The State of the Baltic Sea
Marine life, environmental problems and conservation

The fragile Baltic Sea

The fragile Baltic Sea

Cormorants are today a familiar sight along Finland’s coasts
again, though they only returned to breed here as recently as
1996, after a long absence. Their breeding numbers are now
rising faster than those of any other bird species in Finland. Finland’s cormorant population is fairly evenly distributed around
the Gulf of Finland, the Archipelago Sea and the Bothnian Sea.
photo Seppo Keränen

Marine life in the Baltic Sea is constantly changing.
Some species are thriving, while others are stable
or have declined or even become endangered. New
species are also arriving, either naturally or due to
human activities. Active conservation work can help
to preserve the Baltic’s marine life – and even bring
back some vanished species.
The return of the white-tailed eagle is a conservation success
story. In the mid 1970s the eagles’ eggs did not hatch successfully anywhere along the Finnish coast, but thanks to reduced
concentrations of toxic chemicals and declining persecution
the eagles are now breeding successfully again, with about 300
eaglets hatching every year.

The fishhook water flea Cercopagis pengoi is not a native
of the Baltic Sea, but it can thrive in warmer waters during the
late summer. Invasive alien species often arrive in ships’ ballast
water, and many can establish thriving populations in the Baltic
Sea. Fishhook water fleas can cause problems when they clog up
fishing nets and traps.
illustration Juha Flinkman

Seven marine reserves have been specially designated for
grey seals. The Baltic’s grey seal population has recovered to an
estimated 22,000. But this increase is not universally welcomed,
as fishermen feel that the growing numbers of seals are reducing
their catches.

The saltwort is an endangered plant that thrives on the
same sandy shores that attract sunbathers. Earlier this prickly
plant was often laboriously weeded out from its beach habitat,
but it is now a protected species. Protected plants like the saltwort are carefully monitored in Finland, and reserves have been
established to preserve their habitat.

photo Seppo Knuuttila

photo Terhi Ryttäri

photo Seppo Keränen
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The harbour porpoise is the only member of the whale
family that lives permanently in the Baltic Sea. About a century
ago there were some 10,000 porpoises in the Baltic, but today
there are only around 600 porpoises left in the Baltic’s southern
waters, where the The International Union for Conservation of

Nature (IUCN) classes the species as endangered. A campaign
initiated in 2001 by the Finnish Ministry of the Environment
aims to increase awareness of porpoises and encourage people to
report any sightings.
photo Antti Halkka
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The fragile Baltic Sea
Life along the shore. illustration Ilmari Hakala

The Baltic isopod Idotea balthica.
illustration Ilmari Hakala

Depths in the Baltic Sea. Samuli Neuvonen/SYKE

A unique mixture of fresh water
and oceanic water
The Baltic is a small and shallow sea, only connected to the
North Sea and Atlantic by narrow Danish straits. The exchange
of water between the Baltic Sea and the open seas is so slow that
experts reckon it may take 30 – 50 years for all of the Baltic’s
water to be replaced.
The water in the Baltic is brackish – a slightly salty mixture
of fresh water and oceanic water. Salinity levels are on average only about a fifth of those in the open oceans. The water
in the Baltic is stratified into layers with different salinity, since
heavier salty water originating from the North Sea sinks into
deeper parts of the sea. The water nearer the surface is fresher,
as it is mixed with rainwater, and fed by rivers and runoff from
the land. About three-quarters of the fresh water in the Gulf of
Finland is brought to the sea from Russia’s Lake Ladoga by the
River Neva.
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The stratification of the seawater makes it harder for oxygen
to reach the seabed, and the Baltic’s deeper waters regularly suffer from prolonged periods of oxygen depletion. This situation
can be eased by major saltwater pulses that occasionally sweep
into the Baltic from the North Sea, also bringing plenty of oxygen-rich water.
In recent decades the frequency of saltwater pulses has declined. The limited exchange of water means that nutrients and
harmful chemicals like heavy metals can remain in the Baltic
Sea for long periods.
The aquatic flora and fauna of the Baltic Sea are unique.
Freshwater and saltwater species live here side by side. The total
number of species found in the Baltic is relatively low, but some
species can be extremely abundant. Marine food chains are also
simpler than in the oceans. These factors make the Baltic’s marine life highly sensitive to changes in the environment.
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Environmental problems

Dinoflagellate algae Dinophysis.
microscope image Heidi Hällfors

Flagellate algae Chrysochromulina birgeri.
microscope image Seija Hällfors

Environmental problems
Marine life altered by eutrophication
Eutrophication is considered to be the worst ecological problem facing the Baltic Sea. This process is the result of excessive
inputs of the nutrients nitrogen and phosphorus that have been
entering the sea for more than a century due to human activities. Problematic nutrient sources include sewage, fertilised
farmland, traffic emissions, power plants, industrial facilities
and fish farms.
Every year the Baltic Sea receives nutrient inputs averaging
640,000 tonnes of nitrogen and 30,000 tonnes of phosphorus.
The country responsible for the greatest proportion of this nutrient pollution is Poland (34% of phosphorus inputs and 27%
of nitrogen inputs). Finland accounts for 10% of the Baltic’s
total phosphorus input and 11% of nitrogen input. Addition-

ally more than 200,000 tonnes of nitrogen is deposited into the
Baltic Sea annually from the atmosphere.
In recent decades nutrient pollution inputs from towns, cities and industrial facilities have declined considerably, thanks to
improvements in wastewater treatment. But attempts to curb
nutrient inputs from diffuse sources have been less successful.
In spite of reductions in nutrient loads, conditions in the
Baltic have not improved as hoped. Recovery has been slowed
by the release of phosphorus from oxygen depleted sea-floor
sediments, in a phenomenon known as internal loading, which
can also feed algal growth. In some years internal loading levels
can exceed the external loads of phosphorus entering the sea.

Industry, traffic, agriculture and diffuse nutrient pollution sources are the most significant contributors to eutrophication in the Baltic Sea. photos Riku Lumiaro

6

Bladder wrack and filamentous algae in the littoral zone of the Archipelago Sea. photo Riku Lumiaro

In Finland’s marine waters eutrophication has most affected
the Gulf of Finland and the Archipelago Sea, whereas conditions in the Gulf of Bothnia remain favourable. The largest
single source of phosphorus inputs into the Gulf of Finland
is the city of St Petersburg. The current scheme to enhance
phosphorus removal at St Petersburg’s sewage treatment plants
is the most important single project with regard to the state of
the Gulf and the whole of the Baltic Sea. On completion these
improvements should cut phosphorus inputs into the Gulf
by almost 30%, and considerably reduce the intensity of algal
blooms.

The most significant source of the nutrient loads entering Finland’s coastal waters is agriculture, which accounts for
almost half of all phosphorus inputs and about a third of nitrogen inputs. The Archipelago Sea could particularly benefit from
reductions in agricultural nutrient pollution. But to reduce the
amounts of nutrients entering coastal waters from farmland,
much more effective actions will need to be taken than in recent
years.

Dinoflagellate algae Prorocentrum minimum.
microscope image Seija Hällfors
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Good algae and bad algae

Algal samples under microscopic observation in the lab of the research vessel Muikku. photo Seppo Knuuttila

Toxic blue-green algae Nodularia spumigena.

A seabird’s-eye view of an algal bloom.

microscope image Seija Hällfors

photo Finnish Border Guard

Good algae and bad algae
Algae vital to marine ecosystem
Algae form the basis for marine life in the Baltic, as the marine
ecosystem’s primary producers. They range from free-floating
phytoplanktonic microalgae to the much larger macroalgae that
grow visibly on the surface or anchored to the sea-floor along
the shoreline. Using vital nutrients – most importantly nitrogen
and phosphorus – together with water, carbon dioxide and sunlight algae produce new organic material to feed entire marine
ecosystem.

Too much of a good thing
But over the years excessive quantities of nutrients have been
entering the Baltic Sea and accumulating in its sediments, accelerating the growth of prolific forms of algae. The increased
sliming of rocky shores, jetties and fishing equipment is a clear
sign of worsening water quality. Mass blooms of planktonic algae have also intensified and become more widespread.
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Spring blooms and summer blooms
Intense algal blooms particularly form in the Baltic Sea in the
spring or late summer, but they may also appear in autumn.
Springtime blooms are more intense than summer blooms,
since there are plenty of nutrients available in the water after the
thaw, as well as abundant light.
Intense summer algal blooms are usually caused by bluegreen algae – also known as cyanobacteria since they are in fact
bacteria that behave like algae within plankton communities.

Toxic varieties of blue-green algae
Dozens of species of blue-green algae are found in the Baltic
Sea, but only two species typically form extensive algal blooms.
Blooms of Nodularia spumigena produce the liver toxin nodularin. Blooms of Aphanizomenon flos-aquae are not toxic.
If blue-green algae are clearly visible in the water, people
are advised not to swim or use the water for washing, for cooking, or in the sauna. Swallowing water containing blue-green
algae can lead to nausea and other symptoms of poisoning. The
toxins produced by Nodularia can particularly build up in the
livers of flounders and in mussels.

Phytoplankton species found in the Baltic Sea. illustrationIlmari Hakala

New threats

Early on Sunday 9th January 2005 the waters of the Gulf of Finland flooded many low-lying coastal areas including Helsinki’s market square,
where a record high tide 151 cm above mean sea level was experienced. photo Riku Lumiaro

New threats
Climate change reshaping ice conditions,
precipitation and nutrient inputs from land
Experts expect the climate to warm around the Baltic Sea by
3 – 6 degrees Centigrade over the next century due to the ongoing steep increase in atmospheric carbon dioxide concentrations. Climate warming will have many consequences on the
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Baltic Sea. It is expected that the Baltic will turn to be warmer,
fresher and less icy sea in the future.
Milder winters will change ice conditions, and the winter
ice cover may shrink by 50 – 80% by 2100. During the mildest
winters ice might only form in the Bay of Bothnia. Surface seawater temperatures may rise by some 2 – 4 degrees.
Global warming will also raise sea levels worldwide. This

Winter storms, ice-free seas and periods of heavy rain in winter as well as summer have already increased storm damage and nutrient leaching. During the winter
of 2007/2008 the Gulf of Finland did not freeze over at all, and winter storms raised sea levels alarmingly. Floods along the River Vantaa in July 2004 turned the
water brown off the river’s mouth in Helsinki, and washed enormous quantities of nutrients into the sea. photos Riku Lumiaro

factor must already be considered by planners throughout society. In the Gulf of Finland the average rise in sea level may be
cancelled out by ongoing land uplift. Windier conditions and
reductions in winter ice cover extent could lead to greater shortterm fluctuations in sea levels, however.
Heavier winter precipitation will increase the amounts of
nutrients leaching from forests and fields into watercourses and

the sea. Higher rainfall will also further reduce the salinity of
the Baltic Sea, leading to a decline in marine species. Rising
concentrations of carbon dioxide will meanwhile gradually
make the Baltic more acidic.
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Maritime safety and oil spill risks

Accidents involving ships carrying oil are always costly. Transferring oil from a damaged vessel to another tanker costs about a euro per litre. Recovering spilt
oil from the water costs tens of euros per litre, and the costs of collecting oil from shores are at least a hundred euros per litre, depending on the extent of the
damage. photo SYKE

Intensifying shipping
Forecasts and warnings vital
for maritime safety
Maritime safety risks are increasing in the Baltic Sea as shipping
intensifies and climate change makes extreme weather events
more frequent. Maritime safety services such as storm and surge
forecasts and models for the drift of oil spills are being developed continuously.
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Boaters can obtain vital information on weather conditions
from special bulletins provided for shipping. Information is also
provided on sea levels and wave conditions in all of the marine
waters around Finland’s coasts. Winter ice conditions are also
closely monitored to produce up-to-date bulletins and forecasts.
The Finnish Meteorological Institute constantly applies advanced atmospheric and marine modelling procedures to help
provide round-the-clock bulletins, forecasts and maritime safety
services.

The risk of a major oil spill in the Gulf of Finland is increasing as oil tanker traffic
intensifies. Cleaning up oil pollution is particularly problematic in icy conditions.
photo Ilkka Lastumäki

Busy oil tanker traffic in the Gulf of Finland
The Gulf of Finland is today an internationally significant route
for oil transportation. About a quarter of the oil produced in
Russia is shipped through the Gulf, mainly destined for Western Europe. Oil tanker traffic has kept on rising regardless of
wider economic trends. When further new oil terminals are
opened at the Russian end of the Gulf of Finland, the amounts
of oil shipped may increase from around 145 million tonnes to
as much as 250 million tonnes.
In recent years maritime safety has been enhanced thanks
to the improved monitoring and control of shipping from land
based stations, and tougher international regulations on the
structures of ships. But the risk of a serious oil spill in the Gulf
of Finland is still significant.
Accidents are particularly likely in challenging ice conditions. As part of HELCOM’s international Baltic Sea Action
Plan the coastal countries around the Baltic have all resolved to
promote improvements in maritime safety in icy waters. Cooperation on combating pollution has also been enhanced. Several
coastal countries have procured or are planning to acquire new
pollution combating vessels and pollution monitoring aircraft.

Although climate change may reduce the future extent of winter ice
cover, ships in the northern waters of the Baltic Sea will still often depend
on assistance from ice-breakers. photo Riku Lumiaro
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Toxic chemicals and alien invasive species

Invasive alien species
1.
2.
3.
4.
5.
6.
7.
8.
9.

New Zealand mud snail Potamopyrgus antipodarum
Zebra mussel Dreissena polymorpha
Bay barnacle Balanus improvisus
American polychaete worm Marenzelleria viridis
Fishhook water flea Cercopagis pengoi
Dinoflagellate algae Prorocentrum minimum
Chinese mitten crab Eriocheir sinensis
Round goby Neogobius melanostomus
Soft-shelled clam Mya arenaria

Blue-green algal blooms evidently disrupt the breeding and growth of fish. photos Riku Lumiaro

Toxic chemicals and alien
invasive species
Chemical pollution in decline,
but toxic algae still abundant
The sediments on the bed of the Baltic Sea contain considerable
traces of pollution from earlier decades, including heavy metals
and radioactive caesium-137 released during the Chernobyl accident in 1986.
Some heavy metals are vital as trace elements in our diet,
but in higher concentrations they can be toxic. Emissions of
heavy metals from industrial sources are generally concentrated
in sediments near the industrial facilities that released them.
The loads of heavy metals brought into the sea by rivers are
distributed more evenly, and are many tens of times higher than
industrial emissions. Most of these riverine loads originate from
soil runoff.
The highest concentrations of heavy metals in Finnish waters have been measured in sediments from the Bothnian Bay,
where considerable emissions from nearby coastal industrial
facilities accumulated in past decades. Concentrations are also
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high in sediments in the eastern Gulf of Finland, mainly due to
emissions from nearby St Petersburg. Heavy metal concentrations in fish declined significantly during the 1990s.
Thanks to bans on the use of DDT and PCBs, the concentrations of these organic pollutants in fish and seals have also
fallen. Concentrations of DDT in Baltic herring are now very
low, for instance. The most worrying chemical pollutants are
dioxins, and people who eat large quantities of Baltic fish such
as herring and salmon may be exposed to related health risks.
Oil concentrations in surface waters have remained below
threshold limits and have declined slightly in many areas.
Summer blooms of blue-green algae (cyanobacteria) are
problematic in the Baltic Sea, where they produce peptide liver
toxins that can become abundant in water, particles, shellfish
and fish such as flounder and to some extent Baltic herring.
Some of these toxins can survive in organisms through the winter. Other algae including many dinoflagellates and flagellates
can also produce toxins.
Alien invaders. illustration Ilmari Hakala

Newcomers becoming established
in the Baltic
Invasive marine species can easily hitch a free ride into new waters on ships’ hulls or in their ballast water. More than 20 alien
species have become established around Finland’s coasts. Over
the last decade eight new invaders have been spotted in the
Gulf of Finland alone. Of these species the American polychaete worm Marenzelleria viridis, the Caspian mysid crustacean
Hemimysis anomala, the zebra mussel (Dreissena polymorpha)
and two fishhook water flea species (Cercopagis pengoi and
Evadne anonyx) have become established. It is not yet clear
whether two crustacean invaders, the rockpool prawn (Palaemon elegans) and the amphipod Gammarus tigrinus, will also
become permanent Baltic residents.
Both native and non-native species of ctenophores, or
comb jellies, can be found in the Baltic Sea. They have become

more abundant in Finnish waters in recent years, but it is not yet clear
whether these comb jellies are all of the same species, or whether they
include populations of American or Arctic species.
Fish species newly arrived in Finnish waters include the round goby
and the Prussian carp. Experts believe that both species may become established due to their favourable reproductive capacities.
Non-native species can enrich naturally species-poor Baltic ecosystems if they do not out-compete native species. Exotic species have to
compete for food and territories, and they
can affect ecosystems in ways that may not
be immediately obvious. The spread of invasive species is closely monitored, since such
trends can have surprising ecological and
economic repercussions.
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Research

photo Tero Pajukallio

photo Ilkka Lastumäki

Muikku, the research vessel of the environmental administration, surveys conditions
in Finland’s coastal waters each summer.

Marine research can be carried
out all year round on the
research ship Aranda.

The research vessel Aranda is also fitted with bulky and robust
research equipment including CTD probes and wave buoys.
photos Ilkka Lastumäki and Henry Söderman

Research
Problems in the marine environment
require multidisciplinary studies
One crucial goal of Baltic marine research is to provide information and expertise on environmental issues to help decisionmakers. It is not possible to design measures to improve the
state of the sea without reliable, up-to-date and multidisciplinary research data.
In Finland, answers to questions related to problems in the
marine environment are sought jointly by research institutes including the Finnish Environment Institute (SYKE), the Finnish
Game and Fisheries Research Institute, the Finnish Meteorological Institute and the Geological Survey of Finland, as well
as universities including Helsinki, Turku and Åbo Akademi. All
these organisations are also involved in active co-operation with
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institutes and universities abroad.
SYKE’s Marine Research Centre conducts a wide range of research on the functioning of ecosystems in coastal waters and the
open sea, on marine biodiversity, and on the state of the sea and
the factors that shape it. The impacts of our society on the sea
both today and in the future are assessed through multidisciplinary research aided by SYKE’s wider expertise and research findings. Such studies can usefully integrate considerations related to
environmental policies and economics into recommendations on
marine issues, necessary protective measures, and evaluations of
the effectiveness of actions.
Important elements of the centre’s work include the measuring of loads entering the Baltic Sea, and research into the
impacts of these inputs. Findings are widely publicised and
reported for target groups from the general public and Finnish

Sediment samples from the Gulf of Finland on Aranda. The equipment illustrated on these pages is used on board the two
marine research vessels Muikku and Aranda. photo Riku Lumiaro

decision-makers to key international stakeholders including the
EU and the Baltic Marine Environment Protection Commission
(HELCOM).
The Finnish Meteorological Institute also studies various aspects of the Baltic Sea, including air-sea interaction, the impacts
of ice cover on the global radiation balance, the capacity of the

sea to absorb carbon dioxide, and the structure and dynamics of
marine ecosystems. Observations are used to help develop new
models, to reduce uncertainty in marine and weather forecasts,
and to gain more information on the impacts of climate change
in the Baltic Sea. Such models also facilitate assessments of the
effectiveness and cost-efficiency of measures to protect the sea.
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Solutions
The catchment area of the Baltic Sea, shaded dark on the
map, is home to some 85 million people. image GRID-Arendal

Solutions and actions
to ease the Baltic’s
problems
International cooperation
The Baltic Sea is affected by human activities in all of the countries around its shores, so cooperation plays a vital role in protecting the marine environment and solving related problems.
The Helsinki Convention on the protection of the Baltic marine environment was signed in 1980, establishing the
Helsinki Commission (HELCOM), through which all of the
coastal countries and the EU cooperate on related issues.
HELCOM’s international Baltic Sea Action Plan aims to
restore the sea to a good state by 2021, by addressing key issues
including eutrophication, hazardous substances, threats related
to shipping, and the conservation of marine biodiversity.
Measures include maximum limits agreed for each coastal
country’s emissions of nitrogen and phosphorus, aiming to curb
eutrophication. Finland has separately resolved to reduce nutrient loads in the Archipelago Sea to levels lower than international commitments would require.
Finland has long been involved in Nordic cooperation to
benefit the Baltic Sea, through the Nordic Council of Ministers and the EU’s Northern Dimension Programme. Finland
also participates in the Council of the Baltic Sea States (CBSS),
which has its own Baltic 21 programme that aims to promote
sustainable development.
The EU works to protect all European seas. The Water
Framework Directive requires protective measures and reductions in pollution loads in the catchment area of the Baltic Sea,
and a wide-ranging EU marine strategy aims to ensure that all
Europe’s seas are in a good state by 2020. The EU has also developed a separate Baltic strategy whose aims include a clean sea
and an economically thriving Baltic region.
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Finland is also committed under other international conventions to promote the conservation of biodiversity in the Baltic Sea, to reduce releases of harmful and hazardous substances
into the sea, and to conduct environmental impact analyses for
various significant projects. The International Maritime Organisation (IMO) additionally works to protect the marine environment against the harmful impacts of shipping.

Regional cooperation
Finland supports many environmental projects in Northwest
Russia, aiming to reduce harmful impacts in Finnish marine
waters and the Baltic as a whole. These projects address vital issues including wastewater treatment in St Petersburg, harmful
loads from settlements and farms, risks related to oil transportation, the management of hazardous substances, and nature
conservation.
Collaboration to mitigate climate change is also being enhanced. Projects seek to apply Finnish environmental technolo-

National borders have no significance in marine ecosystems. The Port of Helsinki is visited by passenger ferries and cruise ships
from many countries. The sea can be effectively protected only through international cooperation. photo Ilkka Lastumäki

gies and expertise, promote training, tighten the monitoring of
emissions, and enhance environmental legislation.

Finland’s protection policies
Finland’s national protection policies particularly strive to improve conditions in coastal waters. Finland´s Programme for
the Protection of the Baltic Sea, accepted in 2002, strives to
reduce eutrophication and improve the state of marine waters
and ecosystems, while preserving the biodiversity of marine and
coastal habitats. The programme also aims to reduce risks related to hazardous substances and the transportation of oil and
chemicals.
The programme was subsequently supported by a new set
of water protection guidelines (Finnish Government decisionin-principle on Water Protection Policy Outlines to 2015) issued by the government in 2006 for application until 2015.

How everyone can help the Baltic Sea
Everyone can play their part to help to improve conditions
in coastal waters and the whole of the Baltic Sea:
• Make sure your wastewater is suitably managed.
• Use phosphorus-free detergents and do not allow detergents to
get into the seawater.
• Use dry toilets and compost toilets wherever possible.
• Always empty on-board toilets into the special tanks provided
at harbours.
• Reduce your meat consumption and eat more vegetables.
• Urge local authorities to remove nitrogen during wastewater
treatment, even in inland regions.
• Take harmful and hazardous wastes to special collection points.
• Do not use motorboats or water scooters excessively, especially
during the nesting season.
• Collecting any rubbish you see on the shore.
• Find out about the views of your MP and MEP on issues related to the Baltic Sea.
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Up-to-date information on the Baltic Sea
•
•
•
•

www.balticseaportal.fi
www.balticseaportal.fi -> Baltic Sea Now
www.environment.fi/balticsea
www.fmi.fi/weather

National algae watch
• www. balticseaportal.fi
-> Baltic Sea Now -> Algae information
• www.environment.fi/algalsituation

Report any pollution incidents to the emergency services (in
Finland tel. 112), who will evaluate the seriousness of the damage and contact the relevant authorities. If you notice oil on the
water or the seashore, contact the coastguards’ radio service, the
sea rescue centre, the emergency services or the police, who will
then inform the duty officer of the Finnish Environment
Institute (SYKE).
• Information about oil spills and oil and chemical pollution
prevention in the Baltic Sea:
www.environment.fi/oil
• Volunteer to help with clean-up work in case of an oil spill:
www.wwf.fi
• Statistics on oil pollution and pollution prevention around
the Baltic Sea: www.helcom.fi

Curbing eutrophication
• Information on wastewater treatment in rural areas:
www.environment.fi/onsitewastewater
• Waste management advice for boaters:
www.pidasaaristosiistina.fi

Protecting the Baltic Sea
• www.environment.fi -> Environmental protection
-> Water protection -> Protection of the Baltic Sea
• www.balticseaportal.fi

Ministry of the Environment
Kasarmikatu 25
PO Box 35, 00023 Valtioneuvosto
Tel. +358 20 610 100
www.environment.fi/ym

Finnish Environment Institute
Mechelininkatu 34a
PO Box 140, 00251 Helsinki
Tel. +358 20 610 123
www.environment.fi/syke

Finnish Meteorological
Institute
Erik Palménin aukio 1
PO Box 503, 00101 Helsinki
Tel. +358 9 192 91
www.fmi.fi
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