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Life in water is often given low priority when talking about
environmental concerns. However, there are reasons
to challenge this. Water is the recipient of pollutants
and there is thus environmental impacts on life in water
at an early stage. Marine fauna and flora often provide
our first evidence of impact. The are  several examples
in the Baltic Sea.

One example is the effect of PCBs. During the 1970s
and 1980s, the grey seals of the Baltic Sea, once present
in some 100,000 individuals, were threatened with
extinction. The large spectrum of damages, which often
made the animals sterile, was devastating. Research finally
made it clear that the cause was accumulation of PCBs in
their bodies as a consequence of their very specialised
diet of fish, mostly fish with a high fat content. This was
the starting point for the banning of PCBs. Without this
effect, PCBs may have stayed in the environment until
hitting people to a much greater extent. Human beings
are also quite sensitive to this industrial pollutant.

The Baltic Sea is very special, not least because of
its fauna and flora. Since its formation about 7,000 years
ago, or since its salt concentration was fixed to the levels
of today about 3,000 years ago, its brackish water has
blocked the immigration of a large variety of species.
The Baltic Sea is therefore species-poor but the species
present are often found in large numbers. This makes
the Baltic Sea more sensitive to pollutants. The Baltic
Sea ecosystems are not robust since there are often
no reserve species that can replace a damaged species.

The Baltic Sea environment has been studied for a
long time. In fact, the monitoring records of the Baltic
Sea perhaps cover the longest period of time of any
sea. These records allow extensive study of its ecology.
In addition, marine ecology has certain advantages as
compared to terrestrial ones. Its systems ecology, flows
of energy and matter, is often better defined. Further,
the life forms at the bottom of the Baltic Sea have been
studied for close to 100 years. The effects on the Baltic
Sea flora by excess nutrients, especially the coastal
algal belt, by excess fertilisers from agricultural fields
and exhaust from power production and car traffic,
have been studied carefully.

There are also other aspects of the Baltic Sea.
One is that the Baltic Sea was and is very rich in fish,
in fact one of the richest in the world. Until the early
1990s it had a yearly catch close to 1,000 million
tonnes. Today, populations of cod and salmon have
been fished too heavily. The means to improve the
situation consist both of regulation and environmental
protection.

We may also study the Baltic Sea biology only
because of its beauty, because of its uniquely vivid bird
life, where there is a larger share than anywhere else
of migrating birds; because of its archipelagos with
thousands of islands with fields of flowering orchids in
the spring; and because of its seals, once present in
hundreds of thousands, and still give these northern
waters their special character.

Authors of this chapter
Lena Kautsky, main author; Sören Svensson, sections on birds.

“Assume that a private company owned the Baltic Sea. Would they catch
cod below a kilo? And vacuum-clean the sea for herring, the basic feed of
the cod to make animal fodder? Of course not. It would be incompetent,
an efficient way to liquidate oneself. But this is exactly what is happening
in our waters. The cod disppears and statistics show that many other
species are on decline. As a biologist and inhabitant of the coast I am
deeply concerned about the negative trend in biological diversity and the
threat against species and the ecological web.”

Stefan Edman, commenting on the present fishing fleet in the Baltic
Sea. Stefan Edman is an environmentalist, author and advisor to the
Swedish government regarding sustainable development strategies

(Edman, 2000.)
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LIVING IN THE BALTIC SEA

Life in the water
The main part of the surface of the earth, 70%, is covered by water, and most of
this is salty, with a stable salt content of about 3.5% or 35‰ (Chapter 2). These
environments are called marine, as opposed to the fresh water systems (i.e.
with essentially no salt) called limnic systems – mainly lakes and rivers. Life
once originated in the water, and water is still an element essential to all life on
Earth. Many marine animals still depend heavily on the aquatic environment
for reproduction and distribution of their offspring and have free-living larval
stages. Organisms, both animals and plants, are able to live in the water without
the specialised supportive structures needed by organisms that inhabit the land.
At the same time, many mobile marine organisms are streamlined which enables
them to move efficiently through the water.

Water is one of the most peculiar natural compounds. Many substances are
soluble in water; others can be suspended in water, such as oil drops and solid
particles. In this way, water and aquatic environments function as transporting
media for nutrients, pollutants, dead organic matter, and living organisms.
Organisms that live in the water are more or less permeable to dissolved
substances, including nutrients, essential elements, and pollutants.

Substances not soluble in water, e.g. oil and fat and many other organic
compounds, stay on the surface of the water and sometimes form a thin cover.
In fact, practically all lake and sea surfaces have at least some such substances
that form an extremely thin, sometimes monomolecular film of non-soluble
substances. Many of these, such as pollutants from oil spills, are toxic to life
forms.

In northern latitudes water freezes during winter. The solid form of water,
ice, is lighter than the liquid and floats. Thereby the rest of the water becomes
insulated and the freezing slows down. An even more unusual property of the
water further helps it to stay liquid during winter. Water has a maximum density
at +4 °C. Colder, heavier water continuously sinks to the bottom while the
warmer water goes to the surface and is cooled off and thus the entire volume
has to be chilled off before freezing can start.

One of the many special properties that marine animals have is the capacity
to extract dissolved oxygen from water. Oxygen can be dissolved in a
concentration of about 10 mg oxygen per litre of water. Animals are thus able to
“breathe” in the water, but of course if the oxygen content decreases they may
suffocate and die. Oxygen is normally not a limiting factor in the upper part of
the water column, but may be at larger depths.

Marine ecosystems
Marine organisms represent all kinds of life forms. Sea grasses and algae have
a role in the sea that corresponds to that of the green plants on land. Microscopic
organisms, e.g. bacteria and plankton, are basic to the systems. A multitude of
invertebrate animals are found. The dominating group among vertebrates is
fish, but the largest vertebrate now living, the whale, is also found in marine
environments. Salinity has a profound effect on the number of species in aquatic
environments (Figure 6.2). The largest number of species is found in marine
environments of high salinities. High diversity also occurs in fresh water, while
brackish waters are species poor (Kautsky and Kautsky, 2000).

Marine ecosystems are not uniform. On the contrary, they are at least as
varied as the land environment with which we are more familiar, with many

Figure 6.2. Species diversity and salinity. Diversity,
the number of species (vertical axis), in aquatic
environments is critically dependent on salinity of the
water (horizontal axis). The largest number of species
is found in fresh water and marine environments of
high salinity, while brackish waters are species-poor.
(Redrawn from Remane, 1934.)

Figure 6.1. Studying marine life. A marine biology
research vessel from Kristineberg research station on
the west coast of Sweden has a catch to study on board.
(Photo: L. Pihl.)
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Figure 6.3. Overview of marine and related
ecosystems. Coastal systems consist of the areas above
the coasts (epilittoral), the coastline (littoral), and the
ecosystems immediately below the water line
(sublittoral). The littoral systems are influenced by the
sea through e.g. flooding and increased salinity. The
sublittoral systems are influenced by the coast through
access to nutrients and light, which are critically
important for instance for the reproduction of fish.

The bottom (benthic) systems consist of the hard
or rocky bottoms, without sediments, and soft bottoms
with sediments. In the bottom sediment animals live
on organic material that sinks from surface water to
the bottom. There is not enough light to allow much
plant life.

The open water systems are called pelagic. Here
there is also considerable biological activity, consisting
of free floating microscopic organisms and higher life
forms, especially fish. The top few meters (euphotic
zone) is where light can penetrate, allowing
photosynthesis and thus biological production. Below
this depth, in the aphotic zone, there is no light and
thus no biological production, and little life. (Drawing
by Camilla Bollner.)

different niches for animal and plant species to occupy (Figure 6.3). In open
water, the so called pelagic systems, special environmental conditions prevail
and organisms living in the open water system have evolved many different
characteristics enabling them to float and drift with the water, not sedimenting
to the bottom. Other organisms and communities are found at the bottoms, called
the benthic systems. Soft bottoms are different from rocky or hard bottoms.
Further, all these different communities have marked changes with increasing
depth. These physical differences combined with a wide range of salinities and
temperature regimes occurring along the coasts, in shallow and in open water
as well as on deep soft bottoms, present a varied environment for living organisms
to occupy.

The marine environment and the organisms living in the Baltic Sea set many
restrictions to exploitation by people, which have been passed for example in
the form of over-fishing and pollution. Depending for instance on the production
capacity in different parts of the Baltic Sea, i.e. based on the different amount
of light and seasonal changes in temperature and salinity, the total amount of
fish produced and the amount that can be harvested from the sea is limited. The
current environmental status, and major problems arising from human impact
and use have been presented and summarised by Kautsky and Kautsky (2000).

Salinity and species diversity
As compared to fully marine environments, the brackish Baltic Sea, with its
low salinity that has been unaltered for only about 3,000 years, has a relatively
low diversity of both flora and fauna (Figure 6.4). The number of marine species
found starts to decrease dramatically as one goes through the Danish straits into
the Baltic Sea proper and then continues to decrease up to the Finnish Bay,
through the Archipelago Sea into the Bothnian Sea, and finally the Bothnian
Bay. Only some 70 species of macroscopic animals are still found in the central
parts of the Baltic Sea, compared to the 1,500 found on the Norwegian coast.
Of about 320 macroalgal species, about 90 remain in the northern part of the
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Baltic Sea proper, the Gulf of Finland, and the Bothnian Sea. Very few species
are able to live and grow in the Bothnian Bay. Due to the low salinity the
proportion of freshwater species is high.

The reduced species diversity in relation to salinity stress and physical
disturbance is thus obvious along the Baltic Sea gradient. The continuously
decreasing salt concentration, the salinity gradient, is the main reason for
this poverty of life forms. Only very few of the marine organisms, adapted
to a salt content of 35‰, are able to regulate the water content in their cells
when the osmotic pressure changes due to the diminishing salt. The decrease
in the salinity also influences the morphology and reproduction of e.g.
marine algae, resulting in dwarf forms without reproduction. There are also
specific environmental consequences. Since the number of species in the
Baltic Sea is low compared to fully marine systems, the number of “stand-
ins” capable of filling the niche of an excluded species is small or even
zero. The risk that whole life functions may be excluded because of
environmental disturbances is therefore great.

Kattegat is biologically quite different from the Baltic Sea south of the Danish
straits. Kattegat has a rather intense exchange of water both with the North Sea
and the Baltic Sea proper. At the coast of Kattegat, the water is almost estuarine,
especially in the bays of the inner archipelago. Compared to the fully marine
water of the Atlantic, ca. 32‰, the salinity may vary by between 15 to 30‰
during the year. It therefore more or less functions as an estuary to the North
Sea, and many typically marine species e.g. sea anemones, sea cucumbers, sea
stars, and so on are found along its coasts. There is much more biological diversity
in Kattegat. Even if species are exposed to less salinity variation in the Baltic

Figure 6.4. Biology of the Baltic Sea. Salinity and
temperature conditions are decisive for the number of
species in the Baltic Sea. The solid lines are salinity
iso-halines with salinity given in parts per thousand at
each line. Figures in squares are the average number
of days with ice cover in shallow areas.

The number of macrofauna species in each area
are given in circles. In the fully marine environment
on the Swedish west coast, a total of 1,500 species
have been identified. Already in the slightly less saline
Kattegat this figure has decreased to 836. In the
brackish Baltic Sea the figures go from 145 in the Belt
Sea in the south to 52 in the Bothnian Sea in the north.

The drawings show distribution limits for some
of the common species. While a typical marine spe-
cies such as the sea star is only found in the southern
end, the flounder Platichtys flesus go to the Archipelago
Sea; and the most characteristic Baltic Sea species, the
bladder wrack, Fucus vesiculosus, and the bivalve
Macoma baltica are found in the entire area. (From
Jansson, 1972. Drawing by Camilla Bollner.)
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Figure 6.5. Factors important for bioproduction on
the Baltic Sea coasts are heat, coastal length, and
shallowness. These conditions are shown along the full
north-south length of the Baltic Sea (54o-66oN latitude).

In the upper diagram (A) heat is expressed as annual
degree-days (vertical left) and annual insulation (vertical
right). The degree days are calculated as the sum of all
products of degrees multiplied by days at a 10 m depth
over the year. In the lower diagram (B) the coastal length
(vertical left) is calculated as coastal length per degree
latitude, and coastal slope (vertical right) expressed as
percentage slope on the first 10 meter of water.

With higher temperature and more shallow and
winding coast, the larger the primary production. (After
Kautsky, 1991.)

Sea compared to the large variations in the Kattegat, the stress is higher to
specimens living at a constantly low salinity level.

Temperature and winters
Temperature also influences life in the Baltic Sea (Figure 6.5 A). The annual
insulation in the water of the Bothnian Bay is about 30% and the number of
degree-days in the depth interval (mean 0-10 m) is 65% (Figure 6.5 A) of the
values estimated for the southern part of the Baltic proper. The low salinity
gradient is paralleled by a short productive season of only 4-5 months. In the
far north of the Bothnian Bay there is up to six months of ice cover, while the
productive season in the southern sounds and Kattegat is 8-9 months. In some
instances temperature rather than salinity is the factor limiting any further
penetration of marine organisms into the Baltic Sea. Surface water temperatures
show about the same range from -2 °C in the winter period to around +25 °C
during summer, but the length of the warm water period and growth season
decreases from the south to the north.

The shoreline
The length of the shore is also important for how much benthic production can
take place (Figure 6.5 B). In the Swedish Baltic Sea coast, 64% of the total
shore line (i.e. 16 ,700 km) occurs in the Baltic Sea proper, 29% in the Bothnian
Sea, and 16% in the Bothnian Bay (Kautsky, 1991). The archipelago of
Stockholm, of Åland, and the Finnish Archipelago Sea are very important areas
for production just because they have a long coastline. The total biomass
produced in an area depends on how large a part of the area is shallow enough
for primary production (Figure 6.5 B). These, in combination with the salinity,
light, and temperature conditions decide what species are able to grow and
reproduce.

Species living in the uppermost zone along the shoreline of the Baltic Sea
are also exposed to fluctuating water levels. The daily tidal difference in the
Baltic Sea is almost negligible. Changes in the weather, however, cause large
irregular differences in the water levels in all the coastal areas, depending on
the air pressure, direction and strength of wind, and time of the year. The water
level can vary by up to 1 m along the coasts. In spring there are often quite long
periods of low water, during which the benthic animals and plants might be
killed by freezing and/or desiccation, while in autumn long periods of high
water often prevail.

The short evolutionary history of the Baltic Sea
Since the Inland Ice of the last glaciation started to recede from Scandinavia
some 15,000 years ago, the Baltic Basin has changed several times between
freshwater and marine conditions (Chapter 4). The present connection through
the Danish straits was established 7,000 years ago. The present conditions of
low salinity have prevailed for some 3,000 years.

The life forms of the Baltic Sea are all immigrants from the neighbouring
regions. They arrived to the Baltic Sea during different periods and then either
survived or disappeared due to the changing conditions. Three such different
types of immigrants can be distinguished.

First there are the marine organisms from the estuaries, shallow coastal areas,
in the Atlantic and North Sea. These are adapted to fully marine (salt
concentration in excess of 30‰) or brackish water. To this group belong the
algae bladderwrack, the blue mussel, and the fish sprat and cod. The second
group of immigrants consist of the freshwater fauna and flora from lakes in
continental Europe, e.g. the filamentous green algae Cladophora glomerata
and the fish perch and pike. These first two groups are poorly adapted to cold



 LIFE IN THE BALTIC SEA  155

water conditions which results in a low number of species on deeper bottoms.
This is opposite to the situation in marine waters where the species richer
communities are normally found in the deeper areas.

The third group is small and consists of glacial immigrants that arrived from
different directions. The arctic marine or brackish water species that arrived
from east and the north contain e.g. large isopod species Saduria entomon and
the freshwater shrimp Mysis relicta. Another few glacial immigrants apparently
came from the west. They are also arctic marine organisms, but since they do
not survive in fresh water they must have come through the westerly route.
Examples are the brown algae Sphacelaria arctica and the clam Macoma
calcarea. It has recently been discovered that some of the Baltic Sea species are
close relatives to North American species, such as the common blue mussel
Mytilus edulis. This will probably lead to changes in our view of the
biogeographical history of the Baltic Sea.

Many of the organisms in the Baltic Sea, coming both from fresh water and
marine areas, are not able to grow to the same size as in their original
environment. A typical example is the Baltic herring, which is a small form of
the Atlantic herring. Also the blue mussels in the Baltic Sea never reach the
same size as those found along the coast of Kattegat. Similarly, the freshwater
snail Theodoxus fluviatilis is smaller in brackish environments, as are almost
all red macroalgae from the North Sea. Still, these species of fauna and flora
have been able to adapt to a life in brackish water in several ways. For example,
many marine algae have thicker cell walls when living in the Baltic Sea to keep
the right salinity level in the cells (Russell, 1987).

It seems unlikely that the Baltic Sea contains any endemic species since the
sea has not existed long enough for new species to evolve. Almost all of the
organisms have been shown to be either little-studied sub-species or
taxonomically difficult groups found elsewhere (Nielsen et al., 1995). This is in
sharp contrast to the Mediterranean Sea, where 40% of the plant species are
considered as endemic and thus have been present for a long time.
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MARINE BIOLOGY

Main groups of life forms in marine and brackish waters
Marine ecosystems have a great variety of animal and plant species. The main
groups of marine plants occurring in the Baltic Sea are algae, macro and micro-
algae. These are cryptogams, which do not have flowers and root systems but are
instead attached to the bottom with a holdfast. The term seaweed traditionally
includes only macroscopic, multicellular marine green, brown, and red algae. All
of these groups also have microscopic species. All seaweeds may at some stage in
their life cycle be unicellular and microscopic, e.g. as spores or zygotes. The names
of the divisions and classes of algae often contain a reference to the colour of the
organisms included in them: Cyanophyta (blue green algae), Rhodophyta (red
algae), Chrysophyta (golden algae), Phaeophyceae (brown algae) and
Chlorophyta (green algae). The chemical nature of the storage products and
cell wall give the plant its colour and also separate the various algal groups.

The algae, like all plants, are photosynthetic and depend on sunlight for
their growth. A specialised group of algae are the Charophytes, having root-like
structures anchoring them in the sediment.

The few species of marine sea grasses that occur in the Baltic Sea together
with other higher submerged aquatic freshwater plants are phanerogams, which
have flowers and roots but less supportive structures in their stems compared
to land living phanerogams (see Review Box 6.1: Facts on macroalgae, mosses,
lichens, and sea grasses).

The main groups of marine animals found in the Baltic Sea are invertebrates,
animals without backbones. Among these we find the largest and most varied
animal groups. Here we will only describe five groups with important
representatives in the Baltic Sea (see Review Box 6.2: Facts on invertebrates).
The most important non-marine invertebrate group are the insects, whose larvae
can be found mainly in the almost freshwater or low saline parts of the Baltic
Sea. The vertebrates are better known and include fish, amphibians like frogs,
and some mammals and birds.

Bacteria are simple unicellular life forms. As they are devoid of a well-organised
cell nucleus they are called prokaryotes. Bacteria are present everywhere in the
marine and brackish environment as well as in other living organisms. A particular
case is the cyanobacteria often called blue-green algae. Some of the blue-green
algae are able to fix atmospheric nitrogen, a property only present in bacteria.

Plankton, nekton, and benthos
We will also introduce three concepts that do not refer to systematic groups but
rather to lifestyles. These are plankton, nekton, and benthos.

Phytoplankton Zooplankton Herring Cod Seal

Sun
1000 100 10 1 0.1

Figure 6.8. A typical food chain in the Baltic Sea. The
photosynthetic primary producers are phytoplankton, the
first consumers are grazing zooplancton, which in turn
is eaten by its predator herring, while cod and finally
seal, are top predators. In general, the efficiency of
transfer of nutrients and energy between each level is
10%. Thus, 1 kg of phytoplankton will in the end give
rise to 0.1 gram of seal. (Drawings by Camilla Bollner.)

Figure 6.7. Algae on the northern coast of the
Estonian island, Saaremaa. Large amounts of the
filamentous green algea Cladophora in June 2002
indicate that this part of Estonian waters are eutrophied.
(Photo: Lars Rydén.)
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Blue green algae: Blue green algae: Blue green algae: Blue green algae: Blue green algae: The Cyanophyta are bacteria, which worldwide
make up about 150 genera and 2,000 species, and are found in
the most diverse habitats, in freshwater and in the sea, and
inhospitable places like hot springs and glaciers. Blue green algae
can control their buoyancy and hence their position in the water
column via gas vacuoles. Many are shade adapted as certain
Oscillatoria species and are able to grow deep down in the water
column. Some have heterocysts, with thick cell walls, which can
fix atmospheric nitrogen and are the most important biological
fixers of nitrogen to the Baltic Sea.

Green algae: Green algae: Green algae: Green algae: Green algae: Chlorophyta are close in evolution to bryophyta
and vascular plants. Most green algal species live in freshwater.
Green algae include many unicellular and colonial planctonic
algae. Particularly striking is the Cladophora glomerata zone in
summer and Ulothrix spp. in winter-spring. Many species are also
used as indicators of nutrient enriched waters.

Brown algae: Brown algae: Brown algae: Brown algae: Brown algae: Most brown algae are marine species and very
few species occur in freshwater. Brown algae species often form
belts in the intertidal zone and dominate the vegetation. Fucus
vesiculosus is the most common brown, perennial algae in the
Baltic Sea. The thallus produces fronds from a holdfast. The fronds
may live for several years and when one frond dies they produce
new ones. How old an individual can get is not known but probably
they get as old as trees, about 50 years or more. The depth
distribution in the Baltic Sea of the bladderwrack is mainly limited
by light, i.e. the turbidity of the water. The maximum depth at
which plants are found may be used to monitor environmental
changes.

Red algae: Red algae: Red algae: Red algae: Red algae: Most red algal species are marine species and live
attached to rocks. They are restricted to clear water and are able
to grow deep in the water due to their red pigments which makes
it possible for them to take up the blue-green light that penetrates
deepest into the water. Some red algae are of considerable
economic importance. They are harvested and used as food and
for agar and carrageenan production. Furcellaria was earlier
harvested in the southern part of the Baltic Sea.

Charophyta: Charophyta: Charophyta: Charophyta: Charophyta: The Charophyceae (stoneworths) form a distinct
and easily recognised group, characterised by unique types of
vegetative structures and reproductive organs. They are old forms
and have existed for at least 420 million years. They have very
long and large cells, which often because of their size have been
used in physiological experiments. Most stoneworths grow in fairly
still, clear, sheltered bays of the Baltic Sea where they can form
extensive underwater meadows, anchored in the sediment by
their rhizoids. Several Chara species belong to the Red List of
endangered species threatened by eutrophication.

Sea grasses: Sea grasses: Sea grasses: Sea grasses: Sea grasses: Eelgrass, pondweed, and other submersed higher
plants with a root system anchoring them into the sediment are
called sea grasses. They are all phanerogams and closely related
to terrestrial higher plants. They are found in shallow coastal areas
and are limited to grow at very shallow depths if the water is
turbid. In many areas the submerged vegetation has disappeared
or been reduced due to eutrophication and pollution by e.g. heavy
metals in the sediment.

Fig 15
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Figure 6.10. Algae living on hard bottoms. (Drawings by Camilla
Bollner.)

Figure 6.9. Characeans and phanerogams living on soft bottoms.
(Drawings by Camilla Bollner.)

Mosses: Mosses: Mosses: Mosses: Mosses: Most mosses are terrestrial and only a few (e.g. Fontinalis
spp. and Drepanocladus spp.) occur in brackish water.

Lichens: Lichens: Lichens: Lichens: Lichens: Lichens are composed of a microalgae and fungi growing
together. This makes the lichens extremely tolerant to desiccation.
A few species tolerate submersion for short periods and may be
found close to the seashore. One is the black Verrucaria maura,
which produces a black zone together with blue-green algae; and
Calotrix sp., which gets very slippery when wet, just close to the
water line.
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The plankton comprises all those organisms which drift passively, or whose
power of locomotion is insufficient to enable them to move contrary to the
motion of the inhabited water mass. Some plankton species have organs, flagella,
or antennas with which they can move within the water mass and perform vertical
migrations during different times of the day. Free-floating small algae are called
phytoplankton. Among these we have the diatoms, which are small, silicate,
unicellular algae and dinoflagellates, which are small unicellular algae with
flagella enabling them to move in the water. The free floating animals, the
zooplankton, count groups like the copepods, rotifers, and the unicellular ciliates.

Nekton, on the other hand, comprises all swimming consumers that are able
to remain in zones of high productivity in the face of currents, which would

Molluscs: Molluscs: Molluscs: Molluscs: Molluscs: Snails, slugs, clams, oysters, and squid are all molluscs.
Molluscs are soft-bodied animals, but most are protected by a
hard shell made of calcium carbonate. One of the groups within
molluscs is the bivalves. These have shells divided into two halves.
The parts of the shell are held together by a powerful muscle,
thereby protecting the soft body. Snails belong to the largest groups
of molluscs, the gastropods. Single, spiralled shells into which
the animal can retreat when threatened protect most gastropods.
The blue mussel, Mytilus edulis is the most common mussel in
the Baltic Sea. It attaches itself to the rocky bottom by byssus
threads. Blue mussels are filter feeders and consume large
amounts of small phytoplankton.

Crustaceans: Crustaceans: Crustaceans: Crustaceans: Crustaceans: Lobsters, crayfish, crabs, and shrimps are all
relatively large crustaceans called decapods. They all have an
outer calcareous skeleton. The isopods are mostly small marine
crustaceans, with many of its members found in the algal belt.
Among the small crustaceans, the copepods are one of the most
numerous of all animal groups. They are important members of
the plankton communities that form the basis of marine food chains.
Barnacles are sessile crustaceans, and are common on rocky
shores. They feed by using their feet to paddle food towards the
mouth. When crustaceans, e.g. crabs and crayfish replace their
outer calcareous skeleton they are very vulnerable to predators
and to reduced salinities.

Echinoderms: Echinoderms: Echinoderms: Echinoderms: Echinoderms: Sea stars, sea urchins, and most other
echinoderms (from the Greek echin = spiny, and derm = skin), are
bottom living animals with radial symmetry. Echinoderms are
typically found in truly marine systems. Unique to echinoderms is
the water vascular system, a network of hydraulic canals that
branch into extensions called tube feet that function in locomotion,
feeding and gas exchange. Echinoderms are very sensitive to
reduced salinity and most of the species are not able to enter into
the low salinity of the Baltic Sea.

Polychaetes: Polychaetes: Polychaetes: Polychaetes: Polychaetes: Most polychaetes are marine and belong to the
annelids, i.e. worms with segmented bodies. Each segment of a
polychaete has a pair of paddle-like or ridge-like structures called
parapodia (almost feet). These parapodia function both as gills
and for locomotion. The main part of polychaetes lives in tubes
and catches particles from the water.

Bryozoans: Bryozoans: Bryozoans: Bryozoans: Bryozoans: These are small sessile, i.e. attached, animals
growing as thin covers on algae or rocks. They form centimetre-
sized colonies of thousands of individuals.
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Figure 6.11. Animals living on soft and hard bottoms. (Drawings by
Camilla Bollner.)
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otherwise carry them away. Their swimming capacity also permits them to
migrate from one area to another and thereby select favourable habitats in which
to spend different periods of their lives. This group is dominated by fish species.
Species like the eel in the Baltic Sea may be capable of exploiting all the different
types of aquatic habitat during its lifetime. Its larval life is spent in the deep sea,
in the surface water of the open ocean, and in coastal waters; when adult, it
inhabits the freshwater environment, except for the final spawning migration.

Benthic organisms are those that are attached to bottoms. The attachment
site, the substrate, might be stones or rocks, i.e. hard bottoms, or sand or mud,
i.e. soft bottoms. Benthos refers to the entire ecosystem at bottoms.

The marine or brackish food web
A marine or brackish food web or chain includes all four trophic levels, i.e.
primary producers, herbivores, predators, and decomposers. A simple food chain,
moving from phytoplankton to zooplankton, to fish and to seals is illustrated in
Figure 6.8. In each step a 90% energy loss occurs. Food web diagrams provide
useful models for illustrating the complicated interactions taking place in a
community and the basic pathways of energy flow in an ecosystem (Jansson
1972 and 1978; Janke, 1990) (Figure 6.12).

Decomposers have a special role in marine ecosystems. At large depths,
below the photosynthetic zone, there is a continuous supply of sedimenting
dead organisms, which is the basic energy source there. Many different
techniques are found among the animals consuming detritus. Suspension feeders,
which filter suspended particles from the water, are most characteristic of shallow
regions and areas of comparatively rapid water movements. Deposit feeders,
which consume a specific fraction or the whole surrounding sediment, occur in

Figure 6.12. Normally, a number of food chains are
combined into food webs. The drawing shows several
generalised food webs on hard bottoms (to the left)
soft bottoms (below) and pelagic (top right) in the
Baltic Sea. The eider duck is a specialist and feeds
only on blue mussel, while the sculpin has a more
varied menu. Pike and cod are top predators. Important
components such as phytoplankton and zooplankton
are not shown. (From Jansson, 1972.)
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the greatest abundance in deeper areas and in soft sediments. Many species in
both categories burrow, or are buried, in the bottom and thus comprise part of
the infauna, i.e. animals living down in the sediment. It is noticeable that in the
absence of predators, as in parts of the deep sea for example, several infaunal
groups are represented by species that live exposed on the surface of the sediment.

Energy turnover in the Baltic Sea
Aquatic ecosystems are different from land or terrestrial ecosystems in their
energy turnover and the way biomass is stored. In terrestrial ecosystems a large
amount of the energy produced is stored in biomass for longer periods compared
to the aquatic environment.  But even if the biomass found in any single period
is small in the aquatic environment the production of the system may be high.

The total net primary production in the Baltic Sea has been estimated to
be 5.9 x 108 kg carbon per year of which only 2% is in the Bothnian Bay, 11% in
the Bothnian Sea, and about 87% was found in the Baltic Sea proper (Figure 6.14).

The primary production capacity of small phytoplankton is high in the
illuminated part of the water mass. In a year, phytoplankton may produce on
average 15-45 times their standing biomass, and therefore biomass of well below
50 g dry wt/m2 of surface may produce more than 1 kg dry wt/m2 a year
(Voipio, 1981). In many aquatic habitats this production is the major store of
energy for the whole system and hence a marked contrast with land environments
where large amounts of the plant material is accumulated as wood for many
years.

Nutrients often come from land, but primary production by diatoms or blue-
green algae is sometimes important and creates eutrophic conditions. The open
sea is generally more oligotrophic. Shallow bays are naturally productive and
few shallow areas are truly oligotrophic. As a result of large nutrient loading
many of the shallow bays along the Baltic Sea coast have become eutrophic,
characterised by very high production. Under extreme conditions with a clear
overload of nutrients and organic material a saprobic system will develop.

In marginal and other shallow regions of the marine habitats the fringing
flora on shores (Figure 6.12) produces a second input of photosynthesised
material. The production by phanerogams as well as algae, both micro and
macroscopic, is often very high, usually much higher per unit area than that of
the planktonic algae.

In shallow waters, benthic and nektonic grazers can therefore subsist on a
diet of algae.  In deeper waters the rain of dead material from the other marine
systems support benthic animals. The bottom ecosystems of regions below the
depth of the illuminated zone are thus mainly the site of the detritus food chain,
of heterotrophic bacterial activity and of nutrient regeneration.

The low salinity, temperature and short growth season, all contribute to the
low standing stock of only about 1% of the biomass per shore line in the Bothnian
Bay (Figure 6.14 A) increasing to 10% in the Bothnian Sea (Figure 6.14 B)
compared to the Baltic Sea proper (Figure 6.14 C). In the Baltic Sea proper the
filtering blue mussels consume about 35% of the pelagic production and a large
proportion, 33-42%, is channelled to the benthic consumers on deeper soft
bottoms. In the Bothnian Bay and Bothnian Sea, filtering bivalves play a much
smaller role, and only 5% of the pelagic primary production is consumed by
filter feeders.

Figure 6.13. Stoneworth, Chara. The Chara are all
phanerogams. They may form virtual small forests in
sheltered bays of the Baltic Sea.  Several species in
this group are on the Red List of endangered species.
(Photo: Katrin Österlund.)
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Carbon flows in the Baltic seaCarbon flows in the Baltic seaCarbon flows in the Baltic seaCarbon flows in the Baltic seaCarbon flows in the Baltic sea
The total net primary production in the Baltic Sea
has been estimated to be 5.9 x 108 kg carbon per
year. In the three diagrams A, B, and C, the details
of carbon flows in Bothnian Bay, Bothnian Sea,
and the Baltic Sea proper are given. These three
areas account in total for 4.8 x 108 kg carbon per
year.

The producers, drawn rounded on the right
side, are phytoplancton, annual algae, perennial
plants, and microphytobenthos. The consumers,
drawn as hexagons, are phytoplankton
consumers (mostly zooplankton), grazers (mostly
small animals), filter feeders (mostly blue
mussels), and benthos, that is animals in the soft
bottoms. Figures within the symbols give the total
dry mass in tonnes of carbon of each community.

Bothnian BayBothnian BayBothnian BayBothnian BayBothnian Bay
A. The total primary production in the Bothnian
Bay is only 2% of the total. 20 tonnes of
phytoplankton assimilate 200 tonnes of carbon in
photosynthesis. 60 tonnes sink to the benthic
systems on the bottom and the rest is eaten by
zooplankton. Filter feeders play an insignificant
role. Annual algae are important and contribute
110 tonnes, that is more than 50% of the pelagic
system.

Bothnian SeaBothnian SeaBothnian SeaBothnian SeaBothnian Sea
B. The total primary production in the Bothnian
Sea is only 11% of the total. 90 tonnes of
phytoplancton assimilate 2,440 tonnes of carbon
in photosynthesis. 850 tonnes sink to the benthic
systems on bottom. Annual algae is less important
and contribute only another 460 tonnes.

Baltic ProperBaltic ProperBaltic ProperBaltic ProperBaltic Proper
C. In the Baltic Sea proper 340 tonnes of
phytoplancton assimilate 39,300 tonnes of carbon
yearly. Annual algae along the shoreline add
another 3,100 tonnes, and perennial plants,
macrophytes, another 2,100 tonnes. With the
microphytobethos plants we have a total of
44,700 tonnes. The major part is consumed in
the pelagic zone, while 14,800 tonnes, about
35%, sink to the filter feeders on the bottom,
especially blue mussels. 9,500 tonnes go back
to the pelagic system, contributing to
eutrophication of the Baltic Sea.

Fig 15
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Figure 6.14. Carbon flows in the Baltic Sea. (From Kautsky, 1991.)
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ECOSYSTEMS OF THE BALTIC SEA

The coast – a high production area
The coastal ecosystems are the richest systems in the marine environment. The
hard bottoms close to the coast are the most species rich, while the shallow soft
bottom communities have fewer species. The most species poor environments
are the open water systems even though they cover the largest areas.

The shallow coastal zone has a high productivity. With the run-off from
land nutrients are available for primary production, both of phytoplankton, algae
and sea grasses, and light is seldom limiting. This gives rise to large amounts of
food for mussels and fish living in these shallow areas. Shallow coastal areas
are also important reproduction and nursery grounds for many fish species.

Another important factor is the bottom type. Since the marine algae obtain
their nutrients from the water, it merely offers a place for attachment. Hard
bottoms (rocks and stones) are therefore the most suitable substrates for green,
brown, and red algae, while charophytes and phanerogams inhabit sediment
bottoms (sand, clay, and mud) in sheltered areas. The shallow bottoms subjected
to strong wave actions or streaming water are erosion and transport bottoms.
Owing to wave activity in exposed areas, sandy bottoms are often completely
void of vegetation.

The deeper softer bottoms function as accumulation bottoms. These are often
loaded with polluting substances such as heavy metals and may be oxygen depleted
due to high amounts of accumulated organic material. Both factors are a threat to
animals living in these environments. On the other hand, in shallow accumulation
bottoms, rooted aquatic plants are able to take up heavy metals and transport them
to their shoots, and thereby making them available to the food chain.

The distribution of plants on the sea bottom depends on several environmental
factors. The vertical distribution is connected with light conditions. The benthic
vegetation reaches down to about 18-25 m in the Baltic Sea proper and about
30 m in the Belt Sea area, but only to only 10 m in the Bothnian Bay.

A typical zonation is usually found on rocky shores with green algae
dominating close to the surface, followed by brown algae, and at the greatest
depths the red algae. At even greater depths where the light limits algal growth,
different animal communities are found.

The filamentous algal belt
In the uppermost zone on hard bottoms closest to the shore a typical succession
of species occurs during a year. The annual succession starts in spring when the
ice cover is gone, with a heavy bloom of sessile diatoms covering the bare
rocks around the waterline. The diatoms are later replaced by the filamentous
brown algae Pilayella littoralis. In summer the zone is covered by the green
algae Cladophora glomerata and in the autumn and winter by the filamentous
red algae Ceramium tenuicorne.

Weather has an overall effect of how the filamentous algal community
develops in summer (Kiirikki, 1996a). The climate in the Baltic Sea is
characterised by an alternation of continental and oceanic conditions between
years. These weather conditions, e.g. low or high water levels coincide with
cold winters, with ice scraping, affect the structure and composition of the
filamentous algal community along the coasts (Figure 6.16).

The algae are the primary producers in this ecosystem. Insect larvae,
freshwater snails, and small fish in the northern parts in the Baltic Sea dominate
the consumers. Further south small crustaceans, e.g. gammarides and isopodes,

Figure 6.16. Weather and the algal belt. Climate is
important for the algal belt. Conditions vary between
years. Continental climate leads to sever winters when
the ice destroys much of the belt. When oceanic
conditions prevail the algae will be favoured. (After
Kiirikki, 1996a.)
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Figure 6.15. The Baltic Sea coasts. The Baltic Sea
has a very long coastline, especially on the western
side. The coastal ecosystem is important for biological
reproduction, both below and above the water surface.
In the Stockholm archipleago, with its more than
50,000 islands, it is important that human leasure
activities, such as sailing, do not disturb this function
too much. (Photo: Lars Rydén.)
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favourite food for small fish, dominate during summer. Different snails also
reproduce in the filamentous algal zone in summer. Much of the production
from this zone, including the algae and many of the small animals, get loose
and drift into sheltered bays or are deposited on bottoms further out in the sea.

The Fucus belt – the forest of the Baltic Sea
Below the upper zone of filamentous algae, a very conspicuous perennial belt of
the bladderwrack, Fucus vesiculosus is found on hard bottoms together with Fucus
serratus along the Swedish coast up to about Öland. In the northern regions of its
distribution the bladderwrack may extends down to ca. 8 m, while at the Atlantic
coast it is only found close to the surface. The bladderwrack is the only large
marine brown alga that reaches far into the Bothnian Sea and Gulf of Finland. Its
limit is as for many other species set by the salinity during its reproductive period.
The depth distribution is set by the lack of other large perennial species competing
for space and light. Exceptionally great is its contribution to plant biomass in the
shallow labyrinths of the outer archipelago zone.

In the summer Fucus can get densely overgrown by filamentous green and
brown alga, competing for light and nutrients. This may reduce its photosynthesis
and growth. On the other hand, the bladderwrack can control the amount of
these fast growing and invasive filamentous species removing them through
wave-induced thallus movements, i.e. whiplash effects (Kiirikki, 1996b).

An exceptionally rich fauna including mussels, snails, crustaceans,
bryozoans, and even insect larvae inhabits the Fucus community. In the Baltic
Fucus species together with the eelgrass, Zostera marina community on soft
bottoms are the two most species rich systems in the Baltic Sea, containing
some ten species of algae and 30 macroscopic animal species. Many fish species
pass their larval and young stages in the Fucus belt feeding on the rich variety
of small animals.

A successful reproduction of the bladderwrack is difficult in many areas
due to eutrophication and pollution effects from e.g. pulp mill effluents in
combination with low salinity (Figure 6.18). Different Idothea species have
been found to be able to graze heavily on Fucus and may quickly destroy the
bladderwrack communities over large areas. Similarly, grazing by snails may
also reduce to number of Fucus germlings.

After stormy weather, detached drifting seaweeds may accumulate on the
shore. Farmers can use this material to improve and fertilise the poor archipelago
soils. Another part of the loosened bladderwrack biomass is deposited on bottoms
further out where it constitutes a major contribution to the nutrients in this area.
Due to the general increase in the nutrient load, and reduced transparency of the
water, Fucus is not able to grow as deep today as in the 1940s (Figure 6.19). At
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Figure 6.17. The bladderwrack, Fucus vesiculosus,
forms virtual forests in the undamaged parts of the
Baltic Sea at depths down to 8-10 meters. With
increasing eutrophication large parts of the
bladderwrack has been destroyed due to overgrowth
of filamentous algae, and decreased visibility, which
reduces the depth at which it can grow.  (Photo: Katrin
Österlund.)

Figure 6.18. The reproduction cycle of the
bladderwrack, and how it is influenced by
environmental factors. The cycle starts when the
plants simultaneously release eggs and sperm into the
free water. As they fuse, zygotes are formed, which
attach to a suitable place. The gemlings then formed
finally grow to adult plants. (By Lena Kautsky.)
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the same time the mild winters during the last years with little scraping of the
ice have made it possible for Fucus plants to grow and survive at shallower
depths. Eutrophication of the Baltic Sea has favoured the blue mussel populations
by increasing the phytoplankton production and limited the survival of the
bladderwrack. The blue mussel now instead covers the deeper rocky bottoms
on which the bladderwrack earlier grew.

The blue mussel belt – a living filter
The blue mussel, Mytilus edulis, totally dominates rocky bottoms from a depth
where light limitation inhibits algal growth. The mussel belt normally begins at
a few meters of depth and may extend to 30 meters. It first stops where the
substrate gets too muddy to allow the mussel to attach. A few red algal species
can still grow in the blue-green light in the upper part of this zone. Otherwise
deeper down only some invertebrate species e.g. polychaetes are found. The
blue mussel feeds on microscopic particles of organic matter falling to the
bottoms, by filtering the water (Figure 6.20). Their filtering capacity is very
high. Theoretically the total amount of mussels within a 160 km2 in the Askö
area, northern Baltic Sea proper, are able to filter the whole overlying water
mass (mean depth about 20 m) once in two-and-a-half months. In summer the
filtration capacity is even higher. In this way particulate matter is consumed,
metabolically processed and inorganic salts excreted.

The predators on the mussels are in the upper zone, e.g. eider ducks which
are able to dive to a depth of about 10 meters. On larger depths it serves as the
main food for plaice (Figure 6.21). The main predators on blue mussels in
Kattegat, the brittle star Asterias rubens and shore crab Carcinus maenas, have
not been able to adapt to the low salinity in the Baltic Sea proper, which explains
why the blue mussel is so successful in the Baltic Sea proper.

The animal biomass in the Baltic proper is totally dominated by the blue
mussel. It accounts for more than 90% of the total animal biomass (Figure
6.14 C). Thus, the blue mussel has an important role in the recycling of nutrients,
as revealed by community metabolism studies with plastic enclosures in the
Baltic Sea proper. The nutrients, nitrogen, and phosphorus excreted by the
mussels in an area are enough to fill the nutrient requirements for the production
of the macroalgae in the same area. The Mytilus population also provide
phytoplankton with 5% of the nitrogen and 20% of the phosphorus needed to
maintain the phytoplankton biomass in the same area (Figure 6.21). Thus the blue
mussels in the entire Baltic Sea excrete to the trophic zone roughly 80,000 tonnes
of inorganic phosphorus and 100,000 tonnes of organic and 250,000 tonnes of
inorganic nitrogen per year respectively. These figures are about the same as
the total land based inputs to the Baltic Sea of these substances. However, the
blue mussel contribution of nutrients is a re-circulation while the land
contribution is a new addition of nutrients to the ecosystems (Kautsky, 1981).

Shallow soft bottom ecosystems – important for fish production
The largest part of the sea floor consists of muddy and sandy sediments. The
freshwater influence is obvious in the protected shallow bays on the coast. The
organic sediment is often covered with reed belts (Phragmites communis and
Scirpus species), and submerged vegetation consisting of flowering plants
(Myriophyllum, Ranunculus, and Potamogeton species), mixed with the marine
brown algae, bootlace weed (Chorda filum), and single bladderwrack individuals
growing on stones or shells. The marine eelgrass (Zostera marina) grows on
sandy bottoms rich in organic matter in the Baltic Sea proper, but never reaches
the same density and productivity as in fully marine waters.

The fauna of the shallow bays is also strongly affected by freshwater species.
Insect larvae of dragonflies and mayflies are often found together with freshwater

Figure 6.19. Percent cover by Fucus forests of the
bottoms on the Baltic coast outside Uppland during
two years, 1943-44 (left side) and 1984 (right side).
In 1944, with a largely undamaged Baltic Sea, the
bladderwrack grew down to 12 meters with a maxi-
mum at 8 meters depth, where it covered more than
50% of the bottom. In 1984, it did not reach further
down than 8 meters of depth and had its maximum at
4 meters where it covered close to 50% of the bottom.
The total area covered by Fucus had then diminished
considerably (right area compared to left area). (After
Kautsky et al., 1986.)

Figure 6.20. The blue mussel covers large bot-
tom areas of the Baltic Sea and constitute some
90% of the total biomass in the Baltic proper.
(Photo: Katrin Österlund.)
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fish species, e.g. bream, pike ,and perch. The same animal species dominate the
shallow soft bottoms from the Sound to the southern Bothnian Sea: the
stickleback, the common goby, and the sand goby of the mobile fauna and cockles
(Cardium spp.), and mud snails (Hydrobidae), rag worms (Nereis), and
crustaceans (Corophium volutator) of the macroscopic infauna (animals residing
in the bottom).

The production of this area is high, as the system runs on both solar energy
and particulate organic matter that is transported from land. There is a production
outburst in spring when the shallow water is rapidly warmed up and the
microflora blooms, stimulating secondary production. At this time of the year
many fish spawn here since potential larval food is abundant (Figure 6.21). In
fact, fish larvae consume much of the production. Basically, shallow soft bottoms
function as nutrient traps and much of the nutrients are stored as plant biomass.

Except for sport fishing of pike and perch, man utilises little of the production
of the soft bottom coastal areas. Instead many of them are used intensively as
small harbours or marinas, where the soft-bottom ecosystems have been
destroyed.

Flads – shallow water bodies slowly turning into land
The archipelagos in the northern Baltic Sea proper, the Åland Sea and the
Archipelago Sea are all shallow areas where the land gradually rises up from
the sea as thousands of islands to form a huge maze with a variety of sounds
and bays. The land uplift can in some cases lead to the isolation of water bodies
with soft bottoms. These gradually become shallow enough to allow growth of
aquatic plants, and lose contact with the sea. This isolation shows a distinctive
topographical and botanical succession where four different phases can be
observed (Münsterhjelm, 1987). A juvenile stage is formed when the first aquatic
plants colonise the most sheltered parts of a water body surrounded by land and
shallow sills. These plants contribute to the land uplift each year, by building
up nutrient rich sediments. This process leads to the formation of a so-called
flad, a shallow basin completely surrounded by land, leaving one or a few narrow
openings to the sea. The number of species is highest in the beginning of this
stage. The following glo-flad stage has connections to the sea only when the sea

Figure 6.21. The blue mussel has a key position in
the Baltic Sea ecosystems. It is the main food for the
eider duck as well as for the flounder. It is a filter feeder
that filters huge volumes of water and metabolises the
organic material in it, e.g. phytoplankton. The excreted
nutrients feeds the macroalgae as well as the bethnic
fauna. (After Kautsky, 1982. Drawing by Camilla
Bollner.)

Figure 6.22. Eelgrass. Sea grasses, such as eelgrass
and pondweed, all have roots anchoring them into
the bottom. They sometimes form beautiful
undewater meadows in shallow water. They are
phanerogams closely related to terrestrial plants.
(Photo: Katrin Österlund.)
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level is high. Competition and unfavourable environmental conditions at this point
reduce the number of species to a couple, mainly the phanerogam Najas marina
and the stoneworth Chara tomentosa. The final exclusion will happen in the glo
stage, where the decreasing salinity will lead to a new succession of freshwater
plants, unless the glo is overgrown by marsh or land vegetation.

Environmental factors act in parallel with competition and affect the
succession of plant species and biomasses. Flads warm up faster than the
archipelago waters outside the flad, which make them favourable nursing
grounds for young fish. More important to the nutrient dynamics is however
the oxygen concentration, which to a great extent control the flux of dissolved
nutrients from the sediment. Nitrogen and phosphorus are released from the
sediment in anaerobic conditions at the sediment surface, because of chemical
reduction and bacterial activity. Low oxygen levels and anaerobic conditions
become more frequent as the isolation goes on. The nutrients are used by
microalgae in the spring, especially in the glo flad stage.

The succession from the juvenile stage to a glo, a specific brackish water
phenomenon, is completed in some hundred years, geologically a very short
time. The total area of flads in the archipelago is small, but they are important
foraging grounds for many organisms and resting sites for emigrating waterfowl
during the spring. These shallow areas rich in vegetation are highly dynamic
and the species composition may change largely between years due to effects
by low water, freezing, and desiccation.

Coastal lagoons – important for migrating birds
Coastal lagoons have many features in common, i.e. they have lower salinity than
the open Baltic Sea, they have a limited water exchange, and nutrients are trapped
within them. The lagoons are very shallow and the biomass production is extremely
high due to the good supply of nutrients, high temperature, and light. The large
supply of food attracts migratory birds and the southern part of the Baltic Sea
coastline is part of the East-Atlantic flyway of migrating birds. Many of the coastal
lagoons have been made nature reserves and long-term management plans of these
valuable southeastern parts of the Baltic Sea are now being developed.

Figure 6.23. The eider duck is the most characterstic
of the ducks in the coastal areas of the Baltic Sea.
The eider is specialized on blue mussel and may dive
up to 10 meters to feed. The eider arrives in the spring
to breed. The young males leave for the south already
from midsummer, while the larger groups leave in
October. There are at least 600,000 eider ducks in the
Baltic Sea area. (Photo: Tero Niemi.)



 LIFE IN THE BALTIC SEA  167

The Lithuanian coast south of Palanga is biologically among the richest in
the Baltic Sea. A 2-3 km wide underwater stony ridge starts about 7 km north of
the Curonian Lagoon mouth and extends along the coast to the northern part of
Lithuania where it is 10-15 km wide. Stones, pebbles, and gravel are covered
with blue mussels and is of particular interest for nature protection, with its
high biodiversity, about 40 species, and large biomass, up to 2 kg of filter-
feeding mussels per m2. This bottom type creates a refuge for small bottom
living animals and the filter feeding mussels make the water more transparent.
These stony clear waters also have a rich flora of about 10 macroalgal species.
Stone fishing has destroyed some of the richest red algal communities along
the coast dominated by the red algae Furcellaria fastigiata.

Puck Lagoon, the northwestern part of the Gulf of Gdañsk, is a very shallow
water body with an average depth of 3 m. It still has fairly rich underwater
meadows and a rich fauna, especially of blue and Baltic mussel, despite
eutrophication and pollution over the past 20 years. In the Puck Lagoon, all
nutrients are taken up almost completely by the filamentous brown algae,
Pilayella littoralis, which makes up 80% of the biomass in the lagoon. Due to
this bloom of filamentous algae other common species like the bladderwrack,
the Furcellaria red algae, and the eelgrass has disappeared, and the distribution
and diversity of the normal flora and fauna has been reduced. As a consequence,
catches (e.g. pike, perch-pike, eel, and roach) have decreased about tenfold
since 1987. Instead new species are now commonly found, e.g. the round gobi,
Neogobius which may be found at densities up to one individual per m2.
Particularly the disappearance of pike has benefited the stickleback, which is
now very common in the lagoon. The destruction of spawning grounds for fish
by technical strengthening of the shallow shoreline to protect it from erosion
has further negatively affected the fish production in the area. All these changes
are not specific to coastal lagoons, but have occurred to different extent along
the entire coastline affected by eutrophication.

Shallow off shore banks – spawning grounds for fish
In the southern and middle parts of the Baltic Sea there are several offshore
shallow (less than 20-25 m) bank areas consisting of rock and or a mosaic of
boulders, gravel, and sand. These areas are valuable spawning grounds and
nursing areas of young fish species. In the Swedish sector we find the island
Södra grund, Midsjöbankarna, and the Hoburg bank; in the Polish sector Słupsk
bank; and in the Lithuanian sector areas off Klaipeda; and at the Lithuanian-
Latvian border all hard bottom areas of great importance not only locally in the
western part of the Baltic Sea proper, but for the whole Baltic Sea ecosystem.

Deeper soft bottom ecosystems – stressed by low oxygen
The deep soft bottoms dominate entirely the sea floor of the Baltic Sea. For the
major parts of the sea the depth varies between 50 and 150 meters.

On soft bottoms in the Baltic Sea the dominating marine mussel is Macoma
baltica. The Baltic mussel, together with the amphipods Pontoporeia affinis
and Pontoporeia femorata, the polychaete Harmothoe sarsi and the sipunculoid
Halicryptus spinulosus make up more than 90% of the total benthic soft bottom
macrofauna biomass in the northern Baltic Sea proper (Figure 6.24). A species
poor community dominated by the isopod Saduria and crustacean Pontoporeia
is commonly found in the Bothnian Bay and the central part of the Bothnian
Sea. The very deepest basins of the Baltic proper has a greatly impoverished
fauna, with almost no macroscopic animals (Figure 6.24).

Primary production and animal biomass decreases from south to north,
mainly caused by the salinity decrease. The variation of data for the same latitude
mostly reflects different depths and the variable bottom substrate, which present
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Pontoporeia affinis and Saduria entomon

Macoma balthica

Impoverished Pontoporeia
femorata and Saduria entomon

Astarte borealis

Arctica islandica

Macoma calcaria

Figure 6.24. The soft bottom communities, only fauna
as photosynthesis is not possible, are dominated by
the marine mussel Macoma baltica in large areas of
the Baltic Sea. Another important animal is the
crustacean Pontoporeia of which two species P. affinis
and P. femorata are found especially further north.
(After Viopio, 1981.)

Figure 6.25. The Macoma baltica is the most typical
Baltic Sea clam species. (Drawing by Malgorzata
Scheiki-Binkowska.)
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differing nutritional potential for the fauna. The low values in Bothnian Bay are
mainly a result of the exclusion of the marine mussels. The annual production
of the total soft bottom fauna in a coastal area of the northern Baltic Sea  proper
has been roughly estimated at 7 g carbon/m2.

Since there are no filter feeding mussels in Bothnian Bay the decomposition
of organic material is taken over by a variety of small animal species, lesser
than about 1 mm, living in the sediment. This results in a longer and less efficient
food chain before the macrofauna level is reached.

The open water system – algal blooms
In the open waters of the Baltic Sea the primary producers are the
microscopic phytoplankton. These are consumed by the larger zooplankton,
which in turn serve as food for the pelagic fish, most importantly herring
and sprat (Figure 6.8). On top of these, predators such as cod and salmon
are part of the pelagic food web (Ojaveer et al., 1981). Large amounts of
dead plankton sink to the bottoms where it serves as food for the benthic
communities (Figure 6.14.).

The pelagic zone down to at least 20 m depth is an important producer system,
fixing carbon dioxide using solar energy. The level of the annual pelagic primary
production is highest in the Baltic Sea proper and decreases towards the north. In
the Bothnian Bay it is only about 10% of the value for the Baltic Sea proper.

This annual production is a sum of several intensive algal blooms during the
year. In the south up to nine algal blooms may occur, while in the northern Baltic
Sea proper there are mainly three larger blooms and in the Bothnian Bay only one.

In late February or early March, when the water is rich in nutrients and light is
increasing, phytoplankton starts to grow rapidly (Figure 6.26). The spring bloom
is mainly composed of dinoflagellates, e.g. Gonyaulax catenata, and diatoms
Skeletonema costatum and Thalassiosira baltica. The increasing light and
abundant nutrients results in intense primary production that may reach values
of 1.5 g Carbon/ m2/day. When the spring bloom starts to die the bacterial population
rapidly increases and serves as food for pelagic ciliates, which in turn are consumed
by the rotifers Synchaeta. As much as 40% of the organic matter synthesised during
the spring bloom sinks out of the pelagic zone and settles on the soft bottoms
below. This is due to the combined effect of rapidly sinking of diatoms and the
absence of large herbivores. This plankton biomass may in fact be as much as
half of the annual food production needed for the soft bottom communities.

In summer the water is devoid of nutrients and only low biomasses of both
phyto and zooplankton persist for a while. After some time, production increases

Figure 6.26. Algal blooms of the Baltic Sea.
A. Algal growth is governed by absence of ice cover,
availability of nutrients, and light. The variation of
these three factors throughout the year in the northern
Baltic Sea proper are shown together with the three
different kinds of algal blooms, the spring diatom
blooms (April-June), the summer blue-green bacteria
(algae) (August-September) and the fall dinoflagellates
(September-October). (By Lena Kautsky.)
B. Measurement of biomass production in algal
growth given as mg dry weight of zooplankton per
m2. Results from two stations, one with low growth
and one with highly eutrophied conditions, where the
biomass is 3-4 times as large. The factors that decrease
(minus signs on top) or increase (plus sign on bottom)
blooms are given in squares. Temperature is important,
which explains that algal blooms are much more
intense in warm summers. (After Johansson, 1992.)



 LIFE IN THE BALTIC SEA  169

again, maintained by small forms of monads and dinoflagellates. Larger
zooplankton forms become common in the open sea, mainly the copepods
Temora longicornis and Pseudocalanus minutus elongatus. Most of the materials
that sediment during this period consist of faecal pellets from zooplankton and
have little nutritional value for the soft bottom organisms.

A conspicuous bloom of blue-green algae, especially Nodularia spumigena,
dominates the pelagic zone in the Baltic Sea proper in July-August (Figure 6.26).
At the end of the bloom this nitrogen-fixing freshwater cyanobacterium
produces gas vacuoles and in calm weather large quantities may float to the
surface, especially at the end of the bloom, where winds and currents arrange
the thread-bundles in dense patches. The nitrogen fixation by cyanobacteria
has been estimated to be 100,000 tonnes of nitrogen in the northern and central
Baltic Sea proper. Further the Nodularia and some other blue-green algae cause
problems since they may be toxic and thus are a potential threat to cattle, dogs,
and even children that may drink the water.

The decline of the blue-green bloom releases nutrients, especially nitrogen,
to the water, and initiates an autumn bloom of dinoflagellates, green algae, and
diatoms. The large zooplankton forms are then at their maximum, and pelagic
fish such as herring and sprat graze heavily, storing up fat reserves for the winter.

A long-term undertakingA long-term undertakingA long-term undertakingA long-term undertakingA long-term undertaking
The long-term international cooperation for the protection of the
environment of the Baltic Sea, now organized within HELCOM,
contains the most long term monitoring program in existence today.
Monitoring of pelagic and benthic systems have been running in
the Baltic Sea for more than 40 years. It started as, and continues
to be a research program, although today governmental authorities
are responsible for routine measurements. It has been of utmost
importance for present improvements in the Baltic Sea marine
environment. This program have served as a model for
organisation of several other monitoring programs of regional sea
basins, for example in the Gulf of Thailand. Other relevant
experiences exist in several regions, e.g. for the Rhine River on
the European continent and the Great Lakes district in North
America.

Monitoring water needs to take into account the natural borders
for water, i.e. the drainage basins or catchments. To improve the
situation of a watercourse all pollution sources within the drainage
basin should be addressed. Thus water monitoring should be
organised around catchment areas and find mechanisms for the
required cooperation in such areas. Similarly, meteorological
conditions define areas which influence each other heavily through
air-borne pollution.

Pollutants do not recognise national borders and a successful
environmental program is forced to adapt to this fact. Monitoring
programs over large areas thus need to be international.

Quality and interdisciplinarityQuality and interdisciplinarityQuality and interdisciplinarityQuality and interdisciplinarityQuality and interdisciplinarity
Environmental data will serve no purpose if they are not related to
their effect on the environment and humans. A successful
monitoring program will thus rely on cooperation between many
fields of science, such as chemistry, biology, ecology, medicine,
geography, and hydrology among others. The arrangements for
interdisciplinary cooperation should be addressed and solved in
the proper way.

A monitoring program should in the first place develop a proper
sampling strategy to ensure that analytical efforts give meaningful
and interpretable data.

The chemicals to be measured should include not only toxic
substances, such as heavy metals and organic pollutants, but as
well substances in amounts that are deleterious to the
environment. In particular it is important to include nitrogen and
phosphorus causing the ongoing eutrophication from poorly treated
or untreated sewage from urban areas, as well as run-off from
agricultural land and associated industries. In countries where
agriculture is a main part of the economy this is particularly urgent.

Environmental impact is due to pollution of air, water, soil and
food and all these sources need to be monitored. Samples should
be taken not only in open air or water but as well from biological
samples. Data on pollution of water thus need analysis of benthic
long lived organisms and the fish fauna. This will make it possible
to look for substances hazardous to humans via food - in particular
sea food and fish - and set up databases for toxic substances found
in different matrices such as sediments, organisms and water.

Biological monitoring will also give essential information on
the ecological effects of pollutants.

Environmental transport and fate of xenobiotic compounds in
the specific environment should be taken into consideration.

A search for specific toxicological endpoints in the flora and
fauna as well as in the human population, such as ethnic minorities
with specific food habits, need to be addressed.

The use of monitoringThe use of monitoringThe use of monitoringThe use of monitoringThe use of monitoring
Most urgently the status of water in a region should be monitored.
Clean water for everyone is a prerequisite for the health of the
population. At the same time most pollutants are emitted directly
to water or will finally end up in water as atmospheric precipitation.
The environmental status of water can directly be used to design
either treatment actions or redesign of water management in urban
areas, industry and agriculture.

Fig 15
Monitoring the Baltic SeaMonitoring the Baltic SeaMonitoring the Baltic SeaMonitoring the Baltic SeaMonitoring the Baltic SeaCaseCaseCaseCaseCase

Box 6.4Box 6.4Box 6.4Box 6.4Box 6.4
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The open sea ecosystem provides the basic food chain for the major fish species
of the Baltic Sea. The fish production of the Baltic Sea is difficult to estimate but
fish catch provides a lower estimate of close to 1,000,000 tonnes yearly. Obviously,
the importance of the open sea ecosystem to man can not be exaggerated.

The Kattegat coast – a comparison
Kattegat is quite different from the rest of the Baltic Sea basin as its higher
salinity allows a more typical and species-rich marine flora and fauna with no
single, dominant algae or animal species.

A narrow zone of barnacles shows the mean water level. In the uppermost part
of the shore crust-forming blue-green and filamentous green algae cover the rocks.
Below this zone, which is similar to rest of the Baltic Sea basin, a more species
rich perennial brown algal belt exists, consisting of three Fucus species on sheltered
sites growing together with knotted wrack (Ascophyllum nodosum). In the vertical
zonation Fucus spiralis the first fucoid species in the Kattegat area followed by
bladderwrack (Fucus vesiculosus) and toothed wrack (Fucus serratus).

Deeper down Fucus species are replaced by the brown algal kelp species
Laminaria. From about 5 m depth a very rich red algal zone extends down to a
maximum of 20 meters depth. In the deeper part of the red algal zone only red
crust-forming algae are found together with many different animals species,
among them the colourful sea urchins, sea stars and sea anemones. The Laminaria
forest with under-story red algae and a diverse animal community can be
described as the marine “rain forest“.

Deeper hard bottoms are covered with a multitude of animals and the blue
mussel; (Mytilus edulis) is, compared to the Baltic Sea, restricted to areas with
less predation. Below the limits of algal growth different animal communities
are covering the rocks. Dominating animal groups are sea urchins, sea stars, sea
cucumbers, crabs and mussels. At the deepest rocks marine fungi is the
dominating component of the community.

Fladen is the greatest outground of Kattegat and is known as a good fishing
area. The very flat hard bottom rises up to 9 m and there is always a strong
current. The current usually moves northwards but occasionally southwards.
With the north-going current, water from the Baltic moves over Fladen. Several
mussel species, (Mya, Cardium and Macoma baltica) dominate the shallowest
soft bottom community. Between 15 and 20 m depth a community of brittle
stars (Ophiura spp.) and the mussel Abra alba with thin shells, a popular food
for flat fish, are found. In the deeper soft bottoms of Kattegat the animal
community is dominated by the polychaete (Haploops) but this has now
decreased in abundance due to eutrophication.

In the eastern part of Kattegat and northern part of the sound an Amphiura
community is found from 20 m depth down to ca. 100 m. Many species have
disappeared from this community due to increased amounts of sedimenting organic
matter. Still the total biomass has increased, caused by the much larger number of
the brittle star in later years. The brittle stars lives in the sediment with its arms
sticking out into the water catching sedimenting organic particles. They are often
eaten by fish and will as most starfish species regenerate and grow new arms.

In the species rich communities in Kattegat many different species belong
to the same functional groups, e.g. filter feeders and predators. Thus, if one
species disappears another might be able to fill the empty niche. This ecosystem
is therefore believed to be more stable than those in the Baltic Sea proper and
therefore less vulnerable to stress caused by man.

Figure 6.27. The bottom ecosystems of Kattegat.
Kategatt, as a marine environment, has much higher
biodiversity than the Baltic Sea. On this bottom are
coulerful sea stars. On other areas of the bottom one
finds sea urchins, sea tulips anda large variety of algae.
(Photo: Katrin Österlund.)
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FISH AND FISHING

Fish and fisheries in the Baltic Sea
The fish fauna of the Baltic Sea exhibits a mixture of species of freshwater
and marine origin, similar to the rest of the flora and fauna. Again the
salinity decrease causes the Baltic Sea to be poor in species. The number
of marine fish species in the North Sea is 120, in the Kiel Bay 69, in the
southern and middle parts of the Baltic Sea 41, in the Åland Sea, Gulf of
Finland and Gulf of Bothnia 20 (Voipio, 1981).

The lifecycle of fish consists of a larval stage, often at shallow coastal areas,
an adult phase dominated by feeding and wintering spent in the open sea, and
the return to the coasts for spawning.

Most of the marine species have immigrated from the southwest into the
Baltic Sea. The marine fish have adapted to the conditions in the Baltic Sea by
having smaller body size than in the North Sea, higher fecundity, and an increase
in egg diameter in marine species with floating eggs. All changes are related to
the decreasing salinity. Baltic Sea freshwater fish species do not migrate as far
as the marine species and never cross the open sea. For example both the pike
and the pike-perch spend their whole lives within a few square kilometres and
when displaced try to return to their original home range.

Marine species are limited by wintering and reproduction conditions. Species
with floating eggs, notably cod, are especially negatively affected by the low
salinity, and due to eutrophication, the low oxygen concentrations sometimes
occurring in the deeper parts of the Baltic Sea. Due to the lower salinity, a
decreased growth rate compared with the Atlantic cod populations is commonly
observed in this important commercial fish.

Figure 6.29. Annual fish catches in the Baltic Sea
1965–1995 (in 1,000 tonnes). Herring, sprat, and cod
are the three major catches. From low levels in the
first half of the 1900s the catches reached a top of
almost one million tonnes yearly in the early 1980s.
The increase in catches over the period has been due
both to increased fish stocks and increased efficiency,
with larger boats, better equipment, e.g. sonar, and
fishing gear, especially trawls. The fish population has
most likely increased due to eutrophication. (Source:
ICES. For details see BASICS database http://
www.grida.no/prog/norbal/basics/.)

Figure 6.28. An experimental fish catch outside the
Polish coast. The catch is dominated by flounder, an
excellent food fish. (Photo: Pawel Migula.)
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The freshwater fish species often dominate the coastal areas, especially the
littoral zone, but hardly penetrate into the open sea, with the exception of some
whitefish in Bothnian Bay with its almost freshwater (Voipio, 1981). In the
inlets and archipelago of the Bothnian Bay, the fish fauna consist mainly of
perch, roach, pike, whitefish, and vendace. Most of the freshwater fish species
do not travel far. They often seek their spawning grounds in the river mouths
and inlets, where the salinity and temperature are more favourable. Flounder
(Platichtys flesus) shows a wide tolerance to salinity and might even enter
freshwater areas. Young flounders often feed on crustaceans while older fish
consume different mussel species, polychaetes and larger crustaceans such as
Mysis mixta and Crangon crangon. Plaice (Pleuronectes platessa) occurs along
the east coast of the Gulf of Gdansk and feeds on small blue mussels and thin-
shelled bivalves such as Macoma, Mya and Cardium. Young fish eat large
amounts of crustaceans e.g. Corophium on shallow soft bottoms during summer.

The garpike  (Belone belone) is also important for the fishery in the middle
part of the Baltic proper along the Estonian coast. In the Gulf of Finland and off
the Estonian coast they spawn in May – July. They feed mainly on small fish
(sticklebacks, herring, and sprat), and also insects and crustaceans.

The European eel is a so-called catadromous species, changing during its
life span from living in marine water then freshwater and back to the marine
environment. It spawns in the Atlantic, southeast of Bermuda, and the fry and
later the elders drift to the Baltic Sea with the Gulf Stream and the Jutland
current. When they reach the Baltic Sea they grow into yellow eels. The males
stay on the coast while the females migrate into brooks and rivers. Eels feed on
mussels, snails, and small fish, and in freshwater may consume crayfish. Finally
after many years the adult eel transforms into a silver eel, stops eating and starts
migrating back to the Atlantic Ocean where they spawn and die.

Herring, sprat, and cod
Three marine species – herring, sprat, and cod – dominate the fish fauna in the
open sea. Herring migrates during the year to different parts of the Baltic Sea
ecosystem to search for food and reproduction areas. Due to a lack of food, herring
is forced to feed at the bottom on amphipods, mysids, and polychaetes, successively
moving to shallow areas where they stay until spawning in May. By staying in the
coldest part of the watermass, sheltered from hydrodynamic disturbances, the fish
minimise their energy losses, and schooling decreases the impact of predators.

At least in the north western parts of the Baltic Sea proper the herring prefer
to deposit their roe on filamentous red algae as Furcellaria or other filamentous
brown algae like Pilayella. A couple of weeks old, the fry return to the open
waters. The herring thus utilises all three subsystems during the year, the pelagic
zone in summer, the soft bottom in winter, and the seaweed system in spring,
and acts as a transport link of organic matter between them. This is another
example of how the different systems are coupled to each other, demonstrating
the fact that if some plant or animal population disappears or increases, this
may disturb the whole ecosystem.

The sprat has a life cycle very similar to that of herring. However it spawns
in the open sea and has pelagic roe like the cod, although sprat roe stays in less
deep water with lower salinity. Herring and sprat are mainly found at depths of
70-100 m in winter, at about 3-5 oC. In spring sprat and young herring migrate
to warmer surface water while the older herring feed near the bottom in the
open sea at a depth of about 50-80 m. The migration and distribution pattern
vary considerably between different years and part of the Baltic Sea depending
on abiotic conditions and the abundance of food.  Spawning occurs near coasts
in the most productive areas, e.g. in the vicinity of river mouths and shallow
sounds that warm early in the spring.

Figure 6.30. Lamprey, a primitive fish previously
more common in the rivers of the Baltic Sea, and a
highly appreciated delicacy on the dinner table. This
happy boy has found his lamprey in the Ume River at
the Bothnian Sea. (Photo: Uno Höök, Hörnefors Photo
Society.)

YearYearYearYearYear HerringHerringHerringHerringHerring SpratSpratSpratSpratSprat CodCodCodCodCod SalmonSalmonSalmonSalmonSalmon

1990  483  150 211  -
1991 486  163 171 3.8
1992  486  290 100 4.0
1993 650  415 40 759,000*
1994  650 700  60  720,000*
1995  670  500 120  620,000*
1996 670 500 165 570,000*
1997  670 550  180  520,000*
1998 670 550 145  520,000*
1999  570  468 126  510,000*
2000 490  400 105 540,000*
2001  372 355 105 520,000*
2002  260 380 76  510,000*

* Beginning with 1993 the TACs for Salmon have been
established in number of fish.

Table 6.1. Total Allowable Catches (TACs)
established by the IBSFC for the respective years in
thousand  tonnes. (Source: International Baltic Sea
Fishery Commission, IBSFC  http://www.ibsfc.org/.)
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In the surface layers the pelagic fish benefit from moderate eutrophication.
Thus, herring and sprat have greatly increased their populations in the Baltic Sea
for many years. Most probably due to eutrophication, the potential fish food on the
soft bottoms above the primary halocline has increased up to sevenfold since the
1920s. There was a drastic increase in the catches of sprat from the mid-1950s to
mid-1970s (Figure 6.29). After this period catches have decreased significantly,
probably due to a combination of heavy predation by cod and overfishing.

In the Baltic Sea there are two stocks of cod. Cod eggs need a minimum of
10‰ to develop successfully. This salinity is reached at 60-80 m depth in the
Bornholm, Gotland, Gdansk, and Arcona deep, and in the Slupsk Furrow. The
most intensive spawning time is usually in May-June.

In different parts of the Baltic Sea the fishery varies. Freshwater fish are
especially important in the catch from the northern and eastern parts of the sea.
The whitefish fishery is greatest in the vendace fishery. Amateur fishermen
particularly fish pike intensively. The growth conditions for commercial fish
living and feeding in deeper areas are less favourable in the Baltic Sea than in
the North Sea. Cod and flounder grow less, and the stagnant water in the deep
basins has made the former foraging areas in the southern Baltic Sea
uninhabitable and unproductive. However, single year-classes may still be
successful and give rise to intensive fishing such as occurred with cod during
1979-80 (Figure 6.31).

The fishery has steadily decreased since 1983. Further, the predation pressure
by cod has also decreased due to a dramatic decrease in the cod populations
since the mid 1980s. As a result the herring biomass has increased due to reduced
catches and predation by cod. The growth rate dropped during the 1980s by 30-
50% for all except the youngest age groups. An explanation may be that when
the adult herring gather in large shoals in the Bornholm basin, and east of Gotland
during the autumn, they do not find the large amount of ampipods and mysids
that they prefer to feed on. Instead they have to feed on plankton with a lower
nutrient value and therefore can not grow as large as before. They also compete
for food with sprat, which has increased dramatically during the last years. The
increased primary production causing oxygen depletion in deep waters has also
negatively affected the reproductive success of cod.

Salmon
The population of salmon in the Baltic Sea belongs to the Atlantic salmon species,
Salmo salar. It has been isolated from the populations living in the North Atlantic
and some genetic changes have been reported. After hatching, the young salmon
may remain up to 5 years in the river, before migrating in May-June to spend up

Figure 6.31. Estimated fish populations in the Baltic
Sea. The four columns show from left to right cod,
cod, sprat, and herring. The two cod populations are
those west and east of Bornholm, which is a major
cod spawning area. Cod have floating eggs that require
a salinity of 10 parts per thousand. The sprat and herring
populations are those in the whole Baltic Sea. The
decrease in spawning stocks is most likely due to
overfishing. (Source: ICES, 1998.)

Overfishing cod in theOverfishing cod in theOverfishing cod in theOverfishing cod in theOverfishing cod in the
Baltic SeaBaltic SeaBaltic SeaBaltic SeaBaltic Sea

Over a period of about 20 years the
international fishing fleet in the Baltic Sea
increased its capacity about three-fold
and in parallel developed more
sophisticated tools for finding and
harvesting fish. In the beginning the
catches were good, especially for the
valuable cod. Favourable conditions for
cod reproduction in the 1970s allowed
in 1984 a catch of 450,000 tonnes. But
new cod reproduction failed, and in 1993
the population shrunk to about 4% of its
previous size. After a small increase in
the late 1990s the population continued
to decrease.

As the fishing fleet was dependent
on the catch for economic survival it
expanded to catch smaller individuals.
But cod reproduces only when it has
reached about 38 cm. This can be
compared to logging all trees in a forest,
avoiding replantation, and then cutting
all newly grown trees.

In the spring of 2002 the situation
came to a critical point. Biologists
estimate that continued fishing in the
Baltic Sea proper will risk elimination of
the rest of the cod population, as has
already happened in Kattegat and along
the west coast of Sweden. It seems that
the EU will discontinue all subsidies to
the fishing sector in an effort to reduce
the fleet, and Sweden is even conside-
ring a unilateral ban on cod fishing. It has
not been possible to agree on a total stop
for cod fishing, suggested by the EU but
not accepted by Russia, Estonia, Latvia,
Lithuania, and Poland in the Baltic Sea
Fishery Commission.

The cod crisis in the Baltic is not
unique. On the Canadian Newfoundland
coast cod was overfished and the
population crashed in the early 1990s,
and there has been no revival in the ten
years since. In the world as a whole
overfishing is a major threat. Agreements
on international resources are difficult to
reach and as a result they are
overexploited. In the Baltic Sea several
other species are severely reduced, such
as flounder, pike, perch, and eel.
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to 4 years in their feeding areas, mainly in the Baltic Sea basin. In September-
November they return to spawn in the rivers. The Swedish stocks of Baltic
salmon are mainly native to the big rivers in the northern part of the country.
Many years ago, some 50 Baltic Sea rivers accommodated spawning salmon
populations (Voipio ,1981). However, very few still harbour reproducing stocks
today and much of the genetic variability has been lost. One negative factor
was the building of dams in connection with power plants from the 1940s,
which has reduced the salmon populations drastically. It has only been possible
to keep reproduction at a high level by establishing compensatory hatcheries
with mass rearing of smolts at each river. From these hatcheries smolts are
released into the river each year (Ackefors et al., 1991).

Salmon migrate far and are able to find their way back to their home river
which they left as smolts. They are able to climb rapids and jump falls and travel at
a high speed – up to 100 km/day has been reported. Their spawning grounds are
fast running currents with gravel bottoms. Spawning takes place in autumn. Smolt
migrating down the river mainly feed on drifting insects and this feeding habit is
maintained at least during part of their first summer in the sea. In the sea the main
food of salmon is sprat, herring, and stickleback. The estimated consumption of
sprat by salmon was 16,500 tonnes annually or 40% of the fishing yield.

The releases of hatchery-reared salmon to the Baltic Sea increased during
the 1980s while the recruitment of naturally produced smolts has continued to
decrease. Since fishing is concentrated on the feeding areas, where naturally
and cultivated stocks are mixed, the recruitment of smolts to the present stock
of naturally spawning salmon continues to decrease. In this way the genetic
variability of the stock decreases further and many genetically separated
populations have disappeared.

MARINE MAMMALS AND BIRDS

Marine mammals, seals – threatened species
Predators other than fish are air breathing vertebrates such as sea birds, seals,
and whales. Three species of seal live in the Baltic Sea, the grey, ringed, and
harbour seal. The grey seal is the largest species and the ringed seal is the smallest.
Seal populations have been greatly reduced since the 1950s, first caused by
hunting, but later mainly due to pollution. Seals live at the highest level of the
food chain in the Baltic Sea, feed on fish, and accumulate many kinds of highly
toxic compounds.

The number of ringed seals is estimated to be 5,500-6,000. The ringed seal
is mainly found in the Bothnian Bay, Bothnian Sea, Gulf of Finland, and Riga
Bight. The ringed seal is closely related to the Arctic populations and is thought of
as a glacial relict. Around 1900, there were 100,000, or maybe even up to 400,000,
living in the Gulf of Bothnia. Every year roughly 17,000 were killed by hunters.
Today about 3,000 are left in the Bothnian Bay and 4,000 in the entire Baltic Sea,
and the populations have an annual increase of about 5-7%. The ringed seal is
seldom found in the southern parts of the Baltic Sea.

The number of Baltic grey seals living in the archipelagos along the
Baltic Sea coast were around 100,000 animals in 1900 and less than 200 in
the late 1970s. Now the annual increase is about 8-12% and a total of some
10,000 animals are found in the Baltic Sea, counted along the southern coast of

Figure 6.33. A successful seal hunt in the archipelago
outside Stockholm in the 1920s. Up to the 1950s seals
were hunted as part of the household provisions in the
archipelago between Sweden and Finland.  (Courtesy
Swedish Educational Broadcasting Company.)

Figure 6.32. Herring, the dominating fish species
in the Baltic Sea, swims in schools. (Courtesy
Swedish Educational Broadcasting Company.)
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the Baltic Sea, in the northern archipelago of Stockholm, Åland Sea, Bothnian
Bay, and Bothnian Sea. During the ice-free period of the year the seals are
found on shallow rocks and can be counted at the period when they change
their fur. An adult grey seal eats 7 kg fish per day. Their main food were reported
in the 1970s to be 23.5% herring, 21% cod, 12.5% salmon, 7% sea trout,
5.6% eel and flounder, and 4.9% perch. Since the cod populations have decreased
due to eutrophication and over fishing, the food of the grey seal has changed
too, at least along the western Estonian coast. Seals now eat much less salmon,
cod, and sea trout than in the end of the 1970s (Roots, 1998).

The harbour seal inhabits only the southernmost parts of the Baltic Sea were
the estimated number is 200 individuals. There are at least three populations of
harbour seals, at Måkläppen, at Kalmar Sound, and a small group at the southern
part of Gotland. In Kattegat, a much larger populations is found. During the
spring of 1988 a virus killed many of harbour seals along the coast of Kattegat
and Skagerack. The virus also reached the harbour seal populations at Måkläppen
in 1988 and no pups survived in that year.

As seals are at the highest level in the food web of the marine ecosystem, they
are exposed to many polluting substances. Another significant factor is drowning
in fishing gear by young pups. Seals have also been hunted for many years.

Seals feed on different fish species. The harbour seal for instance mainly
consumes small schooling fish, which they catch in the pelagic system and on
soft bottoms. The total seal populations of the Baltic Sea have declined greatly,
and the approximately 20,000 seals remaining can be assumed to eat about 4 kg
of fish per day each. This totals 3,000 tonnes carbon dry mass of fish a year,
less than 1% of the estimated fish production. The main problem for fishermen
is that seals are not afraid of people any more since they are not hunted, and
will destroy nets. New methods to scare away seals are under development.

The only whale previously common, the harbour porpoise (Phocoena
phocoena), is now virtually extinct in the Baltic Sea. In the last few decades,
the population of the otter, that used to inhabit the archipelago in large numbers,
has decreased dramatically.

Birds
The Baltic Sea region is rich in bird species. Some 340 species are found regularly
in the region. Many of them are waterfowl that live in the Baltic Sea. Others, such
as waders, live on the coast or in surrounding wetlands. Compared to other marine
environments, the Baltic Sea is rich in species due to its combination of marine
and freshwater birds. This is a sharp contrast to the underwater animal communities.

Facts onFacts onFacts onFacts onFacts on
sealssealssealssealsseals

Figure 6.34. Greyseals. A male and female on the Swedish coast. (Photo: Anna Roos.)

GREY SEAL GREY SEAL GREY SEAL GREY SEAL GREY SEAL Halichoreus grypusHalichoreus grypusHalichoreus grypusHalichoreus grypusHalichoreus grypus
The grey seal population in the Baltic Sea
amounts to about 12,000 individuals (2000),
as estimated by a capture-recapture analy-
sis. They are mostly found in the central and
northern part of the Baltic Sea, with the largest
colonies in the Stockholm archipelago, aro-
und Åland and on the Estonian coast. The
grey seal has been exterminated from from
the German and Polish coast and the popu-
lation in the southern Baltic proper is small,
with less than 200 counted individuals. The
number of grey seals in the Baltic Sea has
increased considerably over the last 10 years
as PCB pollution has diminished. Still, the
health status of Baltic grey seals is not entirely
positive. The frequency of intestinal ulcers is
higher in animals born after 1980. The rea-
son for this new sign of deterioration is
unknown. An additional problem is that many
seals die when caught in fishing nets.

HARBOUR SEAL HARBOUR SEAL HARBOUR SEAL HARBOUR SEAL HARBOUR SEAL Phoca vitulinaPhoca vitulinaPhoca vitulinaPhoca vitulinaPhoca vitulina
The harbour seal, is found along the Swe-
dish west and Danish east coasts, down to
south of Sweden. In 2001 the total popula-
tion counted some 18,000 individuals In
spring 2002 the population suffer a serious
outbreak of PDV (Phocine Distemper Virus).
A previous ourbreak in 1988, reduced the
stock by about 50%. The barely 300 animals
large population of harbour seals in Kalmar-
sund in the Baltic proper is a different sub-
species with no genetic contacts with the
western population.  It is a red-listed species.

RINGED SEAL RINGED SEAL RINGED SEAL RINGED SEAL RINGED SEAL Pusa hispidaPusa hispidaPusa hispidaPusa hispidaPusa hispida
The population of ringed seals, presently an
estimated 10,000 individuals (2001), has
doubled during the last 15 years. 80 % of the
ringed seals are found in the Bothnian Bay.
In the population in the Gulf of Finland, half
died for unknown reasons in 1991. Since then
there are some 200 individuals a number
which does not increase. In the Gulf of Riga
there are some 1,500 individuals.

(Source: Ringed and harbour seal Tero Härkönen; grey
seal Björn Helander, Swedish Museum of Natural
History. Drawings by Rysunki M. Skakuj.)
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Most of the bird species migrate between winter grounds and nesting grounds
for spring and summer. The migratory movements are especially pronounced
in the Baltic Sea region since the northern summer, with long hours of light and
rich access to food, is very attractive for nesting, while during winter the ice
conditions of the Baltic Sea are severe. Thus, most birds leave the Baltic Sea
and winter further south. However, large numbers of longtailed duck, from
northern Russia, stay in winter in the southern Baltic Sea region as do also
tufted duck, mute swan, Canadian goose, and herring gull. Large numbers of
eider ducks winter in Danish waters.

Of the several distinct biotopes in the Baltic Sea region, the archipelagos
are extensive and rich in birds. The many islands offer excellent protection for
waterfowl during their nesting period, and the shallow waters are rich in food.
The breeding waterfowl community consists of marine as well as freshwater
species. The eider duck, great black-backed gull, turnstone, and all three species
of auks – guillemot, razorbill and black guillemot – are elsewhere almost
exclusively found in marine environments. In the brackish Baltic Sea they breed
together with typical freshwater species such as great crested grebe, velvet scoter,
tufted duck, goldeneye, mute swan, and black-headed gull.

Remarkable biotopes, the bird cliffs, otherwise typically found along the
oceans, are present on the west coast of Gotland, with thousands of birds.

The most important area in Lithuania for waterfowl is the Curonian Lagoon
and the Nemas delta. Wide reed belts that shelter the waterfowl surround the
shore and the river delta. The main species found in the lagoon are ducks,
grebes, gulls, and little tern. The area is also a resting place for thousands of
migrating birds during spring and summer, since it is located in migration
routes of continental significance.

The eider duck is the most numerous waterfowl in the Baltic Sea region. It
numbers today at least about 800,000 breeding individuals. It is very wide spread,
being absent only from the inner parts of the Bothnian Bay and the Gulf of
Finland. Salinity is close to zero there and its main food, the blue mussel, does
not occur. The eider duck almost exclusively places its nest on islands where it
is safe from mammalian predators. Thus, it is not found in the southeastern part
of the Baltic Sea region where there are few islands.

A different biotope is the freshwater wetlands in the Baltic Sea region. These
have decreased dramatically in Sweden and Denmark, but are still wide ranging
in the three Baltic States and in Poland. They are very rich in bird species and
some more remarkable birds, such as the black stork, are only found there. The
Wisla river valley, being largely unregulated and thus a wetland area, is also a
rich bird sanctuary.

The water bird populations have in general increased during later decades.  It is
possible that they benefit from an increased production of macroinvertebrates and
fish caused by increased amounts of nutrients in the Baltic Sea. Particularly notable
increases have been observed of eider duck, oystercatcher, and cormorant.
Conservation measures have been valuable to protect some rare species.

For a long period the white-tailed eagle population was decreasing. Today,
there are more than 200 nesting pairs of this magnificent bird in the Baltic Sea
region, mostly in Finland and Sweden. This species was more common during the
last century, and decreased in numbers up to the 1930s when it became protected
in many places. During the 1950s it again started to decrease in number, this time
due to pollution. As a top predator it was severely affected by organic pollutants.
Only 25% of the pairs successfully bred during the period 1965-85. The normal
rate is 75%. Several measures were made to save the white-tailed eagle, such as
placing non-poisoned cadavers as food on small islands. The species is on its way
to being saved. In 1999 and 2000 the number of successful breeding couples
increased and the species is considered to be out of danger.

Figure 6.35. White-tailed eagle, Haliaetus albicilla,
is the most impressive of the Baltic Sea bird fauna,
with up to a 2 meter wing span. The white-tailed eagle
has been threatened by chemical pollution from the
1950s, but in the end of the 1990s the species recovered
and is now increasing in the entire region. (Photo: Tero
Niemi.)

Unusual visitorsUnusual visitorsUnusual visitorsUnusual visitorsUnusual visitors

Over the last 20 years, three species of
cetaceans have been observed in the
Polish waters. A humpback whale
(Megaptera novaeangliae) and a white
whale (also called Beluga whale)
(Delphinapterus leucas) were sighted in
1979. The third species, white-beaked
dolphin (Lagenorhynchus albirostris), have
been reported 6 times since 1989. Three
of the sightings were dolphins caught in
trawl nets, two specimens were sighted,
and one was found stranded. One white
beaked dolphin was observed occasionally
for over a year in the vicinity of a moor buoy.
Although the Baltic Sea is acknowledged
as a temporary habitat for this species, its
occurrence is rare.

Iwona Kuklik
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The most dramatic manifestation of the bird fauna in the Baltic Sea region
is the migrations. There is a massive passage of migrating birds, especially
during the autumn movements. The main direction is southwestern. For many
passerine species coming to the eastern coast the open water functions as a
barrier and the birds follow the coast southwards. Ducks, geese, and waders
pass the sea on a broad front or make their way over the large islands. When
reaching the Swedish coast they are linked southwards.

In this way a concentration of migrants are generated on both sides of the
Baltic Sea proper. An important flyway leads over Schleswig-Holstein to the
North Sea. There are many important resting localities for the migrants where
they stop and feed for the continued journey. Matsalu in Estonia, the river deltas
in Poland, the east coast of Öland in Sweden, and the Rügen area are localities
full of birds during periods of migration.

Bird breeding seasons
Birds are common all around the Baltic Sea during most of the year. During the
breeding period, however, most birds occur in coastal areas and in archipelagos,
whereas during other parts of the year they may also explore the open sea, especially
shallow areas. The only factor that completely prevents them from using shores or
open water is ice during the winter. In exceptionally icy winters, large numbers of
wintering birds leave the Baltic Sea for open water westwards.

The special features of the Baltic Sea create unique conditions for breeding
birds. The breeding bird fauna is composed of  freshwater as well as marine
species and northern as well as southern elements. Compared to other marine
areas the bottom-feeding, diving ducks predominate. For several waterbird
species the Baltic Sea is an internationally important breeding area.

A characteristic feature for the Baltic Sea is the abundance of low islands
creating several major archipelagoes, in fact some of the most impressive in
the world. In other parts of the Baltic Sea region, solitary islands are common.
Islands are essential for many waterbird species as breeding habitats because
many species lack defence and distraction behaviour against ground mammalian
predators such as the red fox. Breeding success on mainland coasts and large
islands is lower than on small islands. People living in the archipelago
traditionally killed foxes reaching the islands during winters with ice cover,
and thus improved the archipelago as breeding habitat for waterbirds.

Gulls and terns usually form breeding colonies on small islands and defend
their nests and young against avian and mammalian predators, while waders,
ducks and geese nest solitary and usually conceal their nests in the vegetation.
Several breeding waterbird species, e.g. ducks and waders are attracted to these
well defended gull and tern colonies. Auks nest under boulders and in crevices
on seaward islands.

Table 6.2. The Baltic Sea region is a key area for
wintering waterfowl. The Table shows the winter
population size of species with more than a third of
the total North-West European population in the Baltic
Sea region. (Source: Durinck et al., 1994.)

SpeciesSpeciesSpeciesSpeciesSpecies Total in NW EuropeTotal in NW EuropeTotal in NW EuropeTotal in NW EuropeTotal in NW Europe Total in the Baltic Sea regionTotal in the Baltic Sea regionTotal in the Baltic Sea regionTotal in the Baltic Sea regionTotal in the Baltic Sea region %%%%%

velvet scoter 1,000,000 933,000 93
long-tailed duck 4,700,000 4,300,000 91
smew 25,000 16,900 68
mute swan 180,000 108,000 60
black scoter 1,300,000 783,000 60
red & black-throated diver 110,000 57,000 51
goosander 150,000 73,000 49
greater scaup 310,000 146,000 47
Steller’s eider 15,000 6,800 46
red-breasted merganser 100,000 44,000 44
tufted duck 750,000 319,000 43
common goldeneye 300,000 123,000 41
red-necked grebe 15,000 5,500 37
Slavonian grebe 5,000 1,800 37
common eider 3,000,000 1,000,000 35

Figure 6.36. An adult and young herring gull.
(Photo: Ewa Boklak.)
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Along flat coastal areas cattle grazing and hay making keep shore meadows
and shallow bays open. In the bays filtration feeding birds like avocet, shelduck,
and shoveler are characteristic. Wader species such as the black-tailed godwit,
ruff, lapwing, and a subspecies of dunlin feed on invertebrates in the wet soil of
the meadows. The future of these habitats depends on continuous management.
These habitats are among the most endangered in the region.

Besides the common species a number of birds are restricted to these coastal
types like shelduck, avocet, sandwich tern, and little tern mainly due to their
food demands. True bird cliffs are rare in the Baltic Sea region. There are however
a few localities with limestone bedrock cliffs where guillemots and razorbills
nest on ledges in the characteristic way.

Sandy beaches and dune areas are characteristics of considerable stretches
of the southern and eastern coasts. They are of comparatively little importance
for breeding birds, waterfowl, as well as waders, because they are accessible
for mammalian predators. One species of land bird, however, depends on sand
dune areas, the tawny pipit, now considered as endangered.

Figure 6.37. Migrating birds over the Baltic Sea. A
flight of brent geese, Branta bernicla, over the Baltic
Sea. The Baltic Sea region has a very large proportion
of birds that migrate between summer and winter
habitats. Flocks of birds in flight are a common sight,
especially during October. (Photo: Tero Niemi.)

Table. 6.3. The ten most important bird wintering
areas and the most important species in each of
them. (Source: Durinck et al., 1994.)

AreaAreaAreaAreaArea Most importantMost importantMost importantMost importantMost important NumberNumberNumberNumberNumber %%%%%
speciesspeciesspeciesspeciesspecies (thousands)(thousands)(thousands)(thousands)(thousands)

Szczecin & Vorpommern tufted duck 114 15
Lagoons smew 14 56

greater scaup 71 23
Pomeranian Bay long-tailed duck 803 17

Slavonian grebe 2 34
velvet scoter 357 38

Gulf of Riga long-tailed duck 1,100 23
velvet scoter 336 36
red-throated diver 30 24

Northern Kattegat black scoter 495 38
common eider 400 13
red-necked grebe 2 16

Saaremaa and Hiiumaa west coasts Steller’s eider 6 39
Smålandsfarvandet mute swan 15 9
Hoburgs Bank long-tailed duck 925 20
Kiel Bay and adjacent waters common eider 278 9
South-west Kattegat common eider 193 6
Gotland east and north coast long-tailed duck 237 5
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Spring and autumn migration
The southern and central Baltic Sea is situated along the very important migration
route between the vast breeding areas in northern Russia and the wintering
quarters along the west European coast. Long distance migrants also use this
way for winter quarters in Africa.

As staging area during migration the Baltic Sea is less important than as
breeding or wintering area. The waders use the Baltic Sea coasts most intensively
during migration. Species like the dunlin, bar-tailed godwit, grey plover, and
ringed plover may stay at suitable sites for extended periods of time to replenish
their fat stores before continuing to the final winter sites. In spring, the Bewick’s
swan, barnacle goose, and long-tailed duck gather in large concentrations in a
few specific coastal areas that offer good feeding conditions.

For many land birds the Baltic Sea is a barrier that makes migration more
difficult. This is shown by many migrants which pass to the continent where
the sea passage is shortest. Other species breed on the continent all the way
north to the Baltic Sea, but are absent or rare in southern Fenno-Scandia.

The Baltic Sea is extremely important for wintering waterfowl. For several
species it is a key area of international importance for the whole of the western
Palearctic region (see Table 6.2). For 15 species more than one-third of the total
northwest European winter population resides in the Baltic Sea region. For two
species, the velvet scoter and the long-tailed duck this proportion is over 90%.
This makes the Baltic Sea vital for the survival of these species over breeding
areas far beyond the Baltic Sea region itself. Considering the absolute numbers
of wintering birds it is again the long-tailed duck that comes first with more
than four million birds. The eider duck is second with 1-1.5 million birds.

Two important species have not been included in the list because they have
large NW-European populations outside the Baltic Sea region, the common and
black guillemots. Both species breed in the Baltic Sea region and the proportions
of these populations wintering in the Baltic Sea region are also high.

The most important wintering areas are listed in Table 6.3. Four of them
particularly stand out: the Szczecin and Vorpommern Lagoons, Pomeranian
Bay, Gulf of Riga, and Northern Kategatt.

REVIEW QUESTIONS

1. Explain why the Baltic Sea has very poor biodiversity.

2. Describe the role of the coasts in the biological life of the Baltic Sea.

3. Enumerate the main life forms in the Baltic Sea.

4. What are the niches of marine plankton, nekton, and benthos?

5. Describe the food web in the Baltic Sea and estimate the levels of bioproduction.

6. Describe the role of the Fucus belt, and the blue mussel belt in the Baltic Sea.

7. Describe the algal blooms, including time of year, species, and toxicity.

8. Enumerate the main fish species of economic importance and the role of fishing.

9. Describe the situation of the seals in the Baltic Sea.

10. Place on the map some of the main protected areas for migrating birds.
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http://www.gmf.gu.se/english/eng_index.htm

Hamburger Bildungsserver - Natural Facts about the Baltic Sea
http://www.hamburgerbildungsserver.de/welcome.phtml?unten=/ozean/
ostsee/ostsee-125.htm

International Baltic Sea Fishery Commission, IBSFC
http://www.ibsfc.org/

MarLIN -  Marine Life Information Network for Britain & Ireland
http://www.marlin.ac.uk/

Oceanographic Museum and Marine Aquarium, Gdynia
http://www.mir.gdynia.pl/akw/muz_akwa.htm

The Seaweed Site
http://seaweed.ucg.ie

Seal Conservation Society
http://www.pinnipeds.fsnet.co.uk/main.htm

Stockholm Marine Research Centre (SMF)
http://www.smf.su.se/english/

Sweish EPA: The Swedish Marine Environment
http://www.internat.environ.se/index.php3?main=/documents/legal/
assess/assedoc/lakedoc/fishspec.htm

Swedish Museum of Natural History, Facts on seals
http://www.nrm.se/mg/topcons.html.en

The Swedish Ornithological Society
http://www.sofnet.org/

Umeå Marine Sciences Centre
http://www.umf.umu.se/index_eng.html
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infauna
animals living down in the sediment, or, in the absence of predators, as in
parts of the deep sea for example, on the surface of the sediment

invertebrates
animals without backbones

limnic
fresh water systems, mainly lakes and rivers, with essentially no salt

marine
water systems, mainly oceans, with a stable salt content of about 3.5 %
or 35‰

nekton
all swimming consumers in the water, which can hunt food, and in general
select favourable habitats in which to spend different periods of their lives;
the greatest number of nekton are fish species

off shore banks
bank areas outside the coast less than 20-25 m deep consisting of rock and or
a mosaic of boulders, gravel, and sand; these areas are valuable spawning
grounds and nursing areas of young fish species

oligotrophic
with little nutrients, nutrient poor

pelagic
open water systems

phanerogams
plants which have flowers and roots but less supportive structures in their
stem compared to land living phanerogams

phytoplankton
plankton belonging to the plant kingdom, photosynthetic

plankton
all organisms which drift passively in the water, or whose own motion is too
weak to allow them to move independent of the water mass

suspension feeders
organisms that are decomposers and filter suspended particles from the water,
most characteristic of shallow regions and areas of comparatively rapid water
movements

vertebrates
animals with backbones; aquatic vertebrates include fish, amphibians like
frogs, some mammals, and birds

zooplankton
plankton belonging to the animal kingdom, non-photosynthetic

GLOSSARY

algae
cryptogam plants living in water, either large, macroalgae, or microscopic,
microalgae

algal bloom
intense growth of algae over a short period

aquatic
water systems

bacteria
simple unicellular life forms devoid of a well-organised cell nucleus, also
called prokaryotes; blue-green algae are bacteria of the group cyanobacteria

benthos
organisms that live on or in bottoms, and entire bottom ecosystems

benthic
adjective of benthos

coastal lagoons
water bodies at the coast with have a limited water exchange with the sea; the
lagoons are very shallow with extremely high biological production due to
the good supply of nutrients, high temperature, and light

cryptogams
plants which do not have flowers; aquatic cryptogams do not have root systems
but are instead attached to the bottom with a holdfast

deposit feeders
organisms that are decomposers which consume a specific fraction or the
whole surrounding sediment, occurring in the greatest abundance in deeper
areas and in soft sediments

estuarine
water systems in the bays of the inner archipelago of Atlantic coasts, with a
salinity varying between 15 to 30‰ during the year, e.g. Kattegat

eutrophic
with much nutrients, nutrient rich

flad
a shallow basin completely surrounded by land, leaving one or a few narrow
openings to the sea slowly turning into land

glo
a flad with no further connections to the sea, where the decreasing salinity
will lead to a new succession of freshwater plants, unless the glo is overgrown
by marsh or land vegetation

glo-flad
a flad which has connections to the sea only when the sea level is high


