rent estimates of the number of birds incidentally caught in
fisheries are uncertain and are thought to be underestimations
(Morkunas et al. 2022). Piscivorous birds (such as divers, grebes,
mergansers, auks and cormorants) and benthic feeding ducks
are particularly susceptible to entanglement and drowning in
fishing gear. The by-catch problem is of special relevance when
gillnet fishery is practised in areas with high densities of resting,
moulting or wintering seabirds. The overlap of gillnet fishing and
high bird density usually only occurs during certain periods of
the year (e.g. wintering, autumn and spring migration or moult-
ing time; Zydelis et al. 2009, Sonntag et al. 2012)).

Habitat alterations affect water birds through the draining of
coastal meadows, the overgrowth of open areas, agricultural in-
tensification or changes in arable land, for example. Such chang-
es affect the breeding habitats and resting or wintering sites of
waterbirds, and they can reduce the carrying capacity of certain
wintering sites. Avoidance of offshore wind farms could become
a concern for some species in the Baltic Sea in the future, such as
divers and long-tailed ducks (Petersen et al. 2011, Dierschke et
al. 2016). Diving ducks also avoid shipping lanes (Bellebaum et
al. 2006, Schwemmer et al. 2011, Fliessbach et al. 2019). Benthic
feeders are affected by habitat loss associated with physical dis-
turbance of the seafloor (Cook & Burton 2010).
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Large numbers of sea ducks are hunted, such as the common
eider (Somateria mollissima), common goldeneye (Bucephala
clangula), common long tailed duck (Clangula hyemalis) and
common scoter (Melanitta nigra) (Mooij 2005, Skov et al. 2011,
Lehikoinen et al. 2022).

Oil spills still occur in the Baltic Sea and causes oiled plumage,
hypothermia and finally the death of waterbirds (Larsson & Ty-
dén 2005, Zydelis et al. 2006).

As the majority of waterbirds in the Baltic Sea are migratory,
it is important to note that extra-regional threats can also have
a significant impact on their status. Changes in the availability
and status of feeding and resting grounds during their migration
and wintering periods can have a major influence (e.g. Piersma
& Camphuysen 2001, Reneerkens et al. 2005).

Effects of climate change on waterbirds

Temperature increases will likely enable a northward expansion
of several bird species during both wintering and the breeding
season (Pavon-Jordan et al., 2020, Fox et al. 2019), as has already
been seen in goosander (Mergus merganser), the common gold-
eneye (Bucephala clangula) and the tufted duck (Aythya fuligula)
(Lehikoinen et al. 2013), for example.

Some waterbirds that breed along the coasts of the Baltic
Sea and formerly wintered further southwest, such as some
diving duck species, now remain in the Baltic Sea during the
winter (Skov et al. 2011, Nilsson & Haas 2016, Pavon-Jordan et
al. 2020). When the birds’ migratory distances shorten, this also
reduces their energy demand (Lehikoinen et al. 2006, Gunnars-
son et al. 2012). With milder spring temperatures and the relat-
ed effects on vegetation and prey, many waterbirds arrive at
their breeding area earlier in spring (Rainio et al. 2006, Vahatalo
et al. 2004), and some start breeding earlier (van der Jeugd et
al. 2009). Furthermore, the earlier loss of sea ice was found to
improve the pre-breeding body condition of female common
eiders, leading to increasing fledging success in offspring (Lehi-
koinen et al. 2006).

Arisein sea level would reduce the area of saltmarsh available
to waders and other waterbirds for breeding and to geese for
foraging (Clausen et al. 2013), particularly in the southern Baltic
Sea. Other coastal habitats could be similarly affected (Clausen
and Clausen 2014). Coastal breeding habitats may also undergo
physical loss due to erosion. The combination of sea level rise
and storms would also affect the breeding success of coastal
waterbirds due to flooding of their breeding sites.

Changes in the occurrence pattern of diseases and parasites
dueto climate change can be expected to affect waterbirds in the
Baltic (Fox et al. 2015).

Most waterbirds that breed in the region are migratory. The
effects of climate change outside the Baltic region, such as in
southern Europe and western Africa, thus also affect species that
occur in the Baltic Sea (Fox et al. 2015).
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3.2.5 Status of marine mammals

Marine mammals (Figure 3.12) exhibit not good status in the
Baltic Sea (Figure 3.13). While grey seal (Halichoerus grypus) and
harbour seal (Phoca vitulina) are increasing in some areas, over-
all population growth rates are assessed as too low, and neither
the reproductive nor the nutritional status reach their threshold
values. The quality of monitoring data to evaluate the status of
ringed seals (Pusa hispida) in the Bothnian Bay has decreased
due to behavioural changes in the population, possibly attribut-
ed to a warming climate. The status of the harbour porpoise
(Phocoena phocoena) in terms of both abundance and distribu-
tion is not good for any of the Baltic Sea populations, based on a
qualitative evaluation.
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Why is this important?

Marine mammals of the Baltic Sea have strong cultural
and historical importance, contributing to recreational
values and ecosystem appreciation.

As top predators marine mammals requlate the distribu-
tion, abundance and health of a variety of prey species.

Because they are highly mobile, marine mammals play
an important role in nutrient transfer across different
parts of the sea.

The health of marine mammals can be a sensitive signal
of broad-scale or diffuse environmental changes.
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Figure 3.12. An overview of the ecosystem components and pressures descriptively linked to the status of marine mammals in HOLAS 3. The figure reflects aspects
highlighted in the chapter on this topic in the HOLAS 3 thematic assessment report on biodiversity (HELCOM 2023a), based on the terms used and interlinkages made.
The chapter itself is symbolised by the dark blue circle in the centre, and the other circles represent the key elements (terms) used in the chapter. The size of each
circle is based on how often the term is mentioned in the chapter and should only be interpreted in this way. The terms are aggregated, so each circle includes both
the term itself and all terms deemed to be synonymous (e.g. “eutrophication” includes “eutrophication” and associated terms such as “nutrient input” or “concen-
trations”). The width and length of the lines and the placement of the items is arbitrary. The image gives a simple visual representation of the topics covered in the
evaluation, while simultaneously providing a gap analysis of where more information may be required in the future to increase the holistic nature of the evaluation
(e.g. if an interaction between a certain pressure and an ecosystem component has not been well addressed). The overview was made using igraph.
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What can we do - what is affecting the status of marine
mammals in the Baltic Sea?

Marine mammals are top predators in the Baltic Sea food web
and are strongly dependent on the availability and quality of
their prey, mainly fish.

Drowning in fishing gear is an additional pressure of concern.
Unintentional by-catches of marine mammals mainly happen
in gillnets but also in trawls (Berggren 1994, Vinther 1999, AS-
COBANS 2000, Skéra & Kuklik 2003, NAMMCO & IMR 2019). The
status of marine mammals in relation to by-catch is presented
in section 4.3.2.

In the past, environmental contaminants decimated marine
mammal populations of the Baltic Sea. While many of the sub-
stances causing the harm are now banned, hazardous substanc-
es remain one of the most widespread and impactful pressures
in the Baltic Sea (Slobodnik et al. 2022), and emerging substanc-
es may be a cause for concern.
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Marine mammals are very perceptive of underwater sound. The
effects of sound on the animals depend on its properties, such
as the intensity, frequency content, amplitude, duration and dis-
tance. At lower levels, anthropogenic sounds in the environment
can mask natural sounds that species use for communication or
to locate prey, while higher levels can lead to behavioural changes
or disrupt ongoing behaviour (e.g. feeding or breeding). Very high
levels can cause physiological stress or even temporary or per-
manent changes in hearing sensitivity (HELCOM 2019). Hearing
loss can be highly detrimental to the harbour porpoise, a species
which uses echolocation to forage.

Hunting has historically put major pressure on marine mam-
mals in the Baltic Sea but is forbidden in most Baltic Sea countries
today. However, restricted control hunting of seals is allowed in
Denmark, Estonia, Finland and Sweden. In Latvia, a pilot project
is being carried out to measure the effects of control hunting of
seals, and if results are positive, control hunting will be permitted.

Seals integrated assessment results
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Figure 3.13. Summary of assessment results from the assessment of marine mammals (seals).. Biological quality ratios (BQR) above 0.6
correspond to good status. Assessment confidence is presented in the map inserted on the left-hand side. Source: HELCOM 2023a.
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Effects of climate change on marine mammals

The effects of climate change on marine mammals are expected to
vary depending on the species’ distribution ranges (Figure 3.15). Cli-
mate change is an especially important pressure on species which
breed on ice, because shorter and warmer winters will lead to more
restricted coverage of suitable ice fields (Sundqvist et al. 2012, Mei-
er et al. 2022). Changes in ice conditions can have strong effects on
the reproductive success of ringed seals, which breed in lairs they
burrow into snow on the ice. The reduced availability of reproduc-
tive areas alone poses a high risk for local extinction to southern
subpopulations of ringed seals in the Baltic Sea (Sundqvist et al.
2012, Meier et al. 2022). Furthermore, early ice break-up may cause
pups to enter the water earlier or more often, which affects their
thermoregulation. The pups may also be exposed to harsh weath-
er conditions if there is not enough snow and ice for lairs, posing
a risk of hypothermia and higher mortality (Stirling & Smith 2004).

State of the Baltic Sea
Third HELCOM holistic assessment 2016-2021

A shortened ice period has been observed to increase the number
of pups with the lanugo fur still present late in the season and to
lower growth rates (Harwood et al. 2000, Smith & Harwood 2001).

Grey seals are facultative ice breeders, and their breeding suc-
cessis considerably greater when they breed onice than on land
(Jussi et al. 2008).

A shorter ice season and earlier ice break-up may also facili-
tate shipping and increase maritime traffic in areas that are usu-
ally ice-covered in winter, leading to an increase in underwater
noise, disturbance and displacement from habitats.

Environmental changes resulting from a changing climate will
likely affect all marine mammals in the Baltic Sea via changes in
the food web and ecosystem functions. However, the aggregat-
ed effects of changes in prey distribution, quality and quantity
on the marine mammals are difficult to predict (HELCOM and
Baltic Earth 2021).

Figure 3.14. In the 19th and early 20th centuries, harbour porpoises were widespread throughout the entire Baltic, occurring as far as the inner parts
of the Gulf of Bothnia and the Gulf of Finland. The harbour porpoise population in the Baltic Proper has declined dramatically over the past 100 years.
Today, harbour porpoise observations are very rare in the Baltic Proper. The number of individuals remaining is estimated to be a few hundred at
most (HELCOM 2023a), and there are indications that this population is facing extinction (HELCOM 2013b).
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Figure 3.15. Distributional range of A) grey seals, B) ringed seals, () harbour seals (based on expert input), D) Harbour porpoise. Source: HELCOM 2023e.
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@ | 3.3. Foodwebs in the Baltic Sea

3.3.1 Status of Baltic Sea foodwebs

Food webs represent the feeding relationships among species
and populations (Figure 3.16). Understanding food webs is criti-
cal for comprehending key ecosystem interactions and the food/
energy flows that underpin ecosystem health and productivity.
Impacts on the status of Baltic Sea food webs occur through ef-
fects on the species that interact within them, as these effects
are mediated to other species and trophic guilds (Eero et al.
2021). Alterations in the structure of food webs influence their
functions and ecosystem processes, such as ecosystem produc-
tivity, stability and resilience against future pressures. Available
evidence shows that major changes in the abundance and bio-
mass of species, driven by human pressures, have been associ-
ated with changes in the food webs of the Baltic Sea in recent
times. Several examples of food web disruption and putative
tipping points are cause for concern.
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Why is this important?

&
&
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Invasive species

Healthy food webs are fundamental to the functioning of the
Baltic Sea ecosystem and its delivery of ecosystem services.

Food webs ensure the productivity and energy flow in the
aquatic system, whereby energy produced by algae and
plants is transferred to animals, supporting a diversity
of zooplankton, benthic fauna, fish, marine mammals
and waterbirds.

Food webs in good status can ensure the stability of eco-

system processes and the ecosystem’s resilience against
current and future pressures, including climate change.
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Figure 3.16. An overview of the ecosystem components and pressures descriptively linked to the status of food webs in HOLAS 3. The figure reflects aspects high-
lighted in the chapter on this topic in the HOLAS 3 thematic assessment report on biodiversity (HELCOM 2023a), based on the terms used and interlinkages made. The
chapter itself is symbolised by the dark blue circle in the centre, and the other circles represent the key elements (terms) used in the chapter. The size of each circle is
based on how often the term is mentioned in the chapter and should only be interpreted in this way. The terms are aggregated, so each circle includes both the term
itself and all terms deemed to be synonymous (e.g. “eutrophication” includes “eutrophication” and associated terms such as “nutrient input” or “concentrations”).
The width and length of the lines and the placement of the items is arbitrary. The image gives a simple visual representation of the topics covered in the evaluation,
while simultaneously providing a gap analysis of where more information may be required in the future to increase the holistic nature of the evaluation (e.g. if an
interaction between a certain pressure and an ecosystem component has not been well addressed). The overview was made using igraph.
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What is affecting the status of food webs in the Baltic Sea?

It is challenging to identify the direct relationship between the
status of food webs and any particular pressure. Several pres-
sures often act simultaneously on different parts of the food
web. These pressures could have effects through direct or indi-
rect links, and the effects may occur with a time lag. However,
pressures that have clearly been associated with an effect on
food webs in the Baltic Sea include fishing, eutrophication, con-
taminants and non-indigenous species.

Fishing has played a key role in driving food web changes in
several parts of the Baltic Sea where strong declines in predatory
species have led to cascading effects. The most notorious exam-
ple is the collapse of the eastern Baltic cod stock in the late 1980s
and early 1990s, attributed to the combined effects of overfishing,
changes in the climate and eutrophication (M&llmann et al. 2009).
This led to a chain of effects on the offshore food web of the Baltic
Proper (Casini et al. 2008, Tomczak et al. 2012, Blenckner et al.
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2015). Similar effects were also seen elsewhere, including in the
Gulf of Riga (Casini et al. 2012). Cod stocks have not yet recovered,
and the resulting impacts on Baltic Sea food webs remain present
and persistent, indicating that a recovery of the food web will also
require addressing several currently ongoing pressures.

Since coastal areas and open sea areas are connected, impacts
in the open sea also have implications for coastal areas and vice
versa (Eriksson et al. 2011, Olsson et al. 2015, Tomczak et al.
2016). Ongoing regime shifts have recently been observed in
coastal areas, relating to the enhanced dominance of stickleback
(Eklof et al. 2020) and the role of herring in regulating zooplank-
ton abundance (Limnocalanus macrurus in the Gulf of Riga, Ein-
berg et al. 2019). The collapse of the western Baltic cod and the
western Baltic spring-spawning herring stocks during the cur-
rent assessment period indicates further deterioration (HELCOM
2023a) which is associated with negative consequences on, for
example, harbour porpoises (Scotti et al. 2022a).

Figure 3.17. The Baltic Sea food web includes primary producers, which make energy and nutrients available to the ecosystem, primary consumers,
which feed on the primary producers, and different levels of predators, which feed on lower trophic levels. It also includes species that use dead or-
ganic material and contribute to recycling energy and nutrients, and some species function as parasites. Natural food webs are often highly complex,
as there are many links between species and a variety of feeding relationships.
© Sebastian Dahlstrom




State of the Baltic Sea 2023
3. Status of biodiversity

Eutrophication is associated with effects on species composi-
tion in several key trophic groups in the Baltic Sea, such as pelag-
ic primary producers, benthic fauna, coastal fish and waterbirds
(HELCOM 2023a). Eutrophication has had far-reaching direct and
indirect impacts on Baltic Sea food webs, not only changing the
trophic state of the ecosystem but also affecting higher trophic
levels (Tomczak et al. 2022). Since the 1920s, the Baltic Sea has
transformed from being a typical low productivity aquatic system
to a high productivity system in which the presence of insufficient
oxygen conditions is a main regulatory driver. Climate change is
expected to worsen the negative impacts of eutrophication on
food webs through, for example, increased algal blooms and ox-
ygen consumption.

Hazardous substances can have direct toxic effects or damage
habitats and accumulate within the tissue of biota. Substances
with the potential to accumulate in the food web can affect the
health and abundance of species through trophic dynamics. For
example, accumulating evidence supports the biomagnification
and health consequences of methylmercury (Vainio et al. 2022),
population declines related to persistent organic pollutants
(Sonne et al. 2020), and transgenerational effects in Baltic biota
(Mauritsson et al. 2022). The same contaminant can also have dif-
ferent effects in different types of food webs, and its biomagnifi-
cation might be affected by how benthic and pelagic habitats are
connected (Vainio et al. 2022).

Top predators can serve as indicators of persistent harmful
substances in the ecosystem. Because persistent chemicals accu-
mulate in the food web, emerging pollutants that are below the
detection limits in other biota could be detected in top predators,
such as the white-tailed eagle (Haliaeetus albicilla) (Helander et al.
2008, Badry et al. 2022) and marine mammals (UBA 2022).

Several non-indigenous species have been attributed to im-
pacts on biotic properties in the Baltic Sea (Ojaveer et al. 2021).
Among these, the predatory cladoceran Cercopagis pengoi and
the zebra mussel (Dreissena polymorpha) have been attributed to
the highest impacts on food webs. Based on biotic properties, the
largestimpact has been attributed to non-indigenous species that
are a prey for native species. However, the effect varies strongly
between species. The polychaete Marenzelleria spp., the mud crab
Rhithropanopeus harrisii, the round goby Neogobius melanosto-
mus and the zebra mussel are non-indigenous species that have
taken major roles in the Baltic Sea food web, leading to effects at
multiple trophic levels and in multiple habitats. There is also evi-
dence that a non-indigenous species (R. harrisii) can function as a
driver of regime shifts in the Baltic Sea (Kotta et al. 2018).

Effects of climate change on food webs

Climate change can influence several processes that affect the sta-
tus of food webs, such as species interactions, nutrient recycling
and ecosystem properties (HELCOM/Baltic Earth 2021). Impacts
can occur by direct effects on the physiology or biology of species
or through bottom-up and top-down cascading effects, mediated
by changes in productivity or predation patterns, for example (e.g.
Casini et al. 2009, Hjerne et al. 2019, Kahru et al. 2014, 2016, 2020).

Furthermore, climate change is very prone to interacting with oth-
er pressures. In the Baltic Sea, changes in climatic conditions in
combination with fishing and eutrophication have been attribut-
ed to shifts from larger to smaller zooplankton, stronger impacts
of nutrients on ecosystem structure, and reduced regulatory ca-
pacity of predators (HELCOM/Baltic Earth 2021). Altered inputs of
hazardous substances, changes in the how species are exposed
to them, and potentially in how they are transferred in food webs
may also be relevant.

Due to these complex interactions, the effects of climate change
on higher trophic levels are expected to differ between organism
groups (Helenius et al. 2017, Lindegren et al. 2012, Olsson et al.
2012, Niiranen et al. 2013, Svensson et al. 2017, Pecuchet et al.
2013). Current knowledge is limited to what can be observed or
deduced about future conditions under current climatic condi-
tions, and there are knowledge gaps on how food web structure,
functioning and resilience may change under expected future en-
vironmental conditions (HELCOM/Baltic Earth 2021).

Another knowledge gap concerns responses to extreme events,
such as heat waves (Humborg et al. 2019, HELCOM/Baltic Earth
2021). For example, a mesocosm experiment showed that consec-
utive heat waves could have different effects on different benthic
fauna species in coastal ecosystems of the western Baltic Sea. Pos-
itive effects were seen on some species (amphipods) and negative
effects on others (tellinid bivalves), highlighting how the same
stress factor yields diverse responses that contribute to reshaping
the food web (Pansch et al. 2018).

What can we do?

Food webs are not possible to manage directly, but the status of
food webs benefits from strengthening its key components and
from the proper management of the human activities that caus-
es pressures on them, such as eutrophication, fishing pressure,
contaminants, and non-indigenous species. The status of food
webs also benefits from measures to reduce the effect of climate
change. The establishment of a network of strictly protected ar-
eas is an important tool to ensure functioning food webs now
and in the future.

Furthermore, understanding the structure and function of food
websis helpful for the implementation of measures generally (Eero
et al. 2021, Nordstrom et al. 2021). Food web knowledge helps us
understand the ways in which different species in the Baltic Sea
are dependent on each other and how the effects of pressures,
and pressure management, might manifest. Information about
food webs is therefore key for designing efficient measures to im-
prove and strengthen environmental and marine management,
including the development of ecosystem-based management.

© Juuso Haapaniemi
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4. What is impacting the status?
How can we protect and restore
the Baltic Sea and its biodiversity?

k.1. Pressures, types of measures and
regulations

Measures to improve the Baltic Sea environment are imple-
mented at many levels, from the subregional to the global. Na-
tionally and at more local levels, people around the Baltic Sea
carry out important work and take action to reduce pressures,
conserve biodiversity or restore degraded ecosystems. The work
is relevant to a range of initiatives, from the local scale to global
agreements. Regional coordination in HELCOM helps identify
key priorities for the Baltic Sea environment and identify actions
that benefit from or require regional coordination in order to
have the necessary effect.

The segments of the Baltic Sea Action Plan (BSAP) seek to
reflect a combination of pressures that both stem from activi-
ties on land and relate to activities at sea (HELCOM 2021a). They
identify regionally agreed steps required for HELCOM countries
to reach shared objectives. Central goals related to the manage-
ment of human activities and pressures in the plan are:

— A Baltic Sea unaffected by hazardous substanc-
es and litter

— Environmentally sustainable sea-based activities
— A Baltic Sea unaffected by eutrophication

Progress towards our shared vision for a healthy Baltic Sea eco-
system relies upon the successful implementation of actions
included under all of the pressure-related BSAP segments. Fur-
thermore, the three segments support each other: The intercon-
nectedness of life in aquatic systems means that progress along
any segment benefits the other segments, moving towards the
same shared objectives.

The updated status assessment results for 2016-2021 highlight
the significance of this work. Nutrient loads are decreasing, but
most of the Baltic Sea is still affected by eutrophication, which is
a key driver of ecosystem changes in many areas. Concentrations
of certain hazardous substances are declining because of meas-

ures taken, but there are elevated levels of several contaminants,
and there is a vast number of emerging substances of potential
concern. Overfishing has had widespread impacts on fish stocks
in pelagic, demersal and coastal systems, and it has also led to
changes in the overall structure and function of the food web.
Other pressures affecting the Baltic Sea environment include,
inter alia, the introduction of non-indigenous species, marine
litter, underwater noise, seafloor loss or disturbance, and the un-
intentional by-catch of birds and marine mammals. Stopping or
reducing the negative impact of all of these pressures arecritical
steps to reach a healthy Baltic Sea.

This chapter briefly presents the assessment results regard-
ing pollution-related pressures (eutrophication, hazardous sub-
stances, marine litter, non-indigenous species and underwater
noise), as well as pressures at sea (related to the extraction of
fish, unintentional by-catch of marine mammals and birds, and
seafloor loss and disturbance). In addition, the progress of work
in HELCOM to develop marine protection and restoration is pre-
sented. All results are presented in summary, together with their
main points of connection to species or habitats, climate change
and the management objectives of the Baltic Sea Action Plan.
Assessment results in full detail are presented in the respective
thematic assessment reports (HELCOM 2023a-¢).

A | 4.2. Pollution

Pollution refers to pressures that spread through the marine ecosys-
tem, where they can have major and widespread impacts. Eutrophi-
cation, hazardous substances, marine litter, underwater noise and
the introduction of non-indigenous species add to the pressures
exerted on the Baltic Sea ecosystem (Figure 4.4 and Box 4.1). These
pressures originate from societal and economic activities, both ter-
restrial and maritime. For most of these pressures, reaching sustain-
able levels in the Baltic Sea is ultimately dependent on successful
actions to restrict and limit their initial inputs, as subsequent reme-
dial action is generally problematic, costly orimpossible.
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Figure 4.1. An overview of how the different ecosystem components mentioned in Chapter 3 are descriptively linked to different pressures,
based on the HOLAS3 thematic assessment report on biodiversity (HELCOM 2023a). Each chapter in the thematic assessment is symbolised
by a dark blue circle, and the other circles reflect the key elements (terms) used. The size of each circle loosely reflects how often the

term is mentioned and should only be interpreted in this way. Similar terms are aggregated, so each circle includes both the term itself
and all terms deemed to be synonymous (e.g. “eutrophication” includes “eutrophication” and associated terms such as “nutrient input” or
“concentrations”). The width and length of the lines and the placement of the items is arbitrary. The image provides a simple visual repre-
sentation of the topics and links covered, while simultaneously providing a gap analysis of where more information may be required in the
future to increase the holistic nature of the evaluation (e.g. if the interaction between a certain pressure and an ecosystem component has
not been well addressed). The overview was made using igraph.
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4.2.1 Eutrophication yet been achieved in all basins (Figures 4.4-4.5). For the whole

The integrated assessment of eutrophication status shows  Baltic Sea, the normalized total input of nitrogen was reduced

that eutrophication is still a major problem in the Baltic Sea by 12% and phosphorus by 28% between the reference period
(Figure 4.3). There were no clear signs of recovery during 2016-  (1997-2003) and 2020 (HELCOM 2023f). The maximum allowable
BOX &.1. 2021 compared to the previous assessment period. Excess nutri-  input (MAI) target for nitrogen was fulfilled in the Bothnian Bay,

ent inputs to the marine environment increases phytoplankton ~ Bothnian Sea, Danish Straits and Kattegat. For the Baltic Proper
development, which reduces light levels in the water, contrib-  and the Gulf of Finland, the MAI was exceeded, and results for

The HELCOM thematic assessments of eutrophication, utes to depleting oxygen reserves at the bottom, and triggers a  the Gulf of Riga were statistically uncertain. The target for phos-
hazardous substances and other pollution series of other ecosystem changes (Box 4.2). phorus was fulfilled in the Bothnian Bay, Bothnian Sea, Danish

Inputs of nutrients to the Baltic Sea have decreased signifi-  Straits and Kattegat. In the remaining sub-basins, the MAI was
The HELCOM thematic assessment of eutrophication in cantly but the target for maximum allowable inputs has not  exceeded also for phosphorus.

2016-2021 (HELCOM 2023b) addresses eutrophication in
the Baltic Sea. It provides status assessment results for
eutrophication indicators and their trends, as well as inte-
grated assessment results using the HELCOM eutrophica-
tion assessment tool, HEAT. The results of the assessments
are presented in summary in the current report and are

given in full detail in the thematic assessment and its as- EUtI’Ophlcatlon |ntegratEd assessment resu ltS

sociated indicator fact sheets, which also describe the

methods used. EQRS

The HELCOM thematic assessment of hazardous sub- [ High
stances, marine litter, underwater noise and non-indig- B Good
enous species in 2016-2021 (HELCOM 2023c) addresses
other pollution-related pressures, and provides detailed [ Moderate
assessment results and method descriptions for these top- I Poor

ics. In addition to results based on the integrated HELCOM B Bad
assessment tool CHASE (for hazardous substances), the re-

port gives summaries of available indicator evaluations and [ ] Not assessed
descriptive knowledge of relevance. It also suggests various
ways in which HELCOM assessments could be further im-
proved in the future for the covered topics. For hazardous
substances, the current assessments do not address all
relevant policy requirements or cover all relevant ecologi-
cal aspects. While a strong evaluation can be made based
on the relatively few well-studied and well-monitored haz-
ardous substances currently included in the assessment,
there is a vast array of hazardous or potentially hazardous
substances for which we have little information about their
presence in the marine environment or their impacts.

The topics addressed in both reports are directly and
primarily linked to human activities and have the poten-
tial to exert significant pressures on the Baltic Sea marine
environment. They share the characteristic that the most
effective way to address them is to prevent or limit their
initial inputs. Once these pressures are in the marine en-

vironment, alleviating or remediating them is often very Confidence

complex, difficult and costly compared with acting earlier. I High

Different pressures have different scales of impact, but all

cause or could cause significant negative effects on the eco- [ Moderate

system, and addressing all of them is of high importance [ Jlow

* " for achieving our aim of a healthy Baltic Sea environment. .
' - ; g F HELCOM
- -

Figure 4.2. Pollution enters the Baltic Sea from a mix of sources, including direct

point sources, freshwater discharges, rivers and the atmosphere Figure 4.3. Summary of assessment results from the assessment of eutrophication. Source: HELCOM 2023b.
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. X . Figure &.5. Inputs of nitrogen (left) and phosphorus (right) to the Baltic Sea sub-basins, as these are defined in the HELCOM pollution load compilation. BAS=whole
Countries around the Baltic Sea have a long-term commit- Baltic Sea. The columns show trend-based estimates of total nitrogen and phosphorus inputs in 2020, in tons per year and including statistical uncertainty. The short
ment to reduce eutrophication in the Baltic Sea. A central blue lines show the maximum allowable inputs (MAI). Green indicates that the estimated inputs, including uncertainty, were lower than MAI, while red indicates that
tool is the Maximum Allowable Input, which gives the maxi- they exceeded MAL Yellow indicates that the statistical uncertainty of the input data makes it not possible to determine whether MAI was fulfilled. Note that the scale
mal inputs of waterborne and airborne nitrogen and phos- of the y-axis differs between charts. Source: HELCOM 2023f.
phorus that can be allowed to Baltic Sea sub-basins while
still achieving good status in terms of eutrophication.

Impacts of eutrophication in the Baltic Sea ecosystem

Eutrophication initially affects primary producers, and process-
es in the pelagic system are of key importance for how eutrophi-
cation symptoms develop. Widespread and lasting eutrophica-
tion can impair ecosystem functions through a combination of

Waterborne inputs of total nitrogen Waterborne inputs of total phosphorus

Gt o direct and indirect impacts on aspects such as species composi-
tion, food web dynamics and oxygen conditions (Carstensen et
T 1000000 = ALOER al. 2014). These impacts can have widespread effects across a
c g 60000 broad range of habitats and species. In the Baltic Sea, eutrophi-
E 00 S soow cation has been associated with changes in species composition
E 600000 E‘ 000 in several key trophic groups, including primary producers, ben-
g [ 3000¢ thic fauna, coastal fish and sea birds. Over time, eutrophication
2 40000 g has become a key driver of changes in the trophic state of the
f: . 3 ol Baltic Sea ecosystem. The Baltic Sea has transformed from be-
= = 10000 ing a typical low productivity system in the 1920s to a high pro-
0 0 ductivity system today, with the presence of insufficient oxygen
1900 1920 1940 1960 1980 2000 2020 1900 1920 194( 196( 1980 2000 2020 COﬂditiOﬂS becoming a key mechanism and cause fOf' concern

(Tomczak et al. 2022, Rolff et al. 2022).
Figure &.k. Temporal development of waterborne inputs of total nitrogen (left) and total phosphorus (right) to the Baltic Sea. Source: HELCOM 2023b. Eutrophication causes multiple adverse economic and so-

cietal effects. Factors such as decreased water clarity, more
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frequent cyanobacterial blooms, oxygen deficiency in bottom
waters, changes in fish stocks and loss of marine biodiversity all
decrease the environmental benefits from the Baltic Sea in terms
of both use-related values and non-use values (Ahtiainen et al.
2016). Examples include increased costs of cleaning, reduced in-
come from tourism, damage to fishing gear and lost fishing pos-
sibilities, increased travel costs to reach unaffected areas, and
reduced cultural and historical values. Reaching good eutrophi-
cation status for the Baltic Sea is foreseen to increase human
well-being significantly and bring economic benefits to society.

Sources of nutrient inputs

The majority of nutrient inputs to the Baltic Sea originate from
human activities on land and at sea. Waterborne inputs enter
via rivers and direct discharge from coastal areas. The main
point sources of waterborne inputs are wastewater treatment
plants (Figure 4.6), industries and aquaculture. The main diffuse
sources are agriculture, managed forestry, scattered dwellings
and storm water overflows. In addition, natural background
sources contribute to the input.

The main sectors contributing to atmospheric inputs are en-
ergy production (combustion) and industry, as well as the trans-
portation of oxidized nitrogen, and agriculture is also a source of
reduced nitrogen. A large portion of the atmospheric inputs orig-
inate from sources outside the Baltic Sea region. Emissions from
shipping in the Baltic and North Seas contribute significantly to
atmospheric inputs of nitrogen.

Excess nutrients stored in bottom sediments can re-enter the
water column and again enhance primary production. In oxy-
gen-depleted areas, phosphorus can leak out and be used by cy-
anobacteria that can make use of inert nitrogen. Other habitats
have a strong capacity to store and sequester nutrients, such as
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coastal habitats with rooted plants and long-lived macroalgae
(HELCOM 2023d).

Regulations and needs

Minimizing the input of nutrients from human activities is a central
management objective of the Baltic Sea Action Plan.

Regional targets for nutrient inputs are defined by the Maximum
Allowable Inputs (MAI) and Nutrient Input Ceilings (NIC) in the Bal-
tic Sea Action Plan. Fulfilling these targets for all sub-basins is a key
prerequisite for achieving a Baltic Sea unaffected by eutrophication.

Reducing the agreed levels of nutrient inputs is expected to
improve eutrophication status at sea, even though the respons-
es at sea may take time (HELCOM ACTION 2021a). Model simula-
tions indicate that significant improvements in eutrophication
status can be expected roughly one or two decades after nutri-
entinputs are reduced to the target levels, and that it could take
half a century or more to reach the environmental objectives. In
coastal areas, the responses could be faster, if significant direct
point sources are removed. This is probably also the case in the
eastern part of the Gulf of Finland (HELCOM 2023f).

Measures to restore the natural functioning of Baltic Sea food
webs are expected to enhance the natural capacity of the ecosys-
tem to counterbalance eutrophication symptoms. Strengthening
trophic control in the food web can curtail the overproduction of
fast-growing filamentous algae, for example (see section 3.3).

Measures to strengthen coastal habitats with a strong capacity
for nutrient uptake and storage, such as rooted plants and long-
lived macroalgae, are expected to strengthen the ecosystem’s
natural capacity to sequester nutrients at sea.

Climate change is expected to worsen the negative impacts
of eutrophication. Climate change effects could enhance algal
blooms or oxygen consumption, for example.

Tertiary Wastewater Treatment

% of Population .
60.49 93.83

85.0 84.0

Finland Sweden

Figure 4.6. Various drivers determine the extent and efficiency of wastewater treatment in the Baltic Sea region, including political will, investment, regulations and
the adoption of technology. Overall, 72% of the Baltic Sea catchment area population is connected to tertiary wastewater treatment plants (Eurostat 2022). The bar
charts show the percentage of the total population connected to tertiary wastewater treatment plants in Baltic Sea countries in 2020. The chart does not include data

from Russia or any non-HELCOM countries. Source: HELCOM 2023d.
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4.2.2 Hazardous substances

The status of hazardous substances shows some signs of im-
provement during the assessment period, however it is still
clearly not good (Figure 4.7). The integrated contamination sta-
tus of the Baltic Sea remained above acceptable minimum levels
during 2016-2021. The contamination status was assessed as ei-
ther bad or poor in roughly 80% of the 57 assessed spatial units,
including the majority of the open sea sub-basins. Only one as-
sessment unitin the open sea had good status. The results partly
reflect the prevailing monitoring regimes, because units achiev-
ing better status tend to be represented by fewer parameters be-
ing evaluated or key drivers of the overall status being absent.

Integrated Contamination Status Assessment
Status

I High (9)
[ Good (4)
[] Moderate (6)
[ Poor (7)
I Bad (31)

Indicator substances
(groups) included:
[ substances (groups) achieve threshold HBCDD
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I substances (groups) fail threshold >

Benzo(a)pyrene
Substances (groups) not assessed
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Non-dioxin-like PCBs
Dioxin and dioxin-like PCBs
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Figure 4.1. The integrated assessment of hazardous substances status in the Baltic Sea, assessed using the CHASE integrated assessment tool.

The assessment shows that hazardous substances are a cause for concern in almost all assessed units, and those showing good status generally
lack a full and adequate assessment. The integrated assessment is based on 11 core indicators. It integrates concentrations to threshold-derived
values (contamination ratios) for fourteen individual hazardous substances or substance groups. The overall assessment is moderated by a parallel
assessment of confidence (see inset map on the left) that can be considered an appraisal of the data coverage and assessment quality in any given
assessment unit. Source: HELCOM 2023c.
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Furthermore, only a small fraction of all potentially hazardous
substances is measured and included in the indicator evalua-
tions that make up the integrated assessment (Box 4.3).

There are some encouraging signs, however. Six open sea
sub-basins have improved their status category since the previ-
ous assessment (HELCOM 2018), although they are still not in
good status. Furthermore, at the level of individual monitoring
stations, there are more substances with downward concentra-
tion trends than upward trends (Figure 4.8).

The assessment results are mostly driven by elevated con-
centrations of polybrominated diphenyl ethers (PBDEs) in biota,
tributyltin (TBT) in sediments, mercury in biota, and copper in
sediments. Cadmium concentrations in biota and sediments also
contribute, as do lead concentrations in biota (Figure 4.9).

Monitoring and assessment currently focus on a relatively small
number of priority substances which are known to have persistent
and widespread negative impacts on the Baltic Sea environment.
Work to address additional substances and develop a regional
strategy for hazardous substances (towards BSAP action HL1) are
ongoing in HELCOM. A pilot assessment shows that approaches to

/¢\ BOX 4.3.

What are hazardous substances?

Hazardous substances are synthetic or natural substances
that enter the Baltic Sea at elevated concentrations be-
cause of human activities and can cause various types of
damage to species and habitats in the ecosystem. Hazard-
ous substances range from those that are highly visible in
the form of oil-spills to others that can remain unnoticed
until signs of detrimental impacts on the ecosystem or or-
ganisms become apparent. Many contaminants degrade
slowly, and their impacts can magnify as they accumulate
within aquatic food webs. Because hazardous substances
are difficult or impossible to remove once they are in the
system, the key measure is to limit the risk of their entry
into the environment.

The Baltic Sea Action Plan has the following ecological objec-
tives for hazardous substances:

— Marine life is healthy

— Concentrations of hazardous substances are close
to natural levels

— All sea food is safe to eat

— Minimal risk to humans and the environment from
radioactivity

State of the Baltic Sea
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detect the biological effects of contaminants (signatures of expo-
sure) and screening a wide array of substances could complement
existing methods. An initial regional screening listed roughly 130
substances that regularly occur across the region, of which around
40 exceeded available environmental risk values. These substanc-
es include, for example, pharmaceuticals, industrial chemicals,
personal-care products and tobacco/coffee-related contaminants,
and they may require dedicated follow-up actions.

Impacts of hazardous substances in the Baltic Sea ecosystem

Hazardous substances can have both direct and indirect harmful
impacts on species, habitats, and the environment as a whole,
and they remain among the most widespread and impactful
pressures in the Baltic Sea today (HELCOM 2023c). Hazardous
substances are often persistent, bioaccumulative and toxic. They
affect the function or viability of biota when they occur at con-
centrations above safe limits. Many hazardous substances have
the potential to interfere with biota even at very low levels. Fur-
thermore, impacts from several contaminants can occur togeth-
er (multiple mixture effects) or can coincide with other types of
pressure, potentially enhancing and increasing the susceptibility
of the system. Examples of impacts range from acute pollution
events, such as oil spills to the slow accumulation of hazardous
substances in top predators via biomagnification in the food
web. Hazardous substances also affect the suitability of fish as
food for humans and other animals.

Clear examples of hazardous substance leading to reproduc-
tive failure occurred recently in the history of the Baltic Sea.
Widespread use of persistent organochlorines, such as DDT and
PCBs, until the 1980s resulted in their spread into the Baltic Sea
environment. They accumulated in the food web and severely
reduced the fertility and population growth of ringed and grey
seals, as well as the white-tailed eagle, all top predators in Baltic
Sea food webs (Helle 1980, Helle et al. 1976, Bergmann 1999, He-
lander et al. 2008). There are also indications of a link between
elevated organochlorine concentrations and lower pregnancy
rates in harbour porpoises (Murphy et al. 2010). At the point
when impacts are detected on top predators, such as marine
mammals, the road to recovery is often long and complex. How-
ever, because certain persistent chemicals accumulate in the
food web, new emerging pollutants that are below detection
limits in other biota may be detected in the tissues of top preda-
tors, giving an early warning signal.

Sources of hazardous substances

Hazardous substances enter the Baltic Sea through various path-
ways. Key sources of hazardous substances include wastewater
treatment plants, rivers, atmospheric deposition, redispersal of
substances from dredged material (or other dumped material,
such as dumped munitions) and discharge from maritime ac-
tivities. Certain direct inputs also occur (or have occurred), such
as in relation to biofouling treatment using TBT or copper. More
examples are presented in the HELCOM (2023c).
Wastewatertreatment plants are akey point source of contam-
inants to the Baltic Sea. Households and industries in the Baltic
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Figure &.8. Trends in indicator substances or substance groups based on stations where “full” data series were available (i.e. longer-term data series with more than
three years of data). The number of stations with suitable time series data available (horizontal axis) is divided into trend categories. Downward trends reflect a de-
crease in concentrations (i.e. improving status), whereas the opposite is true for upward trends, and other stations show no detectable trend (“stable” concentrations).
Source: HELCOM 2023c.
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Figure 4.9. The range of contamination ratios of the evaluated hazardous substances. The ratios are the observed concentration value divided by the threshold value,

based on the mean concentrations for the assessment period 2016-2021. The horizontal bars show the range of contamination ratios from the 20th to 75th percentile

for each substance on a log-transformed scale. Red bars indicate that the median value fails the threshold value, which is indicated by the solid blue line. Orange bars
represent a situation where the median value achieves the threshold value but not some of the stations (in the 75th percentile). The figure is based on the coastal and
open sea data used in the integrated assessment. Source: HELCOM 2023c.
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Sea catchment area are generally well connected to wastewater
treatment systems, which results in a large number of hazard-
ous or potentially hazardous substances occurring at elevated
concentrations in their sludge and effluent. Some substances
are depleted or transformed in the wastewater treatment pro-
cess, while others remain relatively unaffected (HELCOM 2021).
Phenolic substances appear to be frequently occurring, based
on available measurements, although they generally are at lev-
els below current environmental quality standards. Polyfluoro-
alkyl substances (PFASs), in particular PFOS and PFOA, are de-
tected regularly, and many are not removed. Pharmaceuticals
have also been shown to remain relatively unaffected by waste-
water treatment processes, and levels exceed current environ-
mental quality standards (HELCOM 2021).

Information on riverine and atmospheric sources are available
for a few selected priority substances (HELCOM 2021). Data for the
period 2015-2017 suggest that inputs of cadmium come mainly
through rivers, while mercury and lead are predominantly intro-
duced through atmospheric deposition. The total amount of input
differs markedly between the substances, with 27, 5.3 and 356
tonnes per year being recorded for cadmium, mercury and lead,
respectively. Only a small amount is estimated to come from point
sources. Atmospheric deposition of these substances has gener-
ally declined since the 1990s (HELCOM 2020e and HELCOM 2021).
The volume and location of dredged material in the Baltic Sea
varies between years (e.g. HELCOM 2020b). For example, around
nine million tonnes were deposited at 106 sites in 2020, with a
little over half of this material being from capital dredging and
the rest from maintenance dredging. Around seven million
tonnes came from harbours and river estuaries, and most of the
dredged material was deposited at locations offshore. Levels of
mercury, lead, copper, tributyltin and polycyclic aromatic hydro-
carbons in the dredged material were similar to or lower than
corresponding values recorded in 2014 or before. However, cad-
mium levels had increased.

Maritime activities, such as shipping, can emit hazardous sub-
stances through spills of oil or other substances. Operational
discharges from the cleaning systems of ships are a significant
source. With the use of exhaust gas cleaning systems (scrubbers),
hazardous substances are released with the discharge of scrubber
waters, as well as in grey and bilge waters and through the smoke-
stack. In 2021, the total volume of discharge water from exhaust
gas cleaning systems was roughly 286 million cubic metres, main-
ly from open loop systems. For example, open loop scrubber sys-
tems are estimated to generate as much as 8.5% of the total Baltic
Sea load of the polyaromatic hydrocarbon anthracene (Ytreberg et
al.,2022). Discharges from these activities are increasing.

Regulations and needs

Minimizing the input and impact of hazardous substances from
human activities is a key goal of the Baltic Sea Action Plan.

Management objectives relating to hazardous substances are
to minimize their input from sea-based activities, enforce inter-
national regulations, achieve no illegal discharges and have safe
maritime traffic without accidental pollution.

Hazardous substances that enter the aquatic environment often
remain for a long time, and their impacts accumulate in the food
web. Removing a contaminant once it is present at sea is far more
complex and costly than preventing its release, and in several cases
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is impossible. Furthermore, many substances are persistent and
have long recovery times even after their input has been stopped.

Finding measures to reduce or prevent the input of hazardous
substances at the source is significantly more achievable and
cost-effective than dealing with them once they are already pre-
sent in the environment.

The complexity of human activities and regulatory levels as-
sociated with environmental contaminants makes management
response and policy implementation for hazardous substances a
significant challenge that warrants strategic development in itself.

Climate change is expected to have significant effects on the
Baltic Sea, but there is currently no regional overview of how cli-
mate change interacts with hazardous substances (HELCOM and
Baltic Earth 2021). A number of direct climate change effects are
likely to affect hazardous substances, such as water temperature,
atmospheric circulation, solar radiation, acidification, stratifica-
tion, precipitation, river runoff and sediment transportation.
Among indirect effects, factors such as changes in oxygen concen-
tration, microbial processes, non-indigenous species and ecosys-
tem functions could affect the presence and impact of hazardous
substances in the Baltic Sea ecosystem (HELCOM 2023c).

State of the Baltic Sea
Third HELCOM holistic assessment 2016-2021

4.2.3 Marine litter

The status of marine litter in the Baltic Sea is currently evaluated
based on beach litter and litter on the seafloor (Figure 4.10, Box 4.4).

The HELCOM threshold value for beach litter is 20 litter items
per 100 metres of beach. During 2016-2021, eleven out of the
sixteen sub-basins that could be assessed were above this limit
and did not reach good status. The sub-basins with highest me-
dian values were the Sound (313 litter items per 100 m), the Gulf
of Riga (156 items) and the Eastern Gotland Basin (96 items).
The sub-basins achieving good status for beach litter were Kiel
Bay, the Bay of Mecklenburg, the Gdansk Basin and the Western
Gotland Basin. The Quark had a median value below the thresh-
old value, but the result was evaluated as uncertain due to lim-
ited data. Plastic litter, including single-use items, was the most
common litter category, accounting for between 32 and 93% of
the total number of litter items (Figure 4.12). Several sub-basins
showed a decrease in the total litter count over time, which cor-
relates with a decrease in the count of single-use plastics and
plastic litter items.

Data about litter on the seafloor is collected in connection
with fish surveys using trawls and is available for some sub-ba-
sins (Figure 4.11). Litter in the categories “plastic” and “other”
increased during the evaluation period, and these categories
thus fail the preliminary threshold value, which is “no significant
increase” from 2015 to 2021 in weight, number or probability of
catching litter. The category “fisheries-related litter” achieved
the threshold when measured in number per square kilometre
but not when measured in weight. The remaining categories,
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BOX &.4.

What is marine litter?

Marine litter comes from a vast range of human sources
and reaches different marine compartments. Beach litter
is monitored worldwide as a proxy of human impacts on
the ecosystem. Information on the amount of litter can
indicate general levels of potential harm to marine biota
and ecosystems, as well as societal losses in the form
of aesthetic values, economic costs and hazards to hu-
man health. Litter that has accumulated on the seafloor
is equally relevant and can have significant impacts on
organisms at sea. Evaluation of litter types and catego-
ries helps us understand the sources of marine pollution
and assess the efficiency of environmental management
measures.

The Baltic Sea Action Plan states the following ecological ob-
jective for marine litter:

— No harm to marine life from litter.

Figure 4.10. The impact of marine litter on the marine environment is closely linked to human behaviour.
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Figure 4.11. Sampling locations of sea-floor litter (red) and depth (shades of blue, darker indicating deeper). Note that deep locations and the north and north-eastern
parts of the Baltic are not currently sampled, and that the depth map is not aligned with HELCOM assessment unit borders. Sampling of sea-floor litter was started in
2011, by its inclusion in the Baltic Sea International Trawl Survey, but litter categories and sample codes were not fully standardised until 2015. Source: HELCOM 2023c.
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“glass”, “metal”, “natural”, “rubber” and “single use plastics”,
showed no significant increase in weight or number per square
kilometre during the evaluation period.

Work is needed to develop these evaluations further, along
with evaluations of microlitter and the impacts of litter on biota
(HELCOM 2023c).

Impacts of marine litter in the Baltic Sea ecosystem

Litter may cause harm to animals when they ingest it, either by
clogging orinjuring their digestive tract or by causing contamina-
tion. Another major impact is animals becoming entangled and
trapped in lost fishing gear or packaging material. Litter on the
seafloor can result in anoxia in the underlying sediments, which
alters the biogeochemistry and the benthic community struc-
ture (Goldberg 1994). Certain litter types, such as glass bottles
and tin cans, may provide substrates for the attachment of ses-
sile biota (Mordecai et al. 2011, Moret-Ferguson et al. 2010, Pace
etal. 2007). Heavy plastic items may become colonized by bacte-
ria or loaded with sediments and sink to the seafloor, where they
can persist for centuries (Thompson 2006, Derraik 2002, Ye & An-
drady 1991). Large plastic items can pose a risk of obstruction or
harm to animals, and they leak smaller particles that pose risks
to organismes. Litter containing hazardous substances can act as
a source of contamination and thereby contribute to chemical
impacts on the ecosystem. Marine litter has a socioeconomicim-
pact through the costs associated with cleaning it up, damage to

or loss of fishing gear, obstruction of motors and harm to tourism
and recreation (Newman et al. 2015).

Sources of marine litter

Marine litter comes from both land and sea-based sources. The
types of litter from land are often closely linked with consumer be-
haviour, such as recreational and tourism activities leaving behind
plastic bags, left-overs from beach picnics or cigarette butts. Other
land-based sources are riverine inputs and inputs from storm-water
overflow. Important sea-based sources are ship-generated waste,
such as lost or abandoned fishing gear, foamed plastic or lost fish
traps. Beach litter monitoring thus reflects both littering trends
along the coastline and litter transported over long distances.

The seaflooris a sink for marine litter, and litter items on the sea-
floor originate from both maritime activities (e.g. fishing or ship-
ping) and land (Galgani et al. 2010, Galgani et al. 2015, Pham et al.
2014). Lost fishing gear, known as ghost nets, continue trapping
marine animals for a long time. Both passive fishing gear, such as
traps and nets, and trawls are often lost or discarded. The extent
of lost fishing gear in the Baltic Sea is not known, but some exam-
ples are available. In 2011, WWF Poland, together with fishermen,
scientists and divers, retrieved six tonnes of ghost nets from the
Baltic seafloor and two wrecks over 24-days. In 2014, a ghost net
project conducted on Riigen by the Ozeaneum Stralsund, archeO-
mare, the Drosos foundation and WWF Germany removed around
4 tonnes of ghost nets from two wrecks (HELCOM 2023c).
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Figure &.12. Lost fishing gear can end up on land, but most often it remains in the sea where it can continue trapping marine animals for a long time.

Regulations and needs

HELCOM countries have agreed in the Baltic Sea Action Plan to
prevent the generation of waste and its input to the sea, includ-
ing microplastics, and to significantly reduce amounts of litter on
shorelines and in the sea.

The implementation of the 2021 HELCOM Regional Action Plan
on Marine Litter should enable the achievement of the manage-
ment objectives for marine litter in the Baltic Sea Action Plan.
However, there is a need for better geographical coverage in
monitoring to evaluate the effect of current actions on marine
litter and to define additional ones, if necessary.

Researchers in the fields of climate and marine litter have put
forward that commitments against plastic littering in the sea can
also increase interest in solving issues related to climate change
(Ford et al. 2022). The connections between climate change and
plastic pollution in the oceans include the fact that plastic con-
tributes to greenhouse gas emissions both throughout its life
cycle and as litter in the sea, and that climate change and plastic
pollution both occur in all environments. Climate change could
worsen the spread of plastic pollution, because litter abundance
on coastlines is influenced by water currents and prevailing wind
conditions, and rivers are pathways for litter from inland. Chang-
es in precipitation and floods, as well as oceanographic changes,
could thus alter litter abundance and the deposition of litter.
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4.2.4 Non-indigenous species

Thirteen non-indigenous or cryptogenic species appeared for the
first time in the Baltic Sea during the assessment period 2016-2021
(Box 4.5). The threshold value for good environmental status is no
new introductions of non-indigenous species through human activi-
tiesat the scale of the whole Baltic Sea during the assessment period.
Good status for non-indigenous species was therefore not achieved.

The new introductions were recorded in the Kattegat, the Great
Belt, Kiel Bay, the Bay of Mecklenburg, the Bornholm Basin, the Gulf
of Gdansk, the Archipelago Sea and the Gulf of Finland.

The indicator only considers new human-mediated introduc-
tions. Spreading within the Baltic Sea by natural means, such as by
migration or aided by water currents, is not part of this indicator.

The trend in the arrival of new non-indigenous or cryptogenic
species increased sharply in the second half of the last century and
has not shown any signs of decreasing since then (Figure 4.13).

The number of new introductions was higher during the cur-
rent assessment period (13) than in the previous one (12 intro-
ductionsin 2011-2016). However, this comparison is complicated
by the fact there were significant additional reports provided for
the previous assessment period that were not directly included
in the that assessment.
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@ BOX 4.5.

What are non-indigenous species?

Non-indigenous species are species that have spread or
been transferred as a result of human activities, reaching
environments in which they previously did not naturally
occur. Non-indigenous species have the potential to cause
harm in their new environments through their interactions
with naturally occurring species or human activities.

The Baltic Sea Action Plan states the following ecological ob-
jective for non-indigenous species:

— No introductions of non-indigenous species
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Figure &.13. The number of non-indigenous species (NIS) or cryptogenic species (CS) introduced to the Baltic Sea over time.
The bars indicate the number of new introduced species per time period. Note that the lengths of the last two time periods
differ from the others, covering intervals of six instead of ten years. There is a discrepancy between the statistics presented
in this figure and the assessment results presented in the text because of retrospective reporting of many new non-indige-
nous species after the publication of the previous holistic assessment (HELCOM 2018). The threshold value for good status is
0 new introductions. Data are from the Information system on aquatic non-indigenous and cryptogenic species (AquaNIS).

Source: HELCOM 2023c.
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Impacts of non-indigenous species in the Baltic Sea
ecosystem

Non-indigenous species that spread into and become established
in the Baltic Sea may harm the natural marine environment. For
example, the round goby (Neogobius melanostomus) Figure 4.14,
a bottom-dwelling invasive fish originating from the Black Sea and
the Caspian Sea, was first observed in the Baltic Sea in 1990. After
a few years of low abundance, the species increased dramatically
and is now a dominant species in many areas of the Baltic Sea,
with the capacity to change interactions in the benthic food web
(Kottaetal. 2016), and itis still expanding its range in the Baltic Sea.

Overall, non-indigenous species have caused ecological,
economic and public health impacts globally (Ruiz et al. 1997,
Mack et al. 2000, Lockwood et al. 2007, Ojaveer and Kotta 2015).
Non-indigenous species can induce considerable changes in the
structure and dynamics of marine ecosystems. Economic im-
pacts range from financial losses in fisheries to expenses to in-
dustries for cleaning intake or outflow pipes and structures from
fouling (Black 2001, Williams et al. 2010). Public health impacts
may also arise from the introduction of pathogens or toxic algae.

The impacts of non-indigenous species can be unpredict-
able and may be large, especially when they co-occur with
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other pressures. However, not all non-indigenous species are
invasive, spread widely or become abundant. Established non-
indigenous species may influence biodiversity and the ecosys-
tem in different ways, and their effects are often difficult to fore-
see. Risk assessments are important to guide the management
of non-indigenous species and to help implement measures at
an early stage (Katsanevakis et al. 2014). An evaluation of cur-
rent cumulative negative impacts on marine biodiversity caused
by non-indigenous species in the Baltic Sea, based on the Cu-
mulative IMPact of ALien species (CIMPAL) index, is depicted in
Figure 4.15. However, our knowledge is very limited for the ma-
jority (60%) of wide-spread non-indigenous species in the Baltic
Sea (Ojaveer et al. 2021).

Sources for the introduction of new non-indigenous species

Maritime transport is the main pathway for the introduction of
new non-indigenous species. Harbours and ports are hotspots
for both the new introduction of non-indigenous species and
their establishment, as they are sites where ships are station-
ary for extended periods. Harbours and ports also offer suitable
places for species to settle, in shallow water or modified habitats
(Lehtiniemi et al. 2015).

Figure &.14. The round goby (Neogobius melanostomus) is an example of a non-indigenous species that has taken a major role in the Baltic Sea food web, leading to
impacts on several other species.
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Regulations and needs

The management objective for non-indigenous species under the
Baltic Sea Action Plan is “no introductions of non-indigenous species’
Preventative measures are key to limiting non-indigenous
species, as the eradication of already established non-indige-
nous species is difficult and cost-intensive and has generally
proven not to be feasible in aquatic environments (Sambrook et
al. 2014). There are no records of the eradication of established
non-indigenous species in the Baltic Sea. Management should
therefore primarily aim to prevent further introductions and to
minimize the negative effects of the non-indigenous species that
have already been introduced. Further monitoring and evalu-
ation of the establishment, risk and potential harm caused by
non-indigenous species in the Baltic Sea is also needed.

& HELCOM

Figure 4.15. Non-indigenous species impacts in the Baltic Sea, as presented in HELCOM (2023e). The layer indicates the cumula-
tive negative impacts on marine biodiversity caused by non-indigenous species based on the index CIMPAL (Cumulative IMPact
of ALien species (Katsanevakis et al. 2016). The map shows the normalized pressure values, with increased colour intensity
indicating higher pressure. Source: HELCOM 2023e.
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4.2.5 Underwater noise

Continuous noise was evaluated for the first time in HELCOM dur-
ing the current assessment period, by addressing the proportion of
the Baltic Sea area exceeding noise levels that may cause adverse
biological effects (Box 4.6). The evaluation results indicate a good
status of continuous underwater noise in all areas of the Baltic Sea
with respect to the risk of behavioural disturbance in fish or ma-
rine mammals. With respect to the risk that human-induced noise
masks natural sounds, the evaluation indicates good status for
marine mammals in all of the Baltic Sea but not good status for fish
in 9 out of 17 assessment units. Several aspects of the evaluation
method are still under development.

Continuous underwater noise shows considerable variation in
space and time (Figure 4.16). Noise levels are clearly higher in ship-
ping lanes than elsewhere in the Baltic Sea, and noise is more wide-
spread in winter than in summer.

/b\ BOX 4.6.

What is underwater noise?

Underwater noise measures the contribution of human
activities to the sound environment under the sea surface.
Both continuous and impulsive noise occur, and the two
types vary in their properties and in how they affect aquat-
ic animals. Continuous noise is constant, fluctuating or
varying slowly over time, while impulsive noise has a short
duration and a fast pulse rise time.

The Baltic Sea Action Plan states the following ecological ob-
jective for underwater noise:

— No or minimal harm to marine life from man-
made noise.

The status of continuous noise is evaluated in relation to
the hearing frequencies of fish and marine mammals, at
125 and 500 Hz decidecade bands, respectively. The risk
of behavioural disturbance is evaluated based on the me-
dian total sound pressure level, and the risk of masking
natural sounds is evaluated based on the median excess
of a species-specific level. Impulsive noise is evaluated
based on the occurrence of impulsive noise-producing
events, such as explosions, reported to the regional HEL-
COM/OSPAR noise registry hosted by ICES (ICES 2015). The
distribution of sound was compared to the distribution of
harbour porpoises in the Baltic Sea to get a preliminary
view of the overlap between sound and the occurrence of
harbour porpoises.
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Figure 4.16. Illustration of continuous underwater noise in the Baltic Sea. The
upper map shows the median sound pressure level (SPL, dB ref 1pPa?) for the
third octave band 125 Hz in March 2028, and the map below shows the median
excess level (SPL, dB ref 1pPa?) for the same. The maps represents the time of
the year with the most favourable conditions for the transmission of anthropo-
genic noise in the Baltic Sea. Source: HELCOM 2023c.
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Additionally, the potential effect of continuous noise on mobile
species was addressed by combining the HELCOM SPIA pressure
layer representing input of continuous noise with information
on the distribution of fifteenmobile species and their habitats
(HELCOM 2023e). According to the obtained results, the highest
average potential effect of continuous underwater noise occurs
in the south-western Baltic Sea, where all ships entering or leav-
ing the inner parts of the sea pass through a rather narrow area,
compressing the traffic. The Arkona basin is also a hotspot for
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the occurrence of mobile species, intensifying the impact of this
area (Figure 4.17).

Preliminary evaluations of reported impulsive noise indicate
that there was enough undisturbed habitat for harbour porpoises
in the Baltic Sea to avoid the impacts of low- and mid-frequency im-
pulsive sounds during the assessment period. The area of habitat
exposed and disturbed remained clearly below 10% of its HELCOM
area habitat per day, based on the occurrence of impulsive noise-
producing activities reported by Contracting Parties (Figure 4.18).
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Figure &.17. Areas with potentially highest impact from continuous underwater noise on mobile species. The map is based on
the HELCOM pressure layer on inputs of continuous noise combined with information on the distribution of fifteen mobile species
and their habitats (HELCOM 2023e). The highest average potential impact occurs in the south-western Baltic Sea, where all ships
entering or leaving the Baltic Sea pass through a rather narrow area. The Arkona basin is also a hotspot for the occurrence of
mobile species, which increases the potential impact. Source: HELCOM 2023e.
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Figure &.18. Impulsive noise activities reported for the period 2016 - 2021 in the HELCOM area. Data are from the HELCOM noise registry (ICES
2015). Source: HELCOM 2023c.

Impacts of underwater noise in the Baltic Sea ecosystem

Noise can affect aquatic life in several ways. Continuous noise
at certain frequencies and high intensity can mask the natural
acoustic communication of animals and decrease their ability to
hear biologically relevant sounds, such as sounds involved in lo-
cating prey. It can also disturb their natural behaviour.

Although loud impulsive noises do not persist, they can never-
theless induce a range of impacts depending on their intensity.
Certain levels of impulsive noise can cause biological distur-
bance by inducing stress and behavioural changes in, for exam-
ple, fish and marine mammals (Wysocki et al. 2006, Santully et
al. 1999), particularly in harbour porpoises (e.g. Madsen et al.
2006, Brandt et al. 2009, Tougaard et al. 2009, Tougaard et al.
2012, Déhne et al. 2013) but also in harbour seals (e.g. Jacobs
and Terhune 2002, Gordon et al. 2015, Kastelein et al. 2015). Such
disturbances may deter animals from an area or prevent them
from carrying out normal feeding or reproductive behaviour. At
higher levels, noise can have an impact on an animal’s auditory
system, leading to temporarily or permanently impaired hearing
(Lucke et al. 2009, Finneran 2015). Very high levels of impulsive
noise can lead to further physiological injury or death.
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Sources of underwater noise in the Baltic Sea

Continuous noise in the Baltic Sea comes mainly from maritime
transport. Other sources of continuous noise include fishing ves-
sels, energy installations, leisure boats and dredging (Figure 4.19).
Noise from ships sailing at service speed is primarily from their en-
gine and propeller, with secondary components being machinery
and the movement of the hull through the water. Sound waves
propagate efficiently in water, so sounds from point sources are
heard much farther away than in air.

The most intense sources of loud impulsive noise are explo-
sions, pile driving, seismic exploration and low frequency sonar.
Unless mitigation measures are used to reduce the propagation of
impulsive noise, activities such as explosions and piling may have
effects at vast distances from the source. For example, impul-
sive noise input from pile driving activities was shown to induce
avoidance reactions and thus disturbance to harbour porpoises
at a distance of 25 km (Dahne et al. 2013). Effective mitigation
measures exist to significantly reduce the effect distance and to
temporarily deter animals from the remaining impacted area.

Regulations and needs

Reducing noise to levels that do not adversely affect marine life is
a key management objective of the Baltic Sea Action Plan.

The envisaged revised International Maritime Organization
Guidelines for the reduction of underwater noise from commer-
cial shipping to address adverse impacts on marine life and the
HELCOM Regional Action Plan on Underwater Noise are expect-
ed to lead to the achievement of this objective. However, com-
pulsory regulations will likely be needed to achieve a significant
reduction in underwater noise from shipping.

Furthermore, as spatial and temporal threshold values for un-
derwater noise have just been adopted at the EU level, formal
discussions and agreements are still needed about how these
should be applied with respect to, for example, spatial assess-
ment units, habitat size and sound levels that result in biologi-
cally adverse negative effects.
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Figure 4.19. Contoinuous noise comes from boats and vessels of all sizes.
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® b | k.3. Pressures from activities at sea

Several pressures on the Baltic Sea derive from our direct use of
the sea and its resources. Extractive pressures are associated with
fishing, hunting and the extraction of materials from the seabed,
such as sand and minerals. Physical pressures come from activi-
ties such as dredging, bottom trawling and marine construction.

The assessment results for pressures stemming from sea-based
activities are presented here for the extraction of fish, unintention-
al by-catches, hunting of birds and mammals, and sea-floor loss
and disturbance. More detailed results can be found in the HEL-
COM thematic assessment of biodiversity status (HELCOM 2023a)
and its underlying indicator reports.

As these pressures are extractive or lead to physical alterations
of the seabed, they have direct impacts on the affected species
and habitats. Careful planning and regulation of the activities is
needed to ensure sustainable use.

4.3.1 Extraction of fish

The status assessment of fish presented in Chapter 3 integrates the
status of fishing pressure in the evaluation of commercially impor-
tant fish stocks (Box 4.7). Out of fifteen commercial stocks that could
be fully evaluated, only four showed good status on average during
2016-2021 (Figure 4.20). Stocks showing good status with respect
to both fishing pressure and stock size were plaice in the Baltic Sea,
herring in the Gulf of Riga and the Gulf of Bothnia, and vendace in
the Swedish part of the Bothnian Bay, although the latter two stocks
showed a decreasing trend in stock size.

Looking specifically at fishing pressure, threshold values were
not achieved for eight of the seventeen stocks that could be
evaluated for this indicator; these were four pelagic and four de-
mersal stocks. Threshold values for stock size was not achieved
for two pelagic stocks, four demersal stocks and eel (Table 4.1).
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Figure 4.20. Number of pelagic and demersal commercial fish stocks in good and not good status with respect to fishing mortality (left), stock size (spawning stock
biomass, middle), and both aspects combined (right). The colours denote whether the average value during 2016-2021 achieved (green) or failed (red) the 2021

threshold value. The number of fish stocks not assessed in each case is indicated in grey.
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Table &.1. Summary of status evaluation for commercial fish in the Baltic Sea region. Status of internationally managed fish stocks in the Baltic Sea during 2016-2021. Commercial
fish species are assessed by stocks, which are named by their areal distribution. The numbers give the corresponding ICES assessment units (Subdivisions, SD). Total status is as-
sessed by the condition that indicators of fishing mortality and stock size should both achieve their reference points, on average during 2016-2021. The symbols denote if each stock
%\ achieves (green) or fails (red) the set conditions. In addition, trends over the last ten years are indicated by arrows. The applied assessment approach is indicated as: MSY = analyti-
cal stock assessment, evaluated in relation to the MSY objective, PA = precautionary approach. Size or age structure was not evaluated in relation to a threshold value, but changes
BOX 47 over the last ten years are indicated based on available data (1 = age structure 2 = length structure, 3 = qualitative assessment based on ICES advice). The evaluations of salmon and
sea trout are based on many stocks, which show variable status. White circles denote that no status evaluation is available. The final column gives red list status according to HELCOM

M er s b ﬁshing and how is the status assessed? (2013c), which is the currently most recent HELCOM red list assessment but which does not match the HOLAS3 assessment period.

Species name (23) Scientific name Stocks (33) Assessment i Stock size i | HELCOM
approach Red List

Twenty-three fish and shellfish species are listed as commercially important in the
Baltic Sea, based on that they together contributed to 98% of the accumulated
landings in terms of weight or value during 2015-2019 (HELCOM 2021, see also
ICES 2022a). Several of the species are divided into different stocks for fisheries
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Figure 4.21. The most common species in the Baltic Sea commercial fisheries are pelagic fish. H : : H H : H H
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Extraction of fish - Herring, Cod and Sprat

4 HELCOM

Figure 4.22. Spatial distribution and intensity of fishing for the three main commercial fish species in the Baltic Sea, namely herring, sprat and cod,
using all gear types, in 2016-2020. The layer is based on data on commercial fishing, available at the spatial scale of ICES statistical rectangles from
the EU Joint Research Centre’s data collection framework for fisheries data, for Contracting Parties which are part of the European Union. Source:
HELCOM 2023e.

The age/size structure of fish was evaluated for changes over
time without applying threshold values. Three out of the four-
teen stocks that could be evaluated showed a decreasing age
or size structure, namely Eastern Baltic cod, flounder in the Belt
Seas and the Sound, and flounder east of Gotland and in the Gulf
of Gdansk. The other stocks showed an increase or no significant
trend over time, though in several cases this reflected the fact
that they were constantly at low levels.

The pelagic species sprat (Sprattus sprattus) and herring
(Clupea harengus) clearly make up the largest share of landings in
the Baltic Sea, contributing to over 80% of the landings by weight.
Pelagic commercial fishery is widespread, while demersal open
sea fish are mainly caught in the southern parts of the region (ICES
2022, Figure 4.22). Fisheries for other species mainly occur along
the coast. In some areas, the volume of landings in recreational
and subsistence fisheries is higher than in commercial fisheries,
especially for freshwater species, such as pikeperch, pike, perch
and whitefish along the coast. The main target species for recrea-
tional and subsistence fisheries varies between sub-basins, de-
pending on which species occur in the area (HELCOM 2020c).

The total value of landings has been constant or slowly declining
in Baltic Sea countries and has decreased in recent years (Chapter 2).

Impacts of fish extraction in the Baltic Sea ecosystem

Overfishing has been connected with declined fish stocks and
a worsened age and size structure of several fish stocks in the
Baltic Sea as well as adjacent seas (ICES 2022, HELCOM 2023a,
HELCOM 2023d, Cardinale et al. 2009, Eero et al. 2008, Svedang
and Hornborg 2014).

Changes in fish stocks have also been attributed to changes in
overall species composition, leading to structural changes in the
food web (Chapter 3, HELCOM 2023a, M6llmann et al. 2009, Casini
et al. 2008, Tomczak et al. 2012, Blenckner et al. 2015, Casini et al.
2012, Eriksson et al. 2011, Olsson et al. 2015, Tomczak et al. 2016,
Ekl6f et al. 2020, Einberg et al. 2019, Scotti et al., 2022a).

Unintentional by-catch of birds and mammals, as well as the
effects of physical disturbance from fishing gear, are addressed
in the sections below.

Sources of pressure from fishing

Fish are a key source of livelihood for humans, but overfishing is
connected with detrimental effects on the marine environment
and on longer-term prosperity.

The main part of commercial catches in the Baltic Sea are from
stocks that are managed internationally within the framework of
the EU Common Fisheries Policy. The International Council for the
Exploration of the Sea (ICES) provides advice on stock status and
fishing opportunities for internationally managed fish stocks (e.g.
ICES 2022). Alignment with scientific advice is vital for decisions on
fishing quotas to be in line with the environmental, ecological and
social sustainability needs of the marine environment. However, the
scientific advice has generally not been followed by policymakers
in earlier years (HELCOM 2023d). Although countries appear to rec-
ognize the hazards of exceeding the biological limits for fish extrac-
tion, there seem to be certain reasons to maintain some fish quotas
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above scientifically advised levels. This likely highlights short-term
conflicts between environmental and socioeconomic concerns,
though there has been a reduction in the difference between total
allowable catches and scientific advice over the past twenty years
(Figure 56). Coastal fisheries are managed nationally, where man-
agement implementation typically faces challenges related to data
deficiency on the spatial and temporal patterns of commercial as
well as recreational fisheries. Insufficient regulation or compliance
issues may also commonly occur (HELCOM 2020c).

Regulations and needs

The Baltic Sea Action Plan stresses that achieving good environ-
mental status for the Baltic Sea will require major effort and trans-
formational changes in all sectors of the economy affecting the
seaq, including fisheries.

A central target of the UN Sustainable Development Goals, em-
braced by HELCOM, is to effectively regulate harvesting and end
overfishing, illegal, unreported and unregulated fishing, and de-
structive fishing practices, as well as to implement science-based
management plans and to restore fish stocks in the shortest time
feasible, at least to levels that can produce maximum sustainable
yields as determined by their biological characteristics (SDG 14.4).

Ensuring the implementation of fisheries management in line
with scientific advice is vital for the long-term sustainable use of
marine resources. Furthermore, several stocks in the Baltic Sea
are currently in need of dedicated restoration efforts after long-
term deterioration.

Climate change considerations and ecosystem changes leading
to changes in food web processes and productivity are expected
to affect the productivity of fish stocks and the distribution ranges
of fish stocks, and to create new demands for ecosystem-based
fisheries advice (ICES 2023).
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Figure 4.23. Number of cases with Total Allowable Catch (TAC) set above ICES advice for internationally managed fish stocks in the Baltic Sea during
2001-2021. The chart does not include data from Russia. The stocks included are salmon (ICES subdivisions 22-31, subdivision 32), cod (subdivisions
22-24, subdivisions 25-32), herring (subdivision 28.1, subdivisions 25-27, 28.2, 29, 32, subdivisions 30-31, subdivisions 22-24), plaice (subdivisions
22-32), and sprat (subdivisions 22-32). Cases in which ICES has advised zero catches (cod subdivisions 24-32 and herring subdivisions 22-24) are
highlighted in dark yellow. Source: HELCOM 2023d.
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4.3.2 Unintentional by-catches

Fisheries by-catches have an impact on pelagic- and benthic-
feeding waterbirds in the Baltic Sea, as well as marine mammals
(Box 4.8). The impacts occur widely, although they can differ
between species groups (depending on their feeding mode, for
example). Based on available data, the highest impacts are gen-
erally in the Great Belt, the Sound, the Bornholm Basin and the
Arkona Basin, reflecting both higher fisheries activity in these ar-
eas and access to better data on by-catch. However, by-catch af-
fects animalsin all parts of the region. The problem of by-catch is
particularly important for species with poor conservation status,
such as the harbour porpoise in the Baltic Sea.

For pelagic- and benthic-feeding waterbirds, all sub-basins
from the Kattegat to the Eastern Gotland Basin fail to achieve
good status with regard to by-catch. The impacts of by-catch are
also too high on all marine mammal populations. For more re-
sults on the integrated status assessments of biodiversity includ-
ing the by-catch aspect, please see Chapter 9 in HELCOM (2023a).

A quantitative assessment of by-catches has not been carried
out before in HELCOM, but available evidence suggests that the
status is unchanged since the previous assessment period.

The impacts of unintentional by-catch in the ecosystem

Unintentional by-catch occurs widely in the Baltic Sea, but the risk
varies for different species of waterbirds and marine mammals, de-
pending on their feeding behaviour. There are also seasonal trends
that influence by-catch levels. For example, fish-eating birds, such
as divers, grebes, mergansers, auks and cormorants, and benthic-
feeding birds (ducks) are highly susceptible to entanglement and

BOX 4.8.

What are unintentional by-catches?

Unintentional by-catch in fishing gear occurs in many fish-
eries worldwide and is among the most significant causes
of human-induced mortality in a large number of marine
mammal and waterbird species (Read et al. 2006, Lewison
etal. 2014, Dias et al. 2019). Mammals and waterbirds easily
become entangled in various types of fishing gear and sub-
sequently die by drowning. Scientific studies have indicated
that the number of waterbirds actually caught in by-catch in
the Baltic Sea is considerably higher than number stated in
official reports (Morkinas et al. 2022).

Minimizing by-catch of marine mammals and waterbirds is
included in the management objective:

— human-induced mortality, including hunting, fishing,
and incidental by-catch, does not threaten the viabili-
ty of marine life in the Baltic Sea Action Plan.
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drowning in fishing gear. However, due to a lack of monitoring, it is
not possible to quantify the consequences for either bird or marine
mammal populations.

Sources of unintentional by-catch

Gillnets and fish traps in commercial and recreational fisher-
ies are the main causes of by-catch of marine mammals and
waterbirds in the Baltic Sea, but by-catch also occurs in trawls
(Figure 4.24). By-catch of waterbirds is also common in longline
fishing, but this gear is not widely used in the Baltic Sea. Gillnets
are particularly problematic, as they are nearly invisible to birds,
which become entangled when they are diving for food. Esti-
mates are uncertain, but studies on birds have shown that gillnet
fishery causes the death of up to 100,000-200,000 birds annually
in the Baltic Sea and North Sea combined (Zydelis et al. 2009).

For birds, the by-catch problem is more severe when gillnet
fishery is practised in areas with high concentrations of resting,
moulting or wintering seabirds. In the Baltic Sea, gillnet fishery
often takes place in shallow coastal areas or on shallow offshore
grounds, which are also the most important habitats for birds.
The overlap of gillnet fishing and high concentrations of birds
usually occurs only during certain periods of the year, such as
the wintering, autumn and spring migration or moulting time
(Zydelis et al. 2009, Sonntag et al. 2012). In such instances, the
risk and occurrence of by-catch is high.
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Marine mammals are also impacted and data limitations are
problematic. In the Belt Sea, estimates of harbour porpoise by-
catch are in the high hundreds per year (Glemarec et al. 2022),
and available data for the Baltic Proper population indicate
that on average three animals are caught in by-catch per year
(HELCOM 2023i). In both cases, these values exceed the relevant
threshold values. The threshold value is set to zero for the highly
sensitive Baltic Proper population, reflecting its Critically En-
dangered status. The quality of data from direct monitoring of
by-catch is also a limiting factor for seals. However, available
estimates commonly indicate that by-catches exceed threshold
values; for example, grey seals are caught in by-catch by the
thousands (Vanhatalo et al. 2014).

Regulations and needs

HELCOM countries actively work to share information on top-
ics related to by-catch, identify additional measures and agree
on joint actions to reduce by-catch. Potential measures include
changes in what fishing gears are used and temporal or perma-
nent spatial closures of fisheries using certain gear, as well as the
use of acoustic deterrents.

Climate change could affect the risk of by-catch in certain areas,
as the spatial distribution of fish can be expected to change with a
warming climate, and the fisheries, as well as the waterbirds and
mammals feeding on the fish, would be expected to follow.

Figure &.24. Fish-eating birds, such as mergansers, are susceptible to entaglement and drowning in fishing gear.
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4.3.3 Hunting of birds and mammals

Hunting of marine mammals is forbidden in Germany, Latvia,
Lithuania and Poland. Control hunting of seals is allowed in Es-
tonia (only grey seals), Finland and Sweden. In Denmark, regu-
lation of seals is allowed with the purpose to mitigate conflicts
with local fisheries (Figure 4.25, Box 4.9, HELCOM 2023a).

The large majority of grey seal hunting occurs in Sweden and
Finland. The total number allowed has increased from around
500 seals in the early 2000s to around 3,500 in 2022. A total of
6,598 grey seals were hunted during 2016-2021.

Hunting of ringed seals has also increased, taking place only in
the Bothnian Bay management unit. A total of 2,463 ringed seals
were hunted during 2016-2021.
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In total, 1,690 harbour seals were hunted during 2016-2021 on
the west coast of Sweden and in Denmark.

Mostofthe hunted waterbirds are sea ducks. Forthe common eider
(Somateria mollissimay), hunting bag statistics give a total of 135,656
individuals across the Baltic Sea during 2016-2021, with hunting tak-
ing place in Denmark, Estonia, Finland and Sweden (Figure 4.26).
Other waterbird species with relatively large hunting bags are the
common long-tailed duck (Clangula hyemalis), common goldeneye
(Bucephala clangula) and common scooter (Melanitta nigra), coming
to0 31,422, 33,098 and 13,222 individuals, respectively.

Pest control hunting of cormorants occurs in Estonia, Finland
and Sweden and is estimated to have numbered 38,716 cormo-
rants in total during 2016-2021.

¥ HELCOM

Figure 4.25. Spatial distribution and relative intensity of seal hunting in the Baltic Sea during 2016-2021. Source: HELCOM 2023e.
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Figure 4.26. Spatial distribution and relative intensity of waterbird hunting in the Baltic Sea during 2016-2021. Total numbers include
both game hunting and control hunting. Source: HELCOM 2023e.
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Impacts of hunting in the Baltic Sea ecosystem

In addition to removing individuals from the population, hunting
can affect the behaviour of a species through biological distur-
bance. The effects of hunting on the behaviour of grey seals were
observed in the Stockholm archipelago in Sweden. The number
of grey seals observed in moulting time surveys dropped dramati-
cally in recent years, along with increased hunting in the area. At
the same time, increased numbers were observed in the archipel-
ago of south-west Finland, suggesting a range shift. However, this
change does not fully explain the decrease in the Stockholm archi-
pelago and other explanations may exist. For example, if hunting
leads to changes in the spatial occurrence, this can also increase
other risks, such as risks of unintentional by-catches.

Key sources of the pressure

Licensed hunting of grey seals was introduced in Sweden in
2020, and grey seal hunting has been run by regional quota in
Finland since 2014. Estonia has licensed grey seal hunting since
2015, but the annual hunting quota in Estonia is comparatively
low (between 37-55 animals).

The combined annual quota for ringed seals in Sweden and
Finland is around 700 individuals.

Sweden has allowed protective hunting of harbour seals in
relation to fisheries since the early 2000s, and licensed hunting
was introduced in 2022, with a current quota of 730. No hunting
of the Kalmarsund harbour seal population is allowed.

BOX 4.9.

Hunting of marine mammals in the Baltic Sea

Hunting has historically been a major pressure on marine
mammals in the Baltic Sea. All seal species in the Baltic
Sea were severely reduced at the beginning of the twen-
tieth century as the result of a coordinated international
campaign to exterminate seals (Anon 1895). Bounty sys-
tems were used in Denmark, Finland and Sweden over the
period 1889-1912, and very detailed bounty statistics pro-
vide detailed information on the hunting pressure.

Hunting resulted in the local extinction of grey seal and
harbour seal in Germany and Poland in 1912 and of grey
seals from the Kattegat by the 1930s. Baltic grey seals were
reduced to about 20,000 in the 1940s (Harding & Harkonen
1999). Harbour seals went down to around 2,500 in the Kat-
tegat and Skagerrakin the late 1970s, and the hunting pres-
sure caused a rapid decline in the Kalmarsund harbour seal
population. Only around 200 seals remained in the Kalmar-
sund harbour seal population in the 1960s (Heide-Jgrgens-
en & Harkonen 1988; Harkonen & Isakson 2011). Hunting of
seals became prohibited in the 1960s and 1970s.

Historically there have also been large catches of har-
bour porpoises in the Baltic region, with around 2,000 in-
dividuals taken annually in Danish waters in the late nine-
teenth century and possibly larger catches in the Baltic
Proper (Kinze 1995).

4.3.4 Seafloor loss and disturbance

The seafloor is negatively affected by several human activities,
including bottom trawling fishery, mariculture, extraction and
disposal of sediments (e.g. dredging and dumping) and ship-
ping, as well as coastal protection and the construction and
operation of pipelines and cables, platforms and wind farms.
Assessing single pressures in isolation does not provide repre-
sentative results about seafloor integrity because multiple pres-
sures typically act on the environment simultaneously. For the
purposes of the holistic assessment, information about activities
known to result in physical pressures on the environment was
combined, providing an overview of the spatial distribution and
intensity of disturbances to seabed habitats (Figure 4.27) and
their loss (Figure 4.28).
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Figure £.27. Assessment results from the assessment of seafloor disturbance. Source: HELCOM 2023d.
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Figure 4.28. Estimated seabed area potentially lost due to human activity for each Baltic Sea sub-basin, given as square kilometres. Values were estimated
from spatial data on human activities identified as causing physical loss. Dark red indicates sub-basins where up to 1-10% of the total area could be lost. For
the other sub-basins, the potentially lost seabed area was estimated to cover less than 1% of the total area. Source: HELCOM 2023d.

While seabed disturbance is more widespread, less than 1% of
the total area of the Baltic Sea is estimated to suffer from po-
tential long-term physical loss of the seabed (Box 4.10). When
comparing estimates for different sub-basins, the Sound has the
highest potential loss relative to its area, estimated to be above
4% (Figure 4.28). In the majority of the sub-basins, the estimated
potential loss of seabed area is clearly below 1%, based on data
reported for the assessment period.

There are some differences between the loss values generated
under the SPIA assessment (HELCOM 2023e) and the benthic
habitat integration process (HELCOM 2023a) because of differ-
ences in the application of certain buffer areas or spatial inter-
pretation of structures (e.g. harbours). Although these differenc-
es are minor on the scale of a sub-basin, further harmonization
to eliminate discrepancies is needed.
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BOX 4.10.

What is physical loss and disturbance, and how is the
status of seabeds assessed?

Physical disturbance is defined as a change to the seabed
that can be reverted if the activity that causes the distur-
bance ceases, while physical loss is defined as a permanent
change of seabed substrate or morphology. In this context,
“loss” implies that the change to the seabed has lasted (or
is expected to last) for more than twelve years (EC 2017a).

The Baltic Sea Action plan addresses seafloor loss and dis-
turbance in the ecological objective

— natural distribution, occurrence and quality of habi-
tats and associated communities.

In HELCOM, the indicator “Cumulative impact from physical
pressures on benthic biotopes” (Cuml) evaluates the aggre-
gated potential impact from physical pressures attributed
to several human activities taken together, using a spatial
categorical predictive approach (HELCOM 2023a, 2023g).
Activities considered in the current evaluation are bottom
trawling, aquaculture, extraction, dredging and dumping,
coastal protection, shipping, and the construction and op-
eration of pipelines and cables, platforms and wind farms.

An overall evaluation of the condition of benthic habitats
is derived based on an integration of the relatively few as-
sessment components of relevance to benthic habitats (cur-
rently Cuml, State of the soft-bottom macrofauna commu-
nity, and oxygen). This makes it possible to apply the spatial
assessment at the level of broad-scale benthic habitats (as
developed under EUSeamap 2021 for the Marine Strategy
Framework Directive).
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By combining information about the distribution of physical
pressures and of the underlying benthic habitats, and their sen-
sitivity to the pressures, it is possible to estimate the potential
environmental impact from physical pressures. This evaluation
indicated that the risk for cumulative impacts from physical
pressures is clearly higher in the southern Baltic Sea and in the
Kattegat than in other parts of the Baltic Sea region (Figure 4.29).
Pressures distributed over a wide area, such as fishing using
bottom trawling, contribute most to the risk for impact. In ar-
chipelago areas, and especially in coastal fairways, erosion from
shipping can have a high impact on seafloor sediments. Coastal
protection is constrained to very narrow stretches or points in
the Baltic Sea region.

Sources and impacts of seafloor loss and disturbance in
the Baltic Sea ecosystem

Physical loss and disturbance have direct effects on the affected
habitat. Physical disturbance of the seafloor occurs when bottom-
contacting fishing gear scrapes the surface of the seabed. During
such activities, sediments are mobilised and dispersed. The gear
can also reach deeper into the sediment, causing sub-surface
abrasion. This temporary disturbance results in bottom-dwelling
species being removed from the habitat or relocated (Dayton et
al. 1995). It has a particularly strong impact on slow-growing ses-
sile species, biogenic structure-forming organisms and rare or
localised species, which may be eradicated. Since bottom trawl-
ing is typically repeated in the same location, even more resilient
organisms may have little chance of recovery, leading to changes
in species composition over time (Kaiser et al. 2006, Olsgaard et
al. 2008). In addition, sediments are mobilised into the water and
may be transported to other areas, causing smothering of other
substrates or habitats or the release of hazardous substances that
have been previously buried in the seabed (Jones 1992, Wikstrém
et al. 2016). Other human activities leading to physical distur-
bance act in the same way. The severity of the impact depends
on factors such as the depth of the disturbed sediment layer, the
total area affected, whether the activity is repeated regularly and
the sensitivity of species in the affected habitat.

The indicator for cumulative impact from physical pressures
on benthic biotopes is structured around human activities
known to impact on benthic biotopes through physical distur-
bance, especially those with a large spatial extent, such as bot-
tom trawling. Activities causing more local disturbance include
tourism, leisure activities and infrastructure. Activities resulting
in physical loss are commonly linked with construction or infra-
structure development, such as wind farms, port infrastructure
or coastal defence. While the actual footprint of such structures
may be small, their presence can also alter conditions in the
surrounding areas and generate localised disturbance. It is also
possible that activities catalyse functional loss, if the resident
biota are unable to flourish.

Regulations and needs

HELCOM countries have agreed to jointly develop a common
approach to address and minimize the loss and disturbance of
seabed habitats caused by human activities wherever possible,
including through the identification of further measures to reduce
adverse effects.

The upcoming EU restoration law is expected to require the
implementation of measures to reduce adverse effect and re-
store impacted habitats.
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,“3’ k4. Protection and restoration
. . . d
Cumulative impact from physical pressures
on benthic biotopes While reducing or preventing harmful inputs and minimizing
: pressures from human activities at sea are of key importance to
_ ensure the broad recovery of species and habitats in the Baltic
CumI (2016 2021) Sea, spatial protection supports biodiversity by ensuring sustain-
high able limits to human exploitation or activities in defined areas.
B moderate 3 Marine protected areas are the most common form of spatial
protection in the Baltic Sea. Other measures that contribute to
0 moderate 2 effective area-based conservation can also be included in the
moderate 1 concept of spatial protection.

However, in cases where the natural ecosystem has been de-
graded, damaged or destroyed, restoration measures may be
very low needed to assist recovery, and these are increasingly being used
in HELCOM countries (Box 4.11).

low

none/n.a.
No information for
bottom trawling pressure

§ HELCOM

Figure 4.29. Evaluation result of the indicator for cumulative impacts of physical pressures on benthic biotopes in the Baltic Sea, based on reported
data for 2016-2021. The map indicates the combined potential impact of physical disturbance (see Box 15). Information on physical pressures from
bottom trawling fishery is missing for the area off the coast of Oblast Kaliningrad, marked with a semi-transparent grey triangle. White areas within
the Baltic Sea area represent regions with no impact. Source: HELCOM 2023a.

Figure 4.30. Marine protected areas are spatially defined areas that are selected for protection because they can be particularly useful to safeguard marine ecosys-
tems, processes, functions, habitats and species.
© Juuso Haapaniemi
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BOX 4.11.

Spatial protection and
restoration as tools in conservation

Marine protected areas

Marine protected areas are spatially defined areas that are select-
ed for protection because they can be particularly useful to safe-
guard marine ecosystems, processes, functions, habitats and spe-
cies, and that are managed to support this purpose. By providing
protection from adverse human activities, marine protected areas
can support both ecological values and the social, economic, and
cultural values depending on these (e.g. Reuchlin-Hugenholtz &
McKenzie 2015). The main purpose of the HELCOM marine pro-
tected areas (HELCOM MPAs) is to protect valuable marine and
coastal habitats in the Baltic Sea. This is achieved by designating
suitable areas which have particular natural values as protected
areas and by effectively managing human activities within those
areas (HELCOM 2021, HELCOM ACTION 2021b). These sites should
form an ecologically coherent network - that is, a network of pro-
tected sites which together deliver more benefits than individual
protected areas.

Other effective area-based conservation measures

While the network of marine protected areas is the backbone and
primary focus of area-based protection efforts in HELCOM, other
effective area-based conservation measures (OECM) can comple-
ment this network to support biodiversity. For example, other
effective area-based conservation measures can be designed to
improve the status of key biodiversity attributes or to support key
ecosystem aspects in cases where the designation of fully protect-
ed areas is not an option. The identification and recognition of
other effective area-based conservation measures can also pro-
vide an opportunity to engage with and support a range of new
partners and sectors in conservation efforts.

Restoration

Different types of restoration exist with differing aims and levels
of interference. Passive restoration refers to removing or signifi-
cantly reducing the source of a disturbance (the pressure), allow-
ing the disturbed habitat to recover naturally through ecological
succession. In other cases, the disturbed site may have become
so degraded that it is not able to recover on its own within a
reasonable time frame. In these cases, the removal of the pres-
sure is only the first step, and recovery must be actively assisted
through restoration measures. Active restoration may involve, for
example, the removal of artificial objects from the marine envi-
ronment, the reconstruction of habitats or the reintroduction of
species. Active restoration is considered an effective supplement
to conservation and management actions when the natural re-
covery of ecosystems is precluded, but it is often possible only at
a comparatively small scale and can be resource intensive (HEL-
COM ACTION 2021c).

4.4.1 Marine protected areas in the Baltic Sea

Today, the Baltic network of marine protected areas (MPAs) cov-
ers approximately 16.5% of the Baltic Sea, including just above
13% that are HELCOM marine protected areas (Figure 4.31). The
coverage of the MPA network is expected to increase substantially
in the near future as a result of efforts to reach the spatial protec-
tion targets agreed upon by HELCOM countries in the BSAP, the EU
Biodiversity Strategy and the Global Biodiversity Targets of the UN
Convention on Biological Diversity (CBD).

The first HELCOM MPA was designated in 1994. After the adop-
tion of the 2007 Baltic Sea Action Plan, the Baltic Sea became the
first marine region in the world to reach the target of conserving
at least 10% of its coastal and marine areas, a goal set by the CBD
in 2010. Current targets for spatial protection agreed in HELCOM
stem from the 2021 BSAP and state that, by 2030 at the latest,
countries are to establish a resilient, regionally coherent, effec-
tively and equitably managed, ecologically representative and
well-connected system of marine protected areas, supported by
other spatial conservation measures (under alternative regimes

Marine protected areas

____ HELCOM sub-basins
division lines 2022

HELCOM MPAs
Natura 2000 sites

—

Sl

Figure 4.31. Current HELCOM marine protected areas 2016-2021.
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for marine protection) that can contribute to the coherence of the
network. Where scientifically justified, special attention should be
given to offshore areas beyond territorial waters.

The network of marine protected areas will:

— cover at least 30% of the marine area of the Baltic Sea, of which
at least one third will be strictly protected. Other effective area-
based conservation measures (OECMs) can be counted towards
the 30%target only if they, as a minimum, comply with the OECM
criteria agreed by the Convention on Biological Diversity (CBD).

— where scientifically justified, consider including no-use zones
within marine protected areas, which can also serve as scientific
reference areas.

— expand conservation efforts to include areas of particularimpor-
tance for biodiversity and ecosystem resilience, including impor-
tant ecosystem elements such as species or areas recognized to
be ecologically significant based on their function for the ecosys-
tem or the provisioning of ecosystem services, and broad habitat
types which may not necessarily be rare or threatened.

/.
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Effects of marine protected areas on Baltic Sea ecosystems

Improving the spatial coverage and connectivity of the network of
marine protected areas while taking into account natural biodiver-
sity and conditions is expected to strengthen the overall resilience of
the Baltic Sea ecosystem and enhance its general capacity to main-
tain functional ecosystem processes under environmental pressures
and, importantly, under future climate-related changes. By enhanc-
ing the capacity of the natural system to provide ecosystem func-
tions and services, biodiversity conservation can also support the
resilience of the ecosystem, which would ensure economic benefits
for many sectors that benefit from improved environmental condi-
tions in both the short- and long-term. Marine protected areas are
expected to support and enhance material and non-material ecosys-
tem services, consumptive and non-consumptive goods, and ben-
efits for humans (Marcos et al. 2021). Studies on marine systems have
estimated that each euro invested in marine protected areas would
generate a return of at least three euros (Brander et al. 2015). IPBES
(2019) recognises that expanding and effectively managing the cur-
rent global network of marine protected areas is important for safe-
guarding biodiversity, particularly in the context of climate change.
Properly designed and managed MPAs have been shown to have a
positive impact on a far broader scale than the protected areas alone,
and such zones are thus vital for the overall health of the ecosystem.

Regulations and needs

The target of achieving a spatial coverage of 30% protected areas
by 2030, including 10% that will be strictly protected, will require
that countries come together and protect roughly another 15% of
the Baltic Sea area. Effective management plans also need to be
developed and implemented for all designated MPAs.

State of the Baltic Sea
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However, the ultimate aim of all the conservation initiatives is
not to reach the percentage coverage target but to strengthen
biodiversity. In order for spatial protection measures to be effec-
tive, planning should account for what happens both within and
outside of the protected area, considering ecological as well as
societal aspects. The connectivity of the network, as well as the
activities and pressures in its vicinity, are also key to evaluate.
To fully benefit from increased spatial protection, the protected
areas should be designated in a strategic way, taking into con-
sideration what is protected, for what purpose and in what way.
Collaboration between providers of ecosystem knowledge and
spatial planners is key, as the implementation should be done at
ecologically relevant and meaningful scales.

Furthermore, the implementation must be supported by func-
tional governance, effective and efficient management plans
and the capacity for monitoring and adaptive management.

There is currently neither a sufficient framework nor the nec-
essary prerequisites to ensure ecosystem-based strategic deci-
sion-making for the conservation of biodiversity and ecosystem
services across local, regional and national management levels.
Effective policy and management on a broad scale are needed
to prevent MPAs from becoming isolated islands of protection
in a larger sea of degradation. Such isolated systems offer mar-
ginal benefits to overall status and are, by nature, more suscep-
tible to small changes or increases in pressure. While govern-
ance bodies and institutions with the necessary mandates and
aspirations to protect the marine environment exist, there is a
challenge in ensuring sufficient integration across them, includ-
ing improved interaction between actors across the marine bio-
geographical region.

State of the Baltic Sea
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4 4.2 Restoration as a measure in HELCOM

Restoration of the marine environment is still an emerging topic in
the Baltic Sea. Spatially restricted development work is ongoing in
some areas, such as the restoration of eel-grass meadows in the
Kattegat and the restoration of coastal lagoons in the Bothnian Bay
(SWAM 2021, HELCOM ACTION 2021b, Saarinen 2019). Activities
have consisted of transplanting flora and fauna, creating artificial
habitats to promote range expansion and recolonization, and in-
ducing changes in hydrological and physical settings, for example
(Fraschetti et al. 2021). As yet, there is no consistent source of infor-
mation on efforts, success rates or trends in restoration in the Bal-
tic Sea region. The importance of restoration is likely to increase
in response to ecological, management and policy-related needs.

Impacts of restoration in the Baltic Sea ecosystem

The primary goals of restoration are often to re-establish ecologi-
cal functions and ecosystem services and to revert the system to a
previous condition that is self-sustaining and resilient against dis-
turbance. The ultimate aim is to bring diverse and resilient nature
back to marine ecosystems (HELCOM ACTION 2021b). This means
reducing pressures on habitats and species, and ensuring that all
uses of the ecosystem are sustainable. It also means supporting the
recovery of ecosystems and tackling inputs of pollution and invasive
alien species (EC 2020b).

Restoration can be an effective way to accelerate the recovery
of biological communities at the local scale. It can also be used in
protected areas to enable the quicker realization of biodiversity
benefits. For example, recruitment areas for fish, biogenic reefs and
vegetated seabeds are threatened in the Baltic Sea by many human
activities and could benefit from restoration measures (Kraufvelin
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et al. 2018, 2020). When successful, restoration of coastal and ma-
rine systems can significantly enhance benefits relating to mitiga-
tion of climate change effects, biodiversity values, economic growth
and physical and mental well-being (Aronson and Alexander 2013).
Across Europe, increased restoration efforts are expected to create
jobs, reconcile economic activity with natural growth, and help en-
sure the long-term productivity and value of the natural capital of
European seas, including the Baltic Sea (EC 2020b).

Regulations and needs

Coastal and marine restoration is still in its infancy in the Baltic
Sea, and there is a clear need to build a knowledge base and the
capacity to ensure the successful implementation of restoration
through knowledge-sharing and following up on existing and
planned restoration initiatives.

In addition to the choice of method, successful restoration de-
pends on the focal species/ecosystem (Montero-Serra et al. 2018),
the duration of the restoration activity (Bayraktarov et al. 2016), the
geographical location (Darwiche-Criado et al. 2017) and local fac-
tors, such as pressures present and conservation levels (Keenley-
sideetal. 2012).

A fundamental prerequisite for successful restoration is that
the factors initially causing the pressure or damage to the habitat
or ecosystem have disappeared or can be kept at a level which is
known not to cause detrimental impacts.

Restoration should be undertaken with an awareness of climate
change, taking into consideration whether the restored systems
will be sufficiently resilient to changing conditions and potentially
whether they could be adapted to facilitate mitigation and dampen
the negative effects of climate change.

Jannica Haldin
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5. Spatial distributions of
ecosystem components,
human activities, pressures,
Impacts and ecosystem services

The Baltic Sea is influenced by a range of pressures from human
activities. In order to improve its environmental status in an effi-
cient and adequate way, it is of key importance to map activities
which affect the marine environment, analyse what effects they
have and how strong the effects are, and assess what this means
for the ecosystem. Furthermore, while some activities and pres-
sures might seem of little importance individually, their summed
impact can be considerable when they occur in the same place,
particularly in areas with sensitive species or habitats.

The HELCOM Spatial Distribution of Pressure and Impact As-
sessment (SPIA) analyses data on the distribution of ecosystem
components (such as species or habitats), pressures and human
activities, thus linking human activities with the pressure (or
pressures) they cause. It links spatial information on ecosystem
components with spatial information about pressures, identi-
fying where they overlap and how sensitive a given ecosystem
component is to a particular pressure. This provides an overview
of the potential impact of a given pressure or subset of pressures
on one or more ecosystem components, allowing us to trace
which activity underpins the pressure(s) causing animpact. Each
of these assessment steps can provide valuable contextual infor-
mation to the results of the other assessments included in the
holistic assessment of the state of the Baltic Sea.

The SPIA is an effective tool for deepening our understand-
ing of how different pressures act on the Baltic Sea ecosystem,
where they are most common, and in what areas different pres-
sures co-occur (Box 5.1). This information can be important for
management and planning purposes.

BOX 5.1.

Spatial analyses of pressures and impacts in HELCOM

The thematic assessment report on the spatial distribu-
tion of pressures and impacts analysis (HELCOM 2023e)
clarifies the methodology of the HELCOM spatial pres-
sures and impacts analysis (SPIA) for the years 2016-2021.
The comprehensive approach of the SPIA differs from
the other thematic assessments, which address topics
in a more sectoral manner. It also differs by not compar-
ing results against a threshold value but rather analysing
where the cumulative pressure is likely higher or lower.
The SPIA examines the spatial distribution and intensity
of different human activities and pressures and uses the
best available knowledge to quantify their combined ef-
fects. The maps are evaluated together with information
on the sensitivity of each ecosystem component to each
pressure in order to produce information about their po-
tential impact on the environment.

v 5.1. Spatial analyses of pressures and

H impacts

The SPIA tool used to assess the spatial distribution of pressures
and impacts is highly versatile and can analyse any combination
of pressures and ecosystem components to provide information
about both the potential distribution and the potential impact.
By combining all available information on pressures and im-
pacts, the tool can also address the cumulative burden on the
environment caused by human activities in the Baltic Sea region.
The results are presented as two indices.

Baltic Sea Pressure Index

Potential cumulative pressure (Index value)
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— The Baltic Sea Pressure Index gives information about which ar-
eas are likely to have the greatest pressure from human activities.

— The Baltic Sea Impact Index shows the distribution of the poten-
tial cumulative impact of these pressures on the environment.
This is accomplished by considering the spatial distribution of
species and habitats, as well as how sensitive these ecosystem
components are to the different pressures.

The Baltic Sea Pressure and Impact indices for the years 2016-

2021 are based on nationally reported spatial data sets for 28 hu-
man activities occurring in the Baltic Sea and 6 data sets of pres-
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Figure 5.1. The Baltic Sea Pressure Index shows the spatial variation in the potential cumulative pressure on the Baltic Sea by
combining data on several pressures. The index is based on the currently best available regional data, but spatial gaps may occur in
some underlying data sets. The inset data availability map shows data availability for human activities (HA) and pressures (PL). Source:

HELCOM 2023e.
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sures estimated by direct measurements at sea. These data were
compiled into 17 aggregated pressure layers which were used
in the assessment. In addition, 57 spatial data sets representing
different ecosystem components were included in the assess-
ment. The thematic assessment report (HELCOM 2023¢) gives a
detailed description of the method and a complete account of all
data layers, their sources and how they were developed.

The results show that hazardous substances and eutrophica-
tion are the two most influential pressures in terms of both po-
tential cumulative pressures and impacts. When the cumulative
pressure was estimated without including the spatial overlap
with ecosystem components, the highest level of pressure was
found in open sea areas (Figure 5.1).
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The cumulative impact index indicated that there are potential
cumulative impacts on the environment from human activities
throughout the Baltic Sea, but there were some clear spatial dif-
ferences. Shallow coastal areas are generally subject to the high-
est levels of cumulative impact, as these are areas where a high
number of human activities and ecosystem components occur
together (Figure 5.2).

The SPIA tool also enables dedicated analyses of combina-
tions of pressures and ecosystem components. When the analy-
sis was narrowed to only consider the combined potential im-
pact of hazardous substances and eutrophication, the result was
largely similar to the potential cumulative impact of all pressures
together, demonstrating that these pressures are the main con-

4 HELCOM

Figure 5.2. The distribution of the potential cumulative impact from human activities on the Baltic Sea environment, based on the Baltic
Sea Impact Index. The analysis is based on the currently best available regional data, but spatial gaps may occur in some underlying
data sets. The inset data availability maps show data availability for human activities (HA), pressures (PL) and ecosystem components

(EC). Source: HELCOM 2023e.

State of the Baltic Sea
Third HELCOM holistic assessment 2016-2021

State of the Baltic Sea 2023
5. Spatial distributions of ecosystem components

Cumulative impact per pressure category
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Figure 5.3. Ranking of pressures based on their potential cumulative impact measured by the Baltic Sea Impact Index. The val-
ues in the figure represent the sum of the impact index values for the whole assessment area. For details, see HELCOM (2023e).

tributors to the total impact. Both eutrophication and hazardous
substances have a wide distribution throughout the Baltic Sea.

The results of these analyses clarify the spatial patterns and
relative intensities of the potential cumulative pressures and im-
pacts in the Baltic Sea. They do not provide information on the
absolute magnitudes of potential pressures or impacts but in-
stead evaluate their relative levels in different parts of the region.
Hence, the indices that are produced are not status assessments
in the same way as the HELCOM indicator-based evaluations.
They are best used as a means to describe and communicate
relative patterns and intensities of pressures and impacts in dif-
ferent parts of the Baltic region. They can highlight areas that
are facing the highest relative potential cumulative pressures
and impacts, based on the currently best available regional data.
Spatial gaps occurring in some underlying data sets are indicat-
ed in the results with separate data availability maps.

* 5.2. Top pressures causing impacts on
the Baltic Sea environment

Further analyses of the Baltic Sea Impact Index showed that “haz-
ardous substances” and “eutrophication” were the pressures that
contributed most to the total impact, comprising more than three
quarters of the total impact (Figure 5.3). This reflects the fact that
these pressures have the widest spatial distributions, and many
species and habitats are highly sensitive to them. Other pressures
that ranked high in the analyses were “input of continuous anthro-

pogenic sound”, “extraction of fish” and “physical disturbance”.
These pressures also have a wide distribution, but they were
found to occur closer to the related human activities than hazard-
ous substances and eutrophication. Furthermore, the number of
ecosystem components (species and habitats) that are sensitive
to these pressures is somewhat lower. Other pressures had a more
limited distribution and a lower contribution to the total impact.
However, many species and habitats in the Baltic Sea are also
highly sensitive to such lower-ranking pressures, “physical loss”
being a clear example. Even though they have limited contribution
to the total potential cumulative impact at the scale of the whole
Baltic region, their impact on a local scale can be high. Grey seals
(Halichoerus grypus) and bottom-water habitats not influenced by
permanent anoxia are the ecosystem components most affected
by potential cumulative impacts, partly due to the large extent of
these ecosystem layers compared to other layers.

The accumulation of impacts in shallow areas can also be ana-
lysed by looking at the average impact per square kilometre within
HELCOM sub-basins (Figure 5.4). Many of the sub-basins facing the
greatest potential impact have a large share of relatively shallow
areas. This is particularly true for the Aland Sea, the Sound and the
Great Belt. However, there are also sub-basins with broad open
sea areas that rank relatively high, mainly because of the pressure
from commercial fishing with bottom-contacting fishing gear. The
lowest average impact was found in basins with vast open sea ar-
eas compared with their coastal regions, such as the Bothnian Sea
and Bothnian Bay. These are also areas where widely distributed
and high-ranking pressures, such as bottom trawling, eutrophica-
tion and inputs of sound, are generally lower.
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</~ | 5.3. Spatial analyses of ecosystem environmental status in national marine waters by 2040 is col-

Average potential impact per square kilometre in HELCOM sub-basins 2 services lectively estimated to be worth 5.6 billion euros per year to so-
ciety (HELCOM 2023d). Not achieving good status of the marine

The status of the environment is directly linked to our use of the  environment affects different groups of society by, for example,

25 sea, which provides us with both direct and indirect benefits.  decreasing the opportunities for fishing or causing impacts on
Having a marine environment in good status offers several ben- ~ human health, including for future generations (HELCOM 2023d).
20 efits that are currently not fully provided across the Baltic Sea, Ecosystem services is a collective term for all the direct and
such as clear and oxygen-rich waters, healthy fish stocks, safe  indirect contributions that healthy ecosystems make to human
15 fish and seafood for human consumption, good quality coasts  well-being, as a result of functions and processes in the ecosys-
and beaches, and healthy marine biodiversity. Reaching good  tem (Potschin & Haines-Young 2016b). The ecosystem services
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Figure 5.4. Average potential cumulative impact per square kilometre by HELCOM sub-basin according to the Baltic Sea Impact Index
2016-2012. For details, see HELCOM (2023e).

BOX 5.2. a “ | ':,,.,

The SPIA tool

The increasing use of sea areas leads to complex patterns of interactions
between human activities, pressures and ecosystem components. Tools
to assess the spatial distribution of pressures and impacts are helpful for
evaluating the spatial distribution of human activities and pressures and
the combined and cumulative impact of human-induced pressures on the
environment, as well as for identifying potential key areas of concern and in
need of enhanced management efforts.

The HELCOM SPIA tool is an open-source tool which is free for everyone
to use. Users can analyse the spatial distribution of pressures and impacts
in the Baltic Sea using HELCOM data sets as the input. The SPIA tool is avail-
able as an ArcGIS Pro desktop toolbox and as a web-based online tool, with
functionalities that can be used to present and explore the results in various
ways. The user can select which layers to explore and include in the calcula-
tion. The assessment can be run for the whole Baltic Sea or separately for
an individual HELCOM sub-basin. Results appear in the tool’s map viewer,
where it is possible to explore and download the map together with a sta- . oy
tistics matrix of the result. In the interactive map viewer, the results can be a." HEI_COM
compared with any pressure or ecosystem layer used in the calculation. The o
map viewer can also be used to explore the contribution of pressure and
ecosystem layers to the total impact in a selected location.

Figure 5.5. Illustration of areas with high potential to contribute to ecosystem services in the Baltic Sea. The map is made from 54 different
ecosystem component layers based on their respective contribution to specific ecosystem services. For a more detailed description of the data
and analyses, see HELCOM (2013d-e) and Ruskule et al. (2023).
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concept covers aspects of the environment that are fundamen-
tal to human survival. The ecosystem produces goods that we
value, such as wild fish and algae for nutrition. It also contributes
to the regulation and maintenance of the ecosystem that we live
in, through processes like carbon sequestration. Interacting with
nature also provides non-material benefits, like recreation and
cultural values. Analysing the environment using an ecosystem
services approach is helpful for understanding and clarifying the
connections between ecosystems and human well-being. The
ecosystem services approach can thus support decisions and
policy-making to ensure the sustainable use of resources (Martin-
Ortega et al. 2015). Analyses of ecosystem services can help clarify
potentially complex relationships between nature and society. As
ecosystem services link the state of the ecosystem with societal
well-being, such analyses are an effective tool for evaluating the
trade-offs between alternative sea uses, and between different
management and protection options. However, both the ecosys-
tem services approach and its branch, ecosystem accounting, are
fairly new concepts in comparison to established environmental
assessment tools. Further development of their knowledge base,
information base and appropriate application is needed.

A mapping approach building on the data layers developed
for use in the assessment of the spatial distribution of pressures
and impacts demonstrates the potential contribution of ecosys-
tem services in the Baltic Sea region (Figure 5.5). An aggregated
map of ecosystem service potential was created using an exten-
sion of the Baltic Sea Impact Index calculation tool (Ruskule et
al. 2023). This updated evaluation used 54 different ecosystem
component layers, including benthic habitats, pelagic species,
habitat-building species, mobile species and their key habitats.
The tool aggregates the spatial extent of the ecosystem compo-
nents contributing to the provision of a particular ecosystem ser-
vice and combines the results for all the layers. The precision of
the resulting map is still comparatively low because it only con-
siders the presence or absence of ecosystem components, not
their quantity or quality, and it only reflects the ecosystem ser-
vices that were included in the exercise. Nevertheless, it provides
arough illustration of potential key areas for ecosystem services
in the Baltic Sea, thus supporting key management actions, such
as protection and the determination of acceptable levels or loca-
tions of pressures to achieve good environmental status.

5.4. How can maritime spatial planning
4 | support the Baltic Sea environment?

Maritime spatial planning (MSP) is the spatial planning of activi-
ties at sea. The processes used in MSP involve a holistic, mul-
tisectoral effort at national scales and can serve as a key com-
ponent in the implementation of several shared environmental
objectives for the Baltic Sea. Maritime spatial planning is thus
becoming an increasingly important instrument for the develop-
ment of ecosystem-based management, facilitating or enabling
work towards reaching a good environmental status of the Baltic
Sea environment (Box 5.3).

The current state of maritime spatial planning in the
Baltic Sea

All Baltic countries that are also members of the European Union
have implemented their first (or, in some cases, second) genera-
tion of maritime spatial plans, in alignment with the EU Maritime
Spatial Planning Directive (EC 2014). Important topics for future
iterations of the plans are dealing with climate change, meeting
the visions of the European Green Deal (EC 2019), monitoring
and evaluating the existing plans, and the cooperative develop-
ment of coherent plans to better support an ecosystem-based
approach towards reaching good environmental status.

BOX 5.3.

What is maritime spatial planning?

Maritime spatial planning (MSP) is spatial planning at sea
using a holistic, multisectoral effort. A key aim of MSP is
to delineate human uses in such a way that sensitive envi-
ronmental areas are not significantly negatively affected.
Furthermore, the MSP process should serve as a platform
for the involvement of all relevant stakeholders in deter-
mining how society should use the sea.

The Baltic Sea Action Plan includes MSP as a horizontal
topic. Through the Baltic Sea Action Plan, HELCOM coun-
tries have agreed to:

— Utilize maritime spatial planning (MSP) applying an
ecosystem-based approach to support BSAP objec-
tives and targets and contributing to sustainable
sea-based activities

The maritime spatial plans are implemented nationally.
Thus, the inclusion of coastal areas or related sectors, and
the formal status of the plans, varies between countries in
HELCOM. International cooperation between neighbour-
ing countries and within regional seas is of high importance
in MSP and is a cornerstone of the formation of a coherent
framework. In HELCOM, the HELCOM-VASAB MSP working
group addresses a number of joint challenges for MSP in
the Baltic Sea with its regional MSP roadmap for 2021-2030,
including knowledge development, regional collaboration,
environmental considerations, a sustainable blue economy
and climate change (EC 2022).

How can MSP make a difference for ecosystems
and societies?

Maritime spatial planning can potentially have positive or neg-
ative effects on the marine environment, depending on where
and how space is allocated for different uses. It is essential that
knowledge about how different human activities may affect
both the local and the broader ecosystem are included in the
planning process in order to ensure long-term sustainability.
Because planning considers social, economic, cultural and
other relevant aspects while also aiming to enhance marine
nature values, it can help countries integrate key environ-
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mental considerations into their planning in a holistic way.
When applied optimally, MSP can make a difference for Baltic
Sea ecosystems and society by guiding or directing the loca-
tions of different types of human uses of the sea in a way that
maximizes the possibility for a positive sustainable future. For
example, planning efforts can enhance nature conservation
by facilitating a Baltic Sea network of marine protected areas
or can improve marine ecosystem services by securing space
for different sea uses in a manner that protects and improves
long-lasting ecosystem functions and the provisioning of key
ecosystem services.

¥ HELCOM

Figure 5.6. Operational wind farms in the Baltic Sea during 2016-2021. Several more offshore wind farms are currently in
planning. The expansion of offshore wind is a key topic for sustainable environmental management, in which MSP plays a
central role. Please note that the symbols in the map are enlarged to make them visible at this scale. Source: HELCOM 2023e.
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Figure 5.7. Several human activities coexist within the Baltic Sea, interacting with or affecting the marine environment.

The role of maritime spatial planning in HELCOM

HELCOM plays an important role as a regional anchor that can
help countries around the Baltic Sea harmonize their national MSP
processes. This isimportant because most fundamental aspects of
MSP are actually transboundary, including the distribution of hu-
man activities, as well as environmental pressures and biodiversi-
ty. The regional perspective on the Baltic Sea provided in HELCOM,
its data coordination, resources and the institutionalized knowl-
edge of its community all support maritime spatial planning.

Successful planning in alignment with the ecosystem approach
is vital to our prospects of reaching a healthy and long-term sus-
tainable Baltic Sea environment. The development of ecosystem-
based approaches in MSP can also support the implementation of
ecosystem-based management efforts more widely.

The Baltic Sea Action Plan includes measures to be imple-
mented by countries by 2030, at the latest, to support our shared
objectives for the Baltic Sea environment. The BSAP gives an im-
portant role to maritime spatial planning and outlines both the
direct and indirect ways that Baltic countries should carry out
planning towards this aim (HELCOM 2021).

Key topics where work in HELCOM could support regionally har-
monized maritime spatial planning include the development of
cumulative impact assessments of the plans on a regional scale,
which would supplement the national coverage of impact assess-

ments by countries, facilitating their coherence. Work in HELCOM
should also contribute to the general development and exchange
of knowledge about cumulative impact assessment in relation to
strategic environmental objectives. In this regard, HELCOM also
serves as a common point for collaborations with other regional
seas by actively sharing information and knowledge. Dedicated
projects shared by countries around the Baltic Sea to support MSP
have been instrumental in strengthening regional coordination in
recent years and in opening connection points between marine
protection, regional development and maritime spatial planning.

Joint efforts to increase the resilience of our aquatic ecosys-
tems to climate change is a cornerstone question for maritime
spatial planning in countries around the Baltic Sea, as well as
globally. This runs in parallel with necessary actions to reduce
the loss of biodiversity and reach environmental protection tar-
gets (see Chapter 4), and needs to be harmonized with them.
Current key challenges to which maritime spatial planning can
contribute are to take areas vulnerable to climate change into
consideration in spatial planning, facilitate management of
coastal areas to minimize damages caused by extreme weather
events, identify areas for renewable energy, and make sure that
environmental pressures caused by human activities are mini-
mized (Figure 5.6-5.8). All of these challenges will benefit from
regional work in HELCOM.
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Figure 5.8. Key shipping lanes in the Baltic Sea.
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6. Conclusions and future outlook

The health of the Baltic Sea ecosystem is under
w threat from the increasing effects of climate change
and biodiversity degradation, catalysed by pollu-
tion, demands on land use, resource extraction and other
pressures. At the same time, knowledge about the Baltic
Sea ecosystem and policies to support its environment have
developed substantially in the past six years. Such advance-
ments are of key importance in enabling a sustainable future,
although much work remains. Implementing the updated
Baltic Sea Action Plan and mitigating the pressures and
impacts, including from climate change, are focal areas for
HELCOM in the coming years.

| 6.1. Conclusions of the summary report

The third HELCOM holistic assessment of the ecosystem health of
the Baltic Sea is a milestone in the HELCOM monitoring and as-
sessment system (Figure 6.1). This assessment provides us with
an opportunity to reflect on how our current actions affect the
Baltic Sea environment and assess the need for new or improved
measures. Societal and ecosystem processes are complex, and we
need to consider both how well measures that were agreed have
actually been undertaken and whether they have had the intend-
ed effect. In line with the principles of adaptive management, the
assessment also enables us to tune our management efforts as
needed in order to ensure that our actions are relevant in relation
to the current state of knowledge and environmental conditions.

The third holistic assessment, focusing on the years 2016-2021, pro-
vides a benchmark for the updated Baltic Sea Action Plan adopted
by all HELCOM Contracting Parties in 2021. The Baltic Sea Action
Plan (HELCOM 2021) specifies our shared objectives and agreed ac-
tions and measures for the Baltic Sea environment, building on the
vast knowledge and experiences developed among HELCOM coun-
tries over several decades. Compared to the preceding Baltic Sea
Action Plan (HELCOM 2007), the 2021 BSAP integrates management
efforts for the Baltic Sea environment more clearly into an ecosys-
tem approach and into the global setting. It thus takes a more holis-
tic approach to management and governance, with the ecosystem
at the centre of the process.

Both the Baltic Sea Action Plan and the results of this third HEL-
COM holistic assessment make it clear that achieving good environ-
mental status of Baltic Sea ecosystems requires direct actions to
support marine biodiversity along with transformative change, in
all sectors, of the processes or economy affecting the sea. Measures
across many domains are needed to rebuild ecosystems and stop
negative trends. Strengthening and expanding protection efforts, as
well as reducing current negative impacts on biodiversity from pol-
lution and sea-based activities, are all cornerstones of conservation
and of reinforcing deteriorated ecosystems.

The third holistic assessment shows that there are cases of inad-
equate status in biodiversity and pressure-related indicators across
the full extent of the Baltic Sea and in most ecosystem components.
Only a few biodiversity indicators have acceptable levels in parts of
the region, and none in all evaluated spatial units. In cases where
the deterioration is first noted for certain species or parts of the eco-
system, it can then spread to other parts through links within the
food web. Persistent negative trends threaten populations, habitats
and the functioning of the ecosystem. Importantly, a poor status for
biodiversity also increases the risk of further degradation, since it re-
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Figure 6.1. An illustration of the components of the Baltic Sea ecosystem encompassed in this summary report for the third holistic assessment of the ecosystem
health of the Baltic Sea, together with their multiple connections. The figure shows a network graph of the aspects (pressures, components of the ecosystem, and
ecosystem services) covered in this report. Each of the key ecosystem components covered in a section of this report is symbolised by a dark blue circle, and the other
circles reflect key elements (terms) mentioned in the sections. The size of the circles is based on how often the term is mentioned and should only be interpreted in
this way. Similar terms are aggregated, so each circle includes both the term itself and all terms deemed to be synonymous (e.g. “eutrophication” includes “eutrophi-
cation” and associated terms such as “nutrient input” or “concentrations”). The width and length of the lines and the placement of the items are arbitrary. The image
gives a simple visual overview of which topics may interact (e.g. a pressure and certain ecosystem components) while simultaneously providing a gap analysis of
where more information may be required in the future to increase the holistic nature of the evaluation (e.g. if the interaction between a pressure and an ecosystem
component has not been well addressed). The overview was made using igraph.

duces the resilience of the ecosystem against further environmental —@ | 6.2. What is needed next?

changes. Pressures on the environment, including hazardous sub-
stances, eutrophication, fishing and the introduction of non-indige-
nous species, remained above sustainable levels during 2016-2021,
and the effects of climate change are increasing.

The degradation of the marine ecosystem also reduces its ability
to produce goods and services for the benefit of society, with ef-
fects on our well-being. Considering the cost of inaction, achieving
a healthy Baltic Sea is an investment in our region’s sustainable eco-
nomic and social development.

The poor status of many species and habitats in the Baltic Sea re-
flects their response to multiple environmental pressures acting
in combination rather than to individual pressures. Several envi-
ronmental objectives for the Baltic Sea require a combination of
measures in order to be accomplished. Importantly, with the ex-
ception of a few measures, such as habitat restoration, the only
viable action to improve the statusis to alleviate the pressures by
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managing our activities so that they are within the limits the eco-
system can tolerate. This calls for the engagement of all sectors
impacting on or dependent on the sea. Reaching the nutrient in-
put reduction targets continues to be a priority in HELCOM work,
with measures needed in all countries to implement the agree-
ments of the Baltic Sea Action Plan. Coordinated and innovative
management is needed to address the wide range of sources
from which hazardous substances reach the Baltic Sea, which is
part of ongoing work under action HL1 of the BSAP (2021). The
impacts of fishing continue to affect fish stocks and the produc-
tivity and resilience of food webs. Together, measures to relieve
such pressures are key to strengthening the ability of the Baltic
Sea to recover and to respond to future challenges.

Even if the third holistic assessment only touches upon a frac-
tion of the complexity of the ecosystems of the Baltic, the large
amount of information provided gives us a good understanding
of the main pressures on the Baltic Sea, where they primarily
occur and the status of key ecosystem components (Box 6.1). A
key aim for us now is to incorporate this new knowledge into an
operational ecosystem-based management , and into national,
regional and global actions for a sustainable future.

The results of the third holistic assessment, including this
summary report and all its underpinning products, can support
policymakers in determining the decisions and priorities to ulti-
mately secure a healthy ecosystem and a sustainable future for
the Baltic Sea. National work in HELCOM countries is at the core
of implementing the agreements of the Baltic Sea Action Plan.
The third holistic assessment also helps EU countries within HEL-
COM meet the requirements for the marine environment under
the EU Marine Strategy Framework Directive. Actions to support
the Baltic Sea environment also support various national, re-
gional and global commitments, such as commitments towards
the United Nations Sustainable Development Goals (SDGs). Ulti-
mately, a key factor at all levels of governance is our ability as a
society to adapt to an environmentally sustainable way of living
around the Baltic Sea and its catchment.

®| 6.3. Climate change will increasingly
impact the Baltic Sea in the near future

The need for stronger actions and more integrated management
of human activities is enhanced by climate change, which in-
creases the risks of biodiversity loss in marine and coastal eco-
systems. Climate change effects are already evident in the Baltic
Sea, and global warming is expected to lead to further hydro-
logical and ecological changes in the near future. For example,
climate change is expected to lead to considerable changes in
the occurrence and abundance of species due to the effects of
increasing temperatures, a decreasing ice cover and possible
changes in salinity. This can lead to direct effects on the func-
tions of food webs and ecosystems, such as changes in produc-
tivity and resilience. Climate change effects can also interact
with other pressures or lead to changes in human activities af-

fecting the sea. The effects of climate change therefore need to
be considered in all aspects of management and policy.
Although further research and understanding is strongly need-
ed, this should not function as a barrier to action, as the vast exist-
ing knowledge should be used to plan and implement measures.
Along with actions to mitigate climate change, priority areas for
the Baltic Sea include meeting the nutrient reduction targets of
the BSAP, ensuring a sufficient network of marine protected areas
and strengthening the natural capacity of Baltic Sea food webs to
regulate and resist the negative effects of climate change.

<= | 64 How can work in HELCOM

L contribute?

The results of the third holistic assessment show that much work
is still needed to improve the status of the Baltic Sea environ-
ment. However, the progress that countries around the Baltic
Sea have achieved so far clearly shows that the regional collab-
oration in HELCOM gives results. It is helpful to recall what the
state of the Baltic Sea environment could have been like with-
out the measures implemented to date. Inputs of nutrients and
hazardous substances have, in fact, reached sustainable levels
in some areas and for some substances, biodiversity conserva-
tion has increased, and regional monitoring and assessment has
considerably improved. These are all necessary and fundamen-
tal actions that we want to sustain and build upon. For many pro-
cesses in the ecosystem, models show that it will take a long time
before recovery can be seen in species and habitats. Pressures
that have been acting on the Baltic Sea for a long time have lega-
cies and can cause unacceptable status for species and habitats
long after they have ceased. However, in some cases, the recov-
ery trend for biodiversity today is still too slow or even absent.

The Baltic Sea Action Plan, together with the increased capac-
ity for knowledge-sharing developed among countries in HEL-
COM, forms a basis for further ecological understanding, learning,
technical improvement and societal innovation that will facilitate
future benefits and further improve our actions (HELCOM 2021a).
We want to continue our tradition for cooperation and interac-
tion between institutes, organisations and local initiatives around
the Baltic Sea, contributing to sustainable human activities and
achieving a healthy Baltic Sea environment together.

Continued efforts to improve the environmental status of
biodiversity are of key importance. If we successfully limit the
amount of pressure our activities put on the environment, we
foresee that biodiversity will show signs of improvement and
support a sustainable marine region. The results presented in
this report clearly show that in order to ensure that the Baltic
Sea ecosystem maintains and improves its functions, we need
to both limit the extent and intensity of pressures on biodiversity
and enhance the resilience of the natural ecosystem. Ultimately,
the recovery of Baltic Sea biodiversity is entirely dependent on
how well we can manage our activities to ensure that they are
truly sustainable, both in the near future and in the long term.

Assessment advance in HOLAS 3

The third HELCOM holistic assessment has increased our
knowledge of the state of the Baltic Sea environment and has
substantially improved our shared understanding of its cur-
rent status. It has also explored how different parts of the eco-
system are connected and evaluated what needs to be done
for the Baltic Sea environment. In order to provide these up-
dated assessment results, experts around the Baltic Sea have
contributed several improvements to the HELCOM assessment
system. It isimportant to acknowledge this work and to ensure
its continued development.

The holistic assessment encompasses a wide range of
evaluations in order to give as comprehensive an assessment
as possible, based on currently available knowledge and
data. The list below offers some examples of improvements
achieved within the third holistic assessment, while more ex-
tended information is provided in HELCOM (2023a-¢e), as well
as in the indicator reports.

— The evaluation of pelagic habitat status has a wider geo-
graphical extent than before and applies an integrated ap-
proach using key indicators.

— Loss and disturbance of the sea floor is assessed via an in-
tegrated assessment based on an initial selection of avail-
able indicators and includes the newly developed Cuml
indicator that evaluates predicted impact.

— The benthic habitats and SPIA assessments encompass
a wider range of data on ecosystem components, giving
them improved ecological relevance, especially in the
northern parts of the Baltic Sea.

— The assessment of fish has developed a regionally agreed
list of commercial species and, for the first time, provided
suggestions for the evaluation of changes in the age and
size structure of fish.

— The assessment of marine mammals now includes an
evaluation of the harbour porpoise.

— Assessments of unintentional by-catch of waterbirds and
marine mammals against regionally agreed threshold
values is included for the first time, and these are also
provided as part of an integrated assessment.

— The eutrophication assessment was carried out usinganim-
proved version of the integrated assessment tool in which
the confidence is reported better and more ecologically ap-
propriate assessment unit divisions are applied.

— The integrated assessment of hazardous substances
makes use of more available data, includes new indica-
tors and has an improved evaluation of confidence.

— The first regionally coordinated wide-scope screening of
hazardous substances in the Baltic Sea has been com-
pleted, and follow-up actions are underway. Pilot evalu-
ations of the biological effects of contaminants have also
been carried out, and this will be the focus of future work.

— Assessment protocols for underwater noise and marine
litter have been developed and improved, with prelimi-
nary or regionally agreed threshold values being applied,
respectively.

— Anew collaboration forimproved and harmonized evalu-
ation of non-indigenous species in HELCOM and OSPAR
has been initiated.

— The spatial pressures and impact assessment tool provides
an interactive way for users to assess, visualize and evaluate
the potential impacts of human activities and pressures on
different parts of the Baltic Sea environment.

— Several new and improved approaches for evaluating
economic and social aspects have been developed.

— Four driver indicators have been developed, exploring
possible trends in human activities that may have im-
pacts on status.

— Substantial amounts of data on human activities, pres-

sures, ecosystem components (species and habitats) and

drivers are needed to carry out the HELCOM holistic as-
sessments, and the publication of these data sets provides

a unique, region-wide and harmonized data resource to

support management.

© Juuso Haapaniemi




State of the Baltic Sea 2023
1. References

1. References

Ahtiainen H (2016) Benefits of reduced eutrophication: evidence
from Finland, the Baltic Sea areas, and Europe for policy making.
Natural Resources and Bioeconomy Studies 6:49. http://urn.fi/

Belkin IM (2019) Rapid warming of large marine ecosystems. Pro-
gress in Oceanography 81:207-213. https://doi.org/10.1016/j.
pocean.2009.04.011

URN:ISBN:978-952-326-176-1

Ahtiainen H, T Lankia, J Lehtonen, O Lehtonen, C Bertram, J Mey-
erhoff, K Pakalniete, K Rehdanz and E Pouta (2022) Welfare effect of
substitute sites for coastal recreation - evidence from the Baltic Sea.
Journal of Environmental Economics and Policy 11:375-395. https://

Bellebaum J, A Diederichs, J Kube, A Schulz and G Nehls (2006)
Flucht-und meidedistanzen (iberwinternder seetaucher und meer-
esenten gegeniiber Schiffen auf see. Ornithologischer Rundbrief
Mecklenburg-Vorpommern 45:89-90. https://www.bioconsult-sh.
de/fileadmin/user_upload/Publikationen/2006/Flucht-_und_Mei-

doi.org/10.1080/21606544.2022.2043188

Anon (1895) Svensk fiskeritidskrift 1895, acc. HELCOM (2023) Popu-
lation trends and abundance of seals - Grey seals. https://indica-
tors.helcom.fi/indicator/grey-seal-abundance/

Aronson J and S Alexander (2013) Ecosystem Restoration is Now a
Global Priority: Time to Roll up our Sleeves. Restoration Ecology 21:

293-296. https://doi.org/10.1111/rec.12011

ASCOBANS (2000) Agreement on the conservation of small ceta-
ceans of the Baltic and North Seas. Proceedings of the third meeting
of parties to ASCOBANS. Bristol, UK, 26-28 July 2000. https://www.
ascobans.org/en/document/proceedings-third-meeting-parties-
ascobans

Badry A, Treu G, Gkotsis G, Nika M-C, Alygizakis N, Thomaidis NS,
Voigt CC and O Krone (2022) Ecological and spatial variations of leg-
acy and emerging contaminants in white-tailed sea eagles from Ger-
many: Implications for prioritisation and future risk management.
Environment International 158: 106934. https://doi.org/10.1016/].
envint.2021.106934

Bayraktarov E, MI Saunders, S Abdullah, M Mills, J Beher, HP Pos-
singham, PJ Mumby and CE Lovelock (2016) The cost and feasibility
of marine coastal restoration. Ecological Applications 26:1055-1074.
https://doi.org/10.1890/15-1077

Beaumont NJ, L Jones, A Garbutt, JD Hansom and M Toberman
(2014) The value of carbon sequestration and storage in coastal
habitats. Estuarine, Coastal and Shelf Science 137:32-40. https://doi.
0rg/10.1016/j.ecss.2013.11.022

dedistanzen_ueberwinternder_Seetaucher_und_Meeresenten
gegenueber Schiffen auf See.pdf

Berggren P (1994) Bycatches of the harbour porpoise (Phoc-
oena phocoena) in the Swedish Skagerrak, Kattegat and Baltic
Seas 1973-93. Report of the International Whaling Commission
(Special Issue) 15:211-216. https://eprints.ncl.ac.uk/file_store/
production/217510/3702978B-04EE-438E-962D-B3DD8FASEA9S. pdf

Bergman A (1999) Health condition of the Baltic grey seal (Halich-
oerus grypus) during two decades. Gynaecological health improve-
ment but increased prevalence of colonic ulcers. Acta Pathologica,
Microbiologica et Immunologica Scandinavica 107: 270-282.

https://doi.org/10.1111/j.1699-0463.1999.tb01554.x

Bergstrom A, Tatarenkov A, Johannesson K, Jonsson RB and L Kaut-
sky (2005) Genetic and morphological identification of Fucus radi-
cans sp. nov. (Fucales, Phaeophyceae) in the brackish Baltic Sea.

Journal of Phycology 41: 1025-1038. https://doi.org/10.1111/.1529-
8817.2005.00125.x

Bergstrom L, Karlsson M, Bergstrom U, Pihl L and P Kraufvelin
(2018) Relative impacts of fishing and eutrophication on coastal
fish assessed by comparing a no-take area with an environmen-
tal gradient. Ambio 48: 565-579. https://doi.org/10.1007/s13280-
018-1133-9

Bergstrom L, J Dainys, O Heikinheimo, E Jakubaviciute, E Kruze, A
Lappalainen, L Lozys, A Minde, L Saks, R Svirgsden, K Adjers and J
Olsson (2016) Long term changes in the status of coastal fish in the
Baltic Sea. Estuarine Coastal and Shelf Science 169: 74-84. https://
doi.org/10.1016/j.ecss.2015.12.013

Black K (Ed) (2001) Environmental impacts of aquaculture. Sheffield
Academic Press, Sheffield, UK, 219 pp. ISBN 1-84127-041-5.

Blenckner T, M Llope, C Méllmann, R Voss, MF Quaas, M Casini, M
Lindegren, C Folke and NC Stenseth (2015) Climate and fishing steer
ecosystem regeneration to uncertain economic futures. Proceed-
ings of the Royal Society B 282:20142809. https://doi.org/10.1098/

rspb.2014.2809

Brander LM, P van Beukering, L Nijsten, A McVittie, C Baulcomb, FV
Eppink and JAC van der Lelij (2015) The global costs and benefits
of expanding Marine Protected Areas. Marine Policy 116:103953.

https://doi.org/10.1016/j.marpol.2020.103953

Brandt MJ, A Diederichs, K Betke and G Nehls (2009) Responses
of harbour porpoises to pile driving at the Horns Rev Il offshore
wind farm in the Danish North Sea. Marine Ecology Progress Series
421:205-216. https://doi.org/10.3354/meps08888

Broman D, C Nauf, | Lundbergh and Y Zebiihr (1990) An in situ
study on the distribution, biotransformation and flux of polycyclic
aromatic hydrocarbons (pahs) in an aquatic food chain (seston-
Mytilus edulis L.-Somateria mollissima L.) from the baltic: An eco-
toxicological perspective. Environmental Toxicology and Chemis-
try 9:429-442. https://doi.org/10.1002/etc.5620090404

Bryhn A, Kraufvelin P, Bergstrom U, Vretborn M and L Bergstrém
(2020) A model for disentangling dependencies and impacts among
human activities and marine ecosystem services. Environmental
Management 65:575-586. https://doi.org/10.1007/s00267-020-
01260-1

Cardinale M, J Hagberg, H Svedang, V Bartolino, T Gedamke, J
Hjelm, P Borjesson and F Norén (2009) Fishing through time: popu-
lation dynamics of plaice (Pleuronectes platessa) in the Kattegat-
Skagerrak over a century. Population Ecology 52: 251-262. https://
doi.org/10.1007/s10144-009-0177-x

Carstensen J, Andersen JH, Gustafsson BG and D Conley (2014a) De-
oxygenation of the Baltic Sea during the last century. Proceedings of
the National Academy of Sciences, USA 111:5628-5633. https://doi.

0rg/10.1073/pnas.1323156111

Carstensen J, D Conley, E Bonsdorff, B Gustafsson, S Hietanen, U Ja-
nas, T Jilbert, A Maximov, A Norkko, J Norkko, J. D Reed, C Slomp, K
Timmermann and M Voss (2014) Hypoxia in the Baltic Sea: Biogeo-
chemical cycles, benthic fauna, and management. Ambio 43:26-36.

https://doi.org/10.1007/s13280-013-0474-7

Casini M, Blenckner T, Moellmann C, GardmarkA, Lindegren M, Llope
M, Kornilovs G, Plikshs M and NC Stenseth (2012) Predator transitory
spillover induces trophic cascades in ecological sinks. Proceedings
of the National Academy of Sciences 109:8185-8189. https://www.

pnas.org/doi/pdf/10.1073/pnas.1113286109

Casini M, J Hjelm, J-C Molinero, J Lovgren, M Cardinale, V Bartoli-
no, A Belgrano and G Kornilovs (2009) Trophic cascades promote
threshold-like shifts in pelagic marine ecosystems. Proceedings of
the National Academy of Sciences 106:197. https://doi.org/10.1073/

pnas.0806649105

State of the Baltic Sea 2023
1. References

Casini M, J Lovgren, J Hjelm, M Cardinale, J-C Molinero and G Ko-
rnilovs (2008) Multi-level trophic cascades in a heavily exploited
open marine ecosystem. Proceedings of the Royal Society B
275:1793-1801. https://doi.org/10.1098/rspb.2007.1752

Clausen KK and P Clausen (2014) Forecasting future drowning of
coastal waterbird habitats reveals a major conservation concern.
Biological Conservation 171:177-185. https://doi.org/10.1016/j.bio-
con.2014.01.033

Clausen KK, M Stjernholm and P Clausen (2013) Grazing manage-
ment can counteract the impacts of climate change-induced sea
level rise on salt marsh-dependent waterbirds. Journal of Applied

Ecology 50: 528-537. https://doi.org/10.1111/1365-2664.12043

Cook ASCP, NHK Burton (2010) A review of the potential impacts of
marine aggregate extraction on seabirds. 34 Marine Environment
Protection Fund (MEPF) Project 09/P130. ISBN: 978 0 907545 35 4
https://www.bto.org/sites/default/files/shared_documents/publi-
cations/research-reports/2010/rr563.pdf

Darwiche-Criado N, R Sorando, SG Eismann and FA Comin (2017)
Comparing two multi-criteria methods for prioritizing wetland res-
toration and creation sites based on ecological, biophysical and
socio-economic factors. Water Resources Management 31: 1227-
1241. https://doi.org/10.1007/s11269-017-1572-2

Dayton PK, SF Thrush, MT Agardy and RJ Hofman (1995) Envi-
ronmental effects of marine fishing. Aquatic Conservation 5: 205-
232. https://doi.org/10.1002/aqc.3270050305

Derraik JGB (2002) The pollution of the marine environment by
plastic debris: a review. Marine Pollution Bulletin 44:842-852. htt-
ps://doi.org/10.1016/50025-326x(02)00220-5

Dias MP, R Martin, EJ Pearmain, 1J Burfield, C Small, RA Phillips, O
Yates, B Lascelles, PG Borboroglu, JP Croxall (2019) Threats to sea-
birds: A global assessment, Biological Conservation 237:525-537.
https://doi.org/10.1016/j.biocon.2019.06.033

Dierschke V, K-M Exo, B Mendel and S Garthe (2012) Threats for
red-throated divers Gavia stellata and black-throated divers G.
arctica in breeding, migration and wintering areas: a review with
special reference to the German marine areas. Vogelwelt 133:
163-194. (In German).

Dierschke V, RW Furness and S Garthe (2016) Seabirds and off-
shore wind farms in European waters: Avoidance and attraction.
Biological Conservation 202: 59-68. https://doi.org/10.1016/].bio-
con.2016.08.016

Dahne M, A Gilles, K Lucke, V Peschko, S Adler, K Kriigel, J Sunder-
meyer and U Siebert (2013) Effects of pile- driving on harbour por-
poises (Phocoena phocoena) at the first offshore wind farm in Ger-
many. Environmental Research Letters 8:025002. http://stacks.iop.

org/ERL/8/025002

EC (1992) Council Directive 92/43/EEC of 21 May 1992 on the conser-
vation of natural habitats and of wild fauna and flora. https://eur-lex.
europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:19921.0043:20



http://urn.fi/URN:ISBN:978-952-326-176-1
http://urn.fi/URN:ISBN:978-952-326-176-1
https://doi.org/10.1080/21606544.2022.2043188
https://doi.org/10.1080/21606544.2022.2043188
https://indicators.helcom.fi/indicator/grey-seal-abundance/
https://indicators.helcom.fi/indicator/grey-seal-abundance/
https://doi.org/10.1111/rec.12011
https://www.ascobans.org/en/document/proceedings-third-meeting-parties-ascobans
https://www.ascobans.org/en/document/proceedings-third-meeting-parties-ascobans
https://www.ascobans.org/en/document/proceedings-third-meeting-parties-ascobans
https://doi.org/10.1016/j.envint.2021.106934
https://doi.org/10.1016/j.envint.2021.106934
https://doi.org/10.1890/15-1077
https://doi.org/10.1016/j.ecss.2013.11.022
https://doi.org/10.1016/j.ecss.2013.11.022
https://doi.org/10.1016/j.pocean.2009.04.011
https://doi.org/10.1016/j.pocean.2009.04.011
https://www.bioconsult-sh.de/fileadmin/user_upload/Publikationen/2006/Flucht-_und_Meidedistanzen_ueberwinternder_Seetaucher_und_Meeresenten_gegenueber_Schiffen_auf_See.pdf
https://www.bioconsult-sh.de/fileadmin/user_upload/Publikationen/2006/Flucht-_und_Meidedistanzen_ueberwinternder_Seetaucher_und_Meeresenten_gegenueber_Schiffen_auf_See.pdf
https://www.bioconsult-sh.de/fileadmin/user_upload/Publikationen/2006/Flucht-_und_Meidedistanzen_ueberwinternder_Seetaucher_und_Meeresenten_gegenueber_Schiffen_auf_See.pdf
https://www.bioconsult-sh.de/fileadmin/user_upload/Publikationen/2006/Flucht-_und_Meidedistanzen_ueberwinternder_Seetaucher_und_Meeresenten_gegenueber_Schiffen_auf_See.pdf
https://eprints.ncl.ac.uk/file_store/production/217510/3702978B-04EE-438E-962D-B3DD8FA8EA98.pdf
https://eprints.ncl.ac.uk/file_store/production/217510/3702978B-04EE-438E-962D-B3DD8FA8EA98.pdf
https://doi.org/10.1111/j.1699-0463.1999.tb01554.x
https://doi.org/10.1111/j.1529-8817.2005.00125.x
https://doi.org/10.1111/j.1529-8817.2005.00125.x
https://doi.org/10.1007/s13280-018-1133-9
https://doi.org/10.1007/s13280-018-1133-9
https://doi.org/10.1016/j.ecss.2015.12.013
https://doi.org/10.1016/j.ecss.2015.12.013
https://doi.org/10.1098/rspb.2014.2809
https://doi.org/10.1098/rspb.2014.2809
https://doi.org/10.1016/j.marpol.2020.103953
https://doi.org/10.3354/meps08888
https://doi.org/10.1002/etc.5620090404
https://doi.org/10.1007/s00267-020-01260-1
https://doi.org/10.1007/s00267-020-01260-1
https://doi.org/10.1007/s10144-009-0177-x
https://doi.org/10.1007/s10144-009-0177-x
https://doi.org/10.1073/pnas.1323156111
https://doi.org/10.1073/pnas.1323156111
https://doi.org/10.1007/s13280-013-0474-7
https://www.pnas.org/doi/pdf/10.1073/pnas.1113286109
https://www.pnas.org/doi/pdf/10.1073/pnas.1113286109
https://doi.org/10.1073/pnas.0806649105
https://doi.org/10.1073/pnas.0806649105
https://doi.org/10.1098/rspb.2007.1752
https://doi.org/10.1016/j.biocon.2014.01.033
https://doi.org/10.1016/j.biocon.2014.01.033
https://doi.org/10.1111/1365-2664.12043
https://www.bto.org/sites/default/files/shared_documents/publications/research-reports/2010/rr563.pdf
https://www.bto.org/sites/default/files/shared_documents/publications/research-reports/2010/rr563.pdf
https://doi.org/10.1007/s11269-017-1572-2
https://doi.org/10.1002/aqc.3270050305
https://doi.org/10.1016/s0025-326x(02)00220-5
https://doi.org/10.1016/s0025-326x(02)00220-5
https://doi.org/10.1016/j.biocon.2019.06.033
https://doi.org/10.1016/j.biocon.2016.08.016
https://doi.org/10.1016/j.biocon.2016.08.016
http://stacks.iop.org/ERL/8/025002
http://stacks.iop.org/ERL/8/025002
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:1992L0043:20070101:EN:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:1992L0043:20070101:EN:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:1992L0043:20070101:EN:PDF

State of the Baltic Sea 2023
1. References

EC (2000) Directive 2000/60/EC of the European Parliament and of
the Council establishing a framework for the Community action in
the field of water policy https://eur-lex.europa.eu/eli/dir/2000/60/0j

EC (2008) Directive 2008/56/EC of the European Parliament and of
the Council of 17 June 2008 establishing a framework for commu-
nity action in the field of marine environmental policy (Marine Strat-
egy Framework Directive) http://data.europa.eu/eli/dir/2008/56/0j

EC (2008) Directive 2008/105/EC of the European Parliament and
of the Council of 16 December 2008 on environmental quality
standards in the field of water policy, amending and subsequently
repealing Council Directives 82/176/EEC, 83/513/EEC, 84/156/EEC,
84/491/EEC, 86/280/EEC and amending Directive 2000/60/EC of the
European Parliament and of the Council. http://data.europa.eu/eli/
dir/2008/105/2013-09-13

EC (2013) Regulation (EU) No 1380/2013 of the European Parliament
and of the Council of 11 December 2013 on the Common Fisheries
Policy, amending Council Regulations (EC) No 1954/2003 and (EC)
No 1224/2009 and repealing Council Regulations (EC) No 2371/2002
and (EC) No 639/2004 and Council Decision 2004/585/EC http://

Eero M, FW Kdster and BR MacKenzie (2008) Reconstructing his-
torical stock development of Atlantic cod (Gadus morhua) in the
eastern Baltic Sea before the beginning of intensive exploitation.
Canadian Journal of Fisheries and Aquatic Sciences 65: 2728-2741.
https://doi.org/10.1139/F08-176

Eero M, J Dierking, C Humborg, E Undeman, BR MacKenzie, H
Ojaveer, T Salo and FW Koster (2021) Use of food web knowledge in
environmental conservation and management of living resourcesin
the Baltic Sea. ICES Journal of Marine Science 78:2645-2663. https://
academic.oup.com/icesjms/article/78/8/2645/6355112

Einberg H, R Klais G Rubene G Kornilovs, | Putnis and H Ojaveer
(2019) Multidecadal dynamics of the Arctic copepod Limnoca-
lanus macrurus in relation to environmental variability in the Bal-
tic Sea. ICES Journal of Marine Science 76:2427-2436. https://doi.
0rg/10.1093/icesjms/fsz101

EKI6f JS, G Sundblad, M Erlandsson, S Donadi, BK Eriksson and U
Bergstrom (2020) A spatial regime shift from predator to prey domi-
nance in a large coastal ecosystem. Communications Biology 3:459.
https://doi.org/10.1038/s42003-020-01180-0

data.europa.eu/eli/reg/2013/1380/0j

EC (2017a) Commission Decision (EU) 2017/848 of 17 May 2017 lay-
ing down criteria and methodological standards on good environ-
mental status of marine waters and specifications and standardised
methods for monitoring and assessment, and repealing Decision
2010/477/EU http://data.europa.eu/eli/dec/2017/848/0j

EC (2017b) Commission Directive (EU) 2017/845 of 17 May 2017
amending Directive 2008/56/EC of the European Parliament and of
the Council as regards the indicative lists of elements to be taken
into account for the preparation of marine strategies http://data.eu-
ropa.eu/eli/dir/2017/845/0j

EC (2020a) Communication from the Commission to the European
Parliament, The Council, The European Economic and Social Com-
mittee and the Commiittee of the Regions. An EU Strategy to harness
the potential of offshore renewable energy for a climate neutral fu-
ture. COM/2020/741 final. https://eur-lex.europa.eu/legal-content/
EN/TXT/?uri=COM:2020:741:FIN&qid=1605792629666

EC (2020b) Proposal for a regulation of the European Parliament and
of the Council on nature restoration. COM/2022/304 final https://eur-

lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52022PC0304

EC (2020c) Communication from the Commission to the European
Parliament, the Council, the European Economic and Social Com-
mittee and the Committee for the Regions: EU Biodiversity Strategy
for 2030: Bringing nature back into our lives. https://eur-lex.europa.
eu/legal-content/EN/TXT/?uri=celex%3A52020DC0380

EC(2022) European Commission. MSFD CIS Guidance DocumentNo.
19, Article 8 MSFD, May 2022. https://circabc.europa.eu/d/d/work-
space/SpacesStore/d2292fb4-ec39-4123-9a02-2e39a9be37e7/
GD19%20-%20MSFDguidance_2022 Art.8Assessment(1).pdf

EEA (2022) European Environmental Agency. Arctic and Baltic sea
ice. Arctic and Baltic sea ice (europa.eu) December 2022.

Emeis KC, U Struck, T Blanz, A Kohly and V Maren (2003) Sa-
linity changes in the central Baltic Sea (NW Europe) over
the last 10 000 years. The Holocene 13: 411-421. https://doi.
0rg/10.1191/0959683603h1634rp

Eriksson BK, K Sieben, JS EkI6f, L Ljunggren, J Olsson, M Casini and
U Bergstrom (2011) Effects of altered offshore food webs on coastal
ecosystems emphasize the need for cross-ecosystem management.

Ambio 40:786-797. https://doi.org/10.1007/s13280-011-0158-0

Eurostat (2022) Population connected to urban wastewater collect-
ing and treatment systems, by treatment level (env_ww_con) htt-
ps://ec.europa.eu/eurostat/databrowser/view/env_ww_con/
default/table?lang=en

Finneran JJ (2015) Noise-induced hearing loss in marine mammals:
A review of temporary threshold shift studies from 1996 to 2015.
Journal of the Acoustic Society of America 138:1702-1726. https://
doi.org/10.1121/1.4927418

Fliessbach KL, K Borkenhagen, N Guse, N Markones, P Schwemmer
and S Garthe (2019) A ship traffic disturbance vulnerability index
for northwest European seabirds as a tool for marine spatial plan-
ning, Frontiers in Marine Science 6:192| https://doi.org/10.3389/
fmars.2019.00192

Ford HV, NH Jones, AJ Davies, BJ Godley, JR Jambeck, IE Napper,
CC Suckling, GJ Williams, LC Woodall and HJ Koldewey (2022) The
fundamental links between climate change and marine plastic pol-
lution. Science of the Total Environment 806:150392. https://www.
sciencedirect.com/science/article/pii/S0048969721054693

Fox AD, JE Jonsson, T Aarvak, T Bregnballe, TK Christensen, K
Kuhlmann Clausen, P Clausen, L Dalby, TE Holm, D Pavén-Jordan,
K Laursen, A Lehikoinen, S-H Lorentsen, AP Mgller, M Nordstrom,
M Ost, P Séderquist and OR Therkildsen (2015) Current and Po-
tential Threats to Nordic Duck Populations — A Horizon Scan-

ning Exercise. Annales Zoologici Fennici 52:193-220. https://doi.
org/10.5735/086.052.0404

Fox AD, RD Nielsen and IK Petersen (2019) Climate-change not
only threatens bird populations but also challenges our abil-
ity to monitor them. Ibis 161:467-474. https://doi.org/10.1111/
ibi.12675

Fraschetti S, C McOwen, L Papa, N Papadopoulou, M Bilan, C
Bostrom, P Capdevila, M Carreiro-Silva, L Carugati, E Cebrian, M
Coll, T Dailianis, R Danovaro, F De Leo, D Fiorentino, K Gagnon, C
Gambi, J Garrabou, V Gerovasileiou, B Hereu, S Kipson, J Kotta,
J-B Ledoux, C Linares, J Martin, A Medrano, | Montero-Serra, T
Morato, A Pusceddu, K Sevastou, CJ Smith, J Verdura and G
Guarnieri (2021) Where is more important than how in coastal
and marine ecosystems restoration. Frontiers in Marine Science
8. https://doi.org/10.3389/fmars.2021.626843

Galgani F, G Hanke and T Maes (2015). Global distribution, com-
position and abundance of marine litter. In: Bergmann M et al.
(eds): Marine anthropogenic litter. Springer Open. pp 29-56.

Galgani F, JP Leaute, P Moguedet, A Souplet, Y Verin, A Carpen-
tier, H Goraguer, D Latrouite, F Andral, Y Cadiou, JC Mahe, JC
Poulard and P Nerisson (2010) Litter on the sea floor along Eu-
ropean coasts. Marine Pollution Bulletin 40: 516-527. https://doi.
0rg/10.1016/S0025-326X(99)00234-9

Goldberg ED (1994) Diamonds and plastics are forever? Ma-
rine Pollution Bulletin 28:466. https://doi.org/10.1016/0025-
326X(94)90511-8

Gordon J, C Blight, E Bryant and D Thompson (2015) Tests of
acoustic signals for aversive sound mitigation with harbour seals.
Report to Scottish Government Marine Mammal Scientific Sup-
port Research Programme MMSS/001/11. (SMRU, St. Andrews).

Gunnarsson G, J Waldenstrom and T Fransson (2012) Direct and
indirect effects of winter harshness on the survival of 17 Mallards
Anas platyrhynchos in northwest Europe. Ibis 154: 307-317. htt-
ps://doi.org/10.1111/j.1474-919X.2011.01206.x

Hansson M and L Viktorsson (2023) Oxygen Survey in the Baltic
Sea 2022 - Extent of Anoxia and Hypoxia, 1960-2022. SMHI Report
Oceanography 74.1SSN: 0283-1112

Harding KC and TJ Harkdnen (1999) Development in the Baltic
grey seal (Halichoerus grypus) and ringed seal (Phoca hispida)
populations during the 20th century. Ambio 28:619-627. https://
www.jstor.org/stable/4314968

Harff J, S Bjorck and P Hoth (2011) The Baltic Sea Basin. Heidel-
berg, Dordrecht, London, New York: Springer, 449 pp. https://
link.springer.com/book/10.1007/978-3-642-17220-5

Harwood L. TG Smith and H Melling (2000) Variation in repro-
duction and body condition of the ringed seal (Phoca hispida) in
western Prince Albert Sound, NT, Canada, as assessed through
a harvest-based sampling program. Arctic 53:422-431 https://
www.jstor.org/stable/40512255

State of the Baltic Sea 2023
1. References

Heide-Jargensen M-P and T Harkdnen (1988) Rebuilding seal stocks
in the Kattegat-Skagerrak. Marine Mammal Science 4: 231-246. htt-

ps://doi.org/10.1111/j.1748-7692.1988.tb00204.x

Helander B, A Bignert and L Asplund (2008) Using raptors as en-
vironmental sentinels: monitoring the white-tailed sea eagle
Haliaeetus albicilla in Sweden. Ambio 37:425-431. http://dx.doi.
0rg/10.1579/0044-7447(2008)37[425:URAESM]2.0.CO;2

Helle E (1980) Lowered reproductive capacity in female ringed seals
(Pusa hispida) in the Bothnian Bay, northern Baltic Sea, with special
reference to uterine occlusions. Annales Zoologica Fennici 17: 147-
158. http://www.jstor.org/stable/23734045

HELCOM (2010) Ecosystem Health of the Baltic Sea 2003-2007. HEL-
COM Initial Holistic Assessment. Baltic Sea Environment Proceedings
122. https://helcom.fi/wp-content/uploads/2019/08/BSEP122.pdf

HELCOM (2013a) HELCOM Monitoring and Assessment Strategy.
https://helcom.fi/wp-content/uploads/2020/02/Monitoring-and-
assessment-strategy.pdf

HELCOM (2013b) HELCOM Red List of Baltic Sea species in danger of
becoming extinct. Baltic Sea Environment Proceedings 140. https://
helcom.fi/wp-content/uploads/2019/08/BSEP140.pdf

HELCOM (2013c) Red List of Baltic Sea underwater biotopes, habi-
tats and biotope complexes. Baltic Sea Environment Proceedings
138. https://helcom.fi/wp-content/uploads/2019/10/BSEP138.pdf

HELCOM (2018) State of the Baltic Sea - Second HELCOM holistic as-
sessment 2011-2016. Baltic Sea Environment Proceedings 155. htt-
ps://helcom.fi/wp-content/uploads/2019/06/BSEP155.pdf

HELCOM (2019) HELCOM Monitoring Programme on continuous
noise. https://helcom.fi/wp-content/uploads/2020/10/MM_Contin-

uous-noise.pdf

HELCOM (2020a) HELCOM Checklist 2.0 of Baltic Sea Macrospecies.
Baltic Sea Environment Proceedings 174 https://helcom.fi/wp-con-
tent/uploads/2020/12/BSEP174.pdf

HELCOM (2020b) Depositing of dredged material in the Baltic Sea.
Baltic Sea Environmental Fact Sheet. https://helcom.fi/wp-content/
uploads/2022/08/BSEFS-on-depositing-of-dredged-material-2020

final.pdf

HELCOM (2020c) Status of coastal fish communities in the Baltic
Sea during 2011-2016 - the third thematic assessment. Baltic Sea
Environment Proceedings 161. https://helcom.fi/wp-content/up-
loads/2018/11/BSEP161.pdf

HELCOM (2020d) HELCOM Indicator Manual. Version 2020-1. Baltic
Sea Environment Proceedings 175. https://helcom.fi/wp-content/
uploads/2021/01/BSEP175.pdf

HELCOM (2020e) Atmospheric deposition of Heavy Metals on the
Baltic Sea. HELCOM Baltic Sea Environment Fact Sheet (BSEFS),
2020 https://helcom.fi/wp-content/uploads/2020/11/BSEFS_HM

dep_2018.pdf



https://eur-lex.europa.eu/eli/dir/2000/60/oj
http://data.europa.eu/eli/dir/2008/56/oj
http://data.europa.eu/eli/dir/2008/105/2013-09-13
http://data.europa.eu/eli/dir/2008/105/2013-09-13
http://data.europa.eu/eli/reg/2013/1380/oj
http://data.europa.eu/eli/reg/2013/1380/oj
http://data.europa.eu/eli/dec/2017/848/oj
http://data.europa.eu/eli/dir/2017/845/oj
http://data.europa.eu/eli/dir/2017/845/oj
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2020:741:FIN&qid=1605792629666
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2020:741:FIN&qid=1605792629666
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52022PC0304
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52022PC0304
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A52020DC0380
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A52020DC0380
https://circabc.europa.eu/d/d/workspace/SpacesStore/d2292fb4-ec39-4123-9a02-2e39a9be37e7/GD19%20-%20MSFDguidance_2022_Art.8Assessment(1).pdf
https://circabc.europa.eu/d/d/workspace/SpacesStore/d2292fb4-ec39-4123-9a02-2e39a9be37e7/GD19%20-%20MSFDguidance_2022_Art.8Assessment(1).pdf
https://circabc.europa.eu/d/d/workspace/SpacesStore/d2292fb4-ec39-4123-9a02-2e39a9be37e7/GD19%20-%20MSFDguidance_2022_Art.8Assessment(1).pdf
https://www.eea.europa.eu/ims/arctic-and-baltic-sea-ice
https://doi.org/10.1139/F08-176
https://academic.oup.com/icesjms/article/78/8/2645/6355112
https://academic.oup.com/icesjms/article/78/8/2645/6355112
https://doi.org/10.1093/icesjms/fsz101
https://doi.org/10.1093/icesjms/fsz101
https://doi.org/10.1038/s42003-020-01180-0
https://doi.org/10.1191/0959683603hl634rp
https://doi.org/10.1191/0959683603hl634rp
https://doi.org/10.1007/s13280-011-0158-0
https://ec.europa.eu/eurostat/databrowser/view/env_ww_con/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/env_ww_con/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/env_ww_con/default/table?lang=en
https://doi.org/10.1121/1.4927418
https://doi.org/10.1121/1.4927418
https://doi.org/10.3389/fmars.2019.00192
https://doi.org/10.3389/fmars.2019.00192
https://www.sciencedirect.com/science/article/pii/S0048969721054693
https://www.sciencedirect.com/science/article/pii/S0048969721054693
https://doi.org/10.5735/086.052.0404
https://doi.org/10.5735/086.052.0404
https://doi.org/10.1111/ibi.12675
https://doi.org/10.1111/ibi.12675
https://doi.org/10.3389/fmars.2021.626843
https://doi.org/10.1016/S0025-326X(99)00234-9
https://doi.org/10.1016/S0025-326X(99)00234-9
https://doi.org/10.1016/0025-326X(94)90511-8
https://doi.org/10.1016/0025-326X(94)90511-8
https://doi.org/10.1111/j.1474-919X.2011.01206.x
https://doi.org/10.1111/j.1474-919X.2011.01206.x
https://www.jstor.org/stable/4314968
https://www.jstor.org/stable/4314968
https://link.springer.com/book/10.1007/978-3-642-17220-5
https://link.springer.com/book/10.1007/978-3-642-17220-5
https://www.jstor.org/stable/40512255
https://www.jstor.org/stable/40512255
https://doi.org/10.1111/j.1748-7692.1988.tb00204.x
https://doi.org/10.1111/j.1748-7692.1988.tb00204.x
http://dx.doi.org/10.1579/0044-7447(2008)37%5b425:URAESM%5d2.0.CO;2
http://dx.doi.org/10.1579/0044-7447(2008)37%5b425:URAESM%5d2.0.CO;2
http://www.jstor.org/stable/23734045
https://helcom.fi/wp-content/uploads/2019/08/BSEP122.pdf
https://helcom.fi/wp-content/uploads/2020/02/Monitoring-and-assessment-strategy.pdf
https://helcom.fi/wp-content/uploads/2020/02/Monitoring-and-assessment-strategy.pdf
https://helcom.fi/wp-content/uploads/2019/08/BSEP140.pdf
https://helcom.fi/wp-content/uploads/2019/08/BSEP140.pdf
https://helcom.fi/wp-content/uploads/2019/10/BSEP138.pdf
https://helcom.fi/wp-content/uploads/2019/06/BSEP155.pdf
https://helcom.fi/wp-content/uploads/2019/06/BSEP155.pdf
https://helcom.fi/wp-content/uploads/2020/10/MM_Continuous-noise.pdf
https://helcom.fi/wp-content/uploads/2020/10/MM_Continuous-noise.pdf
https://helcom.fi/wp-content/uploads/2020/12/BSEP174.pdf
https://helcom.fi/wp-content/uploads/2020/12/BSEP174.pdf
https://helcom.fi/wp-content/uploads/2022/08/BSEFS-on-depositing-of-dredged-material-2020_final.pdf
https://helcom.fi/wp-content/uploads/2022/08/BSEFS-on-depositing-of-dredged-material-2020_final.pdf
https://helcom.fi/wp-content/uploads/2022/08/BSEFS-on-depositing-of-dredged-material-2020_final.pdf
https://helcom.fi/wp-content/uploads/2018/11/BSEP161.pdf
https://helcom.fi/wp-content/uploads/2018/11/BSEP161.pdf
https://helcom.fi/wp-content/uploads/2021/01/BSEP175.pdf
https://helcom.fi/wp-content/uploads/2021/01/BSEP175.pdf
https://helcom.fi/wp-content/uploads/2020/11/BSEFS_HM_dep_2018.pdf
https://helcom.fi/wp-content/uploads/2020/11/BSEFS_HM_dep_2018.pdf

State of the Baltic Sea 2023
1. References

HELCOM (2021a) Baltic Sea Action Plan 2021 update. https://
helcom.fi/wp-content/uploads/2021/10/Baltic-Sea-Action-Plan-

Marine Protected Area (MPA) network. https://helcom.fi/wp-con-
tent/uploads/2021/11/Methodology-management-effectiveness-

2021-update.pdf

HELCOM (2021b) Inputs of hazardous substances to the Baltic Sea.
Baltic Sea Environment Proceedings 179. https://helcom.fi/wp-
content/uploads/2021/09/Inputs-of-hazardous-substances-to-the-

Baltic-Sea-Marine-Protected-Area-MPA-network.pdf

HELCOM and Baltic Earth (2021) Climate Change in the Baltic
Sea 2021 Fact Sheet. Baltic Sea Environment Proceedings 180.
https://helcom.fi/wp-content/uploads/2021/09/Baltic-Sea-Cli-

Baltic-Sea.pdf

HELCOM (2023a) HELCOM Thematic assessment of biodiversity
2016-2021. Baltic Sea Environment Proceedings 191. https://hel-
com.fi/post type publ/holas3_bio/

HELCOM (2023b) HELCOM Thematic assessment of eutrophication
2016-2021. Baltic Sea Environment Proceedings 192. https://hel-
com.fi/post_type publ/holas3_eut/

HELCOM (2023c) HELCOM Thematic assessment of hazardous sub-
stances, marine litter, underwater noise and non-indigenous spe-
cies 2016-2021. Baltic Sea Environment Proceedings 190. https://
helcom.fi/post_type_publ/holas3_haz/

HELCOM (2023d) Thematic assessment of economic and social
analyses 2016-2021. Baltic Sea Environment Proceedings 188. htt-
ps://helcom.fi/post_type_publ/holas3_esa/

HELCOM (2023e) HELCOM Thematic assessment on Spatial Distri-
bution of Pressures and Impacts Assessment 2016-2021. Baltic Sea
Environment Proceedings 189. https://helcom.fi/post type publ/

holas3_spa/

HELCOM (2023f) Inputs of nutrients (nitrogen and phospho-
rus) to the sub-basins (1995-2020). https://indicators.helcom.fi/
wp-content/uploads/2023/04/HELCOM-Core-indicator-on-nutri-
ents-1995-2020_Final_April_2023-2.pdf

HELCOM (2023g) Cumulative impact from physical pressures on
benthic biotopes (Cuml). https://indicators.helcom.fi/indicator/
shallow-water-oxygen/

HELCOM (2023h) Shallow water oxygen. https://indicators.helcom.
fi/wp-content/uploads/2023/04/Shallow-water-oxygen_Final

April_2023-1.pdf

HELCOM (2023) Number of drowned mammals and waterbirds
in fishing gear. https://indicators.helcom.fi/wp-content/up-
loads/2023/04/Bycatch-indicator_Final_April_2023-2.pdf

HELCOM ACTION (2021a) Restoration measures for coastal habitats
in the Baltic Sea: cost-efficiency and areas of highest significance
and need. https://helcom.fi/wp-content/uploads/2021/11/Restora-
tion-measures-for-coastal-habitats-in-the-Baltic-Sea.-cost-efficien-
cy-and-areas-of-highest-significance-and-need.pdf

HELCOM ACTION (2021b) Bycatch in Baltic Sea commercial fisher-
ies: High-risk areas and evaluation of measures to reduce bycatch.
https://helcom.fi/wp-content/uploads/2021/11/Bycatch-in-Baltic-

mate-Change-Fact-Sheet-2021.pdf

Helenius LK, E Leskinen, H Lehtonen and L Nurminen (2017) Spa-
tial patterns of littoral zooplankton assemblages along a salin-
ity gradient in a brackish sea: A functional diversity perspective.
Estuarine, Coastal and Shelf Science 198:400-412. https://doi.
0rg/10.1016/j.ecss.2016.08.031

Helle E, M Olsson and S Jensen (1976) PCB lev-
els correlated with pathological changes in seal uteri.
Ambio 5: 261-263. https://www.jstor.org/stable/4312230

Helle E (1980) Lowered reproductive capacity in female ringed
seals (Pusa hispida) in the Bothnian Bay, northern Baltic Sea,
with special reference to uterine occlusions. Annales Zoologici
Fennici 17: 147-158. https://www.jstor.org/stable/23734045

Hjerne O, S Hajdu, U Larsson, AS Downing and M Winder (2019)
Climate driven changes in timing, composition and magnitude
of the Baltic Sea phytoplankton spring bloom. Frontiers in Ma-
rine Science 6. https://doi.org/10.3389/fmars.2019.00482

Humborg C, M Geibel, X Sun, M McCrackin, C-M Morth, C Stranne,
M Jakobsson, B Gustavsson, A Sokolov, A Norkko and J Norkko
(2019) High emissions of carbon dioxide and methane from the
coastal Baltic Sea at the end of a summer heat wave. Frontiersin
Marine Science 6. https://doi.org/10.3389/fmars.2019.00493

Huss M, M Lindmark, P Jacobsson, RM van Dorst and A Gard-
mark (2019) Experimental evidence of gradual size-depend-
ent shifts in body size and growth of fish in response to
warming. Global Change Biology 25: 2285-2295. https://doi.
org/10.1111%2Fgch.14637

Huss M, RM van Dorst and A Gardmark (2021) Larval fish body
growth responses to simultaneous browning and warming. Ecol-
ogy and Evolution 11: 15132~ 15140. https://doi.org/10.1002/
ece3.8194

Harkonen T and E Isakson (2011) Historical and current status of
harbour seals in the Baltic proper. NAMMCO Scientific Publica-
tions 8: 71-76. https://doi.org/10.7557/3.2673

ICES (2015) HELCOM/OSPAR Registry of impulsive underwater
noise events. https://www.ices.dk/data/data-portals/Pages/
impulsive-noise.aspx

ICES (2022) Baltic Sea ecoregion - fisheries overview. ICES Ad-
vice: Fisheries Overviews. Report. https://doi.org/10.17895/ices.
advice.21646934.v2

Sea-commercial-fisheries.pdf

HELCOM ACTION (2021c) Methodology, test case and recommenda-
tions for assessing the management effectiveness of the Baltic Sea

ICES (2023) Workshop on pathways to climate-aware advice (WK-
CLIMAD). ICES Scientific Reports 5:25. http://doi.org/10.17895/

ices.pub.22196560

IPBES (2019) Global assessment report of the Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services.
Brondizio ES, J Settele, S Diaz, HT Ngo (eds). IPBES secretariat,
Bonn, Germany. 1144 pages. ISBN: 978-3-947851-20-1. https://

State of the Baltic Sea 2023
1. References

Keenleyside K, N Dudley, S Cairns, CM Hall and S Stolton (2012)
Ecological Restoration for Protected Areas: Principles, Guide-
lines and Best Practices. Gland: IUCN. p. 120. Available online at:
https://portals.iucn.org/library/sites/library/files/documents/

doi.org/10.5281/zen0d0.3831673

IPCC (2023) Sections. In: Climate Change (2023): Synthesis Report.
Contribution of Working Groups I, Il and Ill to the Sixth Assess-
ment Report of the Intergovernmental Panel on Climate Change
[Core Writing Team, H. Lee and J. Romero (eds.)]. IPCC, Geneva,
Switzerland, pp. 35-115, doi: 10.59327/IPCC/AR6-9789291691647

Jacobs SR and JM Terhune (2002) The effectiveness of acous-
tic harassment devices in the Bay of Fundy, Canada: seal reac-
tions and a noise exposure model. Aquatic Mammals 28:147-158
https://www.aquaticmammalsjournal.org/wp-content/up-
loads/2009/12/28-02 Jacobs.pdf

Johannesson K and C André (2006) Life on the margin - genetic
isolation and loss of variation in a peripheral marine ecosys-
tem. Molecular Ecology 15: 2013-2030. https://doi.org/10.1111/
J.1365-294x.2006.02919.x

Jones JB (1992) Environmental impact of trawling on the seabed:
a review. New Zealand Journal of Marine and Freshwater Re-
search 26: 59-67. https://doi.org/10.1080/00288330.1992.9516500

Jissi M, T Harkdnen, | Jussi and E Helle (2008) Decreasing ice
coverage will reduce the reproductive success of Baltic grey
seal (Halichoerus grypus) females. Ambio 37: 80-85. https://doi.
org/10.1579/0044-7447(2008)37[80:DICWRT]2.0.CO;2

Kahru M and R Elmgren (2014) Multidecadal time series of satel-
lite-detected accumulations of cyanobacteria in the Baltic Sea.
Biogeosciences 11:3619-3633. https://doi.org/10.5194/bg-11-

PAG-018.pdf

Kinze CC (1995) Danish whale records 1575-1991 (Mammalia, Ce-
tacea). Review of whale specimens stranded, directly or inciden-
tally caught along the Danish coasts. Steenstrupia 21:155-196. htt-
ps://nmbl.org/cgi-bin/koha/opac-detail.pl?biblionumber=148964

Koehler B, M Erlandsson, M Karlsson and L Bergstrom (2022) Spe-
cies richness and functional attributes of fish assemblages across
a large-scale salinity gradient in shallow coastal areas. Biogeo-
sciences 19:2295-2312. https://doi.org/10.5194/bg-19-2295-2022

Kotta J, T Wernberg, H Janes, | Kotta, K Nurkse, M Parnoja and H
Orav-Kotta (2018) Novel crab predator causes marine ecosystem
regime shift. Scientific Reports 8:4956. https://doi.org/10.1038/
541598-018-23282-w

Kotta J, K Nurkse K, R Puntila and H Ojaveer (2016) Shipping and
natural environmental conditions determine the distribution of
the invasive non-indigenous round goby Neogobius melanosto-
mus in a regional sea. Estuarine, Coastal and Shelf Science 169:
15-24 https://doi.org/10.1016/j.ecss.2015.11.029

Kraufvelin P, Z Pekcan-Hekim, U Bergstrom, A-B Florin, A Lehikoin-
en, J Mattila, T Arula, L Briekmane, EJ Brown, Z Celmer, J Dainys,
H Jokinen, P Kaaria, M Kallasvuo, A Lappalainen, L Lozys, P Méller,
A Orio, M Rohtla, L Saks, M Snickars, J Stettrup, G Sundblad, |
Taal, D Ustups, A Verliin, M Vetemaa, H Winkler, A Wozniczka and
J Olsson (2018) Essential coastal habitats for fish in the Baltic Sea,
Estuarine, Coastal and Shelf Science 204:14-30. https://doi.
org/10.1016/j.ecss.2018.02.014

3619-2014

Kahru M, R Elmgren and OP Savchuk (2016) Changing seasonal-
ity of the Baltic Sea. Biogeosciences 13:1009-1018. https://doi.
org/10.5194/bg-13-1009-2016

Kahru M, R Elmgren, J Kaiser, N Wasmund and O Savchuk (2020)
Cyanobacterial blooms in the Baltic Sea: Correlations with
environmental factors. Harmful Algae 92:101739. https://doi.
org/10.1016/j.hal.2019.101739

Kaiser MJ, KR Clarke, H Hinz, MCV Austen, PJ Somerfield and |
Karakassis (2006) Global analysis of response and recovery of
benthic biota to fishing. Marine Ecology Progress Series 311:
1-14. https://www.int-res.com/articles/feature/m311p001.pdf

Kraufvelin P, A Bryhn and J Olsson (2020) Erfarenheter av ekolo-
gisk restaurering i kust och hav (Experiences from ecological
restoration in coast and sea- In Swedish). Havs- och Vatten-
myndighetens Rapport 2020:28 https://www.havochvatten.se/
data-kartor-och-rapporter/rapporter-och-andra-publikationer/
publikationer/2021-12-10-erfarenheter-av-ekologisk-restaur-
ering-i-kust-och-hav.html

Koster FW, B Huwer, HH Hinrichsen, V Neumann, A Makarchouk, M
Eero, BV Dewitz, K Hiissy, J Tomkiewicz, P Margonski, A Temming,
JP Hermann, D Oesterwind, J Dierking, P Kotterba and M Plikshs
(2017) Eastern Baltic cod recruitment revisited—dynamics and
impacting factors. ICES Journal of Marine Science 74: 3-19. https://
doi.org/10.1093/icesjms/fsw172

Kastelein RA, Helder-Hoek L, Janssens G, Gransier R and T Jo-
hansson (2015) Behavioral responses of Harbor Seals (Phoca vi-
tulina) to sonar signals in the 25-kHz Range. Aquatic Mammals
41:388-399. http://dx.doi.org/10.1578/AM.41.4.2015.388

Katsanevakis S, | Wallentinus, A Zenetos, E Leppakoski, ME Cinar,
B Oztiirk, M Grabowski, D Golani and AC Cardoso (2014) Impacts
of invasive alien marine species on ecosystem services and bio-
diversity: a pan-European review. Aquatic Invasions 9: 391-423.
https://doi.org/10.3391/ai.2014.9.4.01

Larsson K and L Tydén (2005) Effects of oil spills on wintering long-
tailed ducks Clangula hyemalis at Hoburgs bank in central Baltic
Sea between 1996/97 and 2003/04. Ornis Svecica 15: 161-171.
https://doi.org/10.34080/0s.v15.22740

Lehikoinen P, M Alhainen, M Frederiksen, K Jaatinen, R Juslin, M
Kilpi, N Mikander and S Nagy (compilers) (2022) International
Single Species Action Plan for the conservation of the common
eider Somateria m. mollissima (Baltic, North & Celtic Seas, and
Norway & Russia populations) and S. m. borealis (Svalbard & Franz



https://helcom.fi/wp-content/uploads/2021/10/Baltic-Sea-Action-Plan-2021-update.pdf
https://helcom.fi/wp-content/uploads/2021/10/Baltic-Sea-Action-Plan-2021-update.pdf
https://helcom.fi/wp-content/uploads/2021/10/Baltic-Sea-Action-Plan-2021-update.pdf
https://helcom.fi/wp-content/uploads/2021/09/Inputs-of-hazardous-substances-to-the-Baltic-Sea.pdf
https://helcom.fi/wp-content/uploads/2021/09/Inputs-of-hazardous-substances-to-the-Baltic-Sea.pdf
https://helcom.fi/wp-content/uploads/2021/09/Inputs-of-hazardous-substances-to-the-Baltic-Sea.pdf
https://helcom.fi/post_type_publ/holas3_bio/
https://helcom.fi/post_type_publ/holas3_bio/
https://helcom.fi/post_type_publ/holas3_eut/
https://helcom.fi/post_type_publ/holas3_eut/
https://helcom.fi/post_type_publ/holas3_haz/
https://helcom.fi/post_type_publ/holas3_haz/
https://helcom.fi/post_type_publ/holas3_esa/ 
https://helcom.fi/post_type_publ/holas3_esa/ 
https://helcom.fi/post_type_publ/holas3_spa/
https://helcom.fi/post_type_publ/holas3_spa/
https://indicators.helcom.fi/wp-content/uploads/2023/04/HELCOM-Core-indicator-on-nutrients-1995-2020_Final_April_2023-2.pdf
https://indicators.helcom.fi/wp-content/uploads/2023/04/HELCOM-Core-indicator-on-nutrients-1995-2020_Final_April_2023-2.pdf
https://indicators.helcom.fi/wp-content/uploads/2023/04/HELCOM-Core-indicator-on-nutrients-1995-2020_Final_April_2023-2.pdf
https://indicators.helcom.fi/indicator/shallow-water-oxygen/
https://indicators.helcom.fi/indicator/shallow-water-oxygen/
https://indicators.helcom.fi/wp-content/uploads/2023/04/Shallow-water-oxygen_Final_April_2023-1.pdf
https://indicators.helcom.fi/wp-content/uploads/2023/04/Shallow-water-oxygen_Final_April_2023-1.pdf
https://indicators.helcom.fi/wp-content/uploads/2023/04/Shallow-water-oxygen_Final_April_2023-1.pdf
https://indicators.helcom.fi/wp-content/uploads/2023/04/Bycatch-indicator_Final_April_2023-2.pdf
https://indicators.helcom.fi/wp-content/uploads/2023/04/Bycatch-indicator_Final_April_2023-2.pdf
https://helcom.fi/wp-content/uploads/2021/11/Restoration-measures-for-coastal-habitats-in-the-Baltic-Sea.-cost-efficiency-and-areas-of-highest-significance-and-need.pdf
https://helcom.fi/wp-content/uploads/2021/11/Restoration-measures-for-coastal-habitats-in-the-Baltic-Sea.-cost-efficiency-and-areas-of-highest-significance-and-need.pdf
https://helcom.fi/wp-content/uploads/2021/11/Restoration-measures-for-coastal-habitats-in-the-Baltic-Sea.-cost-efficiency-and-areas-of-highest-significance-and-need.pdf
https://helcom.fi/wp-content/uploads/2021/11/Bycatch-in-Baltic-Sea-commercial-fisheries.pdf
https://helcom.fi/wp-content/uploads/2021/11/Bycatch-in-Baltic-Sea-commercial-fisheries.pdf
https://helcom.fi/wp-content/uploads/2021/11/Methodology-management-effectiveness-Baltic-Sea-Marine-Protected-Area-MPA-network.pdf
https://helcom.fi/wp-content/uploads/2021/11/Methodology-management-effectiveness-Baltic-Sea-Marine-Protected-Area-MPA-network.pdf
https://helcom.fi/wp-content/uploads/2021/11/Methodology-management-effectiveness-Baltic-Sea-Marine-Protected-Area-MPA-network.pdf
https://helcom.fi/wp-content/uploads/2021/09/Baltic-Sea-Climate-Change-Fact-Sheet-2021.pdf
https://helcom.fi/wp-content/uploads/2021/09/Baltic-Sea-Climate-Change-Fact-Sheet-2021.pdf
https://doi.org/10.1016/j.ecss.2016.08.031
https://doi.org/10.1016/j.ecss.2016.08.031
https://www.jstor.org/stable/4312230
https://www.jstor.org/stable/23734045
https://doi.org/10.3389/fmars.2019.00482
https://doi.org/10.3389/fmars.2019.00493
https://doi.org/10.1111%2Fgcb.14637
https://doi.org/10.1111%2Fgcb.14637
https://doi.org/10.1002/ece3.8194
https://doi.org/10.1002/ece3.8194
https://doi.org/10.7557/3.2673
https://www.ices.dk/data/data-portals/Pages/impulsive-noise.aspx
https://www.ices.dk/data/data-portals/Pages/impulsive-noise.aspx
https://doi.org/10.17895/ices.advice.21646934.v2
https://doi.org/10.17895/ices.advice.21646934.v2
http://doi.org/10.17895/ices.pub.22196560
http://doi.org/10.17895/ices.pub.22196560
https://doi.org/10.5281/zenodo.3831673
https://doi.org/10.5281/zenodo.3831673
https://www.aquaticmammalsjournal.org/wp-content/uploads/2009/12/28-02_Jacobs.pdf
https://www.aquaticmammalsjournal.org/wp-content/uploads/2009/12/28-02_Jacobs.pdf
https://doi.org/10.1111/j.1365-294x.2006.02919.x
https://doi.org/10.1111/j.1365-294x.2006.02919.x
https://doi.org/10.1080/00288330.1992.9516500
https://doi.org/10.1579/0044-7447(2008)37%5b80:DICWRT%5d2.0.CO;2
https://doi.org/10.1579/0044-7447(2008)37%5b80:DICWRT%5d2.0.CO;2
https://doi.org/10.5194/bg-11-3619-2014
https://doi.org/10.5194/bg-11-3619-2014
https://doi.org/10.5194/bg-13-1009-2016
https://doi.org/10.5194/bg-13-1009-2016
https://doi.org/10.1016/j.hal.2019.101739
https://doi.org/10.1016/j.hal.2019.101739
https://www.int-res.com/articles/feature/m311p001.pdf
http://dx.doi.org/10.1578/AM.41.4.2015.388
https://doi.org/10.3391/ai.2014.9.4.01
https://portals.iucn.org/library/sites/library/files/documents/PAG-018.pdf
https://portals.iucn.org/library/sites/library/files/documents/PAG-018.pdf
https://nmbl.org/cgi-bin/koha/opac-detail.pl?biblionumber=148964
https://nmbl.org/cgi-bin/koha/opac-detail.pl?biblionumber=148964
https://doi.org/10.5194/bg-19-2295-2022
https://doi.org/10.1038/s41598-018-23282-w
https://doi.org/10.1038/s41598-018-23282-w
https://doi.org/10.1016/j.ecss.2015.11.029
https://doi.org/10.1016/j.ecss.2018.02.014
https://doi.org/10.1016/j.ecss.2018.02.014
https://www.havochvatten.se/data-kartor-och-rapporter/rapporter-och-andra-publikationer/publikationer/2021-12-10-erfarenheter-av-ekologisk-restaurering-i-kust-och-hav.html
https://www.havochvatten.se/data-kartor-och-rapporter/rapporter-och-andra-publikationer/publikationer/2021-12-10-erfarenheter-av-ekologisk-restaurering-i-kust-och-hav.html
https://www.havochvatten.se/data-kartor-och-rapporter/rapporter-och-andra-publikationer/publikationer/2021-12-10-erfarenheter-av-ekologisk-restaurering-i-kust-och-hav.html
https://www.havochvatten.se/data-kartor-och-rapporter/rapporter-och-andra-publikationer/publikationer/2021-12-10-erfarenheter-av-ekologisk-restaurering-i-kust-och-hav.html
https://doi.org/10.1093/icesjms/fsw172
https://doi.org/10.1093/icesjms/fsw172
https://doi.org/10.34080/os.v15.22740

State of the Baltic Sea 2023
1. References

Josef Land population). AEWA Technical Series No. 75, Bonn, Ger-
many. https://www.unep-aewa.org/en/publication/international-
single-species-action-plan-conservation-common-eider

Lehikoinen A, K Jaatinen, AV Vahatalo, P Clausen, O Crowe, B Dece-
uninck, R Hearn, CA Holt, M Hornman, V Keller, L Nilsson, T Langen-
doen, | Tomankova, J Wahl and AD Fox (2013) Rapid climate driven
shifts in wintering distributions of three common waterbird spe-
cies. Global Change Biology 19:2071-2081, https://doi.org/10.1111/

gcb.12200

Lehikoinen A, M Kilpi and M Ost (2006) Winter climate affects subse-
quent breeding success of common eiders. Global Change Biology

12:1355-1365. https://doi.org/10.1111/].1365-2486.2006.01162.x

Leppéranta M and K Myrberg (2009) Physical oceanography of
the Baltic Sea. Springer Praxis books. Springer Berlin, Heidel-
berg. https://doi.org/10.1007/978-3-540-79703-6

Lewison RL, LB Crowder, BP Wallace, JE Moore, T Cox, R Zydelis, S
McDonald, A DiMatteo, DC Dunn, CY Kot, R Bjoérkland, S Kelez, C Soy-
kan, KR Stewart, M Sims, A Boustany, AJ Read, P Halpin, WJ Nichols,
and C Safina (2014) Global patterns of marine mammal, seabird,
and sea turtle bycatch reveal taxa-specific and cumulative mega-
fauna hotspots. Proceedings of the National Academy of Sciences

111:5271-5276. https://doi.org/10.1073/pnas.1318960111

Lindegren M, Blenckner T and NC Stenseth (2012) Nutrient reduction
and climate change cause a potential shift from pelagic to benthic
pathways in a eutrophic marine ecosystem. Global Change Biology

18:3491-3503. https://doi.org/10.1111/j.1365-2486.2012.02799.x

Lindmark M, A Audzijonyte, JL Blanchard and A Gardmark (2022)
Temperature impacts on fish physiology and resource abundance
lead to faster growth but smaller fish sizes and yields under warm-
ing. Global Change Biology 28:6239- 6253.https://doi.org/10.1111/
gcb.16341

Lockwood JL, MF Hoopes and MP Marchetti (2007) Invasion Ecology.
Wiley-Blackwell, Malden, MA, USA, 456 pp. ISBN: 978-1-444-33364-0

Lucke K, U Siebert, PA Lepper and MA Blanchet (2009) Temporary
shift in masked hearing thresholds in a harbor porpoise (Phoc-
oena phocoena) after exposure to seismic airgun stimuli. Jour-
nal of the Acoustic Society of America 125:4060-4070. https://doi.

0rg/10.1121/1.3117443

Mack RN, D Simberloff, WM Lonsdale, H Evans, M Clout and FA Baz-
zaz (2000) Biotic invasions: causes, epidemiology, global conse-
quences, and control. Ecological Applications 10:689-710. https://
doi.org/10.1890/1051-0761(2000)010[0689:BICEGC]2.0.CO;2

MacKenzie BR, H Gislason, C Méllmann and FW Kdster (2007) Im-
pact of 21st century climate change on the Baltic Sea fish commu-
nity and fisheries. Global Change Biology 13: 1348-1367. https://doi.
org/10.1111/j.1365-2486.2007.01369.x

Madsen PT, M Wahlberg, J Tougaard, K Lucke and PL Tyack (2006)
Wind turbine underwater noise and marine mammals: Implications
of current knowledge and data needs. Marine Ecology Progress Se-
ries 309:279-295 http://dx.doi.org/10.3354/meps309279

Marcos C, D Diaz, K Fietz, A Forcada, A Ford, JA Garcia-Charton, R
Gofii, P Lenfant, S Mallol, D Mouillot, M Pérez-Marcos, O Puebla O, S
Manel and A Pérez-Ruzafa (2021) Reviewing the Ecosystem Services,
Societal Goods, and Benefits of Marine Protected Areas. Frontiers in
Marine Science 8. https://doi.org/10.3389/fmars.2021.613819

Martin-Ortega J, RC Ferrier, IJ Gordon, S Khan (2015) Water eco-
system services: a global perspective. Cambridge University Press,
p187.1SBN: 9781107496187

Mauritsson K, J-P Desforges and KC Harding (2022) Maternal transfer
and long-term population effects of PCBs in Baltic grey seals using
a new toxicokinetic-toxicodynamic population model. Archives of
Environemntal Contamination and Toxicology 83:376-394. https://
doi.org/10.1007/s00244-022-00962-3

Meier HEM, M Kniebusch, C Dieterich, M Groger, E Zorita, R Elmgren,
K Myrberg, MP Ahola, A Bartosova, E Bonsdorff, F Borgel, R Capell,
| Carlén, T Carlund, J Carstensen, OB Christensen, V Dierschke, C
Frauen, M Frederiksen, E Gaget, A Galatius, JJ Haapala, A Halkka,
G Hugelius, B Hiinicke, J Jaagus, M Jussi, J Kayhkd, N Kirchner, E
Kjellstrom, K Kulinski, A Lehmann, G Lindstrom, W May, PA Miller, V
Mohrholz, B Miiller-Karulis, D Pavon-Jordan, M Quante, M Recker-
mann, A Rutgersson, OP Savchuk, M Stendel, L Tuomi, M Viitasalo,
R Weisse and W Zhang (2022) Climate change in the Baltic Sea re-
gion: a summary. Earth System Dynamics 13:457-593. https://doi.
org/10.5194/esd-13-457-2022

Mercker M, Dierschke V, Camphuysen K, Kreutle A, Markones N, Van-
ermen N and S Garthe (2021) An indicator for assessing the status of
marine-bird habitats affected by multiple human activities: A novel
statistical approach. Ecological Indicators 130: 108036. https://doi.
0rg/10.1016/j.ecolind.2021.108036

Micheli F, BS Halpern, S Walbridge, S Ciriaco, F Ferretti, S Fraschetti,
R Lewison, L Nykjaer and AA Rosenberg (2013) Cumulative human
impacts on Mediterranean and Black Sea marine ecosystems: as-
sessing current pressures and opportunities. PLoS ONE 8:e79889.
https://doi.org/10.1371/journal.pone.0079889

Momigliano P, GPJ Denys, H Jokinen and J Merild (2018) Platich-
thys solemdali sp. nov. (Actinopterygii, Pleuronectiformes): A new
flounder species from the Baltic Sea. Frontiers in Marine Science 5.
https://doi.org/10.3389/fmars.2018.00225

Montero-Serra |, J Garrabou, DF Doak, L Figuerola, B Hereu, JB
Ledoux and C Linares (2018) Accounting for life-history strate-
gies and timescales in marine restoration. Conservation Letters

11:e12341. https://doi.org/10.1111/conl.12341

Mooij JH (2005) Protection and use of waterbirds in the European
Union. Beitrdge zur Jagd- und Wildforschung 30:49-76.

Mordecai G, PA Tyler, DG Masson and VAl Huvenne (2011). Litter in
submarine canyons off the west coast of Portugal. Deep Sea Re-
search Part |1 58: 2489.

Moret-Ferguson S, KL Law, G Proskurowski, EK Murphy, EE Peacock
and CM Reddy (2010). The size, mass, and composition of plastic de-
bris in the western North Atlantic Ocean. Marine Pollution Bulletin
60:1873-1878. https://doi.org/10.1016/j.marpolbul.2010.07.020

Morkinas J, S Oppel, M BruZas, Y Rouxel, R Morkiiné and D Mitch-
ell (2022) Seabird bycatch in a Baltic coastal gillnet fishery is or-
ders of magnitude larger than official reports. Avian Conserva-
tion and Ecology 17:31. https://doaj.org/article/86fe88f300b542

State of the Baltic Sea 2023
1. References

Ojaveer H, J Kotta, O Outinen and H Einberg (2021) Meta-analysis on
the ecological impacts of widely spread non-indigenous species in
the Baltic Sea. Science of the Total Environment 786:147375. https://
doi.org/10.1016/j.scitotenv.2021.147375

3784e0633b632e5039

Moyano M, B Illing, A Akimova, A.... and P Polte (2022) Caught
in the middle: bottom-up and top-down processes impacting
recruitment in a small pelagic fish. Reviews in Fish Biology and
Fisheries. https://doi.org/10.1007/s11160-022-09739-2

Murphy S, GJ Pierce, RJ Law, P, Bersuder, PD Jepson, JA Lear-
month, M Addink, W Dabin, MB Santos, R Deaville, BN Zegers, A
Mets, E Rogan, V Ridoux, RJ Reid, C Smeenk, T Jauniaux, A Lopez,
JM Alonso Farré, AF Gonzalez, A Guerra, M Garcia-Hartmann, C
Lockyer, and JP Boon (2010) Assessing the effect of persistent
organic pollutants on reproductive activity in common dolphins
and harbour porpoises. Journal of Northwest Atlantic Fishery
Science 42:153-173. http://dx.doi.org/10.2960/J.v42.m658

Méllmann C, Diekmann R, Miiller-Karulis B, Kornilovs G, Plikshs
M and P Axe (2009) Reorganization of a large marine ecosystem
due to atmospheric and anthropogenic pressure: a discontinu-
ous regime shift in the Central Baltic Sea. Global Change Biology
15:1377-1393. https://doi.org/10.1111/j.1365-2486.2008.01814.x

Olsgaard F, MT Schaanning, S Widdicombe, MA Kendall and MC
Austen (2008) Effects of bottom trawling on ecosystem function-
ing. Journal of Experimental Marine Biology and Ecology 366: 123-
133. https://doi.org/10.1016/j.jembe.2008.07.036

Olsson J (2019) Past and Current Trends of Coastal Predatory Fish in
the Baltic Sea with a Focus on Perch, Pike, and Pikeperch. Fishes 4:
7. https://doi.org/10.3390/fishes4010007

Olsson J, L Bergstrom and A Gardmark (2012) Abiotic drivers of
coastal fish community change during four decades in the Bal-
tic Sea. ICES Journal of Marine Science 69:961-970. https://doi.
org/10.1093/icesjms/fss072

Olsson J,MT Tomczak, H Ojaveer, A Gardmark, A Pollumae, B Miller-
Karuli, D Ustups, GE Dinesen, H Peltonen, | Putnis, L Szymanek, M
Simm, O Heikinheimo, P Gasyukov, P Axe and L Bergstrém (2015)
Temporal development of coastal ecosystems in the Baltic Sea over
the past two decades. ICES Journal of Marine Science 72:2539-
48. https://doi.org/10.1093/icesjms/fsv143

NAMMCO & IMR, 2019. Report of the Joint IMR/NAMMCO Inter-
national Workshop on the Status of Harbour Porpoises in the
North Atlantic. Tromsg, Norway. North Atlantic Marine Mam-
mal Commission, Tromsg and Norwegian Institute of Marine

Pace R, M Dimech, M Camilleri, PJ Schembri and F Briand (2007).
Litter as a source of habitat islands on deepwater muddy bot-
toms. Rapport du Congres de la Commission Internationale pour
Exploration Scientifique de la Mer Mediterranee 38: 567. https://
www.um.edu.mt/library/oar//handle/123456789/21502

Research, Bergen, Norway https://nammco.no/wp-content/up-
loads/2020/03/final-report_hpws_2018_rev2020.pdf

Newman S, E Watkins, A Farmer, P ten Brink and JP Schweitzer
(2015) The economics of marine litter. Chapter 14 in: Marine
Anthropogenic Litter, Eds. Bergmann M, L Gutow and M Klages,
Eprint ID 37207 of the Alfred-Wegener-Institut Helmholtz-Zen-
trum fiir Polar- und Meeresforschung, Springer Open Publica-
tion, 447pp.

Niiranen, S et al. (2013) Combined effects of global climate
change and regional ecosystem drivers on an exploited marine
food web. Global Change Biology 19:3327-3342. https://doi.
org/10.1111/gcb.12309

Nilsson L and F Haas (2016) Distribution and numbers of win-
tering waterbirds in Sweden in 2015 and changes during the
last fifty years. Ornis Svecica 26:3-54. https://doi.org/10.34080/
05.v26.21854

Nordstrom M, J Dierking and EU BONUS XWEBS team (2021) BO-
NUS XWEBS policy brief No. 2.: A perspective for Baltic Sea food
web research - How food web knowledge can be integrated in
adaptive ecosystem-based management of marine resources.
EU BONUS project XWEBS, Kiel, Germany, 5 pp. https://ocean-
rep.geomar.de/id/eprint/51439/

Ojaveer H and J Kotta (2015) Ecosystem impacts of the wide-
spread non-indigenous species in the Baltic Sea: literature sur-
vey evidences major limitations in knowledge. Hydrobiologia
750:171-185. https://doi.org/10.1007/s10750-014-2080-5

Pansch C, M Scotti, FR Barboza, B Al-Janabi, J Brakel, E Briski, B Bu-
cholz, M Franz, M Ito, F Paiva, M Saha, Y Sawall, F Weinberger and
M Wahl (2018) Heat waves and their significance for a temperate
benthic community: A near-natural experimental approach. Global

Change Biology 24:4357-4367. https://doi.org/10.1111/gcb.14282

Pavéon-Jordan D, P Clausen, M Dagys, K Devos, V Encarnacao, AD-
Fox, T Frost, C Gaudard, M Hornman, V Keller, T Langendoen, t
tawicki, LJ Lewis, S-H Lorentsen, L Luigujoe, W Meissner, B Molina,
P Musil, Z Musilova, L Nilsson, J-Y Paquet, J Ridzon, A Stipniece,
N Teufelbauer, J Wahl, M Zenatello and Aleksi Lehikoinen (2019)
Habitat- and species-mediated short-and long-term distributional
changes in waterbird abundance linked to variation in European
winter weather. Diversity and Distributions 25:225-239. https://doi.

0rg/10.1111/ddi.12855

Pavén-Jordan D, W Abdou, H Azafzaf, M Balaz, T Bino, JJ Borg, L
Bozi¢, SHM Butchart, P Clausen, L Sniauksta, M Dakki, K Devos,
C Domsa, V Encarnagao, K Etayeb, S Faragd, AD Fox, T Frost, C
Gaudard, V Gorgiev, A Lehikoinen (2020) Positive impacts of im-
portant bird and biodiversity areas on wintering waterbirds un-
der changing temperatures throughout Europe and North Africa.
Biological Conservation 246:108549. https://doi.org/10.1016/].bio-
con.2020.108549

Pecuchet L, A Tornroos and M Lindegren (2016) Patterns and driv-
ers of fish community assembly in a large marine ecosystem. Ma-
rine Ecology Progress Series 546:239-248. https://doi.org/10.3354/

meps11613



https://www.unep-aewa.org/en/publication/international-single-species-action-plan-conservation-common-eider
https://www.unep-aewa.org/en/publication/international-single-species-action-plan-conservation-common-eider
https://doi.org/10.1111/gcb.12200
https://doi.org/10.1111/gcb.12200
https://doi.org/10.1111/j.1365-2486.2006.01162.x
https://doi.org/10.1007/978-3-540-79703-6
https://doi.org/10.1073/pnas.1318960111
https://doi.org/10.1111/j.1365-2486.2012.02799.x
https://doi.org/10.1111/gcb.16341
https://doi.org/10.1111/gcb.16341
https://doi.org/10.1121/1.3117443
https://doi.org/10.1121/1.3117443
https://doi.org/10.1890/1051-0761(2000)010%5b0689:BICEGC%5d2.0.CO;2
https://doi.org/10.1890/1051-0761(2000)010%5b0689:BICEGC%5d2.0.CO;2
https://doi.org/10.1111/j.1365-2486.2007.01369.x
https://doi.org/10.1111/j.1365-2486.2007.01369.x
http://dx.doi.org/10.3354/meps309279
https://doi.org/10.3389/fmars.2021.613819
https://doi.org/10.1007/s00244-022-00962-3
https://doi.org/10.1007/s00244-022-00962-3
https://doi.org/10.5194/esd-13-457-2022
https://doi.org/10.5194/esd-13-457-2022
https://doi.org/10.1016/j.ecolind.2021.108036
https://doi.org/10.1016/j.ecolind.2021.108036
https://doi.org/10.1371/journal.pone.0079889
https://doi.org/10.3389/fmars.2018.00225
https://doi.org/10.1111/conl.12341
https://doi.org/10.1016/j.marpolbul.2010.07.020
https://doaj.org/article/86fe88f300b5423784e0633b632e5039
https://doaj.org/article/86fe88f300b5423784e0633b632e5039
https://doi.org/10.1007/s11160-022-09739-2
http://dx.doi.org/10.2960/J.v42.m658
https://doi.org/10.1111/j.1365-2486.2008.01814.x
https://nammco.no/wp-content/uploads/2020/03/final-report_hpws_2018_rev2020.pdf
https://nammco.no/wp-content/uploads/2020/03/final-report_hpws_2018_rev2020.pdf
https://doi.org/10.1111/gcb.12309
https://doi.org/10.1111/gcb.12309
https://doi.org/10.34080/os.v26.21854
https://doi.org/10.34080/os.v26.21854
https://oceanrep.geomar.de/id/eprint/51439/
https://oceanrep.geomar.de/id/eprint/51439/
https://doi.org/10.1007/s10750-014-2080-5
https://doi.org/10.1016/j.scitotenv.2021.147375
https://doi.org/10.1016/j.scitotenv.2021.147375
https://doi.org/10.1016/j.jembe.2008.07.036
https://doi.org/10.3390/fishes4010007
https://doi.org/10.1093/icesjms/fss072
https://doi.org/10.1093/icesjms/fss072
https://doi.org/10.1093/icesjms/fsv143
https://www.um.edu.mt/library/oar//handle/123456789/21502
https://www.um.edu.mt/library/oar//handle/123456789/21502
https://doi.org/10.1111/gcb.14282
https://doi.org/10.1111/ddi.12855
https://doi.org/10.1111/ddi.12855
https://doi.org/10.1016/j.biocon.2020.108549
https://doi.org/10.1016/j.biocon.2020.108549
https://doi.org/10.3354/meps11613
https://doi.org/10.3354/meps11613

State of the Baltic Sea 2023
1. References

Pereyra RT, L Bergstrom, L Kautsky and K Johannesson (2009)
Rapid speciation in a newly opened postglacial marine environ-
ment, the Baltic Sea. BMC Evolutionary Biology 9,:70. https://
doi.org/10.1186/1471-2148-9-70

Petersen IK, M MacKenzie, F Rexstad, MS Wisz and AD Fox
(2011) Comparing pre- and post- construction distributions
of long-tailed ducks Clangula hyemalis in and around the
Nysted offshore wind farm, Denmark: a quasi-designed ex-
periment accounting for imperfect detection, local surface
features and autocorrelation. CREEM Tech Report 2011: 1. htt-
ps://tethys.pnnl.gov/sites/default/files/publications/Petersen-
et-al-2011.pdf

Pham CK, E Ramirez-Llodra, CHS Alt, T Amaro, M Bergmann, M
Canals, JB Company, J Davies, G Duineveld, F Galgani, KL How-
ell, VAI Huvenne., E Isidro, DOB Jones, G Lastras, T Morato, JN
Gomes-Pereira, A Purser, H Stewart, | Tojeira, X Tubau, D Van
Rooij and PA Tyler (2014) Marine litter distribution and density
in European seas, from the shelves to deep basins. PLoS ONE
9:€95839. https://doi.org/10.1371/journal.pone.0095839

Piersma T and K Camphuysen (2001) What can peak mortality
of eider tell us about the state of the Dutch wadden sea ecosys-
tem? Wadden Sea Newsletter 1: 42-45. https://eurekamag.com/
research/022/099/022099642.php

Pilarczyk, B, A Tomza-Marciniak, R Pilarczyk, K Kavetska, | Rzad,
D Hendzel and A Marciniak (2012) Selenium status in sea ducks
(Melanitta fusca, Melanitta nigra and Clangula hyemalis) win-
tering on the southern Baltic coast, Poland. Marine Biology Re-
search 8: 1019-1025. https://www.tandfonline.com/doi/abs/10.
1080/17451000.2012.706304

Polte P, T Grohsler, P Kotterba, L von Nordheim, D Moll, J San-
tos, P Rodriguez-Tress, Y Zablotski and C Zimmermann (2021)
Reduced Reproductive Success of Western Baltic Herring (Clu-
pea harengus) as a Response to Warming Winters. Frontiers in
Marine Science 8 https://doi.org/10.3389/fmars.2021.589242

Potschin M and R Haines-Young (2016a) Defining and meas-
uring ecosystem services. In: Potschin M, R Haines-Young, R
Fish and RK Turner (eds) Routledge Handbook of Ecosystem
Services. Routledge, London and New York, pp 25-44. ISBN
9781315775302

Potschin M and R Haines-Young (2016b) Conceptual Frame-
works and the Cascade Model. In OpenNESS Ecosystem Servic-
es Reference Book; Potschin, M. and Jax K., Eds.

Rainio K, T Laaksonen T, M Ahola, AV Vahatalo and E Lehikoin-
en (2006) Climatic responses in spring migration of boreal
and arctic birds in relation to wintering area and taxonomy.
Journal of Avian Biology 37:507-515. https://doi.org/10.1111/
j.0908-8857.2006.03740.x

Read AJ, P Drinker and S Northridge, (2006) Bycatch of Ma-
rine Mammals in U.S. and Global Fisheries: Bycatch of Marine
Mammals. Conservation Biology 20:163-169. https://doi.
org/10.1111/j.1523-1739.2006.00338.x

Reneerkens J, T Piersma and B Spaans (2005) De waddenzee als
kruispunt van vogeltrekwegen (he Wadden Sea as a crossroad of
migratory pathways). NIOZ-rapport 2005-4. Koninklijk Nederlands
Instituut voor Onderzoek der Zee. https://www.waddenzee.nl/the-
ma/natuur/publicaties/vogels/rapport-waddenzee-kruispunt/

Rolff C, J Walve, U Larsson and R Elmgren (2022) How oxygen defi-
ciency in the Baltic Sea proper has spread and worsened: The role of
ammonium and hydrogen sulphide. Ambio 51:2308-2324. https://
doi.org/10.1007/513280-022-01738-8

Rubarth J, A Dreyer, N Guse, JW Einax, R Ebinghaus (2011) Perfluori-
nated compounds in red-throated divers from the German Baltic
Sea: new findings from their distribution in 10 different tissues. Envi-
ronmental Chemistry 8: 419-428. https://doi.org/10.1071/EN10142

Ruiz GM, JT Carlton, ED Grosholz and AH Hines (1997) Global inva-
sions of marine and estuarine habitats by non-indigenous species:
mechanisms, extent, and consequences. American Zoologist 37:
621-632. https://doi.org/10.1093/icb/37.6.621

Ruskule A, J Kotta, CR Saha, P Arndt, D Ustups, S Strake and L Berg-
strom (2023) Testing the concept of green infrastructure at the
Baltic Sea scale to support an ecosystem-based approach to man-
agement of marine areas. Marine Policy 147: 105374. https://doi.

0rg/10.1016/j.marpol.2022.105374

Russell G (1985) Recent evolutionary changes in the algae of the
Baltic Sea. British Phycological Journal 20: 87-104 https://doi.
org/10.1080/00071618500650111

Saarinen A (2019) Restaurering av grunda kustmiljoer i Kvarken - Er-
farenheter, metoder och framtida atgarder med fokus pa flador. Del-
rapport inom Interreg Botnia Atlantica projekt Kvarken Flada. p.57

Santulli A, A Modica, C Messina, L Ceffa, A Curatolo, G Rivas, G Fabi,
and V D’Amelio (1999) Biochemical responses of European Sea
Bass (Dicentrarchus labrax L.) to the stress induced by off shore ex-
perimental seismic prospecting. Marine Pollution Bulletin 38:1105-
1114. https://doi.org/10.1016/S0025-326X(99)00136-8

Saraiva S, HEM Meier, H Andersson, A Hoglund, C Dieterich, M
Groger, R Hordoir and K Eilola (2019) Baltic Sea ecosystem response
to various nutrient load scenarios in present and future climates.
Climate Dynamics 52:3369-3387. https://doi.org/10.1007/s00382-
018-4330-0

Schwemmer P, B Mendel, N Sonntag, V Dierschke and S Garthe
(2011) Effects of ship traffic on seabirds in offshore waters: implica-
tions for marine conservation and spatial planning. Ecological Ap-
plications 21: 1851-1860. https://doi.org/10.1890/10-0615.1

Scotti M, S Opitz, L MacNeil, A Kreutle, C Pusch and R Froese (2022)
Ecosystem-based fisheries management increases catch and car-
bon sequestration through recovery of exploited stocks: The west-
ern Baltic Sea case study. Frontiers in Marine Science 9:879998.
https://doi.org/10.3389/fmars.2022.879998

Skéra KE and | Kuklik (2003) Bycatch as a potential threat to
harbour porpoises (Phocoena phocoena) in Polish Baltic wa-

ters. NAMCCO Scientific Publications 5:303-315. https://doi.
org/10.7557/3.2831

Skov H, S Heindnen, R Zydelis, J Bellebaum, S Bzoma, M Dagys, J
Durinck, S Garthe, G Grishanov, N Hario, JJ Kieckbusch, J Kube,
A Kuresoo, K Larsson, L Luigujoe, W Meissner, HW Nehls, L Nils-
son, IK Petersen, M Mikkola Roos, S Pihl, N Sonntag, A Stock and
A Stipniece (2011) Waterbird populations and pressures in the
Baltic Sea. TemaNord 2011:550. Nordic Council of Ministers, Co-
penhagen. https://doi.org/10.6027/TN2011-550

Slobodnik J, Gkotsis G, Nika M-C, Vasilatos K, Thomaidis N S, Aly-
gizakis N, Oswald P, Rohner S, Siebert U, Reif F, Ddhne M, Pers-
son S, Galatius A, Pawliczka I, Kiinitzer A (2022) Screening study
on hazardous substances in marine mammals of the Baltic Sea.
UBA-Texte 36/2022. 122 pp. https://www.umweltbundesamt.de/
en/publikationen/screening-study-on-hazardous-substances-
in-marine

Smith TG and LA Harwood (2001) Observations of neonate ringed
seals, Phoca hispida, after early break-up of the sea ice in Prince
Albert Sound, Northwest Territories, Canada, spring 1998. Polar
Biology 24:215-219 https://link.springer.com/article/10.1007/

State of the Baltic Sea 2023
1. References

Sundblad G and U Bergstrom (2014) Shoreline development and
degradation of coastal fish reproduction habitats. Ambio 43: 1020-

1028. https://doi.org/10.1007/s13280-014-0522-y

Sundgqvist L, T Harkonen, CJ Svensson and KC Harding (2012)
Linking climate trends to population dynamics in the Baltic ringed
seal - Impacts of historical and future winter temperatures. Ambio

41:865-872. https://doi.org/10.1007/s13280-012-0334-x

Svedédng H and S Hornborg (2014) Selective fishing induces den-
sity-dependent growth. Nature Communications 5:4152. https://
doi.org/10.1038/ncomms5152

Svensson F, E Karlsson, A Gardmark, J Olsson, A Adill, J Zie, P
Snoeijs and JS EKI6f (2017) In situ warming strengthens trophic
cascades in a coastal food web. Oikos 126:1150-1161. https://doi.

org/10.1111/0ik.03773

SwAM (2021) Handbok for restaurering av algras i Sverige (Hand-
book for restoration of eelgrass in Sweden - In Swedish). Havs- och
vattenmynidghetens rapport 2016:9. https://www.havochvatten.
se/data-kartor-och-rapporter/rapporter-och-andra-publikation-
er/publikationer/2016-09-19-handbok-for-restaurering-av-al-

s003000000198

Snickars M, B Weigel and E Bonsdorff (2015) Impact of eutrophi-
cation and climate change on fish and zoobenthos in coastal
waters of the Baltic Sea. Marine Biology 162:141 https://doi.
org/10.1007/s00227-014-2579-3

Sonne C, U Siebert, K Gonnsen, J-P Desforges, JI Eulaers, S Pers-
son, A Roos, B-M Backlin, K Kauhala, M Tange Olsen, KC Harding,
G Treu, A Galatius, E Andersen-Ranberg, S Gross, J Lakemeyer, K
Lehnert, SS Lam, W Peng and R Dietz (2020) Health effects from
contaminant exposure in Baltic Sea birds and marine mammals:
A review. Environment International 139:105725. https://doi.
org/10.1016/j.envint.2020.105725

Sonntag N, H Schwemmer, HO Fock, J Bellebaum and S Garthe
(2012) Seabirds, set-nets, and conservation management: as-
sessment of conflict potential and vulnerability of birds to by-
catch in gillnets. ICES Journal of Marine Science 69:578-589.
https://doi.org/10.1093/icesjms/fss030

STECF (2022) European Commission, Joint Research Centre,
Scientific, Technical and Economic Committee for Fisheries.
Virtanen J, J Guillen, R Prellezo and E Sabatella (Eds). The 2022
annual economic report on the EU fishing fleet (STECF 22-06).
Publications Office of the European Union, 2022. https://data.
europa.eu/doi/10.2760/120462

Stigebrandt A (2001) Physical oceanography of the Baltic Sea. In:
Wulff FV., L.A. Rahm, & P.A. Larsson (Eds.) Systems Analysis of the
Baltic Sea. Springer Berlin Heidelberg. https://link.springer.com/
book/10.1007/978-3-662-04453-7

Stirling | and TG Smith (2004) Implications of warm temperatures
and an unusual rain event on the survival of ringer seals on the
coast of southeastern Baffin Island. Arctic 57:59-67. https://doi.

gras-i-sverige.html

Thompson RC (2006). Plastic debris in the marine environment:
consequences and solutions. In: Krause JC, H Nordheim and S
Bréger (Eds.), Marine Nature Conservation in Europe. Bundesamt
fiir Naturschutz, Stralsund, Germany, 107-115.

Tomczak MT, L Szymanek, M Pastuszak, W Grygiel, M Zalewski, S
Gromisz, A Ameryk, J Kownacka, | Psuty, E Kuzebski, R Grzebielec
and P Margoriski (2016) Evaluation of Trends and Changes in the
Gulf of Gdansk Ecosystem—an Integrated Approach. Estuaries and

Coasts 39:593-604. https://doi.org/10.1007/s12237-015-0026-4

Tomczak MT, S Niiranen, O Hjerne and T Blenckner (2012) Eco-
system flow dynamics in the Baltic Proper-Using a multi-trophic
dataset as a basis for food-web modelling. Ecological Modelling
230:123-147. https://doi.org/10.1016/j.ecolmodel.2011.12.014

Tomczak, MT, B Miller-Karulis, T Blenckner, E Ehrnsten, M Eero, B
Gustafsson, A Norkko, SA Otto, K Timmermann and C Humborg
(2021) Reference state, structure, regime shifts, and regulatory
drivers in a coastal sea over the last century: The Central Baltic Sea
case. Limnology and Oceanography 67: S266-5284. https://doi.
0rg/10.1002/lno.11975

Tougaard J, J Carstensen, J Teilmann, H Skov, and P Rasmus-
sen (2009) Pile driving zone of responsiveness extends beyond
20 km for harbour porpoises (Phocoena phocoena, (L.))., Jour-
nal of the Acoustic Society of America 126:11-14. http://dx.doi.

org/10.1121/1.3132523

Tougaard J, LA Kyhn, M Amundin, D Wennerberg and C Bordin
(2012) Behavioral reactions of harbour porpoise to pile-driving
noise, in Effects of Noise on Aquatic Life, edited by A. N. Popper,
and A. D. Hawkins (Springer, New York), pp. 277-280. https://link.
springer.com/book/10.1007/978-1-4419-7311-5

org/10.14430/arctic483



https://doi.org/10.1186/1471-2148-9-70
https://doi.org/10.1186/1471-2148-9-70
https://tethys.pnnl.gov/sites/default/files/publications/Petersen-et-al-2011.pdf
https://tethys.pnnl.gov/sites/default/files/publications/Petersen-et-al-2011.pdf
https://tethys.pnnl.gov/sites/default/files/publications/Petersen-et-al-2011.pdf
https://doi.org/10.1371/journal.pone.0095839
https://eurekamag.com/research/022/099/022099642.php
https://eurekamag.com/research/022/099/022099642.php
https://www.tandfonline.com/doi/abs/10.1080/17451000.2012.706304
https://www.tandfonline.com/doi/abs/10.1080/17451000.2012.706304
https://doi.org/10.3389/fmars.2021.589242
https://doi.org/10.1111/j.0908-8857.2006.03740.x
https://doi.org/10.1111/j.0908-8857.2006.03740.x
https://doi.org/10.1111/j.1523-1739.2006.00338.x
https://doi.org/10.1111/j.1523-1739.2006.00338.x
https://www.waddenzee.nl/thema/natuur/publicaties/vogels/rapport-waddenzee-kruispunt/
https://www.waddenzee.nl/thema/natuur/publicaties/vogels/rapport-waddenzee-kruispunt/
https://doi.org/10.1007/s13280-022-01738-8
https://doi.org/10.1007/s13280-022-01738-8
https://doi.org/10.1071/EN10142
https://doi.org/10.1093/icb/37.6.621
https://doi.org/10.1016/j.marpol.2022.105374
https://doi.org/10.1016/j.marpol.2022.105374
https://doi.org/10.1080/00071618500650111
https://doi.org/10.1080/00071618500650111
https://doi.org/10.1016/S0025-326X(99)00136-8
https://doi.org/10.1007/s00382-018-4330-0
https://doi.org/10.1007/s00382-018-4330-0
https://doi.org/10.1890/10-0615.1
https://doi.org/10.3389/fmars.2022.879998
https://doi.org/10.7557/3.2831
https://doi.org/10.7557/3.2831
https://doi.org/10.6027/TN2011-550
https://www.umweltbundesamt.de/en/publikationen/screening-study-on-hazardous-substances-in-marine
https://www.umweltbundesamt.de/en/publikationen/screening-study-on-hazardous-substances-in-marine
https://www.umweltbundesamt.de/en/publikationen/screening-study-on-hazardous-substances-in-marine
https://link.springer.com/article/10.1007/s003000000198
https://link.springer.com/article/10.1007/s003000000198
https://doi.org/10.1007/s00227-014-2579-3
https://doi.org/10.1007/s00227-014-2579-3
https://doi.org/10.1016/j.envint.2020.105725
https://doi.org/10.1016/j.envint.2020.105725
https://doi.org/10.1093/icesjms/fss030
https://data.europa.eu/doi/10.2760/120462
https://data.europa.eu/doi/10.2760/120462
https://link.springer.com/book/10.1007/978-3-662-04453-7
https://link.springer.com/book/10.1007/978-3-662-04453-7
https://doi.org/10.14430/arctic483
https://doi.org/10.14430/arctic483
https://doi.org/10.1007/s13280-014-0522-y
https://doi.org/10.1007/s13280-012-0334-x
https://doi.org/10.1038/ncomms5152
https://doi.org/10.1038/ncomms5152
https://doi.org/10.1111/oik.03773
https://doi.org/10.1111/oik.03773
https://webgate.ec.europa.eu/life/publicWebsite/index.cfm?fuseaction=search.dspPage&n_proj_id=2998
https://webgate.ec.europa.eu/life/publicWebsite/index.cfm?fuseaction=search.dspPage&n_proj_id=2998
https://www.havochvatten.se/data-kartor-och-rapporter/rapporter-och-andra-publikationer/publikationer/2016-09-19-handbok-for-restaurering-av-algras-i-sverige.html
https://www.havochvatten.se/data-kartor-och-rapporter/rapporter-och-andra-publikationer/publikationer/2016-09-19-handbok-for-restaurering-av-algras-i-sverige.html
https://www.havochvatten.se/data-kartor-och-rapporter/rapporter-och-andra-publikationer/publikationer/2016-09-19-handbok-for-restaurering-av-algras-i-sverige.html
https://www.havochvatten.se/data-kartor-och-rapporter/rapporter-och-andra-publikationer/publikationer/2016-09-19-handbok-for-restaurering-av-algras-i-sverige.html
https://doi.org/10.1007/s12237-015-0026-4
https://doi.org/10.1016/j.ecolmodel.2011.12.014
https://doi.org/10.1002/lno.11975
https://doi.org/10.1002/lno.11975
http://dx.doi.org/10.1121/1.3132523
http://dx.doi.org/10.1121/1.3132523
https://link.springer.com/book/10.1007/978-1-4419-7311-5
https://link.springer.com/book/10.1007/978-1-4419-7311-5

State of the Baltic Sea 2023
1. References

UBA (2022) (German Environment Agency) Screening study on
hazardous substances in marine mammals of the Baltic Sea. Wide-

scope target and suspect screenlng tts zz .umweltbundesa-

in-marine

UN (2015) Transforming our world: the 2030 Agenda for Sustainable
Development. A/RES/70/1. https://documents-dds-ny.un.org/doc

UNDOC/GEN/N15/291/89/PDF/N1529189.pdf?OpenElement

UNEP (2021) United Nations Environment Programme. Making
Peace with Nature: A scientific blueprint to tackle the climate, biodi-
versity and pollution emergencies. Nairobi. https://www.unep.org/
resources/making-peace-nature

Vainio RK, V Jormalainen, R Dietz, T Laaksonen, R Schulz, C Sonne,
J Sendergaard, JP Zubrod and | Eulaers (2022) Trophic dynamics of
mercury in the Baltic archipelago sea food web: the impact of eco-
logical and ecophysiological traits. Environmental Science & Tech-
nology 56:11440-11448. https://doi.org/10.1021/acs.est.2c03846

van der Jeugd H P, G Eichhorn, KE Litvin, J Stahl, K Larsson, AJ van
der Graaf and RH Drent (2009) Keeping up 2 with early springs: rapid
range expansion in an avian herbivore incurs a mismatch between
reproductive timing and 3 food supply. Global Change Biology
15:1057-1071. https://onlinelibrary.wiley.com/doi/10.1111/}.1365-
2486.2008.01804.x

Van Dorst RM, A Gardmark, R Svanbéck, U Beier, GA Weyhenmeyer
and M Huss (2019) Warmer and browner waters decrease fish bio-
mass production. Global change biology 25: 1395-1408. https://doi.

org/10.1111/gcb.14551

Winther M (1999) Bycatches of harbour porpoises (Phocoena
phocoena L.) in Danish set-net fisheries. Journal of Cetacean Re-

search and Management 1:123-135. https://doi.org/10.47536/jcrm.
v1i1.457

Vahatalo AV, K Rainio, A Lehikoinen and E Lehikoinen (2004) Spring
arrival of birds depends on the North Atlantic Oscillation. Jour-

nal of Avian Biology 35:210-216. https://doi.org/10.1111/].0908-
8857.2004.03199.x

Waldeck P and K Larsson (2013) Effects of winter water temperature
on mass loss in Baltic blue mussels: Implications for foraging sea
ducks. Journal of Experimental Marine Biology and Ecology 444:24-
30. https://doi.org/10.1016/j.jembe.2013.03.007

Wikstrom A, T Linders, M Skdld, P Nilsson and J Almén (2016) Bot-
tentralning och resuspension av sediment (Bottom trawling and
resuspension of sediment - In Swedish) Lansstyrelsen i Vastra Gota-
lands [dn 2016:36. ISSN: 1403-168X.

Williams F, R Eschen, A Harris, D Djeddour, C Pratt, RS Shaw, S Varia,
J Lamontagne-Godwin, SE Thomas and ST Murphy (2010) The eco-
nomic cost of invasive non-native species on Great Britain. CABI Pro-
ject No. VM10066.

Wysocky E, J Dittami and F Ladich (2006) Ship noise and cortisol se-
cretion in European freshwater fishes. Biological Conservation 128:
501-508. https://doi.org/10.1016/j.biocon.2005.10.020

State of the Baltic Sea
Third HELCOM holistic assessment 2016-2021

Ye S and AL Andrady (1991). Fouling of floating plastic debris un-
der Biscayne Bay exposure conditions. Marine Pollution Bulletin

Zydelis R, M Dagys and G Vaitkus (2006) Beached bird surveys in
Lithuania reflect oil pollution and bird mortality in fishing nets. Ma-

rine Ornithology 34:161-166. http://www.marineornithology.org/

article?rn=707

Zydelis R, J Bellebaum, H Osterblom, M Vetemaa, B Schirmeister,
A Stipniece, M Dagys, M van Eerden and S Garthe (2009) Bycatch
in gillnet fisheries - an overlooked threat to waterbird populations.

Biological Conservation 142:1269-1281. https://doi.org/10.1016/j.
biocon.2009.02.025

Osterblom H, BI Crona, C Folke, M Nystrém and M Troell (2017)
Marine ecosystem science on an intertwined planet. Ecosystems
20:54-61. https://doi.org/10.1007/s10021-016-9998-6

Ostman O, A Lingman, L Bergstrém and J Olsson (2017) Temporal
development and spatial scale of coastal fish indicators in refer-
ence sites in coastal ecosystems: hydroclimate and anthropo-
genic drivers. Journal of Applied Ecology 54: 557-566. https://doi.

org/10.1111/1365-2664.12719

© Pekka Tuuri


https://www.umweltbundesamt.de/publikationen/screening-study-on-hazardous-substances-in-marine
https://www.umweltbundesamt.de/publikationen/screening-study-on-hazardous-substances-in-marine
https://www.umweltbundesamt.de/publikationen/screening-study-on-hazardous-substances-in-marine
https://documents-dds-ny.un.org/doc/UNDOC/GEN/N15/291/89/PDF/N1529189.pdf?OpenElement
https://documents-dds-ny.un.org/doc/UNDOC/GEN/N15/291/89/PDF/N1529189.pdf?OpenElement
https://doi.org/10.1021/acs.est.2c03846
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2486.2008.01804.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2486.2008.01804.x
https://doi.org/10.1111/gcb.14551
https://doi.org/10.1111/gcb.14551
https://doi.org/10.47536/jcrm.v1i1.457
https://doi.org/10.47536/jcrm.v1i1.457
https://doi.org/10.1111/j.0908-8857.2004.03199.x
https://doi.org/10.1111/j.0908-8857.2004.03199.x
https://doi.org/10.1016/j.jembe.2013.03.007
https://doi.org/10.1016/j.biocon.2005.10.020
https://doi.org/10.1016/0025-326X(91)90249-R
http://www.marineornithology.org/article?rn=707
http://www.marineornithology.org/article?rn=707
https://doi.org/10.1016/j.biocon.2009.02.025
https://doi.org/10.1016/j.biocon.2009.02.025
https://doi.org/10.1007/s10021-016-9998-6
https://doi.org/10.1111/1365-2664.12719
https://doi.org/10.1111/1365-2664.12719

. State of the Baltic Sea
/ﬂs\ S e e S A Third HELCOM holistic assessment 2016-2021

Acknowledgements

The contributors to the HOLAS 3 Thematic assess-
ments and other materials underlying or enabling
this summary report are highly acknowledged.

Markus Ahola, Heini Ahtiainen, Gastén Alurralde,
Matilda L Andersson, Janne Artel, Philipp Arndt,
Philip Axe, Torsten Berg, Eva Blidberg, Mats
Blomqyist, Elisabeth Bolund, Berit Brockmeyer, Anja
Carlsson, Julia Carlstrom, Jacob Carstensen, Anne
Munch Christensen, Jan Dierking, Volker Dierschke,
Luke Dodd, Pia Eriksson, Carolyn Faithfull, Ana Filipa
Faria Lopes, Vivi Fleming, Rob Fryer, Anders Galatius,
Anita Gilles, Elena Gorokhova, Christopher Griffiths,
Johan Gustafsson, Juuso Haapaniemi, Fredrik Haas,
Axel Haldin, Birgit Heyden, Theda Hinrichs, Laura
Hoikkala, Theodor Hiittel, Antti Iho, Andres Jaanus,
Hans Mose Jensen, Marie Johansen, Sarah Josefsson,
Ville Junttila, Susanna Kaasinen, Laura Kaikkonen,
Joni Kaitaranta, Katarzyna Kaminska, Aleksander
Klauson, Natalja Kolesova, Sven Koschinski, Vasileios
Kouloumpos, Axel Kreutle, Petra Kadria, Martin M.
Larsen, Maiju Lehtiniemi, Wera Leujak, Andreas
Lindén, Urmas Lips, Stiig Markager, Markku Mikkola-
Roos, Rasa Morkiiné, Ciaran Murray, Rahmat Naddafi,
Lasse Tor Nielsen, Florent Nicolas, Henrik Nygard,
Antonia Nystrom Sandman, Eeva Nyyssonen, Johan
Naslund, Henn Ojaveer, Jens Olsson, Kylie Owen,
Anna Osypchuk, Kristine Pakalniete, Hjalte Parner,
Sara Persson, Sonja Peterson, Ksenia Pazdro, Kemal
Pinarbasi, Rita Poikane, Markus Raudkivi, Anna
Rindorf, Owen Rowe, Marta Ruiz, Hans Sanderson, For a healthy
Jan Schmidtbauer-Crona, Marco Scotti, Daiva

Semeniéné, Deborah Shinoda, Jaroslav Slobodnik, Balt|c Sea
Anne Soerensen, Stella-Theresa Stoicescu, Peter

Steehr, Jakob Strand, Isabelle Taubner, Jakob

Tougaard, Riikka Venesjarvi, Max Vretborn, Emmi

Vaha, Jana Wolf, Erik Ytreberg, Tamara Zalewska,

Orjan Ostman.

helcom.fi




HOLAS3

helcom.fi I stateofthebalticsea.helcom.fi


https://stateofthebalticsea.helcom.fi/

