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The Baltic Sea below the surface
By Jacob Carstensen

“Out of sight, out of mind” is a saying that reflects human
behaviour in a nutshell. This also applies to the Baltic Sea.
While nuisance algal blooms in summer make it for the
media headlines, less visible problems in the Baltic Sea are
often neglected. The waters of the Baltic Sea are not as
clear as in the Mediterranean Sea, for natural reasons and
because of large nutrient discharges from land and
atmosphere. These have increased by factors 3-5 over the
last 100 years. Therefore, the human eye can only see
approximately 10 m down in the water column, maybe
giving the impression that the bottoms of the Baltic Sea are
sandy and full of life, similar to what most people
experience on a summer day at the beach. However, most
of the bottoms are muddy sediments that potentially could
be full of animals, although different kinds of animals than
those people observe at the beach. But today large areas
(more than 60,000 km2) are devoid of animals because of
low oxygen concentrations, also referred to as hypoxia,
leaving just bacteria behind.

It has not always been like that. Low oxygen
concentrations are a natural phenomenon in the deep
waters of the Baltic Sea, but these dead zones of low
oxygen concentrations have spread from less than 10,000
km2 at the beginning of the 20th century to a present level
where almost 25% of the bottoms in the central part of the
Baltic Sea are dead! The Baltic Sea is naturally prone to
hypoxia and therefore much more sensitive to nutrient
discharges from urban areas and agriculture than the North
Sea, where currents and tides bring oxygen down to the
bottoms. Varying water exchanges between the North Sea
and the Baltic Sea can modulate hypoxia in the Baltic Sea,
but the overall increase in hypoxia over the last 100 years
is clearly caused by discharges of nutrients, exceeding the
natural processing capacity of the Baltic Sea. Today, many
coastal areas and seas around the world share the problem
of hypoxia with the Baltic Sea; hypoxia has rapidly become
a global problem.

Should we care about dead bottoms below 100 meters
depth in the Baltic Sea? The species living at those depths
are not endangered and most of the animals can still
inhabit the remaining 75% of the bottoms where oxygen
concentrations are still high enough for them to survive. So,
we need perhaps not care about dead zones in the Baltic
Sea for the sake of the individual worms. However, we
might want to take a look at the services these worms
provide us. The large expansion of dead zones has
consequences for several visible phenomena that should
interest most humans with an interest in the Baltic Sea and
who get their income from it. In addition to the nutrients
coming from land and atmosphere, the occurrence of
hypoxia enhances releases of nutrients from the sediments
that further fuel algal blooms affecting the quality of coastal
waters, particularly when washing ashore on beaches
during summer time. Thus, hypoxia worsens the algal
blooms. Second, the animals (the worms and mussels and
others) living at the bottom are an important food source for
fish that constitute a valuable resource for fishermen. The
large dead zone in the Baltic Sea means that less food is
available for the fish and consequently, less fish can be
harvested from the sea. One of the most valuable fish in
the Baltic Sea is cod that lays its eggs in the deeper
waters, but the eggs will not hatch if the waters are

hypoxic. Over the last 100 years the volume where the cod
eggs can hatch, the so-called cod reproductive volume, has
been reduced by almost 50%. The reduced volume for egg
hatching will affect the recruitment of cod in the Baltic Sea
and hence the amount of cod harvested. Therefore,
hypoxia in the deep Baltic Sea is not only affecting the
animals living on the bottom; it also affects humans
enjoying the services that the Baltic Sea provides.

It makes sense to combat hypoxia and optimise the
services provided to the populations around the Baltic Sea,
but what does it take? There are three major factors that
must be considered, if a healthy Baltic Sea is to be re-
established: 1) Nutrient inputs, 2) Overfishing, and 3)
Climate change. Nutrient inputs stimulate the growth of
algae that consumes oxygen when sedimenting to the
bottom and is therefore considered the principal cause of
hypoxia. Algal growth is limited by both nitrogen and
phosphorus, the more limiting of these two nutrients
changing with time and space. Therefore, measures for
reducing both nutrients must be considered. Overfishing
can also enhance hypoxia through so-called trophic
cascades. Overfishing of cod and low recruitment releases
the predation pressure on herring and sprat, which
increase their population sizes and exert large predation on
zooplankton, small animals normally controlling the amount
of algae in the water. If the algae are not grazed by the
zooplankton, the algae will sediment to the bottom and
consume oxygen. Finally, a warmer climate will exacerbate
hypoxia in the Baltic Sea, because warmer water contains
less oxygen and oxygen consumption increases with
temperature. Whereas climate change is difficult to address
from a regional perspective, nutrient inputs and overfishing
are manageable if all countries around the Baltic Sea have
the will. These latter two pressures are addressed in
HELCOM Baltic Sea Action Plan (BSAP) and EU Common
Fisheries Policy (CFP).

The measures required for reducing nutrient inputs and
overfishing are known, but their specific reductions to re-
establish a healthy Baltic Sea are uncertain. Through
experimental work and models the scientific community can
help policy-makers by reducing this uncertainty, but lack of
certainty should not prevent decision-taking. The solution is
adaptive management, where measures are taken,
environmental consequences monitored and assessed,
and targets and measures are revised in a continuous
cycle. In parallel, science should strive to improve the
predictability of possible outcomes from decision making.
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