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Need for a Broad-based
Marine Research Centre

DURING THE YEAR 2007 THE AGIVITIES AND operational
environment of the Finnish Institute of Marine Research (FIMR)
were once again under scrutiny. The Government Programme
of Prime Minister Vanhanen’s 2nd cabinet includes a statement
that an assessment 15 to be made of the potential for increas
ing cooperation between the FMI and the Finnish lnstitute of
Marine Research. The Ministry appointed Professor Juhani
Keinonen as the expert in charge of the assessment, and he
submitted his report at the beginning of November. The Minis
ter of Transport immediately appointed a working group,
without any round of statements or opportunity for wider
discussion, to prepare the merging of the two institutes. It is
unfortunate that the assignment to examine the issue was
based on a narrow sectoral view and probably primarily aimed
at streamlining administration and cutting jobs, without going
deeper into the question and analysing the issue of marine
research as a whole. It 15 also worth mentioning that elsewhere,
the Government Programme stresses the importance of Baltic

The year 2007 was also an important year for Baltic Sea
research. The rapid spread of the American comb jelly in the
northern Baltic took researchers by surprise. A cruise by Aran
da in August 2007 found large numbers of American comb
jelly in deep waters of the Åland Sea and the Bothnian Sea
and in December it was found to have spread to the whole of
the Gulf of Finland. Aranda also made a monitoring and re
search expedition covering the whole Gulf of Finland for the
first time in several years, when Russia granted the necessary
permits to study the eastern part of the Gulf.
The year 2007 was the eighty-ninth in the FIMR’s histor
and during it, the lnstitute succeeded weIlin achieving both
the performance targets set by the Ministry of Transport and
Communications and those agreed on with the Ministry of the
Environment. The number of research publications, reports

Sea research and promises to intensify it. This point in the Pro
gramme was not taken into consideration in the assessment.
The FIMR has proposed a comprehensive approach as its
own development option. There should be an open discussion
in Finland about what is expected of marine research, also
considering the challenges of the future.
The year 2007 was a time of busy activity in the field of
international cooperation. Preparations were made to apply
for the Baltic Sea BONUS research programme, and active
networking took place. The lnstitute also participated in pre
paring the MyOcean project and was involved in cooperation
to create a European marine science network and co-opera
tion concept. The FIMR has been active in projects developing
operative marine observation systems and is a member in the
European-wide EuroGOOS and Baltic Region ROOS organisa

and manuscripts has again been considerable.
During 2007 the Institute’s new organisation based on
research programmes was completed and came into force at
the beginning of 2008.
The Institute is again participating in a project evaluating
disciplines and research fields commissioned by Academy of
Finland, this time an evaluation of Water Research 2002-2006.
The results of the evaluation are to be published at the begin
ning of 2008.
It has been very gratifying to note that environmentally
aware citizens consider Baltic Sea research very important and
value the work done by the Institute. As a concrete demon
stration of this appreciation, the FIMR received from a private
person a substantial donation, which is intended for research

tions, among others. The FIMR joined the Baltic Region HI
ROMB (High Resolution Operational Model for the Baltic Sea)
consortium in autumn 2007. International marine research
cooperation culminated in the Scientific Conference and An
nual Meeting of ICES (the International Council for the Explo
ration of the Sea) held in Helsinki in autumn 2007. There were

carried out on the research vessel Aranda. Our sincere thanks
go to the donor for the support given.
Assessments and the uncertainty they create about the
future marked the Institute’s activities during the past year.
Nevertheless, excellent results were produced, and 1 should like
to thank FIMR’s competent and to its work devoted staff and

over 600 participants and during the week more than 70 scien
tific papers were heard. The responsibility for organising the

our numerous competent cooperation partners for their efforts.

conference was shared between the FIMR and the Finnish
Game and Fisheries Research lnstitute.

LL
EEVA-LIISA POUTANEN
Director General
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The State of the BaItic Sea in 2007

Sea view from Högholm, Hanko, January 7, 2007
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The oxygen conditions in near-bottom waters of the Gulf of Finland and the Baltic Sea proper are stiil poor, and
in the deepest areas, hydrogen sulphide was found. On the other hand oxygen and benthic fauna are abundant
at sea bottom leveis of less than 60 metres. Due to the poor oxygen conditions, the phosphorus content in the
deepest parts of the Gulf of Finland increased in 2007. At the end of the year and in autumn the temperature of
surface waters was higher by a clear margin than normally. In July the sea level rose to a height of over a metre
in the Gulf of Finland and in October fell rapidly by a metre in one day at Hamina on the south coast of Finland.
There were high waves in the northern Baltic in ianuary and July. ln the Gulf of Finland large occurrences of
phytoplankton were observed. ln terms of ice conditions the winter was mild and short

—

in the Bothnian Sea,

the Åland Sea and the Gulf of Finland as much as one and a half months shorter than average.

Oxygen depietion in deep waters continues
Oxygen conditions on the Baltic Sea bottom in August 2007

ImIII2

there is often oxygen depletion, the degree of which varies
with long-term hydrographic variation and the oxygen debt at
the deep sea bed.
in 2007 oxygen conditions in near-bottom water were still
very poor in early summer in ali areas of the Baltic Sea except
the Gulf of Bothnia, and no great changes were noted com
pared to 2006. The state of the near-bottom waters in the Gulf
of Finland was worse in 2006 than ever since the research ves
sel Aranda began monitoring in 1962.
From eariy summer on, the oxygen content of near-bot
tom waters was very low (less than 2 ml/l) in 65 metre deep
waters, and few occurrences of benthic fauna were observed.
Deeper waters and seabed areas were either completely or

0
0

SOURCE: JANNE BRUUN / FIMR

THE INVASIVE SPECIES MARENZELLERIA
VIRIDIS HAS CONTINUEDTO SPREAD
IN THE GULF OF BOTHNIA

State of benthos in the Baltic Sea in 2007
O
O
O
O

In the Baltic Sea proper and the Gulf of Finland the oxygen
conditions in deep near-bottom waters is the most important
factor affecting benthic fauna. In waters below the halodine

no benthic fauna
sparse benthic fauna
moderate benthic fauna
abundant benthic fauna

•
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almost anoxic. The oxygen conditions in the Gulf of Finland
did not, however, deteriorate in late summer in the same way
as in 2006. In the western part of the Gulf of Finland abundant
oxygen and benthic fauna were found on sea beds less than
60 metres deep.
In the northern, central and southern Baltic seabed areas
deeper than 70—80 metres had low oxygen content (less than
2 mi/l) and completely anoxic water and hydrogen sulphide
were found at in the deepest areas. In early summer benthic
fauna were completely lacking on the seabed of the northern
and central Baltic atn. 85 per cent of the sampling stations
studied%. The oxygen conditions in the southern Baltic and
the Bornhoim Basin were, however, slightly better, and conse
quently benthic fauna were more abundant.
In the Gulf of Bothnia the oxygen conditions are often
good, even in the deep basins of the open sea. in 2006, how
ever, lower values were measured, which led to concern
among researchers. In 2007 oxygen conditions were once
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The annual nutrient cycle, salinity and oxygen conditions in near-bottom
water (100 m) in the central Gulf of Finland in 2002—2007
oxygen
O NO3 = nitrate
O P04 = phosphate
salt
The State of the Baltic Sea
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again good. At many of the observation points, densities of
the ttaditionally predominant species in the Gulf of Bothnia,
Monoporela affinis, are stili at a low level, but signs of recovery
are now observable in the area of the Bothnian Sea.
An invasive species, Marenzelleria, has in the last few years
spread in the open sea areas of the Gulf of Bothnia and this
was the case 2007, too. However, the density of individual
occurrences has gone down at some observation points in the

5OURCE; HANNU HAAHTI
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southern part of the Bothnian Sea.

Rising phosphorus concentrations in the Gulf of
Finland during the year
In the Gulf of Finland, the water masses were mixed right
down to the bottom at the beginning of the year. For this
reason the oxygen conditions on the

bottom were good

ON JANUARY 1 SEAWATERWAS 2,5 °C
WARMERTHAN NORMAL IN HELSINKI

in the

open sea areas as well, and the nutrient content of surface
waters rose to a relatively high level. During spring, water with
higher salinity and lower oxygen content flowed from the
Baltic Sea proper to the Gulf of Finland, causing the formation
of a halocline at 60—70 m depth. Below that, the oxygen condi
tions deteriorated gradually and the phosphate concentration
at the sea bottom began to increase. In summer, the oxygen
level in near-bottom water improved slightly, while still re
maining poor. Hydrogen sulphides were found in near-bottom
water after an interval of a few years.
In the Gulf of Bothnia nutrient contents have remained
fairly stable, and no significant changes were found in 2007. In
the Bothnian Sea a slight increase has been observed in con
centrations of nitrates and phosphates during the past few
years. In the Baltic Sea proper and in the northern Baltic, nutri
ent concentrations remained more or less at the leveis of previ
ous years.

Surface temperatures at the Seili observation station in 2007
surface temperatures in 2007
O maximum 1977—2006

average 1977—2006
O minimum 1977—2006
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SOURCE: PEKKA AlENIUS / FIMR

During the whole autumn seawaters were warmer
than normal
At the beginning of 2007, the surface water was noticeably
warmer than normal in the Finnish sea areas, with the excep
tion of the Bothnian Bay, the northernmost part of the Baltic
Sea. In spring the temperature of the seawater was typical
more or less everywhere, but in June it was distinctly higher
than normal. In July, the waters cooled to a temperature that
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Monthly average sea leveis at Åland’s Fögiö mareograph in 2007
O average monthly means 1923—2006
O monthly means 2007

sea level
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was about average, around 19 °C. The waters warmed up
again in August and coastal waters were at their warmest in
many places. In autumn the seawater cooled normally, but it
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was continuously warmer than the average for the time of
year. In deeper waters, below the thermoctine, the tempera
ture was 1—3 °C warmer than average throughout the year.
At year end the salinity of the central part of the Gulf of
Finland was almost the same from the sur[ace to the bottom
to a depth of 90 metres, but during summer, the situation
returned to normal with the formation of a halocline.

IN OCTOBER THE SEA LEVEL FELL BY
AMETREINONEDAYINHAMINA

Monthiy average significant wave height in the northern BaItic in
2007 and monthly averages for 1996—2006
01996—2006
O 2007
mean significant wave height
(m)
2,5
2
1,5

0,5

Sharp drop in sea level at Hamina in October
In January 2007, the sea level on the Finnish coast was on aver
age about 50 cm higher than normal. The highest level of the
year, 70 cm above mean sea level, was reached in mid-January.
During a winter storm, two locai recotds were measured, +102
cm at Fäglö and ÷123 cm at Rauma. Otherwise, the average
sea level was 5—25 cm above the long-term average, except in
June when it was about 5 cm below it and in October when it
was average.
The low pressure that predominated in sea areas com
bined with stormy winds raised the sea level several times in
spring and summer unusually high for the time of year. In May,
local record heights were measured at Raahe (÷57 cm), Pietar
saari (÷54 cm) and Vaasa (+47 cm). At Vaasa the sea level was
aiso at record height in April (÷63 cm). On the last day of July
the highest ever sea level recorded in July on the Finnish coast
was measured at Hamina, at ÷104 cm, and a local record
height for July was recorded at Föglö, ÷46 cm. On October 12
there was a rapid drop in the sea level at Hamina, by one me
tre in the course of a day, to a low of -80 cm.
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High seas in January and July
in the northern Baltic there were rough seas in January: signifi
cant wave height was over two metres half of the time, and a
height of over five metres was measured three times. The
highest waves of the year, at 5.4 metres, were measured on
January 26, 2007. In the Gulf of Finland, too, wave height rose
to four metres on January 10.
Due to the mild winter ice conditions, wave height could
be measured ali the year round in the northern Baltic. In the
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Maximum chlorophyll-a measurements describing plankton
blooms in surface water, in July 2007
64 N

62 N

mg!m3
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Gulf of Finland the wave buoy was lifted out the ice at the
beginning of February and lowered back into the sea at the
beginning of May. ln the northern Baltic, February was calmer
than usual, but in March wave height once reached 5.3 me
tres. Higher seas than normal were also recorded in April.
In May and June, wave heights were normal, but in July
seas were considerably higher than usual. ln the northern Bal
tic a wave height of 3.8 metres was measured and in the Gulf
of Finland a summer record of 3.7 metres. This was also the
second highest wave height recorded off Helsinki in the year.
In August seas were typical for the time of year.
In September the waves were on average higher than
usual, although significant wave height remained below 2.7
metres in the Gulf of Finland and below 3.7 metres in the
northern Baltic. October was calmer than usual and in Novem
ber wave heights in the Baltic were normal. In December seas
were rougher than usual, and at the end of the month signifi
cant wave height in the northern Baltic exceeded 4.5 metres
three times, reaching a maximum of 4.9 metres. At the same
time maximum significant wave height in the Gulf of Finland
was 2.9 metres.

Algae bioom abundant in the Gulf of Finland in July
In the Gulf of Finland the spring phytoplankton bloom began

58 N
5,5
0.0

SOURCE: SEPPO KAITALA / FIMR

IN JULYA RECORD SUMMERWAVE HEIGHT
WAS MEASURED lN THE GULF OF FINLAND
-3.7 METRES

The most extensive ice cover
on February 23.

O ice

phytoplankton bloom was reached already at the beginning

munities were typical for sea areas. In the Bothnian Bay, the
phytoplankton community consisted mainly of small prasino
phytes, haptophytes and chrysophytes and the phototrophic
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—

an area of 139,000 km2

—

was reached

The greatest thickness of solid ce in the Bothnian Bay was 50—75 cm,
in the Bothnian Sea 30—45 cm, in the Archipelago Sea 10-30cm and in
the Gulf of Finland 30—45 cm. The thickness of open sea ice in the Bothnian
Ray was 20—50 cm, in the Bothnian Sea 5—30 cm and in the Gulf of Finland
10—35 cm.

as usual in March, reaching its height in April, but it ended
about a week earlier than usual. The next peak of the summer
of July and it was twice as high as the long-term average.
ln July 2007 the number and biomass of phytoplankton
were at their highest level since the observation period began
in 2001. The thread-like blue-green bloom-forming algae
made up one third of the biomass, while two thirds consisted
of small flagellate chrysophytes and haptophytes. In 2007 the
phototrophic ciliate Mesodinium rubrum was more abundant
than usual in samples taken from the Gulf of Finland.
A certain amount of blue-green aigal bloom was observed
in the Bothnian Sea in July-August, consisting mainly of
thread-like Aphanizomenon algae. In the Gulf of Finland the
composition and biomass of late summer phytoplankton com

56 N

SOURCE: JOUNI VAINIO/ FIMR

ciliate Mesodinium rubrum. Also in the Bothnian Sea small
fiageflate algae, mainly chrysophytes and haptophytes, were
predominant in terms of both biomass and number. Thread
like bloom-forming blue-green algae were roughly as abun
dant as in 2006.
In 2007, in the northern Baltic, the biomass of phytoplank
tons was the highest recorded in the observation period 200 1—
2007. Phytoplankton blooms consisted of an unusually high
biomass of blue-green algae and other phytoplankton. Dino
fiagellates and blue-green aigal blooms together formed most
of the biomass, while small fiagellates, mainly haptophytes
and prasinophytes were most numerous.

Ice winter 2006/2007 miId and short
Freezing began in the northern part of the Bothnian Ray at
the normal time at the beginning of November. The end of
November and the beginning of December were mild and the
ice cover decreased. In mid-December only the inner archipela
go of Tornio-Kemi was ice-bound.
The beginning of 2007 was muU and there was very little
ice cover in Finnish sea areas. The weather grew colder to
wards the end of Januar and ice began to form on sea areas.
The southern part of the Bothnian Bay and the Kvarken began
to freeze more than a month later than average and in the
Bothnian Sea, the Archipelago Sea and the Gulf of Finland
about a month later than average. At the end of January the
open part of the Rothnian Ray was for most part ice-free and
in the Kvarken there was new ice. In the Gulf of Finland there
was only ice in the archipelago and eastern parts of the Gulf.
At the beginning of February freezing continued and the
Bothnian Sea was completely ice-covered on February 8, about
three weeks later than average. February continued cold and
—

IN THE BOTHNIAN SEA, THE ARCHIPELAGO SEA
AND THE GULF OF FINLAND THE ICEWINTER
WAS ONE AND A HALF MONTHS SHORTER THAN
AVERAG E

ice formed on the Bothnian Sea and the Gulf of Finland. The
ice cover was at it peak on February 23, when there was ice
over an area of 139,000 km2. The Bothnian Bay and the Kvark
en were ice-bound, on the Bothnian Sea there was ice off the
coastto a distance of 10-30 sea miles, the Archipelago Sea was
frozen and in the Gulf of Finland the ice extended to the
Utä-Mohni line. The Gulf of Riga was also mostly frozen. Due
to the sometimes strong winds associated with the muU
weather, there was some ice packing in the ice fields of the
Bothnian Ray in Februar March and April. In the Gulf of Fin
land the ice was thinner and there was less ice packing.
During March the ice conditions gradually regressed and
the ice began to become brittle in the Rothnian Sea, the Archi
pelago Sea and the Gulf of Finland. These sea areas became
ice-free at the beginning of April, almost two weeks earlier
than the average. In the Kvarken the ice melted at the end of
April, about a week earlier than average and in the Rothnian
Bay at the end of May, about the normal time.
The length of the ice winter, the period when the seas are
frozen, was average in the northern part of the Rothnian Ray,
more than a month shorter than average in the southern part
of the Bothnian Sea and more than one and a half months
shorter than average in the Kvarken. In the Rothnian Sea, the
Archipelago Sea and the Gulf of Finland the ice winter was
one and a half months shorter than average.
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Activities of the Finnish Institute of Marine Research in 2007

American comb jelly being Iifted from the Baltic at night
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Drifting tests in the Gulf of Finland
One subject of marine dynamics research in 2007 was the ef
fect of waves on surface currents. The studies were started by
conducting surface current tests on two of the research vessel
Aranda’s cruises to the Gulf of Finland.
In the tests, GPS equipment and buoys were lowered into
the sea and their drift was monitored from the ship. Analysis
of the measurement results involves theoretical calculation of
the part played by various factors in the formation of surface
currents and comparing the results with observations.
It is difficult to measure currents directly on the sur[ace of
the sea. In the tests it was noticed that different buoys drifted
in different ways depending on the part of the buoy affected
by wind above water and the depth of the part below the
surface. Due to the problems involved in measuring it is neces
sary to continue gathering observations and analysing the
results in 200$. The research results can be used for developing
computer models describing drift and thus to improve predic
tions.

The oceans’ role as a huge carbon dioxide sink
Carbon dioxide is one of the most significant greenhouse
gases. lts content in the atmosphere has increased during the
past few decades, reinforcing the greenhouse phenomenon.
The oceans control these changes to some extent by acting as
carbon dioxide sinks.
According to an estimate based on mass balances, the seas
bind 25—35 per cent of the carbon dioxide emitted into the
atmosphere. To formulate models predicting the giobal impacts
of the growing carbon dioxide content, more accurate chrono
logical and geographical data on the behaviour of the seas as
a source and sink for carbon dioxide are, however, needed.
The factors affecting carbon dioxide exchange between
the sea and the atmosphere are not yet very well known. The
exchange is affected most by partial pressure difference of
carbon dioxide between the atmosphere and the sea’s surface
Iayer. Partial pressure in the surface Iayer of the sea varies
greatly, both as a result of seasonal variation in biology and for
reasons of hydrodynamics. In spring, when plankton is pro
duced, carbon is bound in the water for the production of
organic material and the flux from atmosphere to water is
high. Correspondingly, toward winter, the partial pressure

difference decreases and flux leveis off.
The speed and volume of carbon dioxide flux is affected by
the prevailing conditions, such as wind and waves. On cruises
made by the research vessel Aranda, measurements have been
taken to study the seasonal variation of carbon dioxide flux,
and material has been gathered on different wave conditions.
A clear correlation was found between wave height and car
bon dioxide flux. Measurements have also been made in up
welling conditions, where flux was observed from the atmos
phere to the sea, but the flux was less than predicted on the
basis of wind speed.
Besides partial pressure and flux of carbon dioxide, other
inorganic chemical forms of carbon are also measured. These
results can be used for describing other processes in the ecosys
tem and also for calculations to verify the results of carbon
dioxide research.

Sediment studies on the Gulf of Finland coast
Changes in environmental conditions alter the oxygen condi
tions of bottom sediments, which in turn affect the binding
and release of phosphorus in the sediments. During the year
the results of research on phosphorus bound in the sediment
were reported as part of the Academy of Finland’s BIREME
project (SEGUE-P).

Drifting buoys on Aranda’saft deck

\
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Attached to Aranda’s foremast is a device
for measuring carbc1’

The oxygen-bearing surface layers of the coastal waters
and estuaries of the Gulf of Finland have the most phosphorus
bound in reducible ferric compounds and sensitive to variation
in oxygen content. The amount decreases towards the open sea
and less complex conditions. There is more biogenic phosphorus
bound to organic matter in the sediments of the eastern Gulf
of Finland and the proportion increases from the coastal wa
ters to the deeper waters of the open sea. Biogenic phospho
rus is released slowly from sediments as organic matter decom
poses both in oxygen-bearing and in oxygen-free conditions.
The amount of phosphorus released from sediments can
be explained by the fact that the impact of reduced external
loading is not yet observable in the Gulf of Finland. During the
year, research on phosphorus in sediments was continued by
the chemical extraction method.

Nitrogen oxide emissions from shipping
Emission from shipping are the least known of the emissions
from different forms of transport. Even though most of the
nutrients causing eutrophication of the Baltic Sea consist of
run-off from catchment areas, the nutrient loading caused by
airborne nitrogen depositions is significant.
The ShipNODep project coordinated by the FIMR studied
amounts of nitrogen oxide emissions from shipping on the
Baltic Sea, and the first estimates were made of deposition in
the Baltic Sea attributable to them. The project was a Finnish
Estonian lnterreg IIIA project, in which the partners were the
Finnish Meteorological lnstitute, The University of Turku, Åbo
Akademi University and the Estonian Ministry of the Environ
ment.
In the ShipNODep project, observations on Baltic shipping
were used for the first time as a basis for estimating emissions
to the atmosphere from shipping. The estimate was based on
AIS data collected by the Baltic Rim states, and these were
compared with data on fuel consumption provided by the
shipping companies and measurements of air quality The
estimate of total nitrogen emissions into the Baltic Sea, 370
kilo tonnes of NOxlyear, is probably an underestimate, but is
nevertheless higher than other current estimates.
In Finland’s territorial waters alone, nitrogen emissions are
higher than those from land traffic in Finland. According to
this research, nitrogen emissions from sea trafflc in the Baltic

JO FIMR 2007

MEETING OF ICES IN HELSINKI

O

The Finnish lnstitute of Marine Research (FIMR), together with the Finnish
Game and Fisheries Research lnstitute organised a meeting of the International
Council for the Exploration of the Sea fICES) on September 17—21 in Helsinki. The
meeting had 700 participants from 20 countries and it was considered a success
despite the rainy weather.
The meeting was opened by Finland’s President, Tarja Halonen. ln her opening
speech she stressed the importance of Finland’s role as a founding member of ICES
in 1902, since joining the inter-governmental organisation was the first state treaty President Tarja Halonen and other distinguished guests listen to the
opening speech by Erik Bonsdorff on the state of the Baltic Sea at
signed by Finland, and this 15 years before the country became independent.
the
ICES Conference in Helsinki
ICES is a crucial source of scientific information regarding marine ecosystems.
The organisation acts as an advisory body for the states responsible for the administration of the North Atlantic and adjacent sea areas and the
organisations regulating the use of international waters.
The meeting focused on the Baltic Sea with a view to developing means for evaluating the impacts of human activity on ecosystems. President
Halonen also reminded participants in her speech of the importance of the Baltic Sea for Finns. During the week of the Conference, experts pre
sented their research results in 18 different themed meetings.

Sea area are comparable to the combined nitrogen oxide
emissions from Iand traffic in Sweden and Denmark.
According to calculations by HELCOM, shipping in the Bal
tic Sea is the biggest of alI the individual emission sectors and it
causes 16 per cent of nitrogen oxide deposition in the Baltic.
This research shows that the percentage might be as high as
50 in certain areas in the summer months. The proportion of
nitrogen entering the Baltic Sea accounted for by total atmos
pheric nitrogen deposition is about 20—30 per cent, thus being
a significant cause of eutrophication in the Baltic.

Research on the impacts ot hazardous substances
The exposure of organisms to hazardous environmental chem
icals and their impact on the leveis of molecule, ceII and tissue
can be observed and verified by measuring biomarkers. Com

Nitrogen emissions from shipping cause eutrophication of the Baltic Sea

pared to traditional compound content measurements, a
“health examination” by means of biomarkers gives more
concrete information on the harmfulness of environmental
chemicals to the organisms. The FIMR is developing and test
ing the use of biomarkers and other biological variables for
monitoring and assessing the impacts and environmental
stress caused by hazardous substances and for assessing the
state of health of the Baltic Sea ecosystem.
Laboratory analyses carried out at Airisto in the Archipela
go Sea in 2006 on caged mussels showed clear differences in
the accretion of hazardous substances in tissue and in the bio
logical responses in different parts of the area studied. The
biggest differences were found in organic tin compounds (TBT,
DET and MBT), in accretions of PCE compounds and heavy
metals and in the growth rate, fitness index and certain bi
omarker responses in the mussels. The differences noted on

INTERNAL LOADING OF THE BALTIC FORMS A VICIOUS CIRCLE

Activities

The vicious circle of
Baltic Sea eutrophica
tion. The ability of
different groups of
algae to utilise nut
rients from different
sources accelerates
aigal blooms, causing
oxygen depietion and
increasing internal
Ioading

Nutrient Ioading
from Iand and
watersheds

Atmospheric
molecular
nitrogen fN2)

Availability of

Phosphorus release
from the sediments
increases

Reduced conditions at
the sedimentwater
interface and anoxic
deep water
SOURCE: MARKKU VIITASALO / FIMR

Atmospheric
Ioading on inorganic nitrogen

Phosphorus-limited
Nitrogen-limited
N 2 -fixing cyano
algae increase
bacteria increase

increases
Oxygen is consumed
in decomposition
oforganic 4—
material

2

Sedimentation of
organic matter
increases

the research were most probably due to water draining from
rivers and busy sea traffic, which significantly increase the Iev

is at first slow due to the Iow surface water temperature
caused by upwelling and the blooms form only about two

eis of hazardous substances in the marine environment of the
northern part of the area studied. Caging tests are very prom
ising and their use for monitoring and assessing the state of
the marine environment 15 stili being developed.

weeks after the upwelling has stopped.
The high level of phosphate caused by internal loading
was found to be the main source of phosphorus for blue
green algae blooms occurring in the open sea. External load
ing was found to have little significance as a source of phos
phorus. The Baltic Sea 15 assumed to be in a state of eutrophi

The significance of phosphorus in the incidence of
nitrogen-binding blue-green algae
According to a doctoral thesis carried out at the FIMR, phos
phorus stored inside the ceII was found to be an important
source of phosphorus for blooming cyanobacteria, i.e. blue
green algae. In test conditions, the growth of the Nodularia
spumigena species of blue-green algae was found to be inde
pendent of the phosphorus sources studied, while the Aphani
zomenon sp. species grows better in a phosphorus-rich envi
ronment. The results were contradictory to earlier field obser
vations and tests. The contradiction may be explained by dif
ferences in the growth rate depending on temperature. In
nature, Aphanizomenon sp. is able to store more phosphorus
in its cells, even before the actual growth season.

cation that prevents any reversal for the better. This is due to
long-term loading by external nutrients, heavy internal phos
phorus loading and the large amount of additional nitrogen
arising from nitrogen-binding blue-green algae. This situation
can be described as a vicious circle caused by eutrophication.

Changes in zooplankton
The FIMR has studied changes in zooplankton as part of a
project monitoring the environmental status of the Baltic Sea.
The changes that have taken place in the state of the Baltic
during the years 1979—2007 are clearly visible in zooplankton.
Marine, Acartia tonsa, particularly the Pseudocalanus species

Field studies showed that communities of blooming algae
were mainly poor in phosphorus. Added phosphorus nutrient
was found to improve the phosphorus nutrient state of Apha
nizomenon sp., while in N. spumigena a longer-Iasting and
more pronounced Iack of phosphorus was found during the
growing season.
Phosphorus rises to the surface layer in coastal waters due
to the effect of upwelling, which 15 utilised by blue-green al

have decreased significantly, especially in the Baltic Sea basin
and the Gulf of Finland. Pseudocalanus thrives in water that is
below the halocline, which is for the most part anoxic due to
eutrophication. The species has also suffered from a reduction
in the salinity of the Baltic Sea.
Pseudocalanus is the most important source of nutrition
for the Baltic herring. Fish feeding on plankton cannot, how
ever, have caused the decline of Pseudocalanus as other Acar
tia tonsa such as Temora, Eurytemora and Limnocalanus have

gae in various ways. N. spumigena pushes its way away from
the upwelling areas, and Aphanizomenon sp., which thrives in
deeper waters rises to the surface along with the more nutri
ent rich water. Aphanizomenon sp. can take advantage of the
added phosphate-phosphorus brought by upwelling. Growth

not decreased.
The Gulf of Bothnia and the Åland Sea are not eutrophic
to the same degree as the Raltic Sea basin and the Gulf of
Finland. An increase in zooplankton biomasses has been noted
in the Gulf of Bothnia and the Åland Sea. It can be assumed
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Sea-ice extent 106 km’

The drifting ice station Tara

Sea-ice extent in the Arctic Ocean on September

//f

\

\
6

ong term change 0.71946 106 km’ Ilo a
change during the Iast ten years 1.6464 106 km’ IlO a

‘11
4

1980

1985

1990

1995

2000

2005

2010 years

The lines indicate long-term linear change: the green line indicates
the change in ice cover when ali observations are included and the
ted line the change ovet the last ten years

same manner as the famous voyage of
Nansen’s Fram.Tara began drifting in 2006
north of Siberia and she 15 expected to drift
free of the ice in winter 2008. The Damocies
fieid campaign on sea ice was carried out in
Aprii 2007, during which period observation
material was coliected for remote mapping
and modeiiing studies. Automatic measuring
instruments were also deployed around Tara
for observing changes in sea ice and snow. in
addition to measurements with these instru
ments, Tara’s permanent staff of researchers
carried out meteoroiogical and oceanograph
ic measurements as weli as measurements of
snow and sea ice throughout the whole iight
period.

MELTING OFARCTIC ICE HASACCELERATED
Changes in the thickness and cover of sea ice
are ciear indicators of climatic change. Satel
ilte observations of the Arctic Ocean have
been made since 1978, and since then a ciear
decrease has been observed in the ice cover
in summer. In 2007, a sharp increase in the
melting of sea ice exceeded ali expectations.
Before the year 2000 the smallest area of ice
cover annuaiiy was between 6.2 and 2 x 106
km2, but in 2007 the ice-covered sea area
was oniy 4.28 x 106 km2. it cannot yet be
assessed whethet the reduction in ice cover
observed in 2007 is a consequence of giobal
warming and whether the meiting of sea ice
wilI continue in years to come.
THE INTERNATIONAL POLAR YEAR
The year 2007 saw the start of International

Poiar Year (1PY), when considerably more
research was carried out in the Arctic Ocean
than ever before. The FIMR 15 invoived in one
of the biggest international projects is the
Damocles project, funded by the EU. This
project 15 deveioping observation and model
iing methods to enable better understanding
of the nature and progress of ciimate change
taking place in the Arctic. During 2007 re
searchers from the FIMR conducted physical
measurements of sea ice and hydrographic
measurements from the drifting ice station
Tara and on Arctic research cruises of the
vessels Polarstern and Oden in August-Sep
tember.
iN THE FOOTSTEPS OE NANSEN
Tara 15 a French schooner, which 15 drifting
across the Arctic embedded in the ice in the

BENEATH THE SURFACE
One of the objectives of oceanographic re
search on RN Oden’s LOMROG cruise was to
create a measurement profiie of the Amund
sen Basin close to the Lomonosov Ridge,
from the deep basin to the Continentai shelf
off northern Greenland. The objective was to
map the pathways of deep water currents
fiowing from the Makarov Basin into the
Eurasian basin. Due to poor ice conditions,
however, the Oden did not reach the Conti
nentai sheif of Greeniand.
The focus of interest on the SPACE re
search voyage made by the RN Polarstern
was to study the interaction between two
branches of Atiantic water flowing into the
Arctic Ocean, one of which fiows north
through the Eram Straits and the other across
the Barents Sea. Other subjects of study were
the properties and changes in the upper
mixed zone and the Arctic haiociine.
Tara’s ice airfield is the most northeriy airfieid in
the worid

414.h

Activities

Benthic fauna in the northern Baltic

they move around and bore
holes in the sediment. This
activity is called bioturbation.
It changes the circulation of
matter between water and
sediment and thus influences
the amount of nutrients avail

that these areas actually ben
efit from a small degree of
eutrophication, which in
creases basic production but
does not cause oxygen deple
tion.

Recovery of benthic
ecosystems after oxygen
depietion
The Baltic Sea ecosystems suifer from
time to time from oxygen depietion, as a
resuit of both natural factors and human ac
tivities. The aim of a project funded by the Academy
of Finland is to study the recovery speed of various benthic
communities in different areas and aifer different types of
disturbances. In 2006 extensive field tests were started in the
coastal waters at the Tvärminne zoological station and these
are continuing. The tests study the recovery rate of benthic
communities after disturbances of various magnitudes.
The field tests are being conducted by diving and the re
search group has aiready made more than 500 dives. The ma
terial obtained indicates that recovery is slow and dependent
both on place and on the magnitude of the disturbance. There
are also great differences in the mobility and thus the ability to
recover of different benthic species. Field tests have also
shown that after oxygen depietion the activity of the benthic
ecosystem (oxygen consumption and nutrient dynamics) diifer
from that of a healthy sea bottom, even after a recovery time
of one year. The information obtained from recovery tests will
be compared with the FIMR’s long-term monitoring data, to
gain a better understanding of the impacts of an extensive
disturbance and recovery afterwards.

The importance of benthic fauna for bottom and open
sea ecosystems
A doctoral thesis study carried out at the FIMR studied the
impact of benthic fauna activity on resting forms of zooplank
ton wintering in the sediment and on nutrient release from
sediment. Fauna living on soft bottoms continuously modify
the physical and chemical characteristics of the sediment as
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able to basic producers.
In experimental research it
was found that species that ac
tively turbate the sediment (Mo
noporela aifinis and the mysids) re
duce the release of eutrophying nutrients
from the sediment. Species that bore deeper
and are less mobile (Macoma balthica and Marenzellar
la viridis) had the opposite effect.
Bioturbation also influences the viability and hatching of
the resting forms of plankton organisms hibernating in sedi
ment. Mysids that live near the bottom (Mysis spp.) were ob
served to prey on the resting eggs of Bosmina water fleas.
Both the Monoporeia affinis and Macoma balthica were
found to have a negative effect on the hatching of zooplank
ton in sediment.
On the basis of the results, the change that has taken place
in the ratios of soft bottom dwelling species in the northern
Baltic a decrease in Monoporela affinis and mysids coupled
with an increase in Macoma balthica and Marenzellaria viridis
is conducive to eutrophication. This in turn results in oxygen
depletion of waters near the bottom, which in turn may lead
to changes in the benthic fauna species. In addition the results
show that the structure of the benthic community may signifi
—

—

cantly affect the structure of plankton communities.

American comb jelly the Iatest arrival in the Baltic
The latest invasive species to enter the Baltic sea, the American
comb jelly (Mnemiopsis Ieidyi), spread to the southern Baltic in
autumn 2006, and it was found for the first time in the north
ern Baltic during a monitoring cruise by the research vessel
Aranda in August 2007. In August-September the American
comb jelly was most abundant in the northern part of the
Bothnian Sea, the Åland Sea and the mouth of the Gulf of
Finland. At that time occurrences of the species were as high

American comb jelly larva

Aduit American comb jeily individuals

as 700 individuais/m2. in December incidences were iow, and
the species was present in large numbers in the open sea off
the coast of Loviisa, on the southern coast of Finland, where
the highest occurrences observed were 115 individuais/m2. The
distribution of the species in the Baftic Sea extends to the far
eastern end of the Gulf of Finland and in the north to Kvark
en.

the Port of Helsinki. The F1MR’s 13 mareographs and the wave
buoy in the northern Baltic Sea provided year round reai-time
data. Wave forecasts for the Baitic were given four times daily.
in addition, the Baitic Sea Portal began to issue seawater sur
face temperature forecasts, and a water ievei service was
pianned for Heisinki’s Vuosaari Harbour.
During the year, experts of the F1MR iectured at severai

The American comb jelly originates in the coastal waters of
North and South America, where it is found in warm surface
waters with an abundance of zooplankton. The species spread
earlier to the Black Sea and the Caspian Sea, and it was proba
bly carried across the Atlantic in ships, ballast waters. ln the
Baltic Sea, the American comb jelly is exceptionally most abun

seminars and courses, inciuding a weather afternoon for sea
farers and a training session on preparedness for oii and chem
icais spiiis. A Russian edition was pubiished of the book Sää-ja
meritieto (Weather and Sea: a Handbook for Seafarers) pro

dant in the area around the halocline, i.e. at a depth of 50—80
metres, where the temperature is 4—5 °C and salinity varies
between 5.5 and 9 %o.
The American comb jelly can grow to more than 15 cm in
length, but those observed in the Baltic Sea have been consid
erably smaller. ln the southern Baltic the largest individuals
have been 8 cm and in the northern Baltic 1.5 cm. ln autumn
most of the community was at the larval stage individuais,
which swim and hunt with their eight rows of combs in the
same way as adultjellies. in December ali the individuals ob
served were 1—2 mm iong iarvae. Despite their smaii size, the
American comb jeiiy was observed to reproduce in September
in the Åland Sea and at the mouth of Gulf of Finland, which
shows that the species is extremeiy adaptabie.

Demand for water level information
The water level on the Finnish coast was high several times
during Januar and the F1MR’s water level data and forecasts
were in great demand. More than half a million searches were
made on the Baltic Sea Portai in January. Water ievei forecasts
for the waters off Helsinki were carried on untii spring with
the heip of a private donation.
Measurements were carried on and information provided
on wave height and direction off Helsinki in coiiaboration with

duced in coliaboration with the Finnish Meteoroiogicai insti
tute.

Availability of ice maps improved
The winter 2006/2007 went down in ice statistics as miid and
short. As in the previous winter, the Finnish ice Service provid
ed services for both Finnish and Swedish icebreakers. The ice
charts and bulietins produced by the F1MR, which are part of
the agreement, are avaiiabie to ali on the Baitic Sea Portai.
Aitogether more than 200,000 searches for the ice charts aione
were made during the winter.
The ice Service aiso provided information on ice conditions
in the Baltic for the winter navigation service portal,
vvww.baitice.org, of Baitic Icebreaking Management. Ihis serv
ice is also continuing in the winter 2007—2008, the F1MR having
renewed its agreement to provide the portal with Baitic Sea
ice charts, builetins, satellite images, ice thickness charts and ice
forecasts. The service heips to make sea transport smoother
and safer.
During the year 2007, FIMR’s ice Service experts took pari
in developing both nationai and international ice information
services and systems. One exampie of international coopera
tion was the European ice Services (EiS) agreement signed at
year end by the FIMR and the Danish and Norwegian Meteor
oiogical Institutes. The agreement aims to improve ice map
ping and forecasting in the Arctic and Baitic Seas.
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R/V Aranda’s operations in 2007
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THE YEAR 2007, RESEARCH VESSEL ARANDA’S 1 9th year of

operations, consisted of 13 scientific research cruises. In addi
tion, the Aranda was twice hired to an outside party for five
day research cruises. in 2007 the Aranda’s operations focused
onthe BalticSea only, and duringtheyeartherewere ll9days
of sailing and 340 observation stations were covered. The number
of person-years on board the Aranda in 2007 totailed 1,724.
The Aranda took on a new crew at the beginning of 2007,
when the Finnish institute of Marine Research signed an
agreement with VG-Shipping on maintenance and operation.
Even though the crew were new and there were changes in
crew during the year, the ship’s cruises went weilin ali respects,
demonstrating the competence of both crew and researchers.
The Aranda was also overhauled in 2007. Significant aitera
tions were made to navigation and research systems on the
bridge. For example, a new electronic chart system (ECDIS) for
the bridge was installed as well as 8 and 12 foot radars. In
addition, the Aranda’s computer systems were completely
renewed. New fitness equipment was acquired for the gym
and new sauna benches installed.
In April the Aranda headed for the Gulf of Finland and the
northern Baltic. During the cruise, surface salinity observations
were collected as comparative material for aerial surface salmi
ty measurements, and surface current measurements were
made with freely drifting GPS equipment. Drift tests were
continued in October in the Gulf of Finland.
The drift tests are used to study the impact of wave-in
duced Stokes current on surface currents. The shape of the
Gulf of Finland affects wave formation in such a way that in
some situations, the direction of waves may be different than
could assumed from wind direction. As waves affect surface
currents via Stokes current, this is also significant for the trans
portation of substances and objects in the sea.
The FINAS Accreditation Service came aboard the Aranda
on April 25 to assess the functioning of the management sys
tem. The assessors focused especially on the accredited meth
ods used on the vessel.
On April 27, the VELMU steering group met on the Aranda
and on May 15, decision-makers and representatives of the
media participated in a cruise offshore from Helsinki where
they were informed about the activities of the Aranda and the
FIMR. in Turku, an Open Doors day was held in July, when the

public had the opportunity to visit the ship and Iearn about its
activities. During 2007 six groups visited the Aranda.
On the four annual HELCOM COMBINE monitoring in win
ter, early summer and late summer, the state of the Baltic Sea
was assessed by studying its hydrography (saIinit oxygen, pH,
hydrogen sulphide, alkalinity), the nutrient conditions and
biological factors (zooplankton, phytoplankton, benthic fau
na) and their ratios. The cruises covered the whole Baltic Sea
area and they form an important part of the long-term moni
toring of the Baltic Sea. Contrary to earlier years on the COM
BINE 4 cruise it was possible to take samples from Russian terri
torial waters at the eastern end of the Gulf of Finland.
There were also other research groups involved in the
monitoring cruises, whose results supplement the basic data
obtained from monitoring research. The COMBINE cruises
focused on collecting sampies and analysing blue-green algae,
on taking bio-optical measurements and on collecting sediment
samples. On these cruises samples were also taken for isotope
analysis and genetic research. in addition, samples were col
lected for research by other institutions, for example for radio
activity monitoring in the Baltic Sea. The Geological Survey of
Finland carried out geological mapping of the seabed.
In Februar May and September, carbon dioxide studies
were continued in the Baltic, with the purpose of studying the
role of the sea as a sink andlor source for carbon dioxide, or
greenhouse gas, and measuring annual and daily variations in
carbon dioxide concentrations. During the Aranda’s cruise,
material was collected for studying the relationships of factors
affecting the exchange of carbon dioxide between the sea and
the atmosphere, such as waves, pH, alkalinity and salinity. Dur
ing these cruises wave buoys were raised and lowered and
servicing carried out on buoys off Helsinki, in the northern
Baltic and off the island of Gotland.
In May the intercalibration and testing of CTD/ADCP equip
ment was organised in connection with a carbon balance re
search cruise. The GD instrument is one of the FIMR’s most
important pieces of observation equipment, used for measur
ing the sea’s salinity, temperature and pressure. In August a
cruise was made to introduce and test a new ADCP instru
ment. ADCP (Acoustic Doppler Current Profiler) can be used to
measure sea currents while the ship is moving.
The Trofia cruise in September studied the higher trophic
levels of the open sea nutrient chain, and in addition, the mus
sel cage test started in 2006 was continued. The cages were
anchored along the assumed lines of impact from Porvoo
Sköldvik lii Harbour to the outer archipelago and they were
lifted again October in connection with a surface drift test. The
musseis were examined for hazardous substances, especially oil
compounds and their biological effects, i.e. biomarkers. On the
Aranda’s second last cruise of the year, two days were spent
studying hydrographic and nutrient leveis in the open sea of
the Gulf of Finland.
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FINNARP 2007
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Hnland’s Antarctc Logstics Group

Finland’s Antarctic research station Aboa is
on the siopes of Basen Nunatak

The ice research team preparing for a field expedition
atAboa in November 2006
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Aboa in December 2006. The picture shows how snow has gathered in
drifts around the station in recent years

FINNARP 2007 expedition
Preparations for the FINNARP 2007 research expedition began
in 2006, when training in marine VHF, aviation radio and prac
tical sledging was organised for some of the expedition mem
bers. During 2007 the expedition members prepared by taking
part in First Aid training and ice safety training in Norway. In
addition, during a week-long training camp, they polished the
skills they had learned in practice and further deepened their
knowledge of safety, communications and environmental
matters. Practice has to he done in good time and not in the
harsh conditions of the Antarctic.
The FINNARP 2007 expedition set out on November 26, 2007
and arrived at the research station Aboa on Antarctica on No
vember 30. The members included four logisticians and research
ers and as outside members two researchers from Sweden. In
addition the expedition included a documentarist filming materi
al for a documentary for the Finnish Broadcasting Company.
At the Aboa station, the group carried out research on
small particles in the atmosphere, and on dynamics, turbulence
and radiation. The measurements are a continuation of te
search done by the FINNARP 2006 expedition. Broader-ranging
data obtained from a moveable atmospheric radar system
installed by the Swedish Institute of Space Physics at Aboa will
bring a new perspective for interpreting the observations, as
measurements can be compared against them. In addition a
group of geologists is carrying out bedrock explorations in the
Muren area about 100 km south of Aboa. The expedition re
turned to Finland in February 2008.

Other activities of the Iogistics group
The Antarctic Logistics Group also has other expert tasks he
sides the planning, preparation and execution of expeditions

Ivan Papanin unloading cargo for Aboa at the unIoaUng ramp
in December 2006

1

and maintenance of the Aboa research station. In April a rep
resentative of FINNARP participated in the planning of logistics
cooperation for Antarctic research at a meeting of DROMLAN
held in Brussels. In July 2007 the group participated in a meet
ing of COMNAP in Washington.
During 2007 two cooperation meetings were held in Hel
sinki with the Swedish SWEDARP Programme. At these meet
ings an agreement was made on logistics cooperation be
tween the two countries’ research programmes.
The FINNARP logistics group participated as an expert
member in the activities of Antarctic research coordination
group headed by the Ministry of Education, and also acted as
secretary for the National SCAR Committee.
In January a new part-time secretary was recruited by the
Logistics Group. The fuli-time Logistics Group operating within
the Finnish lnstitute of Marine Research has four members: a
head logistician, a special coordinator, a coordinator and a
secretary. In 2007, their combined work input was 3 person
years.

The Antarctic meteorological research team installing thelr
research equipment on the ice near Aboa in December 2006
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