
-------------

BALTIC SEA ENVIRONMENT PROCEEDINGS 

No. 64 B 

THIRD PERIODIC ASSESSMENT OF THE STATE 
OF THE MARINE ENVIRONMENT 

• 

OF THE BALTIC SEA, 1989-93; 
Background document 

0 \\1\ 

• 
• • 

·' 

HELSINKI COMMISSION 

• 

• 

• 

Baltic Marine Environment Protection Commission 
1996 



BALTIC SEA ENVIRONMENT PROCEEDINGS 

No. 64 B 

THIRD PERIODIC ASSESSMENT OF THE STATE 
OF THE MARINE ENVIRONMENT 

OF THE BALTIC SEA, 1989-93; 
Background document 

HELSINKI COMMISSION 
Baltic Marine Environment Protection Commission 

1996 



For bibliographic purposes this document should be cited as: 
HELCOM, 1996 

Third Periodic Assessment of the State of 
the Marine Environment of the Baltic Sea, 1989-1993; 

Background document 
Bait. Sea Environ. Proc. No. 64 B 

Information included in this publication or extracts thereof 
are free for citing on the condition that the complete 
reference of the publication is given as stated above 

Copyright 1996 by the Helsinki Commission 
- Baltic Marine Environment Protection Commission -

ISSN 0357-2994 

Layout design: 
IRH konsultointi/Ecocommunication Finland Ltd 

Printed by Oy Edita Ab, Helsinki 1997 

0 M 

Within the framework of the Baltic 
Marine Environment Protection 
Commission - Helsinki Commission 
(HELCOM) - marine environment 
monitoring data have been collected 
since 1979 based on the jointly agreed 
guidelines for the Baltic Monitoring 
Programme (BMP) which were pub
lished in the Baltic Sea Environment 
Proceedings Nos. 27 A-D. The moni
toring data provided by all Contracting 
Parties to the Helsinki Convention are 
stored and processed in the HELCOM 
data ·~ bank established ., by' the · 
Commission on a consultant basis. 

In 1981, an Assessment of the Effects 
of Pollution on the Natural Resources 
of the Baltic Sea was published by the 
Commission (Bal tic Sea Environment 
Proceedings Nos. 5 A and B). Since 
then, periodic assessments of the state 
of the marine environment of the Baltic 
Sea have been published regularly by 
the Commission with five years inter
vals. Each publication has a compre
hensive scientific background part and. 
1110re general conclusions drawn on the 
basis of the scientific overview. The 
previous periodic assessments covered 
the periods 1980-85 (Baltic Sea 
I \nvironment Proceedings Nos. 17 A 
1111d B) and 1984-88 (Baltic Sea 
Environment Proceedings Nos. 35 A 
und B). In addi tion to the periodic 
nsscssments, an assessment of the state 
of' the coastal waters of the Baltic Sea 
wns published in 1993 (Baltic Sea 
l·.nviron ment Proceedings No. 54). 

1111: present assessment report for the 
I"'' iod 1989-93, as the previous ones, 
l111' been prepared by the experts nom
illlltcd by the Contracting Parties. A 
'~ h·l·ring Group for the Coordination. of 
1111• Third Periodic Assessrrent, (EC 
1111.'1 '/\) was appointed in 1993 for the 
nV1' 111 II coordinati0n as agreed by the 
llt ltd meeting of the Environment 
I ' '' 'un ittee and endorsed by the 
I 'lll lllllission. Taking into account the 
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experience from the previous assess
ments, the Steering Group agreed that 
for certain disciplines a sub-regional 
approach should be applied. For some 
items, such as meteorological, hydro
logical and hydrographic conditions, 
trace elements and organic contami
nants, the whole Baltic Sea was agreed 
to be covered. For that purpose appro
priate expert groups were established. 
Sub-regional expert groups were estab
lished for the Gulf of Bothnia, the Gulf 
of Finland, the Gulf of Riga, the Baltic 
Proper, and the Kattegat and Belt Sea. 
To ensure that the outcome of the sub
regional groups would directly fit 
together for an overall assessment, the 
Steering Group established four expert 
groups on different d isciplines, i.e., (I) 
on statistics and data treatment, (2) on 
hydrochemistry, i.e., oxygen and 
hydrogen sulphide and nutrients, (3) on 
pelagic biology, and (4) on benthic 
biology. These discipline groups met 
first and gave their advice and detailed 
instructions for the sub-regional 
groups, e.g., on the handling and pre
sentation of the different types of data. 

Some of the chapters in this assessment 
were elaborated by special working 
groups or ad hoc expert groups, inter 
alia, Chapter 10.3 (Microbial food 
web) by the ad hoc Working Group on 
Microbiology, Chapter 5.4 (Artificial 
radionuclides) by the Group of Experts 
on Monitoring of Radioactive 
Substances in the Baltic Sea, and 
Chapter 7 (Nature conservation and 
biodiversity) by the Working Group on 
Nature Conservation and Biodiversity. 
Chapter 3 (Contaminant input), 
Chapter 8.2 (Sanitary conditions in 
coastal waters) as well as Chapter 8.3 
qDumping of chemical munition) have 
been compiled by the HELCOM 
Secretariat on the basis of recent 
reports publ'ished within the frame
work of HELCOM or based on other 
recent information provided by the 
Contracting Parties. Several of these 

aspects have not been included in the 
previous periodic assessments. The 
International Council for the 
Exploration of the Sea (ICES) has 
coordinated the elaboration of Chapter 
6 (Baltic fish stocks and diseases). 

The first meeting of the Steering Group 
was chaired by Lars Edler, Sweden, 
the second, third and fourth meetings 
by Lars Rahm, Sweden and the two 
last meetings by Lutz Briigmann, 
Sweden. The Environment Secretary 
of the Commission, Eeva-Liisa 
Poutanen, acted as Secretary for EC 
BETA. This assessment presents 
results emerging from the monitoring 
activities supported by national data, 
scientific publications and other rele
vant information, evaluated by experts 
and written by the authors of each 
chapter. A complete list of persons 
involved in the work is annexed to this 
publication. 

In general, the Third Periodic 
Assessment of the State of the Marine 
Environment of the Baltic Sea, 1989-
93, has been prepared in accordance 
with the plan as originally defined. The 
report represents a consensus opinion 
on the present state of the Baltic Sea in 
physical, chemical and biological 
terms. It is hoped that this assessment 
provides a sound scientific basis for 
further decisions on remedial action. 

On behalf of the Helsinki Commission, 
sincere gratitude is expressed to the 
Chairmen of EC BETA, to the 
Conveners of the expert groups and 
discipline groups, to all scientists who 
have contributed to the work, to 
Graham Topping for linguistic correc
tions and to IRH konsultointi/Eco
communication Finland Ltd for the 
final layout o~ the publication. Great 
appreciation is given to the Swedish 
Environmental Protection Agency in 
Stockholm for their support to the 
Chai rmen and the editorial work. 
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INTRODUCTION 

I 

The Baltic Sea is one of the major brackish water basins of the world. The his-
tory of this unique aquatic system, which is a product of the last glacial period 
covers about the same time scale as the development of the human beings since 
the stone age. The Baltic Sea has always been of great importance for the peo
ple living around it, providing a common bond as well as routes of navigation 
bet ween the current nine bordering countries. Its fisheries represent a valuable 
part of each country's livelihood and its waters are also a recreational resource 
ul' increasing value. Otherwise, for the almost 85 million people living in the 
drainage area which is shared by 15 countries with mostly high-developed 
i11dustry and agriculture, the Baltic Sea is exploited also as a huge natural 
Wllstcwater treatment plant which is expected to cope with discharges of dif
kl' ·nt origin and composition. The Baltic Sea ecosystem is able to assimilate 
~ t llllC anthropogenic inputs, but recycled and more persistent compounds may, 
however, .build up in the syste,m with impacts on its functioning and stability. 

.. -
I IIi' very specific hydrographic, chemical and physical conditions, and the geo
h•l'intl history of the Baltic Sea explain why it hosts quite unusual aquatic 
ltlotu. Both marine and freshwater organisms live side by side with a number 
11! livi ng relicts. Although the number of species is relatively small, some occur 
In uhundance but most may be necessary to keep the ecosystem in balance. 
I 11 1 ~ is also true for sea birds and marine mammals who are endangered, inter 
''''" · hy virtue of their high level in the food web, and this influences their 
ll plll~l' or harmful lipophilic organohalogens through bioaccumulation. 

llu 111\ il litude and beauty of coastal landscapes around the Baltic Sea Area rep
" I'IIIN u heritage for the present society. It deserves protection against the 
111 1111 opogcnic pressure caused by activ.ities in the drainage area, at the shore-

11111 1111d on sea. ~ 

luh ltl opinion about the state of the Baltic Sea is strongly influenced by the 
1111 diu wllo rrom time to time pick up certain dramatic events and episodes, fre
q•u lilly judging them in a negative (" .. . The Baltic Sea is dying ... ") and only 
1 1 i111111 11y posi tive (" ... Most of the Baltic Sea problems are solved ... ") man-
1 1 Wit hout providing at the same time necessary background information 
I •I ll I ill' possible causes and the scale of those events, and how they fit into 

I • '" jtt•m·ru l trends and tendencies, a misleading picture may be generated 
hh It 11•11ds 10 persist in the minds of the general public. 

11 1111 ltll lll\;work of the Convention on the Protection of the Marine 
ltntiiiH' Il t o r the Baltic Sea Area (Helsinki, 1974, revised 1992), the state of 
II Ill k S •n is regularly assessed in about 5-year intervals. Hundreds of 
11 1111111 a multitude of disciplines participate in this assessment process. 

Ill """ tllllc is a basically scientific background document covering most of 
th 1 •ph" ll' ilttcd lo the state of the Baltic Sea. The respective situation, trends 
It I t lldt•ttl'i ·s are highlighted. The. multidisciplinary approach attempts to 

I • 1 lull rttH.;cd view on the different problems. As typical for any science, a 
ltlll ltlltll t of' loday's r~sults does' not provide 'final answers' even when the 
II '• ll lll' longs t·o -one of the longest and most intensively studied sea areas 
Ill 11tld . ' l'hc assessments are understood to be a time limited consensus 

II It 111111 ltl· ~· n l'l!ached between scientists participating in long-term studies. 
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2.1 INTRODUCTION 
The environmental conditions of the Baltic Sea are strongly 
dependent on the meteorological, hydrological and hydrographic 
processes and their interaction. These processes influence the 
temperature and ice conditions, the regional inflow of fresh 
water from the rivers, the atmospheric deposition of pollutants 
on the sea surface, the exchange of water between sub-basins 
and with the Kattegat, the transport and mixing of water within 
the water bodies of the Baltic Sea and thus all biological life in 

the system. 
It has been estimated [29 1 that the Baltic Sea, excluding Belt 

Sea and Kattegat, has an annual fresh water surplus of 476 km3
, 

i.e., 436 km3 river run-off, 224 km3 precipitation and I 84 km3 

evaporation. Since the annual inflow of saline water into the 
Baltic Sea is calculated to be 471 km3 this results in an overall 

outflow of947 km3 yr·1
. 

The climatic, hydrological and hydrographic conditions of the 
Baltic Sea system have been subject to two previous assessments 
covering the period 1980-85 [ 3921 and 1984-88 [ 431. The condi
tions of the assessment period 1989-93 are summarised in the 
following paragraphs. The presentation is based on the selection 
of stations shown in Figure 2.1 . 

Fig. 2.1 Stations 
used for the assess
ment of the climatic, 
hydrological and 
hydrographic condi
tions of the Baltic 
Sea 

2.2 CLIMATE 
The Baltic Sea is located within the west-wind 
zone where cyclones coming from the west or 
south-west dominate the weather scene. 
Periodically, cyclones from a more southerly 
di rection enter the region. The temperature cli
mate of the region is to a large extent coupled 
to the latitude of the main cyclone tracks. Also 
the cloud cover plays an important role for the ,,,'Jr-_._,cm-~m.-~-..'n,.....-.J.,.-'----..i..-..__,,L, 
ai r temperatures, especially in winter. 

In winter, most of the precipitation is frontal, ":::." :;;'"c:="""-:'' ,--~~co~rs~""!..fs~""!.!!;"oo~··....,~"~"'~· ....!•c:;.·'__:;·c 
especially inland. In summer, around half of 
the precipitation can be characterised as con
vective and is commonly more inland than 
over the water. Winds are closely related to the 
cyclones and the pressure gradients around ' 
these wind systems. Winds of storm force, i.e., 
at least 25 m s·1, are almost exclusively con
nected to deep cyclones that have formed west 

i . 
I I ! 

...... ~ .............. j ................. j ........... - ... j 
l i 

1 

of Scandinavia and occur mainly from , , 
September to March. 

It should be noted that the large water body of 
the Baltic Sea has a strong impact on the local 
climate of the area. In particular this influ· 
ences the air temperatures, precipitation, cloud 
cover, radiation and winds, and in the coastal 
areas this can lead to pronounced gradients. 
Therefore, coastal observations are not alway! 
representative for the open sea. 

2.2.1 Air tempera
ture 
Records of mean annual air temperatures fron 
the late nineteenth to the twentieth century fo: 
the stations Haparanda, Helsinki, Gotsk1 
Sandon and Falsterbo are shown in Figure 2.2 
These records show an upward trend to a ma~ 
imum during the warm period of the 1930) 
and then a decrease in the north and variablt 
conditions in the south until the recent warn 
period, which began in the late 19801 
Although, these general features are observe, 
at all stations they are more pronounced in 111 
north. More detailed descriptions of the tem 
perature climate of the area are avai lable i 
several other papers [9, 45, 131, 150, 204, 461l 
461, 495]. 

Figure 2.2 shows clearly that the mean annu 
temperature over the Baltic Sea was mur 
above normal for the assessment period 1980 
93. Compared to the whole period 1880-9 
the mean annual anomaly for these five ye;u 
and these four stations was + 1.2 oc. 11 
anomalies are mainly concentrated in the wi1 
ter and spring. The summers of the assessm~1 
period show the following average characte11• 
tics: 1989 was close to normal, 1990 was fah 
ly warm in the whole region, 1991 was clos('l 

ANNUAL . ... 

11111 111111, 1992 was very warm in the south and 
'""h·• in the north, and 1993 was cool in the 
'link region. Every summer season shows, 

li11Wt'Vl'1', contrasting periods. For example, 
I I IIII' IIJ9 1 was very cold. The July of the same 

1 11 wus very warm while the August showed 
1 llll'l'llllu rcs sl ightly above normal. 

.2.2 Precipitation 
tlld' of annual precipitation for the late:, 

1111 h t'l !l h to the twentieth century from the 
I 111 \ lntions are shown in Figure 2.3. 

lllu•nrh four stations are a very small num
'"' thr analysis of areal precipitation over 
h 1 huge area as the Baltic Sea, Figure 2.3 

II 111' ' lightly wetter conditions than nor-
1 111 tilt• north during the assessment period 
lmult' VIII iablc conditions in the south. The 
II lttll'l s have resulted in an unusual pre-
''""" [11111\:1'11 over the whole basin, with 

I! 1111 winter precipitation in the 
I l1111\ hut 1\IOUillains. This is, however, not 

U 1 d 111 the records from these coastal sta
\\ lu•11 unnlysing Figure 2.3, it should be 

I tl1111 lhr earlier data might suffer from 
1 111lty problems as the instrumentation 
I 1111111 fllllt:cdures for measurements were 

IIIII• h· l'llnsistcnt for the whole period. 
It II ~~ ttlltdC 10 [45,13J,J50,205,1195), 

I tlllt~. l'or further details about the pre-
1 '" • ll111Hic of the area. · • 

I Nr'f'llld.l' of annual precipita
'' 1/11• /lt't'lllit•th centwy for four 

''' tltt' t'oa,\·t of the Baltic Sea 
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2.2.3 Radiation, 
cloudiness and 
ozone 
The Baltic Sea has a strong local impact on the 
radiation and cloud cover in its drainage basin. 
This is particularly pronounced in spring and 
in summer when the cloud cover is much 
lower over the cool sea than over the warmer 
land masses. Figure 2.4 shows, as an example, 
an analysis of the total cloud cover for 1993 
based on satellite information and a cloud clas
sification algorithm [322,323). The picture is 

ANNUAL. 

Fig. 2.2 Records of mean annual air 
temperatures from the 20th centUI)' 
for four stations at the coast of the 
Baltic Sea 

(values in •c; lhe smoolhed curve is oblained by 
Gaussian filtering lechnique corresponding to a ten 
year moving average) 

based on 1,327 scenes with NOAA AVHRR 
data. 

Seasonally separated global radiation mea
surements in Visby for the period 1958-93 are 
shown in Figure 2.5. They show that at least 
for the Baltic Proper, the annual mean global 
radiation during the assessment period was 
very close to the long-term average. 

The total ozone, i.e. , the integrated amount of 
ozone in a vertical column throughout the 
atmosphere, has decreased during the last 
decades especially at high latitudes and in 
spring-time [7/7]. There are large regional di f
ferences in the depletion and also large natural 
variations during a year and from day to day. 
The total ozone is also influenced significant
ly by major volcanic activities. 

In Figure 2.6, the monthly deviations in total 
ozone at Norrkoping 1988-95 from a reference 
period of monthly means at Uppsala 1951-66 
are plotted as an update from [300]. The time 
of the volcanic eruption of Mount Pinatubo on 
the Philippines in 1991 is indicated by an 
arrow. As can be seen, the total ozone fluctuat
ed around the mean of the reference data but 
the values for the last year of the assessment 
period were highly influenced by the eruption. 

ANNURL 
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Fig. 2.4 Analysis of the total cloud 
cover for 1993 based on NOAA 
A VHRR data and a cloud classification 
algorithm { 322] 

....... 

. """""' ·. ...... 

Fig. 2.5 Seasonally separated global 
radiation measurements in Visby for 
the period 1958-93 

(values in kWh m·2; winter is detined as December
February, spring as March-May, summer as June
August and autumn as September-November) 

Fig. 2.6 Monthly deviations (o/o) in 
total ozone at Norrkoping 1988-95 
from monthly means at Uppsalafor the 
reference period 1951-66 

(Data trom SMHI and the Swedish Environmental 
Protection Agency, updated trom [3001; note the 
strong effect ot the volcanic eruption ot Mount 
Pinatubo in t991 ) 

2.2.4 Wind 
The long-term trends in the wind climate can 
be analysed from geostrophic winds from air 
pressure data. Pressure data are far more exact 
and homogeneous than wind speed data which 
suffer from homogeneity problems and short 
records. In Figure 2.7, the zonal (westerly) and 
the meridional (southerly) geostrophic wind 
components, derived from a triangle Gote
borg-Kalmar-Uppsala in Sweden, are shown. 
The results are believed to be representative 
of, at least, the southern half of the Baltic Sea. 

The zonal wind has apparently recovered from 
lower values to much higher values in recent 
years. This is coupled to the mild winters 

Fig. 2. 7 Analysis of annual 
means of the zonal (westerly 
winds positive, u) and the 
meridional (southerly winds 
positive, v) geostrophic wind 
components derived from air 
pressure data in a triangle 
Goteb01g-Kalmar-Uppsala in 
southern Sweden 

(values in m s·•; smoothed curve 
obtained by Gaussian tiltering technique 
corresponding to a ten year moving 
average) 

Fig. 2.8 Extreme wind condi
tions analysed f rom daily 
observations at Landsort 

(stormy days have at least one observa
tion above 21 m s-1 and gale days have 
at least one observation above 14 m s·•; 
smoothed curve obtained by Gaussian 
liltering technique corresponding to-a ten 
year moving average; data lor 1964 
missing) 
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(Chapter 2.2.1, Fig. 2.9) and coincides with 2.3 ICE CONDITIONS 
observations from the North Sea and the North 
Atlantic [574). Zonal winds were also general-'l'hc ice conditions of the Baltic Sea are strong- ning of the winter. 
ly strong during the fi rst three decades of this ly related to the severity of the winter season. 
century. The meridional component has gener- (\ summary of the maximum extent of ice cov
ally low values during the latest decade witht•1ngc, reported in detail elsewhere [608) , is 
dominately negative values. •.hown in Figure 2.9. Each reading corre-

~ponds to the situation prevai ling at the begin
To illustrate more extreme wind conditions, 

As can be seen from Figure 2.9, the ice cover
age was very modest during 1989-93. The 
record reveals that those conditions are unusu
al for such a long period of time. 

daily observations from Landsort are shown in 
Figure 2.8. These observations indicate a 
short-term increase in storm frequencies dur
ing the assessment period, which is not so evi
dent when longer periods are analysed. 
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2.4 
HYDROLOGY 
Within the Swedish research programme 
"Large-scale Environmental Effects and 
Ecological Processes in the Baltic Sea", a 
database on inflow from the drainage basin to 
the Baltic Sea has been established [70,7/). 
This database and previous work [462) cover 
the period 1920-90 and form the background 
to the assessment of the period 1989-93. The 
data for the period 1991-93 have been supple
mented with data from the hydrological agen
cies of other countries around the Baltic Sea. 
However, some data are still missing in the 
database for the assessment period. These gaps 
are for the period 199 1-93 for the rivers 
Pregolia and Luga, and for 1993 for river 
Narva. The gaps have been filled in by com
parison with records from neighbouring sta
tions and are not considered serious for the 
final result. 

Figure 2.10 provides an overview of the river
flow regimes to the di fferent sub-basins of the 
Baltic Sea for the period 1950-90. Figure 2.11 
shows the annual river flow to the total sea 
area and its sub-basins for the period 1921-93, 
with the start of the assessment period indicat
ed. 

Throughout the assessment period, there is a 
progressive decline in the total amount of 
inflow to the Baltic Sea (Fig. 2.11). Towards 
the end of that period, the values are partly 
back to the long-term mean. The geographical 
di fferences are very pronounced. While run
off from the northern and eastern areas 
remains high, the decrease in run-off from the 
southern drainage areas to the Baltic Proper is 
significant. This decrease is also illustrated in 
Figure 2.12 which shows records from the 
Neva, Vistula and Torne plus Kalix. This geo
graphical distribution of inflow from rivers is 
favourable for the Baltic Sea as the southern 
rivers have higher concentrations of nutrients 
than the others. 

Seasonal inflow is of interest in environmental 
studies, as the concentrations of nutrients in 
the rivers may vary considerably over the year 
due to biological activities and other reasons 
(cf. [100,651)) . In lake-rich systems, the 
nitrate concentrations are particularly low in 
summer. The dynamics of river flow and dif
ferences in the concentrations of nutrients in 
rivers have to be considered when estimating 
the total load to the coastal waters. Figure 2.13 
shows the seasonality of run-off during the 
assessment period compared to average value 
of the run-off. 
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It has been pointed out [70] that the pro
nounced increase in the annual run-off during 
the late 1980s was dominated by increasing 
winter flows. The influence from increased 
flows in spring and autumn was found only 
minor. The increase in winter run-off was a 
common feature for all basins, with the possi
ble exception of the Gulf of Finland which 
showed a more irregular pattern. Figure 2.13 
shows that winter run-off during the assess
ment period was higher than the long-term 
mean, while the other seasons showed values 
more close to the long-term means. The high 
winter flows were related to the mild winters 
in the northern parts of the Baltic Sea. 
However, most of the northern rivers drain 
forested areas and thus have relatively low 
concentrations of nutrients. 
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Fig. 2.12 Records of 
annual run-off for 
the rivers Neva, 
Vi stu/a and Tome 
plus Kalix for the 
period 1950-93 

(values in m3 s·•; start of the 
assessment period is indicat
ed by a vertical line) 

Fig. 2.13 Seasonal 
contribution of fresh 
water to the Baltic 
Sea for the period 
1951-93 

(start of the assessment peri
od is indicated by a vertical 
line) 

2.5 HYDROG· 
RAPHY OF 
THE BALTIC 
PROPER 

2.5.1 Introduction 
The hydrographic conditions are characterised 
by continuation of the stagnation period in the 
deep water of the Eastern Gotland Basin dur
ing most of the assessment period. The last 
effective inflows of highly saline and oxy
genated water occurred in 1975176 and the last 
'event' was recorded in early 1983 (Fig. 2.1 4). 
Throughout the assessment period, the salinity 
of the Baltic Sea was observed to decrease in 
all water layers within the system. 

The year 1990 indicated a change in the gen
eral water exchange pattern between the North 
Sea and the Baltic Sea. Small inflows to the 
Baltic Sea occurred in early 1990 and during 
the turn of both 1990 to 1991 and 1991 to 1992 
(Fig. 2.15). At the end of the assessment peri
od, a major inflow caused a renewal of the 
deep water of the Central Baltic Proper. The 
stagnation period was finally terminated by 
inflows of minor magnitude in December 1993 
and March 1994 but these did not achieve the 
magnitude of the inflow during the major 
'events' . 

2.5.2 Salt-water 
inflow 1993 
In January 1993, after 16 years of stagnation, a 
major inflow occurred in the Eastern Gotland 
Basin [201,449]. During a three-week period 
of strong westerly winds, a total of about 310 
km3 of water, 150 km3 of which was highly 
saline (> 17 psu) and oxygenated, entered the 
Baltic Sea. Compared to the major inflows 
identified during the present century (Fig. 
2.14), the recent in flow was rather unique with 
respect to both the short duration of the total 
process (21 days) and the size of the inflow 
which resulted in a large increase in the vol
ume of the Baltic Sea (70 em above mean 
water level) (Fjg. 2.15). Taking into consider
ation the duration and mean salinity of the 
inflowing water at the Darl3 Sill, the 'event' 
could be regarded as an only moderate one. 
However, due to the largest salt transport ever 
observed across the Drogden Sill during major 
inflows, the 1993 'event' must be charac
terised as a very strong one. 
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Most of the highly saline water, entering the 2.5.4 Variations in 
Baltic Sea in January 1993, flowed through the 
Bornholm Channel and replaced the bottom the deep Water 
water in the Bornholm Basin, increasing the I 
salinity to 20 psu (Figs. 2. I 6 D-F, 2. 17). The Bornholm Basin buffers the inflow of 
Between October 1992 and March 1993, the saline water into the Eastern Gotland Basin. 
oxygen concentration was raised from I to 7.5 The major inflows between 1975176 and 1983 
cm3 dm·3 (Fig. 2. I 8). The stagnant bottom strongly affected the salinity of the deep water 
water of the Bornholm Basin was lifted above, of the Born holm Basin, but had only weak 
the Slupsk Sill (60 m) by the inflow of saline effects on the salinity of the Central Baltic 
water and entered intermittently the Eastern Proper (Figs. 2. 17, 2.18). Due to the complete 
Gotland Basin (Figs. 2.16 E-H). absence of major inflow events, between 1983 

2.5.3 Variations 
above the halo· 
cline 
The predominating signal in the water layer 
above the halocline is the annual cycle of the 
water temperature. The variations of the air 
temperature ( cf. Chapter 2. 2.1) and radiation 
(cf. Chapter 2.2.3) are reflected in the surface 
water layer. The mild winters during the 
assessment period (Fig. 2.9) caused positive 
water temperature anomalies between 0.5 and 
2 K in the 'winter-water' layer. This was part
ly observed in spring, particularly in 1990 and 
1993. In general, the water temperatures in 
summer were mostly close to the long-term 
mean, except for the extremely warm summer 
of 1992 which resulted in positive water tem
perature anomalies of 1.5-2 K. In 1992, the 
summer thermocline reached greater depths 
than usual, and in the open Baltic Proper posi
tive anomalies between 5 and 8 K were mea
sured at depths of 20-30 m. 

The intermediate water layer stores the water 
temperatures of the preceding winter season 
from spring to late fall. During the assessment 
period, the mild winters resulted in positive 
temperature anomalies between I and 2 K for 
the intermediate layer. 

and 1990, the salinity in the Bornholm Basin 
dropped from I 7.2 to 13.8 psu. 

With the intensification of smaller inflows, an 
increase of the salinity (Fig. 2.17, Table 2.1 ) 
and oxygen content (Fig. 2. 18, Table 2.2) was 
observed for the Bornholm Basin. No effects 
could be seen in the deep water of the Central 
Baltic Proper because of the aforementioned 
buffering capacity of the Bornholm Basin (Fig. 
2.16 B-D). 

Since 1975176, the salinity of the deep water 
has decreased drastically in all basins of the 
Central Baltic Proper and has reached mini
mum values never previously recorded (Fig. 
2.17, Table 2.1). The temperature of the deep 
water also decreased during this period and 
during 1989/90, minimum values were found 
in the northern part of the Baltic Proper (Fig. 
2.19, Table 2.3). 

During the assessment period, a decrease in 
the oxygen concentration and a drastic 
increase in the concentration of hydrogen su l
phide were recorded in the waters of the 
Gotland and Faro Deeps (Fig. 2. I 8). These are 
some of the highest H2S concentrations ever 
measured in the Baltic Sea (Table 2.2). In con
trast, the decreasing salinity and water column 
stability during this period produced caused an 
increase in oxygen concentrations in the 
Western Gotland Basin (Landsort and Karlso 
Deeps; Fig. 2. 18), particularly since 1989. 

The January 1993 inflow interrupted the most 
significant stagnation period ever observed in 
the Baltic Sea [446]. Following the inflow, the 
deep waters of the Gotland Deep between 200 
m and the bottom were completely oxygenat
ed in mid May 1993 (Fig. 2.1 8). Changes in 
salini ty were, however, only moderate in the 
Gotland Deep reaching its highest value ( 11 .8 
psu) near the bottom (Fig. 2.17). During May 
and June, H2S remained in the intermediate 
layer above the oxygenated bottom water. It 
was only in the beginning of July, that oxygen 
was found in the whole water column of the 
Gotland Deep, whereas it was present below 
150 m depth throughout 1993 in the Faro 
Deep. Weak effects of the in flow could be 
traced in the Landsort and Karlso Deeps (Figs. 
2.17-2.19, Table 2.1-2.3). 

Extreme variations of hydrographic parame
ters have been observed in the deep water of 
the Central Baltic Proper [446,48I]. In the 
course of the last 16 years, the salinity and 
temperature has decreased. In addition, the 
temperatures at the beginn ing of the stagnation 
period were the highest ever measured near the 
bottom (Fig. 2.19; cf. [166]), and the salinity 
observed at the end was the lowest recorded 
since the beginning of regular measurements 
in the Baltic Sea (Fig. 2.17). The hydrogen sul
phide concentrations in the deep water of the 
Eastern Gotland Basin reached the highest 
value ever measured, and, in contrast, the oxy
gen concentrations in the near-bottom layers 
of the Western Gotland Basin were observed to 
increase (Fig. 2.18). 
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Fig. 2. I 4 Major inflows of highly saline 
and oxygenated water into the Baltic 
Sea during the present century (left) and 
their seasonal distribution (above). 

(black bar: assessment period, updated from 1448]; 0 
shall quality major 'events' according to their relative 
intensity and is calculated from the duration ot the 
'event' and the salinity (S) ot the water inflowing across 
the DarB Sill w ith S ~1 7 psu) 
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Fig. 2. I 5 Variations of the volume 
and sea level of the Baltic Sea 
hetween I988 and I993, represented 
hy the sea level at Landsort which is 
considered to be representative fo)· 
volume variations of the Baltic Sea 
(data from SM HI) 

Vi g. 2. I 6 Salinity distribution in the 
/Jomholm Basin and adjacent areas 
he tween I 989 and I 994 
(block areas: S ~1 5 psu; ligures in italics: maximum 
•oollnity; 1447)) 
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M E T EOROLOGY , H YDROLOGY AND HYDROGRAPHY 

Annual means and Table 2.1 Salinity (psu) 
standard deviations of 
salinity, oxygen and Station Depth/m 1989 1990 1991 1992 1993 
temperature in the 
deep water of the K2 80 1438 ± 0.28 ill810lZ 14.19 ± 0.25 15.26 ± 0.45 17.66 ± 0.38 
Baltic Proper I989 - J1 200 1156 ± 0.07 1146 ± 0.09 1126 ± 0.07 l.!Mi~ 1116 ±0.13 
I993 (minimum values Faro Deep 150 10.75 ± 0.05 10.48 ± 0.08 10.32 ± 0.16 .!M.to.u5 10.33 ± 0.14 
underlined) H3 400 9.81 ± 0.09 9.51 ± 0.09 9.18 ± 0.05 M9.tM!l 904 ±0.15 

11 100 9.05 ± 0.22 8.65 ± 0.22 8.34 ± 0.20 8.22±0.11 ~i OJ.6 

Table 2.2 Oxygen concentration (cm3 dm·3) 

Station Depth!m 1989 1990 1991 1992 1993 

K2 80 0.58 ± 0.87 OM.t!lli 2.26 ± 106 2.90 ± 1.38 4.81 ± 170 
J1 200 ·300 ± 087 ·310 ± 0.91 ·4.54 ± 1.62 :!23.! 1.74 ·061 ± 2.39 
Faro Deep 150 ·099 ± 0.40 ·126 ± 0.64 :JJ2.tM§ ·0.74 ± 0.27 ·0.73 ± 0.59 
H3 400 OlZ.t!lli 0.47 ± 0.38 0.87 ± 0.80 1.17 ± 0.34 1.58 ± 0.19 
11 100 1J.2iQM 1.69 ± 0.33 1.95 ± 0.34 2.33 ± 0.40 3.79 ± 0.61 

Table 2.3 Temperature (0 C) 

Station Depth/m 1989 1990 1991 1992 1993 

K2 80 6.92 ± 0.51 6.98 ± 0.60 5.90 ± 0.97 6.22 ± 0.35 i2610J.6 
J1 200 5.07 ± 0.07 4.98 ± 0.05 i921M1 5.03 ± 0.02 5.01 ± 0.13 
Faro Deep 150 i5.Z i M!l 4.6t ± 0.20 4.97 ± 0.14 5.24 ± 0.04 5.21 ± 0.12 
H3 400 4.00 ± 0.03 ~1 0J.6 4.41 ± 0.21 486 ± 0.09 4.83 ± 0.07 
11 100 :W.tOJA 3.91 ± 0.28 4.27 ± 0.10 4.44 ± 0.09 4.15 ± 0.25 

Bornholm Stolpe Bornholm Stolpe Bornholm Stolpe 
Balin Channel Balin ChoMOI Basin Channel 
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GY, HYDROLOGY AN D HYD R O G RAP H Y 

Long-term variations of salinity, oxygen, hyclrogen sulphide and temperature in the deep water of the Baltic Proper during the present cen
tury (black bars: assessment period) 
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Fig. 2.17 Salinity 

The stagnation period was finally terminated 
by inflows of lower magnitude in December 
1993 and in March 1994 [ 450]. This water, 
however, proceeded directly into the Eastern 
Gotland Basin since the buffering capacity of 
the Bornholm Basin was still exhausted due to 
the major 'event' in January 1993 (Fig. 2.16). 
During spring 1994, oxygen concentrations of 
about 3-3.8 cm3 dm·3 were measured between 
170 m and the bottom of the Gotland Deep. 
These were the highest concentrations which 
have been observed at this station since the 
1930s (Fig. 2.18). For the first time since 
1977, the whole Baltic Proper was free of 
hydrogen sulphide. 
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Fig. 2.18 Oxygen and hydrogen sul
phide 
(H2S expressed as negative oxygen equivalents; 

black bars: assessment period) 

2.6 SUMMARY 
The meteorological, hydrological and hydro
graphic conditions during the assessment peri
od showed some remarkable features which 
had a strong impact on the Baltic Sea environ
ment. The mean air temperature over the 
Baltic Sea was much above normal, with a 
mean annual anomaly of around +I oc com
pared to the long-term mean for the period 
1880-93. The anomalies, which were concen
trated in winter and spring, were connected 
with an increased zonal flow, which also 
resulted in a biased distribution of precipita
tion, with large winter amounts in the 
Scandinavian mountains. 

The most important environmental factor to be 
observed during the assessment period is, 
however, that the long stagnation period was 
interrupted by the inflow event of January 
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1993. It is also important to note that the!\ 
were regional differences in river run-off; th( 
high inflows to the Baltic Proper dropped 
while inflows remained high from rivers drain· 
ing into the northern and eastern basins of tht 
Baltic Sea. One consequence of the changes i11 
river inflow could be that the input of nutrie1W 
from non-point sources probably dropped dur 
ing this period. Therefore, taken together, th( 
meteorological, hydrological and hydrograph 
ic conditions of the assessment period must lx 
considered as favourable for the environmen 
tal state of the Baltic Sea. 
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3.1 INTRODUCTION 
Contaminants enter the Baltic Sea via rivers, through the atmos
phere and by direct discharges from land, discharges from ship
ping, aquaculture and offshore installations. Within the BEL
COM framework, the load of some contaminants entering the 
Baltic Sea via rivers and from different point sources located at 
the coast as well as through atmospheric deposition has been 
estimated. The results of these estimates are highlighted in this 
chapter. 

3.2 RUN-OFF FROM LAND 

3.2.1 Introduction 
The Baltic Sea drainage area comprises 
I ,733,850 km2 with approximately 92,200 km2 

located outside the territories of the 
Contracting Parties, i.e., in Belarus, Ukraine, 
Czech Republic, Slovak Republic and 
Norway. The quantities of contaminants enter
ing the Baltic Sea via rivers as well as by 
direct discharges from land, varies from year 
to year, and the input is influenced by both nat
ural and anthropogenic factors. 

The assessments of contaminant run-off from 
land by HELCOM, known as The Baltic Sea 
Pollution Load Compilations (PLC), started in 
the mid 1980s. The results of PLC-1 were pub
lished in early 1987 [214] and represented a 
first attempt by HELCOM to compile very 
heterogenous data, very often preliminary or 
based on very rough background information 
that had been submitted to the Commission on 
various occasions. In 1989, the HELCOM 
adopted Recommendation l 0/4 concerning a 
comprehensive study on pollutants discharged 
to the Convention Area from the territories of 

Area Drainage area (countries) 8007 

BB 277 (FI-SE-NO) 100 
BS 219 (FI-SE) ISO 
AS 9(FI) 8.7 
GUF 413 (EE-FI-LV-AU) 29J 
GUA 132 (EE-LV-LT-AU-BY) 140 
SAP 569 (DK-EE-DE-LV-LT-PL-RU-SE-BY-UA-CZ-SL) >610 
BS & Kat 115 (DK,DE, SE) >110 

Total 1,734 >1,400 

the riparian countries. This project, PLC-2, 
was implemented in 1990-92 in accordance 
with a unified methodology laid down in BEL
COM Guidelines. The objective of this study 
was to assess, as accurately as possible, the 
major riverborne and direct inputs of selected 
contaminants in 1990. The report of PLC-2 
was published in 1993 [225]. 

In 1994, the third stage of the project (PLC-3) 
was initiated by HELCOM (HELCOM 
Recommendation 15/2) with the aim of col
lecting and assessing the data from the year 
1995 taking fu lly into account the method
ological experiences from PLC-2 [238]. The 
report of PLC-3 is expected to be ready for 
publishing in the second half of 1997. 

3.2.2 Pollution 
Load Compilation 
(PL.C-2) 
This section deals with inputs to the coastal 
waters via rivers and from municipalities and 
industries discharging directly into the sea. 

p N Hg Cd Cu 

2.3 38 0.05 1.3 94 
2.3 47 >0.01 >1.7 >230 
0.8 9.9 >0.01 0.03 2.9 

12 140 >28 > 18 >430 
3.4 85 n.i. n.i. >39 

>18* 210 >22 >35 >440 
7.4 130 >0.14 >0.7 >43 

>46* 660 >50** >57** >1,300** 

Data incomplete (riverine lot-P from Lithuania and Russia to BAP missing in PLC-2) 
Data incomplete for heavy metals 
loads and totals are rounded to two significant numbers 

Abbreyjatjoos· 

The load data presented here originate from 
the report of PLC-2 as well as from later infor
mation reported to HELCOM in relation to the 
follow-up of the 1988 Ministerial Declaration. 

Although, PLC-2 was more complete and pre
cise than PLC-1 , many uncertainties remained 
due to incomplete data sets, inadequate or non
comparable measurement methods and also 
the fact that PLC-2 included only the main 
pollution sources. The information about small 
rivers (Q <5 m3 s·1), small settlements 
(<10,000 Population Equivalents - PE), the 
diffuse loading from the coastal zone between 
the measured rivers, by-passes and overflows 
were not included in PLC-2. The results of 
PLC-2 should, therefore, be still used with 
caution in order to avoid misinterpretation. 

Table 3.2 Nutrient discharges into the 
Baltic Sea -in kt-from the territories of 
the Contracting Parties in 1990 [225] 
and 1992 [240] 

Denmark 

1990 

5.3 
2.8 Estonia 

Finland 3.4 
Germany 1.2 
Latvia 3.2 
Lithuania 1.7* 
Poland 15 
Russia 9.5** 
Sweden 4.0 

p 

1992 

3.9 
1.6 
4.7 
1.6 
1.8 
1.6 

12 

65 
4.3 

1990 

83 
59 
72 
14 

94 
19 

120 
8t 

119 

N 
1992 

70 
51 
85 
16 

89 
20 

140 
32 

134 

Table 3. 1 summarizes information on riverine Total 46 38 660 640 
and direct discharges in 1990 on a sub-region-
al basis according to the division of the Baltic 
Sea used in the Periodic Assessments. It 
should be noted that the quality of data varies 
with each of the parameters. The data sets f01 
nutrients are more or less complete and thus a 
meaningful summary review could be pro-

·I " ·' lor riverine tot-P from Lithuania are missing in PLC-2 16r 
ol• ulnhons the t987 figure was used ... ., 

-I tl • lor roverine lot-P from Russia are incomplete in PLC-2 
• • Information was ayailable lor BAP) 

tt~l • • uo rounded to two signtficant numbers 

duced. In contrast, information on heavy met· " lullon to the In terim Status Report on 
als, due to incomplete data, is only given for l1upkmentation of the 1988 Ministerial 
general information. Data on organohalogem 11. r lurnt ion [240] are only available on a 
were not available as this was not required b) rt f IIIII y wide breakdown. However, this infor
PLC-2. 111·11 11111 is useful as it provides a rough com-

3.2.2.1 Nutrient input 

According to the Report of PLC-2, the input! 
of total phosphorus and total nitrogen in 1990 
were estimated as more than 45,825 tons and 
66 1,855 tons, respectively. After PLC-2, tht 
information on nutrient inputs have been col· 
lected within HELCOM on several occasions 
i.e. for the preparation of the 1993 Interi111 
Status Report on the Implementation of the 
1988 Ministerial Declaration and during thr 
assessment of national measures to reduce 
nutrient inputs [244]. The data reported by tht 
Contracting Parties to HELCOM 15 (1994) ir 

Zn Pb 

570 >14 
> 1,100 >42 Table 3.1 Pollution load 
16 1.1 via rivers and by direct 

>280 >400 discharges from coastal 
>130 n.i. municipalities and indus· 

>2.700 >830 tries, 1990 [225] 
>240 >9.2 (metals in t; BOD7' N 

>5,000** >1,300** 
and P -as total- in kt; 
drainage area in ]()3 km1 

1' 111 •llll of the years 1990 and 1992 with regard 
h' htp111s of nutrients. 

l 1hh• 1.2 gives a general overview on loads of 
1 •I I' nnd tot-N introduced to the Baltic Sea 
II •Ill the territories of the Contracting Parties 
tn I tJ110 and 1992. However, a comparison of 
th l11nd values from both years should be done 

tth lllution as the differences between them 
I• 11111 necessari ly reflect reductions or 
11 ' ' -1\1'' in loads since they are more likely 
lu lu di l'fcrcnces in fresh-water run-off. In the 
lui llltt Status Report on Implementation of 
!lr IIIKH Mi nisterial Declaration it was 

1 1h•tl that none of the Contracting Parties 
I I 11 htl'Ved the overall reduction target of 50 

llll•tl'l'ore, in 1994, the Commission decid
llh•ll the national measures to reduce nutri

t•t hnu ld be critically assessed and reported 
! t ill I ( '()M 17 in 1996 [244]. 

111 .I tilt' 10 the conclusions from the assess
Ill 111 nat ional programmes on nutrient 
Itt• 111111 1 here are substantial differences 

1 ' n thl' Contracting Parties with regard to 
lluph•tncntalion state of the goals· of the 

11111 It rlu l Declaration 1988. The progress 
I ltv ( 'ontracting Par-des on this issue is as 

II 

BB • Bothnian Bay. BS • Bothnian Sea, AS • Archipelago Sea. GUF • Gull of Finland, GUR • Gull of Riga. BAP • Bailie Proper, BS & Kat • Belt Sea & Katlegat & Sound; OK • 
Denmark, EE • Estonia, Fl • Finland, DE • Germany, LV • Latvia, LT • lithuania, PL • Poland, AU • Russia, SE • Sweden. BY • Belarus, UA • Ukraine. CZ ·Czech Republic, SL • 
Slovak Republic, NO - Norway; n.i • =no information. 

In llt•mtuu·k, the 50 % reduction require
'' I ' \jll'etcd by the implementation of the 
It •II II Action Plan on the Aquatic 
11 •111111'111 ( 1987-95). Denmark has in prac-
111• I tlu• target with regard to discharges 

from both municipal waste-water treatment 
plants and industry. When it was realised that 
the target for agriculture could not be met 
within the agreed time frame additional mea
sures were adopted by the Action Plan for 
Sustainable Agriculture ( 199 1-2000). 
- Estonia has partly met the 50 % reduction 
goal but further measures are needed. 
Additional measures are expected to be listed 
in the national environmental protection pro
gramme which is under preparation. 
- Finland had a Water Protection Programme 
until 1995. The targets set in the programme 
were, however, insufficient to meet the 50 % 
reduction target. A Water Protection 
Programme to 2005 is under final ization. 
- Germany has partly met the 50 % reduction 
goal but further measures are needed. These 
measures are listed in a national nutrient
reduction programme but the details were not 
available at the time this chapter was prepared. 
- Latvia has met the 50 % reduction goal 
mainly due to economic recession in the coun
try and decrease of the industrial and agricul
tural produCtion. Achievements in municipal 
waste-water treatment are considered to be 
sufficient and nutrient load from this source 
has decreased by more than 50 %. The Latvian 
Government has adopted an Environmental 
Policy Plan which aims to keep pollution at a 
low level. 
- Lithuania has a National Environmental 
Strategy under finalization and adoption. This 
strategy should be sufficient to meet the 50 % 
reduction target by the year 2000 with regard 
to discharges from municipal waste-water 
,(reatment plants. Additional measures with 
regard to discharges from industry and agri
culture will allow the 50 % reduction target to 
be met in 1997/98. 
- In Poland, the goals of the Ministerial 
Declaration 1988 on 50 % reduction of nutri
ent load by 1995 have not been ful ly achieved. 
In May 1991, a governmental paper entitled 
National Environmental Policy was approved. 
The document also defines tasks in order to 
meet the requirements of the Ministerial 
Declaration. According to th is document, 
short-term priorities until 1995, mid-term pri
orities until the year 2000, and long-term pri
orities until 2015 have been set up. Due to the 
economical situation and remnants of the for
mer structure, Poland could not meet the 50 % 
reduction target within the short-term priori
ties. It is assumed, however, that the 50 % 
redl.lction target will be met within the mid
tern{ priorities of the National Environmental 
Policy programme. By 1993, 28 % reduction 
of nitrogen and 21 % reduction of phosphorus 
in the riverine loao discharged into the sea had 
been achieved. It is assumed that the river 
water quality will improve significantly within 
the long-term priorities. 
- In the Russian Federation, the requirements 
of the Ministerial Declaration 1988 on 50 % 
reduction of nutrient load by 1995 are imple-
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mented in accordance with the Federal 
Programme for Ecological Situation 
Improvement in the Russian Part of the Baltic 
Sea Area elaborated on the basis of five 
regional programmes by the Government 
Decree. Programme measures apply to all sec
tors of activity, especially to municipalities, 
agriculture and industry, and are implemented 
by all possible national sources of financing, 
e.g., federal and local budgets, commercial 
sources, different funds. The timetable of the 
Programme implementation is by 2000. 
- Since 1989, Sweden had a national action 
programme with the aim of reaching the over
all 50 % reduction target for nutrients. Despite 
this, Sweden has not been able to fulfil the tar
get. There is a comprehensive work going on 
elaborating an additional programme to imple
ment the necessary measures to meet the tar
get. 

Accoring to the conclusions from the sector
wide assessment, agriculture is the largest 
anthropogenic source of nutrient inputs to the 
Baltic Sea. The 50 % target has been achieved 
in some countries in transition due to 
decreased use of fertilisers and decreased agri
cultural production. This was mostly caused 
by structural changes and financial difficulties. 
It is possible that in event of an economic 
recovery in these countries the agricultural 
load might increase in spite of the existing pro
tection programmes. In the EU countries, the 
50 % target has not been achieved and there is 
a need for additional measures. For nitrogen, 
these measures will largely be taken in the 
framework of the implementation of the 
Nitrates Directive (91/676/EEC). Generally, 
the 50 % goal is planned to be reached in 
2000-2005 in most of those countries. 

Nutrient inputs from aquaculture are locally 
quite considerable and many marine fish farms 
are situated in areas considered as "sensitive". 
Those Contracting Parties which consider this 
sector to be of importance as a source of nutri
ents, i.e., Denmark, Finland and Sweden, have 
achieved a reduction of specific discharges per 
unit production. However, the decline in spe
cific discharges has been offset by a rise in fish 
production. 

Industry is one of the major sources of nutri
ent inputs, mainly P-discharges, to the Baltic 
Sea. Almost all Contracting Parties have been 
able to implement the 50 % reduction target 
for P by 1995. Some Contracting Parties have 
problems with N -reduction from industrial 
sources. There·, might be some eventual 
increase of nutrient discharges from industry 
in the countries in transition in the future fol
lowing the economic recovery. 

As regards to municipal loading of phospho
rus, the level of 50 % reduction between 1988 
and 1995 was achieved by most of the 
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Contracting Parties. The achieved level of 
nitrogen reduction varied from I 0 to 50 %. 
Due to economic problems, the countries in 
transition are still far from achieving their 
goal. This means that the municipal nutrient 
load to the Baltic Sea has not substantially 
decreased. However, the purification efficien
cy is expected to increase considerably accord
ing to existing national programmes in most of 
those countries. 

NOx emissions from the transport sector have 
not significantly decreased by any of the 
Contracting Parties. In the countries in transi
tion, the emissions increased because of 
increasing transport with vehicles many of 
which do not have advanced catalytic conver
tors. In the EU countries, the reduction of 
emissions using catalysts was counteracted by 
increased activities in the transport sector, 
including aviation, off-road vehicles etc., but 

the predicted or expected values for the year 
2000 show a clear reduction. In the EU coun
tries, the transport sector is meanwhile respon
sible for 60-70 % of all NOx emissions. In the 
countries in transition, the increase in emis
sions from the transport sector to levels similar 
to those in the present EU countries is expect
ed to be reached by about 20 I 0. If this happens 
in the Baltic Sea Area, this means that trans
port will also be one of the main NOx emission 
sources in future. This was taken into account 
by the HELCOM Recommendation on reduc
tion of emissions from traffic in the Baltic Sea 
Area. 

The change of NOx emissions from power
production plants varies from country to 
country. Some countries met the reduction 
goal by 1995. In the EU countries, a rather sta
ble reduction is observed. The difficult eco
nomic situation in the countries in transition 

Countries 
problem areas 

Sources 

has led to a significant decrease in NOx em is- Fix. 3.1 Main problem 
sions. This might, however, only be a tempo- on•as as indicated in 
rary trend. For both the transport sector and 1111tional reports for 
power production there is a specific problem: ,·utrophication and 
NOx emissions into the atmosphere are trans- llll'tal contamination 
ported across the boundaries of the drainage I 126/ 
area of the Baltic Sea and this has to be taken 
into account in calculating emissions from and 
the reduction required by each country. 

In the assessment of national programmes on 
nutrient reduction, undertaken jointly by the 
Technological and Environment Committees 
of HELCOM in 1995, special emphasis was 
given to evaluate loads and measures in the 
main "problem areas" of eutrophication identi· 
fied by the first coastal assessment [226]. In 
Table 3.3 and Figure 3.1 , information is pre· 
sented on major sources of nutrient inputs and 
loads in "problem areas" for different years 
during 1987-95. 

p N 
kt yr1 kl yr1 Table 3.3 Major sources 

of nutrient loads to prob
lem areas of eutrophica
tion for different years 
[226,244] (cf Fig. 3.1) 

BS & Fl 
AS Turku Archipelago and adjacent 

coastal areas 

· municipal waste water (several municipalities > tO,OOO PE) 
· industry (11 pulp & paper mills) 

1.0 
(1987) 

1.0 12 12 
(1992·95) (1987) (1993-95) 

GUF EE 
Narva & Tallinn Bights 

Fl 
Outer Helsinki & Kolka regions 

AU 

· fish farming, esp. in AS 
· agricullure 

• Narva River 
. municipal waste water 

·municipal waste water (Helsinki region, other municipalities) 
· industry (29 pulp & paper mills) 
·agriculture 

1.8 
(1990) 

0.5 
(1987) 

5.9 
(1987) 

0.8 38 20 
(1994) (1990) (1994) 

0.5 9.8 10 
(1993-95) (1987) (1993·95) 

3.3 31 24 
(1994) (1987) (1994) 

e EUTROPHICATION 
e METALS 

Neva Bight and adjacent coastal 
areas 

GUR EE 

· municipal waste water 
· industry (pulp & paper mills) 
· agriculture 

· Parnu River 0.4 0.1 8.4 3.5 .3 ATMOSPHER.IC INPUT 

BAP 

BS& 
Kat 

Parnu Bight 

LV 
Outer Riga region 

DE 
Bodden 

LT 
Curonian Lagoon 

PL 
Oder Estuary, Pomeranian Bight, 
Gdansk Bight and Vistula Lagoon 

• Parnu municipal waste water 

· rivers Daugava & Lielupe 
·Riga region (municipal waste water, industry & agriculture) 

· agriculture 
·municipal waste water 

• Nemunas River 
• agncullure 
·municipal waste water 
· industry (3 plants, discharging direct~ to the sea) 

· municipal waste water 
· industry 
· agriculture 

AU ·municipal waste water 
Curonian Lagoon and Vistula Lagoon · industry (pulp & paper mills) 

• agncullure 

SE 
Hana Bight and Stockholm 
Archipelago 

· agnculture 
·municipal waste water 

OK ·major input (>80 %) via rivers from agriculture 
Southern Sound, Outer Arhus region, 
Great Bell 

DE · agriculture 
Flensburg Fjord, Kiel Bight, Lubeck • municipal waste water 
Bight and Mecklenburg Bight 

SE ·agriculture 
Southern Sound, Laholm Bight ·municipal waste water 

(1990) (1994) (1990) (1994) 

2.3 1.2 80 46 
(1987) (1993) (1987) (1993) 

2.1 1.6 38 35 
(1990) (1995) (1990) (1995) 

1.8 1.6 40 20 
(1987·90) (1992) (1987·90) (1992) 

18 14 230 170 
(1988) (1993) (1988) (1993) 

0.6 0.3 2.9 2.3 
(1987) (1994) (1987) (1994) 

0.2 0.1 7.6 6.3 
(1987) (1992·94) (1987) (1992·94) 

1.2 0.79 19 41 
(1989) (1993) (1989) (1993) 

1.4 1.1 25 23 
(1990) (1995) (1990) (1995) 

0.28 0.15 12 9.7 
(1987) (1992) (1987) (1992) 

· totals are rounded to two significant numbers 
· for abbreviations see Table 3. t 

.3.1 Introduction 
1111 1'\li rnates given on the atmospheric inputs 
11 1111• llnltic Sea and referred to in this docu
'" ' 111 nrc based on studies of the Group of 
I I"'" on Airborne Pollution of the Baltic 

1 A•~·n (EGAP), especially on an EGAP 
r 111 •11 which gives the best possible estimate 
rltlw airborne pollution load to the Baltic Sea 

h•t 1111' live-year period 1986-90 [222). Also 
til• 1 tklailcd information, e.g., on the areal 

II 1111t111 ion of the deposition of oxidised and 
1 h11 t•d nit rogen to the Baltic Sea (gridded 

lhll•, l. and annual statistics ' on 
1111 I '( >M/EGAP data for 1986-90 are a,vai l
lih 111 !11111 publication. A new report 'for 1991-

1 I under preparation, but unfortunately the 
1 11!1 wr re not avai lable for this assessment. 
lit ltltl tl>spheric load of nitrogen has been 
It 1 11 111 constitute a considerable fraction of 

lit hllttl load. No information on the load of 
, 11111 nitrogen to the Baltic Sea is available 
Ill• thh parameter is not included in the 

tt llw lng programme. 

Phosphorus is analysed by some countries in 
rain water samples, but only in very few cases 
do the concentrations exceed the detection 
limit. Therefore, phosphorus measurements 
are not included in the EGAP programme. The 
load of phosphorus from air is estimated to be 
very small and has been ignored in these esti
mations. 

Air pollution released from land-based sources 
is often transported long distances before it is 
deposited either by dry or wet deposition. Wet 
deposition takes place by uptake of gases and 
p~rticles by cloud droplets, followed by pre
cipitation (rain-out) or by scavenging of gases 
and particles by fall ing raindrops or 
snowflakes (wash-out). The rate of wet depo
sition over the Baltic can be expected to show 
a seasonal dependence because precipitation 
intensity varies during the year. Wet deposition 
is also a funct ion of the size distribution and 
chemical composition of the rain or cloud 
droplets, the diffusion constant and Hemy's 
constant of the gases involved. For particles, 
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the scavenging is highly dependent on, e.g., 
their origin and size. 

Dry deposition is influenced by a multitude of 
physical and chemical factors. The signifi
cance of these factors varies depending on the 
physicochemical characteristics of the pollu
tant, the meteorological conditions of the 
atmosphere and the properties of the surface of 
deposition. Dry deposition processes over the 
ocean differ from those over land because of 
the unique character of the surface and the 
temperature difference between the air and the 
ocean. This is of special importance for the 
Baltic Sea, which is partly covered by ice 
almost every winter. 

The winds over the Baltic Sea are often quite 
variable, but on an annual basis the area is 
dominated by west-southwesterly winds. The 
Baltic Sea, as also the North Sea, is signifi
cantly affected by atmospheric long-range 
transport of man-made emissions of pollu
tants. Therefore, the results from the monitor
ing programme of EGAP which is limited to 
the Baltic Sea cannot alone give a complete 
picture of the state of air pollution and its ori
gin from remote sources. This knowledge is 
necessary if control strategies for the reduction 
of atmospheric deposition fluxes of pollutants 
to the Baltic Sea are to be developed. The only 
way of delineating the atmospheric transport 
pathways, and hence the emitter-receptor rela
tionship, is through numerical modelling. With 
modern computers it is possible to carry out 
calculations that cover not only a whole COilli
nent such as Europe but also include the com
plex physical and chemical processes that con
trol the transport, transformation and deposi
tion of air pollutants. 

3.3.2 Monitoring 
programme 
Estimating the atmospheric pollution load on 
the sea surface for the open sea is difficult 
because data on airborne pollution concentra
tions and meteorological data such as precipi
tation are scarce or lacking. To compensate for 
this it is necessary to resort to methods of 
approximation. The EGAP monitoring net
work consists of261and-based measuring sites 
situated in various types of rural areas to avoid 
the influence of local industrial sources. The 
main purpose of the monitoring network is to 
produce data that can be used for estimating 
the deposition'-of harmful substances to the 
Baltic Sea. That purpose can only be fulfilled 
if data reported by the Contracting Parties are 
of high quality. 

The monitoring programme is based on mea
surements of "routine-minimum-requirement 
parameters", of other parameters on an "exper-



imental (voluntary) basis", and on a quality 
assurance procedure. The HELCOM/EGAP 
monitoring programme calls for determination 
of the concentrations of NH4 and N03 in pre
cipitation as a minimum requirement. From 
1990 onwards, measurements of Pb, Cd, Cu 
and Zn in precipitation have also been request
ed on a routine basis, from at least one station 
in each country. The measurement of ambient 
air concentrations of pollutants is not a manda
tory part of the programme of EGAP and 
therefore, constitutes a voluntary contribution 
by Contracting Parties. 

The quality assurance protocol used by 
Contracting Parties for the monitored parame
ters is similar to the EMEP Quality Assurance 
Plan. Accordingly, EGAP has initiated and 
participated in a number of intercalibration 
and intercomparison exercises [224]. For air
borne pollution load estimations, the Baltic 
Sea is divided into five sub-basins, i.e., the 
Gulf of Bothnia (Al ), Gulf of Finland (A2), 
Northern and Central Baltic Proper (A3), 
Southern Baltic Proper (A4) and Belt Sea, 
Kattegat and Sound (A5), as shown in Figure 
3.2. 

Fig. 3.2 Division of 
the Baltic Sea into 
sub-basins and the 
EGA P monitoring 
sites in 1991 

3.3.3 Nitrogen 
deposition 
lntercalibrations have shown that ammonium 
and nitrate are accurately determined but that 
minor deviations in measurements of input 
load may occur because of the different 
designs of the precipitation samplers. 
Precipitation concentrations from stations 
selected as representative of the various sub
basins are used to calculate basin-average con
centrations. The results for ammonium and 
nitrate are used to calculate the concentration 
of total nitrogen, defined here as the sum of the 
two values. The average total nitrogen concen
trations for the period 1986-90 was 1.34 mg 
dm·3, and no distinct changes for tot-N over 
this period have been observed . 
Geographically, however, there is a change in 
concentration from north to south as shown in 
Figure 3.3. 

Estimates on the deposition of pollutants in the 
open sea have to be based on extrapolation of 
data obtained from sampling locations on 
either the coast or on islands. However, only 
wet deposition can be estimated in this way 

since only measurements of precipitation con
centrations form part of the mandatory moni
toring programme. Although, the data on con
taminant concentrations in ambient ai r, which 
is collected on a voluntary basis may be used 
for estimating the dry deposition, the parame
trization of dry deposition velocities is diffi
cult and leads to considerable uncertainties in 
the flux calculation. In any event, it should be 
noted that the dry deposition component is 
expected to constitute only the minor part of 
the total deposition. For example, a recent 
experimental estimate for nitrogen deposition 
to the Baltic Sea yielded an overall dry contri
bution of 15 %. 

The wet deposition is estimated on the basis of 
weighted mean concentrations measured at 
each of the sampling stations. To calculate the 
sub-basin depositions, it is necessary to first 
obtain the annual deposition flux , i.e., the area 
speci fic deposition. For this purpose two dif· 
ferent methods are used. The first, the experi· 
menta/method relies exclusively on measured 
data on concentrations and the precipitation 
recorded at the various coastal stations. In this 
method, it is assumed that both the concentra· 
tions and the precipitation are also representa· 
tive for the open sea. Since this is a crude 
approximation, the results obtained by this 
method must be viewed with some caution. 

The second, the hybrid method, relies on mea· 
surements of contaminants in rainwater and 
includes both observed and calculated 
amounts of precipitation. Model calculations 
are considered more rel iable for estimating 
precipitation over the open sea than extrapola· 
tion of actual coastal measurements. Thr 
hybrid fluxes are I 0-20 % higher than the 
experimental ones. However, for both types ol 
fluxes there is a clear and consistent tendenC) 
for fluxes to decrease from about I, I 00 kg N 
km·2 yr 1 in the southern parts of the Baltir 
Sea, which are closer to the European air pol· 
lution sources, to around 650 kg N km·2 yr 1 in 
the north. 

On the basis of the deposition fluxes the aver 
age wet deposition for 1986-90 to the Baltir 
Sea has been estimated by the experimental 
and hybrid methods to be 314 and 330 kT f\ 
per year, respectively. The values for deposi 
tion in 1986 compare quite well with eat·l icl 
estimates but the more recent estimates art 
lower in the north by about 20 % and higher in 
the two southern basins by about 10 %. Tht 
results show that the wet nitrogen depositior• 
to the Baltic Sea is divided almost equall) 
between oxidised and reduced compounds ana 
that there is no discernible temporal trend dUJ 
ing the latter half of the 1980s. 

There is a third method for estimating tht 
atmospheric deposition of contaminants whicl 
relies exclusively on model ca/culation.t 

Total N-concentration in precipitation AI 

1988 

~ 1 N/year 
~~----~--~----~----~---------------------------, 

N-deposition from European countries 

llu 1 rnlculations include the deposition 
t 1 d 1t11 fields for both precipitation and con

uti 1111111. They can be considered quite reli
t I, II vuod emission data are avai lable. The 

I• llt'\ul ts also include dry deposi tion cal
li 1h 1l II\ the product of ai rborne concentra

•11 uud deposition velocities. The 
1 '''"~"'" trajectory model of EMEP's 
I 1 W wns one of the fi rst to be developed 

ttl" IHiional use. It is an one-layer model 
h 11 1 IIIH.:cntrations are calculated as aver-

11\1'1 the well-mixed boundary layer. The 
1. I '' currently being used on a routine 

!111 ihl' calculations of transboundary pol-
11 •II I luxes and deposition of sulphur and 
I , 11 l'tllllpounds over Europe. Tbe results 

lhul the concentration and deposition 
.u, p1cdicted reasonably well. 

11 •II IIIII' ctilculations of horizontal transport 
111 pull111ion the MSC-E of EMEP has 
1"1" tl 111HI tested a hybrid Lagrangian-

/ 1 ,, t111ull'i which allows complex atmos- 1 
1 l'llll'l''scs to be included. 

1988 • 1989 • 1990 

The EMEP models calculate concentrations 
and depositions of nitrogen compounds. 
Monthly averages are given in 36 emission 
and deposition domains representing countries 
and sea areas. The models are able to keep 
track of the domain in which the pollution was 
emitted, which makes it possible to allocate 
the deposition on the whole Baltic Sea from 
relevant emitter countries. The reliability of 
model results is in general dependent on the 
quality of the input data. The better the model 
- the higher the requirement for good and reli
able data. It is difficult to give an overall range 
of uncertainty for the results, but since the 
uncertainty of the input data over sea areas is 
larger than for land, the same must be true for 
the model results. In addition, the present 
models tend to overestimate depositions in 
Central Europe relative to measured deposi
tions and to underestimate them in the very 
cold or frozen areas such as in Scandinavia. In 
addition, it is worth noting that the emission 
databases used for model calculations are st ill 
in a very prel iminary stage. 
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Fig. 3.3 Annual mean tot-N concen
trations in the Gulf of Botlmia (A/), 
Gulf of Finland (A2), Northern and 
Central Baltic Proper (A3), Southern 
Baltic Proper (A4) and in Kattegat, 
Belt Sea and Sound (A5), 1986-90 
[222] 

Fig. 3.4 Model results on the total 
(wet+ dry) deposition D.f1· 111 of nitro
gen compounds to the Baltic Sea (kT 
N yr·1), Jrom EMEP/MSC- W [280] 

(OK . Denmark, Fl · Finland. DO · German Democtatic 
Republic, DE ·Federal Republic of Germany. PL · Poland. 
SE · Sweden. SU · Soviet Union, BE · Belgium. CS • 
Czechoslovakia: FR · France. NL · The Nelherlands, NO 
• Norway. GB ·United Kingdom, BAS· Baltic Sea, NOS · 
North Sea. XEUR ·Minor contributors wilh <1.000 t yr·•. 
INO · deposilion of indeterminate origins) 

For nitrogen deposition to the open Baltic Sea, 
it was found that 65 % of the main contribu
tion came from the Baltic Sea countries, prob
ably because of their proximity (Fig. 3.4). 
Other prominent contributors are Great 
Britain, France and the Netherlands, which are 
all upwind of the predominant westerly winds 
in the Baltic Sea and which are also among the 
major European emitters. The former 
Czechoslovakia is also another major contrib
utor. 

Based on the model calculations the total dry 
and wet deposition of nitrogen to the Baltic 
Sea was found to be between 260 and 285 kT 
N yr· f during 1988-90. Thus, a reasonable esti
mate for the to~a l deposition of nitrogen to the 
Baltic Sea in the latter half of the 1980s is 300 
± 30 kt N yr 1• The nitrogen deposited is com
posed of reduced and oxidised forms of nitro
gen in the ratio 40:60. The values for oxidised 
nitrogen deposited to the various sub-basins of 
the Baltic Sea have been estimated by MSC-E 
and the results are given in Table 3.4. 
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! Table 3.4 Annual total (wet + chy) 
deposition D/ 1.£ of oxidised nitrogen 
to the sub-basins of the Baltic Sea, 
1988 and 1989 (values in kt; model 
results from MSC-E [222]) 

Sub-basin 1988 1989 

At Gulf of Bothnia 28.0 23.7 
A2 Gulf of Finland 13.0 13.6 
A3 Baltic Proper, Northern and 

Central 55.5 49.9 
A4 Baltic Proper, Southern 45.8 40.2 
AS KaHegat, Beh Sea and 

the Sound 20.8 19.2 

AO Baltic Sea, total 163.1 146.6 

3.3.4 Metal 
I deposition 

As shown by the results from trace-metal 
intercomparisons, the reliability of the data for 
all trace elements except lead is sti ll very low. 
Therefore, only the total deposition of lead to 
the Baltic Sea was estimated in the last air-
borne pollution-load report [222]. 
Furthermore, model calculations for the period 
1980-85 have been restricted to lead because 
the emission databases for other metals are 
still in a very preliminary stage. The data and 
any derived estimates should be viewed with 
some caution. 

The wet/bulk2 deposition of lead is estimated 
as for the nitrogen compounds, i.e., on the 
basis of the precipitation weighted mean con-
centrations measured at each of the sampling 
stations. The annual mean concentration of 
lead in precipitation was found to fall in the 
range 4.8 to 9.1 11g dm·3. The average sub-

Table 3.5 Annual mean deposition of Pb 
for the period /986*-90, in t yr 1 [222] 

Sub-basin Dwbx DwbH 

At Gulf of Bothnia 280 429 
A2 Gulf of Finland 112 203 
A3 Baltic Proper, Northern and 

Central 269 261 
A4 Baltic Proper, Southern 218 275 
AS KaHegat, Belt Sea and 

the Sound 180 250 

AO Baltic Sea, total 1,059 1,419 

Dwb x -expenmenlal mel hod 

Dwb" - hybrid eslimale 

· For 1986, the average values lor 1987-90 have been used 

'The lerm bulk deposition refers to precipitation samplers 
which are also open during dry periods. 

basin d 

I menu~ 
epositions of Pb based on the experi
method (Dwl/) and hybrid estimates 
are shown for 1986-90 in Table 3.5. 
perimental results suggest that the 
on of lead to the Baltic Sea decreased 
he latter half of the 1980s. Such a trend 

however, to be seen in the hybrid esti

(Dwb ) 
The ex 
depositi 
during t 
is not, 
mates. Because of the predominantly low 
emissio n heights (automobiles) it has been 
assume d that 15 % of the emitted lead is 

ed in the local emission-grid square. I 
o the data quality for lead measure-

deposit 
Even s 

T Pblyr 

ments needs further improvement, it is consid
ered that a reasonable estimate for the tota 
deposition of lead to the Baltic Sea in the lat
ter half of the 1980s was I ,300 ± 250 t yr·1• 

The annual deposition of lead to the Baltic Set 
in 1984-85 arising from emissions from differ 
ent European countries is shown in Figure 3.5 
It is estimated that about 70 % of the input i! 
caused by the ripari an countries, the remainin1 
load being due to long-range atmospheric 
transport from other areas in Europe. 

Fig. 
C01 

3.5 
llributions of 
re European 
ntries to the 
d deposition 
he Baltic Sea, 
4-85 

Contributions to the lead deposition In the Baltic Sea 
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3. 4 SUMMARY 

The res ults of the most recent pollution load 
es via run-off from land (PLC-2) 
be used with caution since the infonna
out small rivers (Q <5m3 s·1), small set
s (<10,000 PE), the di ffuse loading 
e coastal zone between the measured 
by-passes and overflows was not con

estimat 
should 
tion ab 
tlement 
from th 
rivers, 
sidered. For the future, monthly load data on 

al basis are urgently needed. The PLC
s of total phosphorus and total nitrogen 
were estimated as >46 kt and >660 kt, 
vely. 

an annu 
2 input 
in 1990 
respecti 

Regardi ng airborne load, a reasonable esti-
mate fo r the total deposition of nitrogen to the 

ea in the latter half of the 1980s is 300 
yr·1• No distinct changes for the air

Baltic S 
± 30 kt 
borne d eposition of total nitrogen over 1986-

e been observed. However, geographi
ere is a change in concentrations from I 

90 hav 
cally th 
north to south. The ni trogen deposited is com

of both reduced and oxidised forms 
redivided in the ratio 40:60. For nitro
osition it was found that the main con-

posed 
which a 
gen dep 
tributio n of 65 % came from the Baltic Sea 

countries. Other prominent contributors wert 
Great Britain, France and the Netherland\ 
which are all upwind of the predominant west 
erly winds in the Baltic Sea area and which art 
also among the major European emittef') 
Czechoslovakia was another major contribu 
tor. For the Baltic Proper and the Gulf (11 

Bothnia, the airborne load of nitrogen repl'l 
sents about 40 % and 30 % of the total input 
respectively. For the Gulf of Finland and fc 
the Belt Sea, Kattegat and Sound area, the air 
borne component accounts for about 20 % Cl 

the total input. 

Due to the incomplete data sets for input dat 
no comparison for trace metals can be mad 
between the loads from run-off and the atm01 

phere. A reasonable estimate for the total leu 
deposition to the Baltic Sea in the latter half (I 
the 1980s seems to be I ,300 ± 250 t yr1• Abou 
70 % of the input is estimated to be caused h 
the riparian countries, the remaining part 1 
due to long-range atmospheric transport fron 
other areas in Europe. 
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areas and strongly podzolised soils. Surfac~l t l'!l, agriculture is the largest single source of 
sal ini ty is around 3.5 psu in the northern basinPIIthropogenic nutrients [545]. 

4.1 GULF OF BOTHNIA approaching fresh water conditions in the r ive~ 
mouths. In the Bothnian Sea, the surface salin-llus report is an assessment of the environ
ity increases to around 6.5 psu. llll'lltal state and its development in the Gulf of (Bothnian Bay, Bothnian Sea, Aland Sea, 

Archipelago Sea) 
11111hnia based on the BMP monitoring data 

The upper 60 m water layer turns over twice 1 vuilable. Additional national data have been 
year as a consequence of spring warming andlul'ludcd when possible. The station network 
autumn cooling. This seasonal turnover of thtllllitscd in the monitoring programme is shown 
whole water body promotes high oxygen con-It• l·igurc 4. 1.1 with the station names accord
centrations at the sediment-water interface Ill)' to the nomenclature of the BMP. National 
The sediment surface is thus strongly oxidisetf llttums included in the assessment are also 
throughout the whole Gulf of Bothnia, and irlndtl'lltcd. 

J. Wikner' (Convener) 

4.1.1 Introduction 

The Gulf of Bothnia is a brackish-water body 
with two major basins and two larger archipel
ago areas in the northern and south-eastern 
part. The northern basin has an average depth 
of 43 m and the southern basin of 68 m, sepa
rated by a shallow sill of 20 m, the Northern 
Quark. The maximum depths in the Bothnian 
Bay and in the Bothnian Sea are 147 and 230 
m, respectively. A counter-clockwise rotation 
of long-term mean currents occurs in the 
basins and in the Gulf as a whole. 

Bothnian Bay Bothnian Sea 

Surlace area' kfn2 36,260 79,256 
Drainage area' kfn2 277,® 228,1J00b 
Depth@.¥, max.)' m ~ 147 ~. 230 
Fresh-water inflow' km3yr1 105 87.6 
Volume' kffi3 1,500 4,889 
Residence timed yrs 5.3 2.8 

' Sweden 47% and Finland 53 %; including the Quark 
• Sweden 79 % and Finland 12 %; including the Aland 

Sea and l he Archipelago Sea (9,000 km2 ) 

' [220) 
d [B) 

Table 4.1.1 Characteristics of the two 
major sub-basins of the Gulf of 
Bothnia 

Fig. 4.1.1 The Gulf of Bothnia and its 
sub-basins bottom topography 
(Stations included in the assessment 
are indicated using the BMP nomen
clature, except coastal stations hav
ing national codes.) 

1 see ANNEX 11.3 for addresses of aulhors 

Inflow of fresh water, arising from numerous 
rivers and precipitation, forms the dominating 
estuarine character of the Bothnian Bay, while 
saline water enters from the surface of the 
Baltic Proper, promoting more marine condi
tions in the Bothnian Sea. The drainage area of 
the rivers includes latitudes in the very vicini
ty of the Polar Circle. Erosion and abrasion 
takes place and the rivers transport the materi
al with cyclic pulses caused by the seasonal 
variations of the arctic cl imate, including 
humic substances derived from large peat-land 

the open sea anoxic conditions have neve~ 
been observed. 

Before the end of the assessment period, 1 

group of I 0 large industries were considered 
as important sources of polluting substances t< 
the Gulf by the Helsinki Commission [243] 
Surrounding land areas are further exploited 
by forestry and water-power regulating activi 
ties. From the Finnish part of the drainagt 

.1.2 
eteorological, 
ydrological and 
ydrographic con· 
It ions 
\/,•,it~s 1 , A. Omstedt 

Gulf of Bothnia I ho 11\\Cssment period was characterised by 
,--------------- ---------------- -- 11thl u11 temperatures and extremely mild ice 

•wllllons in the whole Baltic Sea. However, 

e Zoobenthos 

e Phyto-and zooplankton 

e Microbiology 

0 Finnish coastal station 

SWEDEN 

Vaasa 

FINLAND 

Abo-

111 ~1· of its northern location, the Bothnian 
II• 11l'o freezes in mild winters. The deep 

till h·mpcrature in the Gulf of Bothnia is 
I"'" VIII iable with no significant trends during 
I 1 t'\stncnt period. The decreasing trend in 
tllllll \ was observed to continue in both 

111 I he water level showed normal vari-
ltltt\ d11ring the assessment period. 

• 1~ 1 large-scale eddies in the northern 
thulun Sea. Observations have shown that 

11 lllnw is from north-west to south-east in 
uull lu•tn 13othnian Sea [200). 

I "'1''1111111'(' - The temperature of the upper 
•lnwn to about 60 m varies considerably 

tl111 lht• year. This layer is subject to 
1 11 111 spri ng and autumn. The upper 

11 111ld in wi nter but in summer the I 0-20 
(Itt ~ ~Ill rncc layer is warm, whereas the 

' tlllll' or the deep water remains more 
lhllllll\hout the year. For the purpose of 

llll'nl , the 80 m depth was chosen tp 
I I'' •ntutivc of the deep water. The data 

"" • lp nil'icant trend in the deep \l)ater 

I !IIIII' ~ it her in . \he Bothnian Bay or 
ltlm 'it'll (Figs. 4. 1.2: 4.1.3). The sea-sur-
1 '"I' lltl tlr'C data are much more scattered 
I ' ' llhuut any clear trend , probably due 

lui!''' Influence of river discharge and 
l11tl\lng. 

1111• ( iulf of Bothnia receives saline 
II I lou llddrosses of aul hors 
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Fig. 4.1.3 Deep
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tures (80 111) at 
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water to its deep layers primarily from the 
Baltic Proper surface layers. The deep water 
salinity is a slowly changing variable. In the 
Bothnian Sea, the salinity at 95-115 m showed 
a clearly decreasing trend of 0.07 psu per year 
during the assessment period (linear regres
sion: p=0.072 and r2=0.79; Fig. 4.1.4). This 
trend seemed to be independent of the season. 
For the Bothnian Bay, a decreasing tendency 
was not found statistically significant (p=0.44, 
r2=0.64; Fig. 4.1.5; cf. [440]). The amount of 
dafa were, however, too small to identify the 
causes of the trend observed for the Bothnian 
Sea. Most probably, it was a result of the over
all freshening of the whole Baltic Sea during 
th~ long period 'without effective saline water 
inflows following the 1976 major inflow 
event. The present values are below the long
term mean values [194]. In summer 1996, the 
1993 saline water inflow into the Baltic Sea 
had not yet affected the deep water salinity in 
the Gulf of Bothnia. 

1990 1992 1994 

4.1.3 
Hydrochemistry 
P Sanden1, H. Pitkiinen, K. Eloheimo 

4.1 .3.1 Nutrient 
variability 

The Bothnian Bay has low phosphorus con
centrations and comparatively high concentra
tions of nitrogen, whi le in the Bothnian Sea the 
phosphorus concentrations are considerably 
higher and the nitrogen concentrations, pri
marily inorganic species, are lower. This nutri
ent distribution favours a limitation of the 
lightsaturated planktonic production by the 
available phosphorus in the Bothnian Bay, 
while phosphorus and nitrogen might alternate 
as limiting substances in the Bothnian Sea. 

1 see ANNEX 11 .3 for addresses ot aulhors 
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Analyses of long-term changes in chemical 
variables during the period 1970-93 showed 
several significant trends. The concentrations 
of inorganic nitrogen have increased through
out the Gulf. Similar trends were also found 
for total nitrogen, which in part is due to the 
increase in inorganic nitrogen. Inorganic phos
phorus concentrations have decreased in the 
Bothnian Bay, in both surface and bottom 
waters. Total phosphorus has increased in the 
surface waters of the Northern Quark, 
Bothnian Sea and Aland Sea. Silicate concen
trations have generally decreased in the Gulf. 
The long-term changes presented here agree 
with previous published studies [589,592]. 
Trend estimates on the riverine load to these 
basins show significant increases in total nitro
gen and silicate loads, while the changes in 
phosphorus loads are not significant. These 
changes are also in accordance with previous
ly published studies [558,635]. Changes in 
riverine loads can, therefore, to some extent 

explain the observed trends in the Gulf. The 
increasing loads were mainly due to higher 
run-off during the 1980s compared with the 
1970s. The increased input of nitrogen from 
the Finnish drainage area was also due to an I 
increased use of ferti lisers in the 1970s and 
1980s [545]. 

Although there is only lillie measured evi
dence for increased primary production or 
phytoplankton biomass, several trends 
observed in hydrochemical variables during 
1970-93 can be interpreted as an indication of 
increasing primary or bacterial production. 
The decrease of phosphate concentrations in 
the Bothnian Bay points in that direction, as 
does the increase in total phosphorus in large 
parts of the Gulf. Decreases in silicate and 
ammonium concentrations could also be 
caused by changes in the plankton production 
in the Gulf, although direct evidence is lack
ing. The decrease in concentrations is particu-

larly hard to explain by changes in the load sitll hilc the phosphorus load did not show a clear 
uation, because of the higher run-off in thlllurrtgc. 
later part of the period. However, reduction o 
coastal point sources during the 1970s ami hr present analysis is limited to the riveri ne 
1980s have contributed to the decrease oltuul and does not include the atmospheric 
coastal phosphorus levels [545). loud, point sources at the coast and imports 

li nnl adjacent basins. Available literature sug
The increase in nitrogen concentrations coul r·~ t' an increase in atmospheric deposition of 
be attributed to increased riverine load, as bot llt togcn [183 ]. The transport between basins 
concentration and flow were higher during thrlttl'ltl also increase the load on the Gulf as the 
1980s compared to the 1970s [545,558,635 1111\\'tttrat ion of both nitrogen and phosphorus 
Increase in nitrogen concentrations in thllllll'llscd in the Baltic Proper [589]. 
Baltic Proper [589], and increasing concentra 
tions in the atmospheric deposition [1 831 llttmtcs on the origin of nutrients include 
might also have contributed. Internal cyclin,t nrr• ttn in ties. It was suggested [545] that 
of nutrient could be changing as well , leadin.• uwltly 50 % of the total phosphorus input and 
to trends in the nutrient concentrations. Th II •, of the total nitrogen input entering the 
origin of the changes in observed concentral tllll or Bothnia from Finland has an anthro
tions can presently not be clearly determined! ''l'l' tlic origin. Agriculture, identified as the 
The complex interaction between differen "I" ' t single source, was considered responsi
loads and processes within basins and Ia lth hu 24 %of the total nitrogen and for 28 % 
effects occurring between the different factot •I tht• total phosphorus input to the Gulf of 
contribute to the difficulty of defining singl l l~tll llllll from the Finn ish dn!inage .area.

1 
The 

key factors. '"" thu tion from the agricufiure is almost 50 
11l tlt1· bioavailable nitrogen input [545]. 

I .3.3 Spatial nutrient 
I t ribution, 1989·93 

1 rt111l rl'prcsentations of the average surface 
I Ill Ill) nutrient concentrations are given in 
"'"'" plots (Figs. 4. 1.7, 4. 1.8). These graphs 

lr.l~t·d on data from stations with observa-
11 rhrr ing 1989-93. The present analysis 

Differences between basins - As previously 
pointed out [729], Figures 4.1.7 and 4.1.8 
show that the major di fferences in the Gulf are 
found between the Bothnian Sea and the 
Bothnian Bay. Variations within these sub
basins are usually smaller. The different nitro
gen fractions, as well as silicate, are higher in 
the Bothnian Bay, possibly due to the higher 
loadi ng of fresh water per volume. Only small 
spat ial variations in the concentration of total 
nitrogen can be observed during the two sea
sons. The main part of th is variation can be 
attributed to the inorganic fract ions. 

Compared to nitrogen, phosphate and total 
phosphorus show the opposite pattern during 
autumn, with higher concentrations in the 
Bothnian Sea. Very low phosphate concentra
tions are found throughout the Gulf during 
spring, without any notable spatial pattern. 
Taken together, the general pattern for nitro
gen and phosphorus results in a rapid change 
in concentrations in the Northern Quark area, 
separating the two main sub-basins. The origin 
of the low phosphate is not yet clearly deter
mined, but precipitation with iron has been 
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The limited data restrain the analysis of th 
hydrochemistry in the open Gulf. A muCi 
denser sampling programme is needed for 
proper spatial analysis. Analysis of seasom' 
variation and the ability to consider climati 1 

variation from year to year is also hamperr 
by the low sampling frequency at the open-sr 
stations. With a better harmonisation of th 
sampling programme, it should be possible 1 

improve the data material for both types ~ 
analysis without incurring unreasonablt 
Within national programmes, several intensi1 
stations are used in coastal waters, and tlu 
increases the ability to assess the state of the1 
regions. 

11 •' 1111 the second (April-June) and fourth , 
'" 1111" (October-December), defined as ;, 

1'11111' told 'autumn' , respectively. A division 
' ~''11', based purely on cl imatic variation 
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11 111 \ 1'111 to year, cannot be justified because 
I p111hkn1s with the scheduling of expedi-

4.1.3.2 Nutrient load u I hr two quarters chosen represent one 
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suggested as one possible mechanism [682]. 

The oxygen content of water is supersaturated 
during spring in most parts of the Gulf, but the 
highest values, around 115 % saturation, were 
found in the central part of the Bothnian Sea. 
Autumn-oxygen-saturation values, on the 
other hand, are <100 % (94-97 %) and exhibit 
only small variations throughout the Gulf. 

Compared to the individual nutrients, the pat
tern for the inorganic nitrogen-to-phosphorus 
ratios (DIN:NIP) becomes more pronounced, 
while the silicate-to-inorganic-nitrogen ratio 
(DSi:DIN) shows uniform pattern. According 
to basic ecological theories, the nutrient ratios 
have a potential to indicate the growth-limiting 
nutrient. In the Bothnian Sea, the DIN:DIP 
values are around the Redfield uptake ratio of 
16: I indicating balance between the two nutri
ents, while phosphorus is the limiting nutrient 
in the Bothnian Bay. Throughout the Gulf no 
instances of DSi :DIN ratios of:::; 1: I, the uptake 
ratio for diatoms, can be observed. Silicate
limiting conditions are therefore unlikely. 

p= 0.107 

p = 0.1 07 

The major part of variations in the riverir 
load of nutrient inputs is due to variations r 
run-off. The average loads of nitrogen over th 
whole period 1970-93 were 44,000 t yr·' to th 
Bothnian Bay and 48,000 t yr·1 to the Bothni 
Sea. Corresponding data for total phosphon 
are 2,800 and 2,300 t yr·' , respectively. Figu 
4.1.6 presents yearly loads of total nitrog1 
and total phosphorus for the Bothn ian Sea ar 
Bothnian Bay [634]. 

1 ""with a high primary production and one 
1 1111 dominated by remineralization. 
1 11 11, l'ou r near-coast intensive stations 
11 hi• tl \Ollie complementary information 

r 11 hole seasonal cycle (Figs. 4.1.9, 
I 1111 

60 • • Inorganic fraction 

Trend tests on the riverine load data suggest 
significant increase in nitrogen loads, whr 
the increase in phosphorus is not significar 
The tendency towards increasing loads of 1111 

chemical variables during the investigatr 
period was primarily a result of the higher nrr 
off during the 1980s compared with that in tl 
1970s. The use of fe rtilisers may have C(JI 

tributed to this trend on the Finnish side [541 
Regarding the Archipelago Sea, the input r 
nitrogen was also estimated to have increasr 

II / /,(,Annual riverine loads of 
I ''''''''·lfJ/wms and total nitrogen 

r '''' llfltl11rian Bay and Bothnian 
/IJ / (} 1)./{634} 
r/11 o(n non-parametric trend 
•II tltt• data are presented as p
,flttlrt• graph.) 
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(Vnh1111 tno ylvon In mmol m" (=pM). The nut<ient 
•••llou 010 ptOSOntod In a logarithmic scale. Stations 
010 lndlcalod with dots. Depending on the variables, 
tho number ol stations differed between 30 and 37. 
First, the median concentrations were calculated lor 
each sampling occasion. These values were then 
used to calculate seasonal medians lor each station 
and year. The median concentration over the years 
was then calculated lor each season. Based on 
these data, a kriging interpolation with a linear vari· 
ogram was made, using the Surfer programme 
(Golden SoflwareiEJ). As no variogram analysis or 
estimate ol the best variogram model was done, the 
graphs should only be viewed as a visual presenta· 
lion ol the data rather than a spatial analysis.) 

Previous studies on the spatial distribution of 
nutrients within the entire Baltic Sea gave sim
ilar results [591,729]. Using data from 1980-
89, statistical testing on differences between 
the different basins was made. The earlier 
findings correspond to the general pattern pre
sented here (Figs. 4. 1.7, 4.1.8). The differ
ences between the sub-basins are most proba
bly an effect of the higher loading of fresh 
water, rich in allochthonous organic carbon, to 
the Bothnian Bay. Here, the annual phyto
plankton growth is pronouncedly hampered 
due to nutrient and/or light deficiency 
[7,20,373], while the bacterial growth is sus
tained, compared to the Bothnian Sea, through 
the supply of allochthonous organic carbon 
[373] . The relative successful competition of 
bacterioplankton in this basin is due to the 
riverine loading of organic carbon. Therefore, 
the different, effective uptake kinetics shown 
by bacterioplankton may therefore contribute 
to the observed hydrochemical situation in the 
Bothnian Bay. The food web, dominated by 
small effectively suspended plankton organ
isms and sparsely occurring diatoms, also 
results in an extremely low sedimentation rate 
of carbon, nitrogen and phosphorus in the 
open Bothnian Bay [705]. The low vertical sta
bility further promotes an efficient supply of 
oxygen also to the deep water. Combined with 
the low sedimentation rate, this fosters a well
oxygenated bottom environment. 

Nutrient variability within the basins - The 
results of the present study agree with a previ
ous detailed analysis of transects in the 
Bothnian Sea [591]. The concentrations of 
several elements are lower in the central basin 
as compared with those at stations closer to the 
coast (Figs. 4.1.7, 4. 1.8). Furthermore, the 
concentration of inorganic phosphorus seems 
to be higher on the eastern side of the basin, 
whereas ammonium and silicate tend to be 
higher on the western side. During spring, total 
phosphorus deviates from this pattern, show
ing the highest concentrations in the central 
part of the Bothnian Sea. 

I NVIIIONM NT OF T H E BALTIC SEA REGIONS 

April- June 

Several processes contribute to produce these 
patterns. The general circulation in the Gulf is 
one important factor, producing a northward 
transport along the Finnish coast and a south
ward transport along the Swedish coast. This 
brings water with higher phosphorus concen
trations from the Baltic Proper northwards, 
and waters with higher silicate and inorganic 
nitrogen concentrations move southwards. The 
higher concentrations closer to the coast can 
also be a result of the riverine input and direct 
emissions from communities and industries 
located along the coast. Nutrient-rich water 
from the deeper layers could also be an impor-

tant source, as upward transport mechanism• 
are more efficient in shallower areas. 

Nutrient variability in coastal waters - Th• 
Finnish coastal waters are exposed to pro 
nounced riverine discharge. Therefore, thc1 
generally show 2-4 times higher concentru 
tions of total nitrogen and phosphorus com 
pared to waters from corresponding offshOIT 
areas (Figs. 4.1.9, 4. 1.10; [328,547]). Tlu 
width of the zone, affected by the coastut 
effect, varies from several tens of kilometers II• 

the Archipelago Sea, Northern Quark autl 
northeastern Bothnian Bay to practically zcu 
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October - December 

·. 
. . 

( ~ If 

1 "lwn and less contaminated parts of the 
I 1 ~(. 

I h• urea representing the most extensive 
• 1 ~1111 effect is the southernmost part of the 
11111 , the Archipelago Sea, where during wi'n
• I Itt• average concentration of total nitrogen 
uh'\ between 25 and 50 mmol m·3 and total 
h11~phorus between 0.8 and 1.5 mmol m·3 

1111. 4.1.9; [301]). The inner archipelago is 
tllll'tcrised by loading from intensive agri

•lllll l' and municipalities. In the outer archi
"'HII, load from fish farming has been 

\l'd as substantial and the most prominent 
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external source of nutrients in summer [301]. 
The other Finnish coastal waters showing 
increased nutrient concentrations include areas 
such as those off Uusikaupunki, the 
Kokemaenjoki Estuary with adjacent waters, 
the Northern Quark Archipelago, the waters 
off Kokkola-Pietarsaari and the whole north
eastern Bothnian Bay. Municipal and industri
al waste waters, agriculture and intensive 
forestry are the most likely primary sources for 
the nutrient increase [317,328,545], which has 
been reflected by an increase of the primary 
productivity and of chlorophyll a concentra
tions. 

Fig. 4.1.8 Median concelltrations of 
Jllllrients , 11111rielll ralios a11d oxyge11 
saturalioll inlhe 0-10 m laye1; 
autum11 1989-93 (cf. Fig. 4.1.7 for 
further de/ails) 

4.1.3.4 Seasonal variabil· 
ities in coastal waters 

The description of the seasonal variation of 
nutrients at Finnish coastal stations is based on 
available literature and data from the Finnish 
intensive stations collected by the Regional 
Environment Centers and handled by the 
Finnish Environment Institute (Figs. 4.1.9, 
4.1.10). 

In the offshore regions of the Gulf of Bothnia, 
including most of the Finnish coastal zone, 
except the Archipelago Sea, the relatively low 
winter values for inorganic nitrogen and phos
phorus suggest a low potential phytoplankton 
productivity [7,317,394,728]. In the open 
Finnish coastal waters of the southern 
Bothnian Sea, the winter values are somewhat 
higher (Figs. 4. 1.9, 4. 1.1 0). Only in the south
ernmost part of the Gulf, the Archipelago Sea, 
do higher winter values occur, which are simi
lar to those in the eutrophic eastern Gulf of 
Finland, i.e., 20 mmol m·3 for nitrogen and 1.0 
mmol m·3 for phosphorus [544]. 

According to the observed concentration pat
terns, phosphorus limits the primary produc
tion in summer both in the open and in the 
coastal Bothnian Bay. In early summer, the 
coastal water phosphate concentrations are 
occasionally close to the detection limit, while 
DIN seldom sinks below 2.5 mmol m·3 in this 
basin (Fig. 4. 1. 10; [7,317]). As the inorganic 
NIP ratios approach 100, this indicates that 
phosphorus predominates as the limiting nutri
ent. In the coastal waters of the Bothnian Sea, 
the lower summer concentrations of inorganic 
nitrogen, and consequently lower DIN:DIP 
ratios between 10 and 20, indicate a relatively 
balanced supply of nitrogen and phosphorus 
during the growing season (Figs. 4. 1.9, 
4.1. 1 0). Caution should, however, be applied 
when interpreting hydrochemical data exclu
sively in terms of limiting nutrient, because in 
a regenerating slimmer food web the relative 
supply rate of the nutrients is the most impor
tant parameter. 

The conditions in the Archipelago Sea clearly 
differ from those of the remaining part of the 
Gulf. Here both the general level and the annu
al variation of nitrogen and phosphorus con-
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centrations, and the level of primary produc
tion, are much higher than in the open waters, 
i.e., up to I .0 mmol m·3 P and 40 mmol m·3 N 
(Fig. 4.1.1 0; [301]). This is due to the average 
winter inflow of nutrient-rich surface water 
from the Northern Baltic Proper and from the 
Gulf of Finland. It is also due to land-based 
nutrient inputs as well as to the restricted ver
tical mixing caused by the complex geomor
phology of this area. 

Rivers contribute nutrients to coastal waters 
especially in April/May during the spring 
flood. This increases the nutrient concentra
tions in estuaries and in the adjacent waters, 
especially in the northeastern Bothnian Bay 
and in the inner Archipelago Sea. High river
ine loading appears to increase the inorganic 
NIP ratio in coastal waters, compared with 
open waters in the Bothnian Sea and 
Archipelago Sea, promoting phosphorus as a 
limiting nutrient off the river mouths and in 
the enclosed basins of the inner archipelagos 
[545]. 

The largest seasonal vanatwns in phosphate 
and inorganic nitrogen were found at a fre
quently sampled Swedish coastal station (NB 1, 
63°30'N, l9°48'E) (Fig. 4.1.11). Both vari
ables approach zero during the summer. Other 
variables exhibited a less pronounced seasonal 
variation (Fig. 4. I. II ). 

The large variation in inorganic nitrogen and 
phosphorus is an obvious effect of the uptake 
by the osmotrophic phyto- and bacterioplank
ton. The increase in temperature and water col
umn stability in spring leads to a pronounced 
increase in planktonic production. The produc
tion during summer is limited by the minerali
sation rate of inorganic nutrients by micro- and 
macrozooplankton. The low seasonal variation 
in silicate indicates that this nutrient is avail
able in amounts that clearly exceed the organ
isms' requirements. Seasonal variations in 
total nitrogen and phosphorus are largely a 
result of the variation in the inorganic fraction. 
The observation that total phosphorus does not 
decrease as much as expected from the 
decrease in phosphate concentration might be 
a result of the increase in dissolved organic 
phosphorus during summer due to riverine 
inflow to the estuary (Fig. 4.1. II ). 
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Inorganic nitrogen-to-phosphorus ratios 
showed a weak seasonal variation, indicating 
balance between these nutrients at NB1. A 
much more pronounced variation was found 
for the ratio between dissolved si lica and inor
ganic nitrogen. 

4.1.3.5 Trends in the 
open sea 

The data does not allow an evaluation of 
trends during 1989-93, since a period of at 
least ten years is needed to get reliable results 
from trend tests. This is due to the test statis
tics and the ability to separate short-term vari
ations from changes in the system. The trend 
analysis was therefore made on two different 
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periods, one covering the whole period of reli 
able data ( 1970-93) and the other covering the 
three HELCOM assessment periods from 1979 
to 1993. Two different depths were considered. 
i.e., the trophogenic zone, here defined as thr 
fi rst 10 m, and the bottom sampling depth 
Statistical results are presented in Tables 4.1.1 
and 4. I .2. No differences in trends were di~ 
cernable among seasons. 

The development of total phosphorus, nitrah 
and silicate concentrations is shown for tht 
surface water at station C1 in Figure 4. I. 12 
Aggregated with data from two other stat ion~ 
the trend analysis for the Bothnian Sea resull 
ed in significant trends for all three variables ul 

the I % level. Figure 4. 1.12 illustrates the hi ph 
variability of the data used in the analysis. 
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hlllflhorus - In general, trends of the order of 
1 •, yr I can be detected for phosphorus by 
1'11•·11 ~tat i st ics. Phosphate showed three sig
lh 1111 trends, all of them with decreasing 
llll'tllrations in the Bothnian Bay (Tables 
I I, 1. 1 .2). The results indicate that a change 

1 ~~ yr·1 is needed for a significant trend 
, 1h1· whole period covered by reliable data> 
1 , ; yrl for the shorter period 1979-93. 

••ll tt'IHllly increasing concentrations of tot!! I 
, ph01us are seen during 1970-93 in the sur

\\ liters of all sub-basiiis' but the Bothnian 

tl w•inc load of nutrients to the Gulf has 
, hungcd systematically (phosphorus), or 
th'lltly constant and even slightly increas
tlllllllgcn) (Fig. 4.1.6), and can therefore 
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not explain the decrease of the concentrations 
in the Bothnian Bay. Both increasing phyto- or 
bacterioplankton production or increasing pre
cipitation of metal (primarily iron) phosphates 
could also explain the observed decreasing 
trends. However, an increase of the potential 

Fig. 4.1.11 Sea~onal variation of 
nutrients -i11 mmolnr3- in the 
0-10 mlayer at station NB1 , Ore 
Estuary, Botlmicm Sea, 1989-93 

(Silicale data were available only from 1991 on. The 
smoothed curve was calculaled by a kernel 
smoother , wilh the aid of a computer programme 
wrillen by Carsten T. Agger.) 

Fig. 4.1.10 Annual variation of the 
mean total dissolved inorganic nitro
gen concentrations - in mmol m·3-

and of the ratio between in01ganic 
nitrogen and phosphorus in the 0-10 
111 layer at five Finnish intensive sta
tions, 1989-93 

primary production could not be found, and 
bacterioplankton and sedimentation series in 
offshore areas are too short to allow trend 
analyses. Since point sources at the coast con
tribute less than I 0 % of the phosphorus load 
to this part of the Gulf [225], this makes 
changes in this source an unlikely cause of the 
decline in nutrient levels. The increase of total 
phosphorus in the surface waters could be due 
to decreased vertical stability caused by a 
decreasing salini ty in the deep water. An 
increase of the riverine load in total phospho
rus could also partly contribute to the observed 
changes. 

Silicate - Silicate concentrations in the 
Bothnian Sea and Aland Sea were observed to 
decrease by about 3 % yr·1 in surface waters . 
At the Aland Sea station, decreasing concen
trations were also found in the deep waters. 
The Bothnian Bay exhibited increasing con
centrations during 1979-93, but there was no 
significant trend for 1970-93. Trends of the 
order of 1-2 % yc1 can be detected. The river-

Nutrients in Ore estuary, Bothnian Sea 

~~~----------------------. 

40 

~ 30 

'i).. 
10 

opo okt 
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POI"P Bothnian Bay 
NOuark 
Bothnian Sea 
Aland Sea 

Tot·P Bothnian Bay 
NQuark 
Bothnian Sea 
Aland Sea 

Si04 Bothnian Bay 
NQuark 
Bothnian Sea 
Aland Sea 

Ox.-N Bothnian Bay 
NOuark 
Bothnian Sea 
Aland Sea 

NHI"N Bothnian Bay 
NQuark 
Bothnian Sea 
Aland Sea 

Tot-N Bolhnian Bay 
NQuark 
Bothnian Sea 
Aland Sea 

DIN:DIP Bothnian Bay 
NOuark1 
Bothnian Sea 
Aland Sea 

DSi:DIN Bothnian Bay 
NQuark 
Bothnian Sea 
Aland Sea 

02 Bothnian Bay 
NOuark 
Bothnian Sea 
Aland Sea 

n 

230 
145 
204 

70 

211 
138 
205 

75 

204 
133 
201 

68 

220 
144 
201 
70 

198 
130 
199 
69 

215 
138 
203 
73 

211 
41 

198 
69 

200 
133 
197 
67 

240 
145 
199 
84 

p 
1970-93 

meand 

0.021 07' 0.054 
0.08074 0.079 
0.51645 0.108 
0.59238 0.155 

0.59735 0.23 
0.03884' 0.26 
0.00009< 0.35 
0.00492b 0.43 

0.27863 27.2 
0.28860 24.1 
0.00012' 12.9 
0.00006' 15.2 

0.00003' 5.23 
0.00124b 4.22 
0.00888b 1.47 
0.01 050' 1.85 

0.08346 0.388 
0.09695 0.425 
0.00226b 0.228 
0.00334b 0.230 

0.00082' 19.1 
0.00109b 18.2 
0.0001 gc 17.2 
0.00098c 18.2 

0.00049< 112.8 
0.07450 70.8 
0.76756 14.0 
0.49037 11.6 

0.00377b 5.9 
0.00111b 5.8 
0.00309b 18.4 
0.05086 18.1 

0.68911 99.3 
0.34808 100.7 
0.31535 101.9 
0.24997 101.8 

sloped 

-0.0013 
-0.0011 
0.0000 
·0.0005 

0.0010 
0.0035 
0.0079 
0.0056 

0.0929 
-0.1215 
-0.4063 
·0.4335 

0.1215 
0.0700 
0.0048 
0.0052 

·0.0094 
-0.0100 
-0.0125 
·0.0200 

0.1542 
0.1688 
0.2553 
0.2268 

4.7570 
0.8902 

·0.0375 
0.0824 

-0.0490 
-0.0999 
-0.2709 
-0.1953 

-0.0255 
-0.0551 
-0.0789 
-0.0726 

n 

169 
95 

145 
48 

152 
89 

145 
50 

148 
88 

146 
48 

162 
96 

145 
49 

141 
88 

146 
48 

157 
92 

146 
49 

154 
93 

142 
48 

145 
88 

142 
47 

174 
95 

135 
50 

p 
1979-93 

meand 

0.23269 0.048 
0.43974 0.081 
0.18162 0.112 
0.31387 0.159 

0.31926 0.23 
0.38467 0.27 
0.00313b 0.36 
0.20861 0.46 

0.01412' 26.9 
0.70491 22.2 
0.08678 11.4 
0.01173' 14.6 

0.00097' 5.59 
0.01190' 4.21 
0.00603b 1.51 
0.01752' 1.88 

0.5497 4 0.30 
0.89612 0.36 
0.32227 0.19 
1.00000 0.19 

0.04787' 19.6 
0.07263 19.2 
0.01 096' 17.8 
0.00487b 18.6 

0.02382' 123.5 
0.18211 67.7 
0.64399 13.0 
0.02590' 10.6 

0.09974 5.7 
0.01648' 6.2 
0.00131b 18.6 
0.03266' 17.7 

0.84452 98.5 
0.35606 101.1 
0.36410 101.4 
0.21171 100.9 

sloped 

-0.0010 
0.0000 
0.0013 
-0.0013 

0.0028 
0.0020 
0.0100 
0.0050 

0.3350 
0.0625 

-0.2389 
-0.4000 

0.1575 
0.0967 
0.0118 
0.0091 

0.0008 
0.0000 
-0.0010 
0.0000 

0.1167 
0.1192 
0.2000 
0.2625 

5.2579 
1.0043 
0.0563 
0.4665-

-0.0431 
-0.1004 
·0.4158 
-02971 

0.0128 
-0.0876 
-0.1426 
-0.1570 

•significant at the 5% level; •significant at the 1 %level; 'significant at the 0.1 % level; • units in mmol m·3 (=~M) for all parameters but 0
2 

(%of saturation), DIN: DIP and DSi:DIN (dimen
sionless); Ox.-N represents N0

2
'+N0

3
· 

Table 4.1.1 Results of trend analyses for nutrients, nutrient ratios and oxygen satura
tions in the 0-10 m layer at 12 stations (Bothnian Bay 5, Northern Quark 3, Bothnian 
Sea 3, Aland Sea 1) of the Gulf of Bothniafor two periods, 1970-93 and 1979-93 

(The trend test and the slope estimate were based on common methods (251,252]. The seasonal variat ion was account
ed for by using four separate seasons, January-March, April-June, July-September and October-December. Seasons 
and stations within each sub-basin were pooled to get one estimate. The average values were calculated in five steps: 
(1) the median concentration over the chosen depth interval was calculated individually for all sample occasions, (2) a 
med1an value was then calculated for each season, year and station, (3) a median was taken over all years for each sea
son and station, (4) a mean value for each station was calculated, and finally (5) the median over all stations in each 
sub-basin was taken as the average value for the period.) 

ine load of silica increased during the period 
and the decreasing concentrations in the Gul 
must therefore be related to other factors. n~ 
most probable cause is an increase in prima11 
production. Changes in the internal si lit 
cycling and in the exchange of silicate with th 
Baltic Proper can, however, not be excluded 

Nitrogen - Total nitrogen concentratio11 
increased throughout the Gulf, both at the Sill 

face and close to the bottom. This was evidch 
for both tested periods, with only single non 
significant results for the shorter period in 1 1~ 

STATE OF T HE MARINE ENVIRONMENT OF THE BALTIC SEA REGIONS 

P04·P Bothnian Bay 
NQuark 
Bothnian Sea 
Aland Sea 

Tot-P Bothnian Bay 
NQuark 
Bothnian Sea 
Aland Sea 

Si04 Bothnian Bay 
NQuark 
Bothnian Sea 
Aland Sea 

Ox.-N Bothnian Bay 
NOuark 
Bothnian Sea 
Aland Sea .. • 

NH4·N Bothnian Bay 
NQuark 
Bothnian Sea 
Aland Sea 

Tot-N Bothnian Bay 
NOuark 
Bothnian Sea 
Aland Sea 

DIN:DIP Bothnian Bay 
NQuark 
Bothnian Sea 
Aland Sea 

DSi:DIN Bothnian Bay 
NOuark 
Bothnian Sea 
Aland Sea 

02 Bothnian Bay 
NOuark 
Bothnian Sea 
Aland Sea 

n 

230 
145 
206 

70 

210 
136 
203 

74 

197 
128 
200 

66 

219 
141 
203 

69 

192 
127 
197 
67 

211 
136 
199 
69 

212 
139 

:.203 

69 

194 
124 
197 
66 

232 
139 
183 

77 

1970-93 
p 

0.00609b 0.095 
0.50814 0.170 
0.06954 0.650 
0.75917 0.740 

0.28755 0.21 
0.46621 0.46 
0.37583 0.83 
0.13707 0.96 

0.47279 27.3 
0.14260 23.0 
0. 70069 27.8 
0.00750b 20.7 

0.00002' 7.22 
0.00026' 5.30 
o.oooooc 5.55 
0.00001' 5.21 

0:19132 o.13 
0.67925 0.31 
0.19639 0.31 
0.27519 0.21 

0.00025' 20.3 
0.00059< 19.1 
0.00000' 22.6 
0.00047' 22.5 

0.00025' 95.8 
0.04020' 29.3 
0.00004' 8.6 
0.00024' 7.1 

0.00042' 3.96 
0.00014' 3.70 
0.00000' 4.96 
0.00000' 4.19 

0.73236 88.0 
0.17435 93.5 
0.81205 70.3 
0.10157 80.9 

sloped 

-0.0025 
-0.0011 
0.0076 
0.0018 

-0.0021 
0.0027 
0.0046 
0.0089 

0.0667 
·0.1765 
0.0454 
-0.4292 

0.1556 
0.1116 
0.2061 
0.1 671 

-0.0020 
0.0000 
0.0079 
-0.0019 

0.2172 
0.2300 
0.3857 
0.3268 

3.1679 
0.4399 
0.2163 
0.2024 

-0.0656 
-0.1426 
·0.1 838 
-0.2464 

0.0341 
0.1063 
0.0372 
0.1838 

n 

169 
95 

146 
48 

151 
87 

143 
49 

142 
83 

144 
46 

161 
93 

146 
48 

135 
86 

144 
46 

155 
91 

143 
46 

154 
91 

146 
48 

140 
79 

142 
46 

165 
89 

121 
43 

p 
1979-93 

meand 

0.0338' 0.110 
0.2164 0.190 
0.4290 0.780 
0.6226 0.925 

0.7468 0.25 
0.5475 0.40 
0.2752 1.14 
0.5469 1.07 

0.1571 31.7 
0.2062 23.7 
0.1615 28.2 
0.4861 17.9 

0.0058b 8.15 
0.0433' 5.31 
0.0098b 6.1 0 
0.0236' 4.08 

0.5901 0.30 
0.9222 0.56 
0.0232' 0.28 
0.8632 0.41 

0.2826 19.9 
0.1172 19.0 
0.0223' 22.4 
0.0180' 20.2 

0.0082b 87.3 
0.0996 39.2 
0.0019b 9.2 
0.0257' 6.6 

0.0467' 3.76 
0.01 04' 3.75 
0.0019b 4.71 
0.0131 a 2.99 

0.0111' 87.9 
0.0174' 93.5 
0.0670 68.4 
0.5204 82.5 

sloped 

·0.0033 
-0.0043 
-0.0033 
-0.0046 

0.0000 
·0.0038 
-0.0100 
0.0080 

0.1667 
·0.2278 
-0.3333 
-0.1 833 

0.1267 
0.1029 
0.1200 
0.1010 

0.0000 
0.0000 
0.0215 
0.0000 

0.0538 
0.1000 
0.2000 
0.3000 

3.2664 
0.6411 
0.2354 
0.2032 

-0.0460 
-0.1219 
·0.1322 
-0.1276 

0.3879 
0.3659 
0.5539 
0.0905 

unlllcont at the 5% level; • significant at the 1 %level;' significant at the 0 .1 % level; • units in mmol m·3 (=~M) for all parameters but 0 2 (%of saturation), DIN:OIP and DSi:DIN 

t , 11• tontoss); Ox.·N represents N0 2-+N03-

llttthlll lluy and in the Northern Quark. The 
t ul the change was about I % yr·1 for the 
1, !lull'. A significant part of the increase. 
.!til' Itt the increase in nitrate, especially in 
1, I' water (Tables 4. 1.1, 4.1.2). > 

Ill 1 d lurms of nitrogen'(nitrate and nitrite) 
• 1 d throughout the Gulf of Bothnia both 

uti nee layer and close to the bottom. At 
tttlitl t'. the trend slope was steepest for the 

1 tllll t ~:ns of the Gulf. The Bothnian Bay 
'''' ' lope >2 % yr·1 for both periods. In 

•llllit•t n areas, the slope value was consid-

erably lower, i.e., only about 0.3 % yr· 1• Trends 
as low as 0.3 % yr·1 can be detected given, the 
chaljacteiistics of the present data set. For all 
sub-basins, the analysis in the surface waters 
indicated steeper slopes duiing 1979-93 com
pared with 1970-93. Bottom waters showed a 
reverse picture, with a steeper slope during the 
longer period and in the southern parts of the 
Gulf. 

Trend analyses of the reduced form of nitrogen 
(ammonium) revealed three significant trends. 
For the 1970-93 period in the southern parts of 

Table 4.1.2 Results of trend analyses 
for nutrients, nutrient ratios and oxy
gen saturations in the bottom sam
ples at 12 stations (Bothnian Bay 5, 
Northern Quark 3, Bothnian Sea 3, 
Aland Sea 1) of the Gulf of Bothnia 
for two periods, 1970-93 and 1979-
93 (cf. Table 4.1.1 for further details) 

the Gulf, a decrease could be seen in surface 
waters. A significant increase of ammonium 
could be shown for the bottom waters during 
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Fig. 4. 1.12 Silicate, 
nitrate and total 
phosphorus -in 
mmol nr3- in the 
0-10 mlayer at 
station Cl in the 
Bothnian Sea, 
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the shorter period in the Bothnian Sea. Quite 
steep slopes, of the order of 5 % yr·1, are need
ed to get significant trends in ammonium con
centrations. 

Most of the changes in nitrogen concentration 
can be explained by increasing loads from the 
surrounding rivers and from the atmosphere 
(Fig. 4.1.6; [545,635]) . Increasing trends for 
nitrogen in the Baltic Proper and changes in 
the vertical stability of the water column in the 
Gulf of Bothnia may, however, also have con
tributed. 

Oxygen saturation - Only limited changes in 
the oxygen saturation could be found in the 
time series. Increases in the saturation in the 
bottom waters of the Bothnian Bay and the 
Northern Quark were the only significant 
changes. These trends were <0.5 % yr·1 and 
were probably connected to the lower vertical 
stability with decreasing salinities. 

Nutrient ratios - Analyses of trends in the 
inorganic nitrogen-to-phosphorus ratio 
revealed only a few significant trends in the 
surface water, whereas all but one test showed 
signi ficant increases in the bottom waters. The 
latter is primari ly due to the increase in nitro
gen. For surface water, the observed trends 
were increases during both periods in the 
Bothnian Bay, and during the shorter period in 
the Aland Sea. The silicate-to-inorganic nitro
gen ratio, on the other hand, decreased 
throughout the Gulf. Only two non-significant 
' see ANNEX 11.3 for addresses of authors 

1990 1995 

cases were observed. The change in the Si:N 
ratios was due to both the increase in nitrogen 
and, in most sub-areas, also due to the 
decrease of silica, both in the deep and in the 
surface water. 

Differences between the assessment periods -
The data set is too limited to make a thorough 
statistical evaluation on differences between 
the different assessment periods, 1979-83, 
1984-88 and 1989-93. Given the present sam
pling frequency, sample variability and statis
tical methods, one cannot expect to find 
changes in a system by using trend analysis on 
such short data series. Apart from the long
term trends presented above, no major changes 
in the hydrochemistry could be seen between 
the periods. 

4.1.3.6 Trends in the 
coastal zone 

By the application of linear regression analy
sis, a significant increase in nitrogen and phos
phorus for most parts of the Archipelago Sea 
was found for the period 1970-93 [301]. The 
increasing trends were explained by increased 
loading from agriculture, fish-farming and via 
the atmosphere during the 1970s and 1980s. In 
contrast, phosphorus decreased significantly in 
the innermost archipelago, possibly due to 
intensified purification of municipal waste 
waters in Turku and neighbouring towns. 

In the open area between the Archipelago Se 
and the Aland Islands, the increase of nutrient 
was mainly due to a similar increase in th. 
Baltic Proper [589]. In the Finnish coasta 
waters affected by the pulp and paper industr) 
e.g., off Oulu in the southeastern Bothnim 
Bay, the loading of phosphorus had decrease~ 
by 100 t yr·1 at the beginning of the 1990 
[328]. This caused lower phosphorus concen 
trations at some locations in these areas. Tim 
series of nutrients at the Swedish coast are to. 
few and too short to allow a trend analysis . 

4.1 .4 Pelagic 
biology 
H. Kuosa1

, J. Kuparinen, J. Wikner 

4.1.4.1 Chlorophyll a a nd 
phytoplankt on 

Chlorophyll a - Due to the low sampling frr 
quency and on the basis of statistical experti 
the monitoring data were analysed for two sep 
arate geographical areas, the Bothnian Sea an: 
Bothnian Bay, rather than for individual st 
tions. Accordingly, the data from the monit01 
ing stations were pooled and analysed using 
non-parametric statistical test [251,252] . Th 
pooled seasonal chlorophyll a monitoring dat 
are presented in Figures 4.1. 13 and 4.1. 14. 

Trends in chlorophyll a were tested statistica 
ly according to seasons. Using the monitorin 
data only in one case a significant trend 1~ 
found. This was a positive trend on sumnK 
values for the Bothnian Sea. The trend corrt 
sponded to a doubling of chlorophyll a in 6 
years. However, the uncertainty of this po1 
tive trend is considerable, and the 95 % coni 
dence levels give a doubling time between 
and 33 years. Thus, the doubling could occ1 
with some certainty very slowly, i.e. , with1 
~10 yrs, compared to the average trend. Tb 
graph indicates that the chlorophyll a concct 
trations were high in the last 5 years, and th 
gave rise to the observed trend (Fig. 4.1.1~ 
The regional and seasonal differences of th 
chlorophyll a concentrations at fi ve BMP M 
tions, on a transect between the Northr 
Bothnian Bay and the Aland Sea, are shown 
Figure 4.1. 15. From north to south, both t1 
concentrations and the differences between t1 
di fferent seasons are observed to increase. 

Potential primary production - The potenu 
primary productivity data had a much higl 
variability than chlorophyll a. Consequent! 
significant trends could not be demonstrated 

Phytoplankton biomass and species compo• 
tion - The algal biomass showed no trcml 
Most of the material consisted of only tM 
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Fig. 4.1.13 BothnJan Bay 
till mg m-3 

II Summer 

4 
13 

:J 
9 9 

2 

0 
11178 1983 1988 

year 

, ;~ mg m-3 
II Spring 

4 

a 

• 3 9 

s·· 

II 

IQ/0 1983 1988 

14 IIIII m-3 

• Autumn 

4 

0 
lutn 1983 1988 

year 

u1plt11~ per season. The dominant species are I 
uh·d in Table 4.1.3. Most of the data 

•hi ht• divided into three separate periods. 
I I l"'llods 1979-84 and 1989-93 were char

"'l'd hy a low biomass. This was contrary 
JIIH~ XX, which exhibited a high biomass. 

Wll\ seen at the stations A1 and D1 for 
11~ und autumn, and at A3 and C1 for 
•11111 Summer samples were taken only 
• hum lly. Therefore, these data were not 
thh lnr a detai led analysis. The variabili-
1 plunkton comp~sition in spring was 
tl ) tii \ISed by the bio.mass fluctuations of 
ll ,lw•llates and diatoms, which are typical 
'l"lll'llts of common spring communities 
·I I 1.1). The variability in autumn was 
tl dm· to the high variation of unidenti-

11111111 )nanoplankton. The reason for the 
hlumass values during 1985-88 is 

Fig. 4.1.14 Bothnian Sea 
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Fig. 4.1.13 and 4.1.14 Box-and-whisker 
plots of average chlorophyll a in the 0-
10 m layer for three seasons, 1979-93 

Fig. 4.1.15 
Seasonal average 
of chlorophyll a in 
the 0-10 mlayer at 
.five BMP stations 
on a transect 
Bothnian Bay -
Aland Sea 
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unknown. A comparison with the chlorophyll 
a values showed that there was no chlorophyll 
maximum connected to the high phytoplank
ton biomass. This could indicate that a number 
of heterotrophic cells have been included in 

1983 1988 1993 
year 

(Seasonal median values are connected with a solid 
line. The number of samples is indicated on the top of 
the plot. In case of missing years no number is given.) 

A3 C1 C3 01 

the ultrananoplankton. If defining phytoplank
ton as photosynthetic cells, the high 'phyto
plankton' biomass values found must not nec
essarily indicate as well maxima in the bio
mass of photosynthetic cells. 
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•I Uuliutl•uiJ_ax 

1079-83 1984-88 1989-93 

fRm N=12 N=13 N=15 
7/lalass/osira bal/ica ~ Peridiniella catenata ill Peridiniella a! 

(177, n=11) (388, n=l3) catena/a (330, n=l4) 
Achnanthes taeniata !1 Achnanthes taenia/a ~ Mesodinium rubrum ll 

(160, n=B) (350, n=l3) (175, n=13) 
Gymnodinium sp. ll Ultrananoplankton a! Thalassiosira i5. 

(141, n=B) (114, n=H1) bal/ica (112, n=12) 
Peridiniella catenata .2..6. Thalassiosira baltica !0 Achnanthes 1l 

(77, n=9) (152, n=7) taenia/a (54, n=12) 
Diatoma elongatum 1l Mesodinium rubrum .2i Gymnodinium sp. 1.2 

(169, n=3) (251, n=3) (69, n=9) 

&1111§! N=6 N=6 N=5 
Diatoma elongatum ill Diatoma elongatum ill Chrysochromulina 21 

Flagellata 
(633, n=S) (496, n=3) sp. (34, n=S) 

ill Cryptomonas sp. ~ Cryptomonas sp. 2..§. 
(220, n=B) (141, n=4) (95, n=S) 

Cryptophyceae sp. aa Pyramimonas sp. !0 Diatoma elongatum 2..a 

Microcystis sp. 
(93, n=B) (284, n=3) (116, n=3) 
ll Cryptophyceae sp. .2.Q Teleaulax 1.2 

Pyramimonas sp. 
(118, n=3) (32, n=4) amphioxeia (51, n=4) 

ll Unidentified monads jj Pyramimonas spp. ll 
(29, n=4) (68, n=3) (25, n=S) 

M.l!m N=14 N=18 N=10 
Cryptomonas bal/ica 1.0. Ultrananoplankton ill Unidentified ! 

(120, n=2) (155, n=IB) monads (8, n=IO) 
Cryptophyceae sp. i Rhodomonas minuta I Cryptophyceae 'B' .a 

(13, n=l2} (24, n=18) (23, n=4) 
Thalassiosira baltica i Cryptophyceae sp. §. Cryptophyceae sp. .a 

(41, n=12} (17, n=14) (16, n=S) 
Rhodomonas minuta §. Unidentified monads 5. Monoraphidium .2 

(9, n=12) (6, n=IB) contortum (6, n=10) 
Monoraphidium .2 Thalassiosira 4 Cryptophyceae sp. .2 
contortum (6, n=12) pseudonana (1 4,n=SJ (12, n=2) 

b)ll!llbDiliD~il 

1979-83 1984-88 1989·93 

:lJWJ N=17 N=14 N=13 
Thalassiosira ill Thalassiosira ill Mesodinium rubrum ill 
baltica (1 ,187, baltica (1,178, n=13) (936, n=13) 

n=17) 
Peridiniella catena/a ill Peridiniella catena/a ill Thalassiosira !2§ 

(3,071 , (609, n=14) baltica (693, n=12) 
n=17) 

Chaetoceros 5.2 Chaetoceros lli Peridiniella lli 
wighamii (849, n=17) wighamii (931, n=11) catena/a (834, n=13) 
Achnanthes ~ Achnanthes ill Pyramimonas sp. u 
taeniata (547, n=7) taenia/a (1,531 , n=12) (113, n=13) 
Ultrananoplankton &.2 Ultrananoplankton lli Gymnodinium sp. 21 

(289, n= 15) (161, n=ll) (103, n=10) 

Sliim1« N=9 N=8 N=8 
Flagellata a2 Protoceratium u Chrysochromulina ill 

(140, n=B) reticula tum (271, n=7) sp. (254, n=B) 
Chaetoceros ll Cryptomonas sp. ll Nodularia lli 
wlghamil (185, n=7) (47, n=6) spumigena (1 ,094, n=TJ 
Aphanizomenon .2l Chrysochromulina ll Cryptomonas sp. 91 
flos-aquae (62, n=B) sp. (146, n=6) (332, n=7) 
Microcystis sp. .2..5. Chrysidiastrum sp. ll Aphanizomenon Zi 

Nodularia spumigena 
(193, n=2) (149, n=2) !los-aquae (287, n=B) 

.2.1 Aphanizomenon .2.1 Gymnodinium sp. .2..6. 
(50, n=7) flos-aquae (71, n=B) (89, n=B) 

Auhl!m N=17 N=15 N=10 
Aphanizomenon ll Ultrananoplankton ill Coscinodiscus ill 
flos-aquae (43, n=13} (154, n=14) granii (643, n=3) 
Cryptomonas ll Rhodomonas minuta 1.2 Tha/assiosira 1.2 
baltica (78, n=4) (18, n=IS) baltica (85, n=S) 
Rhodomonas minuta i Rhodomonas lens i Aphanizomenon i 

(13, n=l3} (56, n=3) /los-aquae (22, n=10) 
Gomphosp/Jaeria ~ Monads ~ Actinocyclus 2 
pusilla (41 , n=ll} (9, n=15) octonarius (14, n=B) 
Tha/assiosira 2 Cryptomonas sp. 5. Mesodinium rubrum 5. 
bal/ica (22, n=l2) (15, n=I O) (10, n=IO) 

Table 4.1.3 Dominaling phytoplankton 
species in the Gulf of Bollmia during 
three assessment periods 

(arithmetical llll!.Wl , in brackets maximum, values of 
species wet-weight biomass in mg m·3; N • total number of 
samples, n · number of samples In which species were 
dominating) 

In 1990, a pronounced diatom maximum was 
observed at station C1. Similar blooms also 
occurred at station C4 in 1992 and 1993 (cf. 
Table 4. 1.3). These maxima were due to the 
abundant Coscinodiscus granii, which is 
known to have its autumn maxima following 
periods of calm weather. The occurrence of 
Coscinodiscus granii blooms are main ly gov
erned by meteorological factors, which vary 
from year to year. 

The dominant species did not show major 
changes (Table 4.1.3). Dinoflagellates and 
diatoms dominated the spring bloom, the sum
mer was dominated by a variety of dinoflagel
lates, diatoms and blue-green algae, but most
ly by small flagellated taxa. In the Bothnian 
Sea, the diatoms dominated the autumn com
munities during 1989-93 as discussed above. 

A number of potentially toxic or otherwise 
harmful phytoplankton species were present 
during most of the years monitored (Table 
4. 1.4). However, the abundance of these 
species was very low except for two blue
green algal species, Aphanizomenon jlos
aquae and Nodu/aria spumigena. Figures 
4.1.16 and 4.1.17 show the maximum abun
dances of these species at stations with distinct 
blooms. All blooms listed in Table 4. 1.4 
occurred during summer. Some blooms were 
observed in the early 1980s and a single bloom 
in 1990, but there was no obvious trend. The 
stations at which the blooms occun·ed were 
also di fferent from each other. In view of their 
abi lity to form harmful blooms, more in forma· 
tion is required on the temporal and spatial 
occurrance of potentially harmful species of 
plankton. 

4.1.4.2 Bacterioplankton 

The bacterioplankton community is expected 
to respond to eutrophication by increasing pro 
duction and biomass [120]. Changes in cl imat(' 
variables such as temperature, UV-light and 
river discharge could also give rise to change~ 
in bacterial values [248,551]. At the communi· 
ty level, the potential effects of environmental 
toxins on the bacterial activity are less clear. 

Bacterial growth rates - No trends were found 
for the investigation period, 1984-94, on eithc1 
seasonal or annual values. According to n 
power analysis of the annual data, the proba 
bility of detecting a true trend of 12 % yr-1 wa\ 
determined to be 0.80 on a data set of I 0 yean. 
If there was any systematic change, it wa~ 
therefore probably <12 % yr1. The averag1• 
annual bacterioplankton-biomass production 
in the 0-20 m water layer during the 10-ycm 
period was 1.41 mol C m·2 yr·1. This was 63 r, 
of the average annual growth recorded for tht· 
Kiel Bight (cf. Chapter 4.4). 
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An increasing trend of the annual bacterio
plankton growth of 21 % yr 1 during I 987-92 
rould be demonstrated on aggregated seasonal 
tlata according to a non-parametric Mann
At'lldall analysis (p=0.018, independence not 
u"umed). A similar result was obtained by a 
li1lcar regression analysis of the annual pro
tlttt:tion estimates (p=O.O IS, cf. Fig. 4.1 .18). 
Annual integrated values were treated as nor
tttnl distributed according to a normal proba
hllity plot and residual analysis (SYSTA'J®, 
tlnta not shown). Summer estimates indicated 
llntt the annual bacterial growth was higher 
Itt· lore 1987. However, these data have to be 
ltl':ttcd with caution because of the lower sam- \ 
pllllg frequency. The increasing trend in bacte-
11111 growth was interrupted in I 992. 

I hymidine incorporation was used and con
lt'lh:d to cell production using a factor of 1018 

'''"' mot· '. The same conversion factor was I 
tt~t·d throughout the period to increase ,the 
1111nparability. Cell production-was converted 
1t1 \'nrbon production according to an allomet
lh volume dependent function [6/8) and the 
~lllttcs of the cell volumes reported from the 
lltVI''tigation site [21). Cell abundance was 
tll•lt't mined by direct counts and converted to 
1 11 hun biomass as described above. 

lllll'terial biomass - No clear trend in the 
tttlttlul average bacterial biomass could be 
I ntonstrated for the whole or parts of the 
ltiW\Iigation period. According to a power 
1t111lysis of the annual averages, the probabili-
1 111 detecting a true trend of 5.0 % yr·1 was 
II HO on a data set of II years. The low inter
lllnltul variation implies a tight control of the 
I 11 ll't ioplankton by the predators, with mod-
' .th' variability in grazing efficiency and plau
tltly a relatively rapid numerical response to 
ttlltttons in bacterial abundance. The latter 

, h't'' with the rapid growth kinetics of the 
Hl1tll unicellular zooplankton which is defined 

tht• major bacterivores in the northern parts 
I lltt• Baltic Sea [375,706]. The average bio-
11 1 ~~ in the 0-20 m water layer during the 
huh- period was 2.78 mmol C m·3, i.e., 17 % 
lj!ln•1 than the bacterial concentration record
lltu the Kiel Bight (cf. Chapter 4.4). 

II'' /tttlal growth - According to a step-wise 
tlllllpll' regression analysis, the variation in 

hacterial growth rate during 1988-94 
" ''"'" n higher linear correlation to the spe
lh ~q owth rate (r=0.92, n=7) than the baete-
1 lilotnass. This indicated that variation in 

qttllli ty of the bacterial growth enviibn
ttl t•.g., temperature_ .o: nutrient composi

•tl 111ttscd the inter-annual variability rather 
•II 11 vnriation in the bacterial biomass, aris-

IJolll predation pressure. Caution with this 
qtt~•tntion should be used when an autocor-

1 tlhtll of 0.5 is expected for each variable, 
I 1 non-linear association between specific 

lit 1atc and the bacterial biomass is indi-

Table 4.1.4 Toxic 
and potentially 
harmful species in 
the Gulf of Botlmia 
(Years of occurrence is 
shown as 19XX) 

Fig. 4.1.16 Maximum 
abundance of the 
blue-green algae 
·Aphanizomenon flos
aquae at those three 
monitoring stations 
where they were 
found sufficient abwr
dant, 1979-93 

Fig. 4.1.17 Maximum 
:. abwrdmrce of the 

blue-green algae 
Nodularia spumigena 
al those two monitor
ing stations where 
they were found suffi
cient abundant, 
1979-93 
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Fig. 4.1.18 
Bacterioplankton in 
!he 0-20 m lay~r of 
the Ore Estttal)' 
(NB1 ), northern 
Bothnian Sea, 1984-
94 
(n=5; upper part · integrated 
carbon production; lower part 
. integrated carbon biomass) 
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Mull t RSD (min.·max.) 

If., I., !AI growth 
Ultterlal biomass 

rna c m·2 yr' 1A ± 38% (0.8·2.7) 

Table 4.1.5 Basic 
statistics of annually 
integrated bacterial 
variables for the 0-
20 111 water layer of 
the north-eastern 
Bothnian Sea (NBI), 
1984-94 

mma c rrrJ ~ t 19 % (2.1-3.7) 
Bacterial production-to-biomass ratio 
Primary production-to-bacterial production ratio 
Chllorophyll a-to-bacterial biomass ratio 

day' 2.QZZ ± 45 % (0.045.0.14) 
zj ± 40 % (0.9·3.9) 

It! U! t 45 % (1.4·5.0) 

1The ratio ot chlorophyll a to bacterial biomass is given in ~g chi. a ~mol· ' C 
(Bacterial biomass and spe
cific growth rate are given as 
daily averages I rom data inte
grated over the year.) 

cated. For the correlation analysis of annual 
values the shorter time period was chosen 
because of the more frequent and consistent 
sampling regime. 

Among a set of plausible co-variables in the 
limited data set, phytoplankton productivity 
appeared as the strongest predictor of the bac
terial specific growth rate (r2=0.74, p=0.028). 
This required the exclusion of the 1990 value 
as an outlier, which was possibly caused by the 
lowest annual temperature and highest bacter
ial biomass recorded during that year. 
Collection of additional data over a longer 
period of time is needed to make this type of 
analysis more reliable. Non-linear statistical 
tools and modelling should be applied to 
achieve a better understanding of the interac
tion between forcing factors on the annual 
time scale. Based on the prevailing data and on 
the limited statistical analysis, it is not possible 

I
to rej ect the hypothesis that natural factors, 
more probably than anthropogenic influences, 
caused the period of increasing annual bacter
ial growth during 1987-92. 

Bacterio-to-phytoplankton ratios - During 
1990-94, the carbon dioxide fixation has 
shown decreasing values. However, for the 
whole or part of the period 1984-94, no signif
icant trend could be demonstrated. During 
1992-94, chlorophyll a also decreased. But 
again, for the whole or part of the period 1984-
94, no signi ficant trend was observed. 

The ratio of the annual C0 2-fixation to the 
annual bacterial growth (CF/BG-ratio) showed 
no significant trend during the whole or part of 
the period 1984-94 (Fig. 4.1. 19). The average 
ratio during the period was 2.4, with a mini
mum value of 0.93 in 1988 and a maximum of 
3.9 in 1990. 

Ore estuary, Bothnian Sea Fig. 4.1.19 Ratio 
between phyto
plankton-carbon 
fixation and bacte
rial growth in the 
Ore Estuary (NBJ), 
northern Bothnian 
Sea, 1984-94 

1986 1988 
Time 
(year) 

1990 

Ore estuary, Bothnian Sea 

1988 

' see ANNEX 11 .3 tor addresses of authors 

1990 
Time 
(year) 

1992 

1992 1994 

1994 

Fig. 4.1.20 Ratio 
between chlorophyll 
a and the bacterial 
biomass in the Ore 
Estuary (NB1 ), 
northern Bothnian 
Sea, 1987-94 

No significant trend could be demonstrated for 
the period 1987-94 for the ratio between 
chlorophyll a, used as a proxy for the phyto
plankton biomass, and the bacterioplankton 
biomass (Fig. 4.1.20). Although the ratio 
increased from 1987 to 1992 (p=O.O 19, linear 
regression), it decreased between 1992 and 
1994. Variations in the phytoplankton biomass 
may be expected as a consequence of both 
varying growth rates and occurrence of preda
tors feeding on phyto- and bacterioplankton. 
The interpretation of this variable is therefore 
ambiguous. 

4.1.5 Benthic 
biology 
K. Leonardsson1

, A.-B. Andersin, A. Miikinen, 
0. Ronnberg 

4.1.5.1 Soft-bottom 
macrofauna 

General description of data treatment - To 
enhance the reliabi lity of the present assess
ment, data from the HELCOM BMP and other 
national stat ions of Finnish and Swedish mon
itoring programmes in the Gulf of Bothnia 
were included. To allow for the fact that not all 
stations were sampled each year, and because 
the abundance and biomass differ between the 
stations, the results had to be presented in 
terms of index values. The year serving as base 
index was chosen to be the year when most 
stations were visited. The index for a specific 
year was based on 24 offshore stations in the 
Bothnian Sea ( 1986), and on 14 stations in the 
Bothnian Bay for the biomass index ( 1987), 
while 21 stations could be included for the 
abundance index ( 1965). Each index was cal· 

culated as: £. Ln(y(stn(t))) 

""('l·• y{stn(T)) Index(t)= 
N 

where 1 is the observation year, Tis the specif 
ic year for the base index, N is the number of 
stations in year I , and y() denotes the data 
observed for the variable in question, i.e., 
abundance or biomass. A few years lacked 
samples. For those occasions time serie~ 
analyses (ARIMA) were used to estimate tht· 
missing values by the Kalmann-fi lterin~ 
method [632]. 

Period 1989-93 - The species composition al 
the surveyed stations was dominated by 
Monoporeia affinis and Saduria entomon in 
both basins, while the amphipod Pontoporeitt 
femora/a as well as the marine polychaett• 
Harmothoe sarsi occurred sparsely in tlw 
southern Bothnian Sea. Macoma baltica is 11 

common littoral species in the Bothnian Sen. 
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hut the lack of a station network covering 
these regions makes it difficult to evaluate this 
' pecies properly. It should be noted that an 
analysis of any change during this short period 
" not meaningful. Since there were no drastic 
l'hanges during this period, compared to the 
lluctuations observed in earlier time series, 
und because of the relatively short time span, 
trend analyses were not considered to be 
111caningful for the period 1989-93. 

I >at a from the HELCOM BMP stations wi ll 
'l'rvc as examples to elucidate the actual bio
IIHlSS of the macrofauna (Fig. 4.1.21, Tables 
I. 1.6 and 4.1.7). The densities of M. affinis 
were relatively high at the two stations in the 
Bothnian Bay, although their biomass was low 
due to the small individual size of this organ-
1\lll (Tables 4. 1.6 and 4. 1.7). In the Bothnian 
'it•a, the densi ties were somewhat higher, 
nccpt at station Dl (F64). However, the bio
mnss were much higher than in the Bot)1nian 
llny. Numei·ically, the macrofauna was domi
lllltcd at all stations by M. affinis and P 
'''morata, where it existed. When considering 
till' biomass, S. entomon dominated at the sta
ttnns A3 (803) and Dl (F64). The bivalve M. 
hrtltica was only present at station SR JA, being 
lhl' main species in the group described as 
nlhers' in Tables 4.1.6 and 4.1.7 for this sta

llon. The polychaete H. sarsi was found to be 
' Pmse in the southern Bothnian Sea. The time 
,., ies of the total macrofauna dry weights 

hunt each of these stations showed that the 
tutions have only a few characteristics in 

, tunmon. Otherwise, they are relatively inde
l"'ndcnt. 

l''•tiod 1989-93 vs. period 1984-88 - No sig
utltcant differences could be found between 
tin• two assessment periods (Table 4.1.8). The 
tntnlmacrofauna abundance and biomass fluc
tlllltl·d in a more or less cyclic manner in the 
lluthnian Sea (Fig. 4.1.22). These huge short
h•ll tl variations make it di fficult to show 
1 hnnges when comparing two five-year peri
'" '~ · l lowever, long-term evaluation is still 
l',~'i h le. The fluctuations were less pro
uuunced in the Bothnian Bay. The long-term 
llll l t'ase in abundance and biomass in the 
llulhnian Bay ceased in 1986, and since then 
II" levelled off (Fig. 4.1.22). At the HELCOM 
11~11' stations (Fig. 4. 1.21 ), there was a con
ptruous drop in biomass during the period 

1'1111 !!5 at most of the stations. One possible 
plunation for this drop may be the unusual 

I~~~~· difference between the winter and the 
llllllllcr temperatures in the beginning of this 

"'1~. 4.1.21 Changes in the total 
uttrcrofauna dryweight-1n g m·2- at 6 
11/:'LCOM BMP stations in the Gulf 
of llotlmia, 1979-94 

Table 4. 1.6 
Average density 
(ind. ur2) of the 
IIIOSI C0/11111011 

macrofauna 
species in the 
Gulf of 
Bothnia, 1989-
93 

Table 4.1.7 
Average wet 
weight ( g m·2) 

of the most 
common macro
fauna species in 
the Gulf of 
Botlmia, 1989-
93 

M. alfillis 
P.lemorata 
S.entamon 
H. sarsi 
Others 

Total 

M. a/finis 
P.lemorata 
S. entamon 
H.sarsi 
Others 

Total 

803 

2,340.5 
0.0 
6.2 
0.0 
0.0 

2,346.7 

803 

3.69 
0.00 
7.24 
0.00 
0.00 

t0.93 

CVI 

1,700.7 
0.0 
1.0 
0.0 
0.0 

1,701.7 

CVI 

2.93 
0.00 
0.80 
0.00 
0.00 

3.73 

US6B 

5,816.8 
0.0 
7.7 
0.0 
0.0 

5,824.5 

US6B 

18.66 
0.00 
9.73 
0.00 
0.00 

28.40 

SR1A 

3,329.6 
0.0 
8.9 
0.0 

41.7 

3,380.2 

SR1A 

13.58 
0.00 
1.50 
0.00 
6.38 

21.46 

Total dry weight of macrofauna 

SR 5 

4,714.1 
145.2 
29.3 
21.3 
0.0 

4,910.0 

SR5 

17.79 
0.83 
2.84 
0.09 
0.00 

21.55 

F64 

154.8 
221.7 

1.5 
7.4 
1.5 

386.9 

F64 

0.80 
204 
4.91 
0,01 
0.00 

7.75 

3.0...--------.....;o---, 
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2.o....---.:-. -..,C..,..,V,...l -----, 
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2.0 0 Sweden 
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period (cf. Figs. 4.1.2 and 4.1.3), which could 
have imposed unfavourable energetic condi
tions for the macrofauna. Such seasonal differ
ences are commonly found in the Bothnian 
Bay, where the macrofauna is also much poor
er than in the Bothnian Sea. The long-term 
decrease in salinity may explain the absence of 
the marine species Harmothoe sarsi in the 
northern Bothnian Sea (Non·by area) since the 
late 1980s, as well as the reduction of 
Pontoporeia femorata at C4 (SR5) during the 
last decade. 

Long-term evaluation 1961-93 - Concerning 
the total abundance and biomass of the macro
fauna, there are increasing long-term trends 
both for the Bothnian Sea and the Bothnian 
Bay. The trend in the Bothnian Bay was inter-

Bothnian Sea Total abundance 
Bothnian Sea Total biomass 
Bothnian Bay Total abundance 
Bothnian Bay Total biomass 

z 
·1.7756 
·0.7311 
·0.7311 
·1.5667 

p 
0.0758 
0.4647 
0.4647 
0.1172 

rupted in the early 1980s due to the pro
nounced reduction of the macrofauna commu
nity during the late 1970s. The macrofauna has 
recovered since then and has levelled off since 
the mid 1980s. This is especially evident for 
the total macrofauna abundance (Fig. 4.1.22). 
Also in the Bothnian Sea, there was a tenden
cy towards levelling off during the 1980s, but 
not as pronounced as in the Bothnian Bay. 

Total macrofauna in the Bothnian Bay 
2.0 ,-----------------------------------------~ 

1.0 

-1.0 

-2.0 
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-3.0 -+------.---------.------,------.----....... -------r-------i 
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Total macrofauna in the Bothnian Sea 
1.5 

1.0 

0.5 

X 
Q) 0.0 '0 
c: 

-0.5 

-1.0 Abundance 

-1 .5 +--------.------,--------r--------r----....__,_-------.-----1 
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Table 4.1.8 Results from Mann
Whitney U-tests for a comparison of 
the periods 1984-88 and 1989-93, 
(N=5) 

The asymptotic increasing trends are statisti
cally significant in both basins (Tables 4. 1.9 to 
4.1.11 ). In the Bothnian Bay, this trend is 
found for all the main species. The picture in 
the Bothnian Sea is similar for the total abun
dance and biomass. The macrofauna group 
that contributes most to the increasing trend in 
the Bothnian Sea seems to be the predators, 
while the detritivores do not exhibit a signifi
cant trend. The interpretation of such a change 
in the benthic community is that the produc
tion of the detritivores has increased. 
However, the main part of their standing crop 
ends up in the predator populations. Earlier 
analyses of the benthic macrofauna have also 
shown increases between the 1960s and the 
1990s [13,96,97,372,399,504]. Despite in one 
of those studies [372) many coastal stations 
were included, the same changes were found 
as for the open sea areas of the Gulf of 
Bothnia. The increase in the benthic fauna is 
most likely caused by enrichment. To this may 
be added the similar effects of toxic contami
nants, as advanced in a complementary 
hypothesis [399]. 

4.1 .5.2 Phytobenthic 
changes 

Archipelago Sea - The decline of Fucus 
vesiculosus was the fi rst alarming sign of 
eutrophication observed in the Archipelago 
Sea [193] . Aerial photography was used to 
study the distribution of Fucus vesiculosus in 
the Archipelago Sea in 1981-82. The decline 
of F. vesiculosus was most evident at moder
ately exposed localities in central and outer 
archipelago areas which were directly influ
enced by water from the Baltic Proper [569]. 

Fig. 4.1.22 Changes of the total 
macrofauna index in the Bothnian 
Bay and Bothnian Sea, 1961-93 
(Base index for abundance and biomass is in 1986 
for the Bothnian Sea. For the Bothnian Bay, the 
base index for abundance is in 1965, while for the 
biomass in 1987.) 
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In 1993, the aerial mapping was repeated and 
the resul ts demonstrated that only minor 
recovery had taken place in ten years [436]. 
During 1994, the continuous belt of Fucus 
only extended from 1 to 4 m depth, whereas 
individuals could be found down to 7-8 m 
[439]. 

Phytobenthos vegetation surveys in 1968/69 
1561), 1981 [438] and 1991 revealed that the 
zone previously occupied by F. vesiculosus 
was now dominated by an intense growth of 
fi lamentous algae. At some places, Fucus was 
replaced by phanerogams, mainly by 
Potamogeton spp. and Zannichellia palustris. 
The change in bottom quality was explained 
by heavy sedimentation, for example due to 
increased primary production. In 199 1, Fucus 
was still lacking, but the amount of filamen
tous algae had decreased. 

In the 1990s, loosely lying algal mats ,have 
hcen recorded. These mats a.re formed 'since 
the opportunistic filamentous algae are capa
ble of utilising nutrients, and they have been 
found at several places in the Archipelago Sea 
1439]. Algal mats have been formed mainly by 
filamentous brown and red algae like Pilayella 
/ittoralis, Ectocarpus siliculosus and 
Ceramium tenuicome. The thickness as well 
ns the species composition of these mats var
ied considerably. Under the thick algal mats, 
oxygen is consumed very quickly causing 
hypoxia and anoxia, and under the circum
stances, sulphate is reduced and H1S formed . 
The presence of H,S has been recorded even in 
the surface water [437] . 

1tland Archipelago In the Aland 
Archipelago, the phytal changes followed 
those of the Archipelago Sea and the Gulf of 
Finland. In the Aland area, loosely lying fila
mentous algae are commonly found on sandy 
nnd muddy bottoms, with an average of about 
200 g and a maximum of 800 g dry-weight 
111 1. Pilayella littoralis and Ectoca17Jus silicu
/o.\·us represent about 60 %, and Stichtyo
siphon tortilis and Dictyosiphon foeniclaceus 
25 % of the biomass. Regularly, >50 % of the 
hot tom area to a depth of 4-10 m was found to 
he covered by this type of algae, causing sig
ni ficant ecological effects for the zoobenthos 
und possibly also fish [95,505-507] . Decreases 
In the depths at which Fucus vesiculosus 
~ r ows is also observed in the outer archipel
ngo. The red algae species, found in the 1960.s 
in the innermost part of the outer archipelago, 
nnd in the intermediate archipelago · are 't:ur
r ~· nt l y covered by loosely lying algal mats. 
More clear changes have taken place in sw 
Aland [444,445,525,570]. Loosely lying algal 
IIHtts are a very frequent phenomenon. Due to 
this fact, the macrophytic communities are 
presently poor in species, especially in the 
tkcp water. The growing depth of F. vesiculo-
111.1' has further decreased [570). 

Table 4.1.9 
Abundance Group 

Total 
Total (·B03) 
M. affinis 
M. affinis (·803) 
M. affinis & S. entomon 

n 

33 
33 
33 
33 
33 

z p Slope 

4.354 0.0000 0.059 
5.934 0.0000 0.057 
3.951 0.0001 0.060 
5.686 0.0000 0.058 
5.841 0.0000 0.054 

Results of a non
parametric trend 
analysis [25J,J 52] 
for different macro
fauna groups in the 
Bothnian Bay 

M. affinis & S .entomcn (·803) 33 5.686 0.0000 0.059 
Total indep. not assumed 198 5.670 0.0000 0.058 

(·803) denotes that the sta· r----------------------...., 
tion 803 was excluded from 
the tests. 

Table 4.1.10 
Biomass 

Group n 

Total 14 
Total (·B03) 14 
M. affinis 14 
M. affinis (·B03) 14 
M. affinis & S. enlomon 14 

z p Slope 

2.518 0.0118 0.167 
1.533 0.1253 0.055 
2.956 0.0031 0.192 
1.314 0.1889 0.045 
2.737 0.0062 0.200 

M. affinis & S. entomon (·B03) 14 1.095 0.2736 0.044 
Total indep. no! assumed 

Group 

Table 4.1.11 Results Total 
Detritivores 

of trend analyses for Predators 
different macrofauna M.affinis 
groups in the Tolal 
Bothnian Sea based Detrilivores 

on Whirsch-Slack Predators 

non-parametric M. affinis 

regression Tolal indep. not assumed 

; 4.1.6 Unus ual en vi· 
ron mental events 
No observations which could be defined as 
'unusual environmental events' have been 
reported for the period 1989-93. However, the 
collapse of the macrofauna system in the 
Bothnian Bay during the the early 1980s must 
be viewed as such an event since it has not 
appeared at any station since then. No expla
nation has so far been found for this event. 

4.1. 7 Summary 
During the third periodic assessment period, 
the salinity continued to decrease in line with 
the long-term trend in both basins of the Gulf 
of Bothnia. No systematic changes in the 
pelagic biota, e.g., the phytoplankton species 
composition, could be clearly connected to the 
continuous decrease in salinity. The decreasing 
salinity may haye effects on the distribution 
area of both marine and limnic organisms. 
Thus, it may explain the absence of the marine 
species Harmothoe semi in the northern 
Bothnian Sea (Norrby area) since the late 
1980s, as well as a reduction of Pontoporeia 
femorata at C4 (SR5) during the last decade. 
Decreasing salinity should further influence 

84 2.245 0.0248 0.115 

Parameter n z p Slope 

Abundance 33 2.309 0.0210 0.022 
Abundance 33 1.751 0.0800 0.019 
Abundance 33 2.959 0.0031 0.042 
Abundance 33 1.844 0.0652 0.020 
Biomass 33 3.796 0.0001 0.030 
Biomass 33 1.131 0.2580 0.014 
Biomass 33 2.092 0.0365 0.030 
Biomass 33 1.503 0.1328 0.018 
All 330 2.729 0.0064 0.025 

the stability of the water column, and this may 
increase the vertical mixing which can lead to 
an increased supply of nutrients to the surface 
waters. 

Both total and inorganic nitrogen concentra
tions continued to increase in the Gulf of 
Bothnia. Also total phosphorus showed a 
long-term increase in the surface water of all 
areas except the Bothnian Bay. It was estimat
ed that 92 % of the nitrogen input and 65 % of 
the phosphorus input to the Gulf of Bothnia 
originated from the combined riverine dis
charge and atmospheric deposition [729]. The 
cause of the long-term increasing trend in both 
nitrogen and phosphorus in the Gulf of 
Bothnia is probably primarily a consequence 
of high riverine load during the 1980s. For 
nitrogen, an increase in atmospheric deposi
tion may also have contributed, while 
increased vertical mixing in the water column 
and import from the Baltic Proper could be of 
importance for, the increase of total phospho
rus in surface Waters. The increase in the river
ine load of nitrogen, observed between the 
1970s and 1980s, has been attributed to an 
increase in the water flow, rather than to an 
increase of the nitrogen concentrations in river 
waters [188,558]. Thus, the nutrient trends 
observed in the Gulf of Bothnia during this 
assessment period, could be primarily a conse-
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quence of natural variation in climate. Locally, I 
however, extensive agricultural activities can 
significantly affect the anthropogenic part of 
the riverine load, and this has been suggested 
to be of importance for the Finnish part of the 
drainage area to the Bothnian Sea. 

The concentration of oxygen in the deep water 
showed no major changes in any of the sub
areas. Therefore, even if an increase in organ
ic production in the open sea had occurred, it 
has not led to a decrease in the deep water 
oxygen concentration. This may partly be 
explained by a lower water stabi lity and 
improved vertical mixing due to the long-term 
decrease in salinity. The data suggest that the 
oxygen supply to the deep water of the Gulf of 
Bothnia has been sufficent to meet the oxygen 
demand related to respiration of the sediment
ing organic matter. 

Until 1993, the data from the open sea did not 
reveal any pronounced increase of pelagic 
organic production in the Bothnian Bay or 
Bothnian Sea. The oxygen supply to the deep 
water appeared sufficient to sustain biological
ly acceptable conditions. Data from the coastal 
northwestern Bothnian Sea were in accordance 
with the assessment of the open sea. From the 
Archipelago Sea, however, elevated concen
trations of nutrients and chlorophyll a, as well 
as changes in the phytobenthic community 
were reported. Some long-term changes in the 
open sea, such as a general increase in nitrogen 
and total phosphorus, may have an impact on 
the Gulf of Bothnia, if such increases are con
tinued. The changes in nutrient concentrations 
are considered to be primarily caused by cli
matic variations rather than by anthropogenic 
inputs. 

The decrease in the distribution of Fucus 
vesiculosus and the spreading of fi lamentous 
algae suggest further eutrophication of the 
Archipelago Sea. This is supported by increas
ing chlorophyll a and relatively high nitrogen 
and phosphorus concentrations. Fish farming 
is suggested as one important source of nutri
ents in this area. 

A significant increase of chlorophyll a was 
observed for the period 1979-93 in the 
Bothnian Sea, primarily caused by higher val
ues during the last 5 years of that period, and 
suggesting an increasing trophic state during 
summer. Neither phytoplankton biomass nor 
carbon fixation, however, showed a corre
sponding increase. Since this finding could be 
merely a reflection of the limited data set for 
these variables, one cannot exclude the possi
bil ity that the increase in chlorophyll a may 
lead to an increase in the pelagic organic pro
duction. A coastal station in the northwestern 
Bothnian Sea, intensively studied during 
1984-94, however, lacked significant trends in 
both primary productivity and bacterial pro-

duction. In the Bothnian Bay, no significant 
trends could be demonstrated for pelagic bio
logical variables. 

No clear systematic change in the species 
composition of either phytoplankton or benth
ic fauna has been reported, that could imply a 
change in the environmental state of the Gulf 
of Bothnia. However, several potentially 
harmful phytoplankton species were found 
to be present in the Gulf of Bothnia, and their 
continuous monitoring is therefore recom
mended. Otherwise, the phytoplankton species 
composition has remained roughly simi lar 
throughout the period 1979-93. 

The bacterioplankton growth showed mod
erate inter-annual variability at a coastal sta
tion in the northern Bothnian Sea, with a peri
od of continuous increase during 1987-92. The 
variability appeared to be largely explained by 
a variation in the specific growth rate, i.e., in 
the P/B ratio, and correlated well with the 
inter-annual variations in the phytoplankton 
productivity. However, no significant trend 
could be demonstrated over a I 0-year period. 
Despite the variation in the bacterial growth, 
the bacterial biomass showed minor inter
annual variability without significant trends. 
This suggests an efficient and stable predator 
control of the bacterial community. No trend in 
the ratios between the phytoplankton C02-fix
ation and the bacterioplankton growth, or 
between chlorophyll a and the bacterial bio
mass, could be demonstrated. Thus, the analy
sis of the bacterioplankton variables did not 
suggest a systematic change in the environ
mental state, e.g., due to anthropogenic activi
ties, in the northwestern Bothnian Sea. 
Generalisations over a larger sea area and a 
more reliable determination of covariates must 
be deferred unti l more data are available from 
off-shore stations. 

An increase of the benthic macrofauna could 
be demonstrated both in the Bothnian Sea and 
Bothnian Bay since the beginning of the 1960s 
until the early 1980s. From the 1980s on, the 
macrofauna biomass has levelled off and no 
signi ficant trend was indicated or could be 
shown statistically due to the large variance of 
data. The observed increases in the benthic 
macrofauna and in chlorophyll a do not match 
in time. Therefore, they do not support the 
hypothesis of an increase of the organic pro
duction in the Bothnian Sea. However, the 
increase in total macrofauna, which occurred 
earlier than the increase in chlorophyll, may 
reflect an increase in the availability of nutri
ents and in the pelagic organic production. 
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14.2 GULF OF FINLAND 
M. Pertli/ii•1 (Convener), 0 . Savchuk (Co-Convener) 

4.2.1 Hydrography 
M. Perlfilii, 0. Savchuk 

The Gulf of Finland is a di rect extension of the 
13altic Proper (Fig. 4.2. 1 ). There is no thresh
old at the opening of the Gulf, and the maxi
mum depth is some 100m. The bottom depth 
decreases towards the east, being 60-80 m in 
the middle part, and 20-40 m at the eastern end 
of the Gulf, before the Neva Bight. 

Main chara,cteristics: 1 

• overall lerigth - 400 km (fmm the.Hanko 
peninsula t9 St. Petersburg, 
• largest width - 135 km (from Narva Bight to 
Vyborg), 
• area - 29,600 km2 (7 % of the total area of 
the Baltic Sea), 
• average depth - 38 m (55 m for the Baltic 
Sea), 
• deepest point- 123 m (459 m for the Baltic 
Sea), 
• volume- I, I 00 km3 (5 % of the total vol
tune of the Baltic Sea), 
• drainage area- 421,000 km2 (26% of the 
Iota! drainage area of the Baltic Sea), 
·river inflow - I 00-125 km3 yr"1 (24-27 % of ·. 
the total J iver inflow into the Baltic Sea), 
· fresh water residence time 8-10 yrs (25-35 
y1s for the whole Baltic Sea). 

Fig. 4.2.1. The Gulf of Finland with 
the stations referred to in the text 

Fig. 4.2.2 The salinity distribution -
values in psu- along the longitudinal 
axis of the Gulf of Finland obtained 
f rom the 3D hydrodynamically inter
polatedfield [727] 

' ono ANNEX 11.3 for addresses of au1hors 

In spite of being the utmost eastern end of the 
system of Baltic Sea basins, the Gulf of 
Finland is, however, hydrographically still 
influenced by the inflows of saline waters 
from the Kattegat/Skagerrak. In addition, 
approximately one fourth of the total river 
water volume, received by the Baltic Sea, 
enters di rectly into the Gulf of Finland. Thus, 
the deep water hydrogen sulphide layer of the 
Baltic Proper may extend into the western 
parts of the Gulf of Finland [/6]. On the other 
hand, the eastern end of the Gulf receives the 
fresh water of the river Neva. This is the 

' largest ri ver in the drainage area of the Baltic 
Sea, with an annual inflow of 78.6 ± 13 .8 km3 

[652]. The combined effects of the large fresh 
water inflow in the eastern end and the water 
exchange with the Baltic Proper lead to strong 
salinity gradients in the Gulf of Finland (Fig. 
4.2.2). 

The bottom topography, forming an almost 
free entrance from the Baltic Proper into the 
Gulf of Finland, leads to a halocline in the 
western part of the Gulf, at the depth of 60-70 
m. Here, the water below the halocline has its 
origin mainly in the Baltic Proper, and it mixes 
slowly with the less saline surface layer. As a 
result, the halocline becomes less distinct 
towards the east. However, in the eastern end 
of the Gulf, where the large fresh water input 
causes strong horizontal salinity gradients, the 
halocline becomes sharper again, climbing up 
to 10-30 m. In the easternmost shallow end 
with depths less than I 0 m, vertical salinity 
gradients seldom occur because of the inten
sive wind-induced mixing. In addition, a 
strong thermocline develops in the summer at 
a depth of I 0-30 m, further hampering the ver-
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tical mtxmg. The effect of the thermocline 
may be strong enough to cause a remarkably 
strong and sharp halocline at the same depth. 
Because of the restricted mixing through the 
density difference, the vertical profiles of the 
nutrients resemble those of salinity, producing 
a strong chemocline in summer. The autumnal 
cooling and consequent vertical mixing brings 
water from the deep, nutrient-rich layer up to 
the surface layer, resulting in strong biological 
production in the spring. 

On a long-term, basin-wide scale, the overall 
water circulation in the Gulf of Finland is anti
clockwise, causing an eastward transport 
along the southern coast, and a westward 
transport along the northern coast. In the gen
eral hydrodynamics of the entire Baltic Sea, 
the Gulf of Finland is considered to play an 
important role as a 'mixing box', because of 
the upwelling and mixing processes which 
take place along the coastal areas, especially in 
the easternmost parts. The relatively unstable 
halocline periodically becomes strongly erod
ed, and the saline water masses are frequently 
mixed with the low-saline surface water. On 
smaller spatial-temporal scales, diurnal to syn
optic within a few kilometres, the hydrograph
ic structure is characterised by the great vari
abi lity, which additionally affects the reliabili
ty of the infrequent measurements. 

4.2.2 
1 Hydrochemistry 

M. Perllilii1, 0 . Savchuk, I. Shpaer 

Nutrients - Water-quality monitoring at the 
Finnish side of the Gulf of Finland has been 
regularly carried out from 1962 onwards. 
Regular measurements in the former USSR 
(Estonian and Russian) waters were started in 
1961. However, due to changes in the analyti
cal techniques, comparable data are only avail
able from 1970s to the 1980s, depending on 
the respective parameters. 

Because of the strong chemocline, the perma
nent halocline, and the strong annual biologi
cal production, the seasonal variations in the 
0-20 m layer have been considered to be too 
large for trend analyses of chemical parame
ters [305]. However, the observations in the 
deep water layer, i.e., below the average halo
cline depth, in the western and central parts of 
the Gulf can in most cases be used for trend 
evaluations without seasonal filtering [539]. 

The overall development of salinity, oxygen 
and the main nutrients up to 1995 in the sur
face and deep water layer of the BMP station 
F3 (LL7) , lying in the middle part of the Gulf 
(cf. Fig. 4.2.1) is shown in Figure 4.2.3. 

'see ANNEX 11 .3 for addresses of authors 
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In Figure 4.2.4, the development of the salini
ty and nutrients in the 0-10 m layer at station 
LL7 during the winter periods of 1984-88 and 
I 989-93 is presented. 

For the eastern part, the long-term variations 
of salinity and oxygen in the bottom layer at 
the Russian stations Rl and R4 are shown in 
Figure 4.2.5. The development in the concen-

b) Deep layer salinity (65m - 75m) at IL7 
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Fig. 4.2.3 Suiface (0-10 m) and deep 
water (65-75 m) salinity, phosphate, 
nitrate and oxygen developmellf at 
LL7 (F3) 

(Data wi1hou1 seasonal r.nering: salinity in psu, oxygen in 
% saturation, nutrients in ~mol dm"J 

trations of phosphate at stations R2 and R4 
during 1972-85 and 1986-92 is presented in 
Figure 4.2.6 (for positions, cf. Fig. 4.2.1). 

In long-term time series (Fig. 4.2.5), the 
decrease in salinity can be observed in the 
near-bottom water layer. This development 
corresponds to that found for other Baltic Sea 
areas [220]. The decrease, which is due to the 
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hll'k of major saline water inflow through the 
lll'lt Sea and the Danish Straits into the Baltic 
'il'll, also reduces the intensity of the halocline. 
I his has resulted in improved oxygen condi
tions (Fig. 4.2.5). During 1984-88 and 1989-
111, no changes in oxygen could be detected in 
lhr surface layer. ' 

I he long-term nitrate concentrations showJd a 
lpnilicantly increasing .tr~nd . At station LL7, 

lh1' increase of nitrate was 0.22 and that for 
hltnl nitrogen 0.59 J.Jmol dm·3 yr'1. A similar 
1h•vclopment took place at other open-sea sta
lluns in the Gulf of Finland [539] . However, 
l llt'C 1990/91, the trend in the nitrogen con

•••nlrations has been levelling out. This is 
'kurly seen when comparing the nitrate devel-
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opments in Figure 4.2.4. During 1984-88, the 
nitrate concentrations in the surface layer 
increased, whereas they levelled out in 1989-
93. The overall average nitrate concentrations 
in the bottom layer throughout the whole peri
od did not practically change. 

I 
Phosphate was observed to decrease consider-
ably in the bottom layer, and this is probably 
due,to the improyed oxygen conditions in the 
deep water layer caused by intensified vertical 
mixing. The bottom layer is presently oxidised 
down to a depth of about 80 m, resulting in a 
significant decrease in the re-mobilisation of 
phosphorus from sediments. A further analysis 
of data on oxygen and phosphorus in deep 
water shows that high phosphorus values have 

Fig. 4.2.4 Salinity, phosphate and 
nitraJe in 0-10111 winter waters of 
slation LL7, 1984-88 and 1989-93 
(Data wilhout seasonal fillering; salinity in psu, nutrienls 
in ~moldm~) 

almost always been connected to low oxygen 
values in the bottom layer [539]. 

Horizontal distribution patterns - Currently, 
only a limited number of data are available to 
present the nutrient distribution in the Gulf of 
Finland. The largest areal coverage has been 
obtained in August 199 I. The summer data for 
the period 1990-93 from different sources 
were combined to illustrate the nutrient distri
bution in the 0- 10 m layer (Fig. 4.2.7). 
Certainly, summer may not appear the most 
illustrative period for that purpose as the sur
face concentrations are all very low in most 
parts of the Gulf. However, synoptic data from 
other seasons are too scarce to allow for such 
an analysis. 

Nutrient budget - The overall sources and 
sinks of nutrients in the Gulf of Finland have 
been compiled in Table 4.2.1 [539]. Although 
this estimate ignores the spatial as well as the 
seasonal variabil ity of the processes, it never
theless indicates a rough balance between 
inputs and losses of nutrients. 

The present apparent balance of the nutrient 
budget, as indicated by the levelled-out trends, 
is probably easily disturbed by a slight change 
in the signi ficance of the water balance and 
sedimentation, and additionally by changes in 
the activity of the denitrification and nitrogen 
fixation processes and, for nitrogen, even by 
direct precipitation. Also, a decrease in rainfa ll 
would primarily affect the large riverine dis
charges and the direct nitrogen precipitation. 
Both the vague levelling-off or even decreas
ing trend in the dissolved and total deep water 
nitrogen and the phosphorus trend, which is 
decreasing rather than levelling out, empha
size the need for more precise information on 
these processes. 
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Fig. 4.2.5 Inter-annual variations of summer (August) 
salinity (in psu, black rectangles) and oxygen (in cm3 

cbn·3, open ellipses) in the bottom layer at stations R2 
(water depth 25-28 m) (a), and R4 (58-62 m) (b) 
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Fig. 4.2.6 Box-and-whisker plots of phosphate concen
trations (in J.llnol dm·3) at stations R2 and R4 during 
1975-85 (open boxes) and 1986-92 (black boxes), (a) 
swface /aye1; (b) bottom layer 

D ALTIC SEA REGIONS STATE OF TH E MARINE ENVIRONMENT OF T HE BALTIC SEA REGIONS 

Fig. 4.2.7 Swface distribution of(A) salinity, (B) silicate (0.08 -
34.6J.m101/dnr3), (C) phosphate (0 - 0.55 pmol/dnr3), (D) total phos
phorus (0.04 - 1.45 pmol/dnr3), (£)nitrite (0 - 1.49 pnwlldm·3), (F) 
ammonium (0 - 2.87 pmolldnr3), (G) nitrate (0 - 23.8 pmolldnr3) 

and (H) total nitrogen ( 14.8- 62.3 pmolldnr3) in the Baltic Sea, 
1990 - 93 (due to scarce winter data, only the summer period is dis
played) 

(Figures prepared with the Data Assimilation System ·DAS· which is under development at the 
Department of Systems Ecology, Stockholm University (Wulff et. al., 1995), with data from the Finnish 
Institute of Marine Research. For general comparison, the distribution is given from the whole Baltic 
Sea rather than only the Gulf of Finland.) 

Sink/Source N(in) N(out) P(in) P(out) 

Rivers 109,530 7,642 , Table 4.2.1 Urban sewage 30,045 4,078 
lndustty 868 70 Sources and 
Precipitation 30,000 sinks of total 
Water exchange 351,000 419,000 38,000 30,000 nitrogen and 
Sedimentation 60,000 20,000 phosphorus in 
Denitrification 70,000 the Gulf of 
N·fixation 28,000 Finland, 1990 

Total 549,443 549,000 49,790 50,000 (in t yr·1) [539] 
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4.2.3 Pelagic 
biology 
H. Kuosa1, S. Makarova, N. Silina 

4.2.3.1 Phytoplankton 

Chlorophyll a and primary productivity - The 
data used to describe the western and central 
parts of the Gulf originate from the stations F I 
(LL3a), F3 (LL7) and HI (LL12). Due to the 
limited amount of monitoring data they were 
analysed as pooled data for the whole Gulf of 
Finland. The material was split into three sea
sons. The results are presented in Figure 
4.2.1 0. No statistically significant trends were 
observed when the data were analysed with the 
non-parametric Whirsch-test. Primary produc
tivity data showed even more variability, and it 
did not give additional information. 

An increasing trend for chlorophyll a was 
clearly shown at a frequently sampled coastal 
station near the entrance to the Gulf of Finland 
[190]. From 1972 to 1988, an increase in 
spring values was observed from 1983 
onwards. When the data from 1989-94 were 
compared to those from 1972-88, the average 
spring values in 1989-94 (9.7 mg m·3) were 
closer to the period 1972-79 (7.9 mg m·3) than 
to 1980-88 (1 9.6 mg m-3) . Thus, the increasing 
trend most probably has not continued. On the 
other hand.' the. average summer chloro~hyll a 
concentratiOn m 1989-94 (3.5 mg m· ) was 
clearly higher than that of 1972-79 (2.1 mg 
m-3) or 1980-88 (2.8 mg m-3). This indicates 
increased phytoplankton biomass during sum
mer months at this specific sea area during the 
last assessment period. 
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For the deep-water region of the eastern part of 
the Gulf (R1-R4, cf. Fig. 4.2.1 ), data was col
lected and analysed l-2 times a month during 
May-October by the State Hydrological 
Institute (St. Petersburg, Russia) in 1983-90. 
Subsequently, those surveys were carried out 
only l-2 times during the growing season, but 
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Fig. 4.2.8 Annual 
variations of 
chlorophyll a (in 
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Fig. 4.2.9 Annual variations of the 
primary production rate in 
(in g C nr2 day ' ) the deep water 
region of the eastern part of the Gulf 
of Finland, 1984-90 

(Seasonal averages for the region and deviations 
of local averages are presented) 

with a broader areal coverage. The annual 
maximum of chlorophyll a is built up during 
the spring bloom, which consists mainly of 
diatoms (Fig. 4.2.8). Both the averages and 
extremes were somewhat higher here in 1989-
91 than in previous and subsequent years, and 
this was similar to the development at the sta-
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Table 4.2.2 Dominating phytoplank
ton species in the Gulf of Finland 
during three assessment periods 

(arithmetical ~ (maximum) values of species 
wet·weight biomass in mg m·3; N · total number of 
samples, n • number of samples in which species 
were dominating) 

tion F3. The primary production rates display 
the same increase (Fig. 4.2.9). Compared to 
the whole period 1980-94, the maximum rates 
of 0.63-0.98 g C m·2 day-1 during 1988-94 
were pronouncedly higher compared to 0.21-
0.45 g C m·2 day- 1 found in 1984-87. This 
increase coincided with the increase of phos
phate concentrations in that region (cf. Fig. 
4.2.6a). 

Jlhytoplank(on biomass and composition -
The occurrence of dominant phytoplankton 
~pccies is summarised in Table 4.2.2. It reveals 
normal spring communities, i.e., diatoms and 
dinoflagellates, with some variability in domi-
unnce, but no signs of significant changes. 
Also the summer communities are as usual fla
~cllate dominated, with a strong influence by 
hl ue-green algae. The occurrence of 
Achnanthes taenia/a and Coscinodiscus granii 
In the middle period is probably not relevant, 
hut more a sign of early and late sampling 
!hiles, respectively. In autumn, Coscinodiscus 
wanii is consistently the dominant species, I~· · 
which is .known to grow in autumn if calm 
weather prevails. As its occurrence is intlu
I'IICcd by meteorological factors, its high 
11utumn variability is not surprising, and the 
vuriability is probably not indicative of envi
ronmental changes. 

1979-83 1984-88 

&m N=3 
Peridiniella catena/a 1...ill Peridinielta catenata 

Thalassiosira baltica 
(1,830, n=3) 

ill Achnanthes taenia/a 

Skeletonema costatum 
(504, n=2) 

ill Sketetonema costatum 

Peridinium sp. 
(510, n=3) 

ill. Thalassiosira baltica 
(568, n=3) 

Achnanthes taenia/a ill 
(283, n=3) 

Cryptomonas sp. 

&mm! N=1 1 
Cryptomonas sp. i§ 

(154, n=9) 
Coscinodiscus granii 

Flagellata ~ Cryptomonas sp. 
(162, n=9) 

Aphanizomenon i2 Flagellata 
nos-aquae (245, n=9) 
Snowella lacustris ll Achnanthes taenia/a 

Dinophysis acuminata 
(376, n=2) 

2l Dinophysis norvegica 
(101, n=9) 

&I1JJim N=3 
Coscinodiscus granii ill 

(400, n=2) 
Coscinodiscus granii 

Aphanizomenon ~ Melosira varians 
nos-aquae (140, n=3) 
Peridinium sp. a.a Dinophysis norvegica 

Rhodomonas minuta 
(180, n=3) 

1& Cryptomonas sp. 

Flagellata · 
(36, n=3) 

.1.Q 
(19, n=2) 

Dinophysis acuminafa 

BMP Station: F1 

Anabaena cylindrica 85 
Anabaena lemmermannii 79, 83, 85·87, 9!, 92 
Anabaena spiralis 92 
Aphanizomenon /Jos·aquae 79·83, 85·93 
Coelosphaerium kuetzingianum 86,88 
Microcystis aeruginosa 
Nodularia spumigena 79, 81' 85·87, 89, 92, 93 
Planktothrix agardhii 88 
Chaetoceros danicus 79, 81' 82, 86, 88, 93 
Dinophysis acuminata 79·83, 85·87, 89·93 
Dinophysis norvegica 79, 85·87 
Prorocentrum balticum 85 
Prorocentrum minimum 
Scrippriella trochoidea 

lfl the deep water region of the eastern part of 
lhc Gulf of Finland, the spring phytoplankton 
l'nnsists mainly of the cold and brackish water 
~pcc i es Achnanthes taeniata, Chaetoceros 
wigham.ii and Thalassiosira baltica, while 
( ionyaulax catena/a develops at the end of 
May and in early June with a biomass of up to 
H5 % of the total. The observed spring biomass 

varied in the range of 1.3-12.8 g m-3. The sum
mer/autumn phytoplankton was dominated by 
Aphanizomenon flos-aquae, Gomplwsphaeria 
lacustris, Limnothrix plane tonica, Monoraphi
dium contortum, Pyramimonas spp., Dino
physis acuminata and Actinocyclus octonar
ius. During 1982-94, the summer/autumn bio
mass varied in the range of 0.05-2.5 g m·3. 

Fig. 4.2.11 Annual maximum abun
dances of bloomjorming blue-green 
algae at three stations in the Gulf of 
Finland, 1979-93 
left- Aphanizomenonflos-aquae, 
right - Nodularia spumigena 
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N=11 N=5 
1..ill Achnanthes taenia/a .1..2..1! 

(5,082, n=8) (2,657, n=4) 
J.J..a2 Thalassiosira baltica ill 

(5,353, n= 10) (1 ,022, n=5) 
w. Skeletonema costatum ill 

(1,309, n=10) (702, n=5) 
ill Peridiniella catenata lli 

(762, n=6) (507, n=4) 
lQ Cryptomonas sp. ill 

(707, n=5) (830, n=4) 

N=16 N=20 
ill Aphanizomenon ill 

(2,800, n=3) /los-aquae (1,521 , n=18) 

ill Nodular/a spumigena .6.1 
(3,348, n= 1 0) (447, n=12) 

ill Cryptomonadales sp. li 
(1,314, n=12) (355, n=11) 

8..2 Dinophysis acuminata 12 
(1,301, n=2) (172, n=16) 
~ Snowella /acustris .u 

(940, n=5) (126, n=20) 

N=10 N=9 
1.lli Coscinodiscus granii ill 

(5,600, n=5) (2,640, n=7) 
ill Snowel/a /acustris ll 

(9,360, n=3) (201 , n=4) 

2i Actinocyclus octonarius .u 
(202, n=3) (198, n=2) 
~ Thalassiosira baltica .2..2 

(186, n=5) (90, n=6) 
ia Dinophysis acuminata .2..2 

(492, n=2) (74, n=4) 

F3 H1 

85, 87, 88 85,87 
82, 83, 85, 87 ·89, 91 ' 93 85, 86, 88, 91' 92 

85 
79-93 80·93 
93 88 
93 93 
83·90, 92, 93 83, 85·89, 91·93 
88 88 
79·93 80, 82·90, 92, 93 
79·93 80, 82, 83, 85, 86, 88, 89, 91 ·93 
81 ' 82, 85·89, 92, 93 82, 83, 85-88, 90, 92, 93 
85,87 85,87 

89 
83 

Table 4.2.3 Years of occurrence -as 
19XX- of potentially harmful and/or 
toxic algal species in the Gulf of 
Finland 
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A number of potentially harmful or toxic 
species were encountered duri ng the sampling 
programme (Table 4.2.3). Although blue-green 
algae and dinoflagellates were regular compo
nents of the phytoplankton communities, only 
two blue-green algal species were actually 
abundant. These were Aphanizomenon jl.os
aquae and Nodularia spumigena whose maxi
mum summer abundances are shown in Figure 
4.2.11. The occurrence of these two species 
was highly variable, both spatially and tempo
rally. Although heavy blooms were observed 
in 1985, 1986, 1988 and 1993, no trends were 
found. If one ignores the very high value of 
Nodularia spumigena in 1988, both species 
did not show any difference between the sta
tions. The data from the stations were signifi
cantly correlated indicating the similarity of 
the variabi lity of the blue-green algal blooms. 

Unattended monitoring of phytoplankton -
Extensive unattended, i.e. , automatically col
lected monitoring data on phytoplankton from 
the Gulf of Finland are available for 1993 
[559] . In 1993, the blue-green algal species 
Nodularia spumigena formed large surface 
blooms in July and August in the western and 
central Gulf of Finland, especially in the open 
sea. It is noteworthy that routine monitoring 
samples contained only low abundances of 
Nodularia spwnigena in that year, indicating 
the inability of the present monitoring pro
gramme to reveal actual bloom situations. 
Near the coast, the blooms were less intense 
compared to 1992, but local blooms were 
reported. In the Neva Estuary, heavy phyto
plankton blooms prevailed during the whole 
growth season. In the eastern parts of the Gulf 
of Finland, two non-heterocytic blue-green 
algal taxa dominated, Planktothrix agardhii 
and Oscillatoria spp. The data on potentially 
toxic phytoplankton species from 1993 also 
revealed a great number of potentially harmful 
species. These consisted of a variety of blue
green algal taxa, some dinoflagellates and 
small flagellated species, confirming the infor
mation gathered from the monitoring data 
(Table 4.2.3). 

4.2.3.2 Zooplankton 

The basic interannual variabil ity of the most 
common crustacean species was always high. 
Whether this was due to actual differences 
between the years or just a random phenome
non is not known. The station F I was princi
pally sampled once during the summer. The 
data show a high variability, specifically in 
the abundance of cladocerans. This was caused 
by the variability of both Bosmina coregoni 
maritima (1979, 1981, 1983, 1986, 199 1) and 
Daphnia species ( 199 1 ). Although the station 
F3 was more frequently visited in spring and 
autumn, in addition to summer, no trends 
could be detected. Once again the variability 

' see ANNEX 11.3 for addresses of authors 

of cladocerans contributed to the summer vari
ability. Bosmina coregoni maritima was abun
dant at F3 in 1983, 1984, 1988 and 1992. 
However, Daphnia species were abundant 
only in 1990. This could be due to sal inity dif
ferences between the stations, or due to the 
longer distance of the station F3 to the eastern 
part of the Gulf of Finland, in which the basi
cally fresh water Daphnia species are more 
abundant. Acartia and Eurytemora species 
were very abundant in 1992. The zooplankton 
biomass at the station HI appeared to be gen
erally at a lower level than at the other two sta
tions. However, this may also be a conse
quence of uneven sampling frequency and · 
uncoordinated population development of 
zooplankton. 

In the deep water region of the eastern part of 
the Gulf of Finland, the mesozooplankton 
community consists mainly of the brackish 
water species Ewytemora afflnis, Bosmina 
coregoni maritima, Linmocalanus macrurus, 
Acartia bifilosa and Synchaeta baltica. In 
1983-92, the seasonal averages of the zoo
plankton biomass, covering the range 0.25-
0.83 g m·3 [6I 6], were higher than those found 
in 1969-73 (0.30-0.47 g m·3, [625]). 
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4.2.4 
Macrozoobenthos 
A. -B. Andersin1, I. Kotta, A. Maksimov 

The assessment of the state of the macro
zoobenthos in the Gulf of Finland was based 
on samples collected from BMP stations F2 
and F5 by Finland and Estonia. The data were 
supplemented . with Estonian observations 
from the southern part of the Gulf, and with 
observations from the eastern part performed 
by the State Hydrological Insiti tute, St. 
Petersburg, Russia. 

The assessment period 1989-93 differed 
strongly from the previous periods as regards 
benthic bottom fauna in the open sea areas or 
the Gulf of Finland. The recolonisation of the 
almost deserted bottoms started at the very 
beginning of the period. At the end of the peri
od, all of the bottom sediment of the open sea 

Fig. 4.2.12 Fluctuations in macro
zoobenthos abundance (ind. m·2) and 
biomass (g wet weightm·2, mesh size 
I mm) at station F5 (68 m) in the 
west em Gulf of Finland 
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Station Abundance Biomass Biomass 
Period (total) (excl. Saduria) 

ind. m·2 gm·2 gm·2 

F5 
1966-70 130 ± 144 8.66 ± 8.46 8.21 ± 7.69 
1979·83 39 ± 27 2.15 ± 0.69 1.96 ± 0.92 
1984-88 42 ± 26 1.41 ± 0.98 1.41 ±0.98 
1990·93 613 ± 584 16.22 ± 22.09 14.46 ± 8.37 
F2 
1965·67 1,614 ± 539 20.33 ± 5.57 19.36 ± 3.91 
t979·83 22±35 0.18 ± 0.20 0.14±0.19 
1984-88 89 ± 107 6.71 ± 9.08 6.71 ± 9.08 
1989-93 3,025 ± 1,449 40.76 ± 16.64 23.23 ± 10.03 

Table 4.2.4 Five-year-period statis-
tics of macrozoobenthos abundance 
and biomass (jonnalin wet weight) at 
stations F2 and F 5 in the Gulf of 
Finland 

area of the Gulf was inhabited by a dense ben
thic macrofaun·a community. In the eastern, 
somewhat shallower areas, no clear di fference 
was observed beween the periods. 

At station F5 in the western part of the Gulf of 
Finland, both abundance and biomass values, 
excluding the occasionally occurring big iso
pod Saduria entomon, were significantly high
er during 1989-93 compared to 1984-88 (t
test, p=0.04 and 0.0 l, respectively). The abun
dance values rose from <I 00 in 1990 to 
>3,000 ind. m·2 in 1994 (Fig. 4.2.12). The 
mean abundance value for the period 1990-93 
was mo1~e than 10 ti mes higher than that for 
1984-88. Compared with the 1960s, a period 
with a rather well developed benthic commu
nity, the mean value for 1990-93 was still 
almost 5 times higher (Table 4.2.4). 

During 1989-93, the abundance was strongly 
dominated by the amphipods Pontoporeia 
femora/a and Monoporeia affinis, with P 
femora/a slightly more abundant, and with the 
polychaete Hannothoe sarsi which was slight
ly less abundant than the amphipods. During 
the previous impoverished period, small 
Harmothoe sarsi, specimens dominated, pro
ducing a difference in biomass which was 
even bigger than the di fference in abundance 
(Fig. 4.2. 13, Table 4.2.4). Compared with the 
1960s, when the dominating species was the 
lamellibranch Macoma baltica, the mean bio
mass value of 1989-93, dominated now by 
amphipods, was only 1.3 times high~r (Table 
4.2.4). 

Fig. 4.2.14 Development of the ben
thic macrofauna in the Gulf of 
Finland, 1965-93 [376] 
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At station F2 in the central pmt of the Gulf, the 
total abundance increased from <1,000 in 
1989 to about 3,000 ind. m·2 during 1990-93, 

r with the maximum value of 4,790 recorded in 

Fig. 4.2.13 Fluctuations in macro
zoobenthos abundance (ind. nr2) and 
biomass at (g wet weightm·2, mesh 
size I mm) station F2 (60 m) in the 
central Gulf of Finland 
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1991 (Fig. 4.2.13). At this station, the differ
ence between the periods 1984-88 and 1989-
93 was highly significant, both as regards 
abundance (p=0.005) and biomass (p=0.004, 
S. entomon excluded). The mean value for 
1989-93 was 3,056 ind. m·2, which is > 100 
times the mean for the previous period. 
Compared with the 1960s, when also a well 
developed macrobenthic community was 
observed, the abundance value for 1990-94 
was about twice as high. The amphipods 
Pontoporeia femora/a and Monoporeia a.ffinis 
have been the most important species through
out the years, but while the marine species 
Pontoporeia femorata was the most abundant 
in the 1960s, the glacial relict species 
Monoporeia affinis was dominating at the 
beginning of the 1990s. 

The findings at the investigated BMP stations 
are supported by data from the enlarged pro
gramme of the Finnish Institute of Marine 
Research (FIMR), performed in the northern 
part of the Gulf (Fig. 4.2. I 5, [376]). Other 
results from the deep areas of the southern part 
of the Gulf show the same development, with 
very low values in the I 970s and early 1980s, 
and a clear recolonisation in the late 1980s and 
early 1990s [609,610]. 

The development of the fauna in the eastern 
part of the Gulf has also been monitored by the 
State Hydrological Insititute in St. Petersburg. 
The impoverished species composition of the 
deep water region was observed to be greatly 
dominated by Saduria entomon, Monoporeia 
affinis and Pontoporeiafemorata. The bivalve 
Macoma baltica and oligochaetes were found 
only at depths of less than 30 m. The large 
interannual variations of abundance and bio
mass were related to the natural cyclic 
processes in the bottom communities. 
Comparing the average biomass values for the 
whole region, no distinct difference can be 
observed between the 1990s and earlier peri
ods (Table 4.2.5). 

The development in the benthic fauna of the 
Gulf of Finland, including the expansion in the 
1950s and 1960s [18, 621], as well as the very 
strong deterioration which began in the late 
1960s and persisted until the late 1980s, has 

Period Biomass Reference 
gm·2 

1965·66 9 [285] 
1969-72 27 [358] 
1987 27 unpubl. res. 
1990 28 [610] 
t991-92 25 unpubl. res. 
1995 21 unpubl. res. 

Table 4.2.5 Average macrozooben
thos biomass values for the eastern 
Gulf of Finland 

1 see ANNEX 11.3 for addresses of authors 

been discussed in several publications 
[14,15,16,376]. The main causes for the 
observed fluctuation can be largely explained 
by the hydrographic events occurring in the 
Baltic Sea. 

The huge inflow in I 951/52 increased the 
salinity in the bottom water. This initially led 
to an oceanisation of the benthic fauna. The 
gradual deterioration which followed was due 
to the prevailing stagnation and led to oxygen 
deficiency and the occurrence of hydrogen sul
phide in the near-bottom water, even at the 
entrance to the Gulf of Finland. In the middle 
part of the Gulf, no oxygen depletion was 
observed at 60-80 m water depths where the 
investigations were carried out, but the disap
pearance of the fauna indicated that temporary 
poor oxygen conditions were also present at 
these depths. The last inflows which renewed 
the bottom water in the central basins of the 
Baltic Sea occurred in I 976177, but they had 
no remarkable effects on the Gulf of Finland. 
The situation prevailing at the end of the I 989-
93 period was a consequence of the long stag
nation during which the slowly decreasing 
salinity has led to the disappearance of the 
halocline. Thus, the oxygen conditions have 
also been good in the near-bottom water of the 
deepest parts of the Gulf. Consequently, the 
benthic communities have had good opportu
nities to develop during that period. However, 
compared with the abundance and biomass 
values in the middle of I 960s, the values in the 
early 1990s were much higher. This may be an 
indicator of increasing food supply, i.e. , 
eutrophication. 

The further development of the fauna is of 
great interest as the inflows in 1993/94 have 
renewed the bottom water in the central basin 
and increased the bottomwater salinity also in 
the Gulf of Finland. If the salinity increases 
further, the observed halocline in the Gulf of 
Finland will strengthen. This may cause a new 
period of deterioration in the bottom condi- ~ 
tions, and on the basis of the preliminary 
results from I 994, the indications are that this 
may be happening. 

4.2.5 Coastal and 
littoral changes 

4.2.5.1 Changes in the I 
Finnish coastal areas 

S. Biick1, K. Eloheimo, P Kangas, P Kauppi/a, 
H. Kukk, G. Martin, A. Miikinen, H. Pitkiinen, 
J. Rissanen, 0. Ronnberg, I. Telesh , I. 
Viitasalo 

Nutrient loading - The nu!lient load from the 
Finnish territory has been assessed as 20,000 t 

yr" 1 of total nitrogen and 890 t yr'1 of total 
phosphorus [545]. From the nitrogen inputs, 
12,000 t yr' 1 (65 %) are more or less immedi
ately available for primary producers, while 
for phosphorus the corresponding figure is 
only 330 t yr'1 (45 %). Municipal ities and agri
culture, the primary sources of nitrogen, are 
respectively responsible for about 40 % and 50 
% of the anthropogenic load. In the case of 
bioavailable phosphorus, the anthropogenic 
inputs from agriculture, municipalities and 
industry contribute about the same amount. 

The level of phosphorus inputs to the Gulf of 
Finland has clearly decreased during the late 
1980s and the early 1990s, mostly due to the 
extensive introduction of the activated sludge 
treatment method into the pulp and paper 
industry. But also phosphorus input from 
municipalities has decreased. On the other 
hand, in the nitrogen loading either from point 
or di ffuse sources, no substantial changes have 
been observed. 

Eutrophication - According to studies on 
nutrient and production dynamics of the Gulf 
of Finland [333,546,648] , nitrogen is the pri
mary limiting nutrient both in the western and 
eastern parts of the Gulf. Only the easternmost 
Gulf, the Neva Estuary, is either P-limited or 
equally N- and P-limited. This means that the 
reduction of only the P-inputs into the Gulf 
would not have led to significant decreases in 
productivity in coastal waters. In accordance 
with this, the monitoring data did not show 
any significant chlorophyll a trends for the 
outer coastal waters during 1979-93 (Fig. 
4.2. 15a,b, [328)). On the other hand, the devel
opment of eutrophication, which was evident 
in the open and coastal waters during the 
1970s and 1980s [1 89,539,544], seems to have 
now stopped. 

The only area where the degree of trophy has 
clearly decreased during the recent years is the 
archipelago zone off Helsinki. Here, since the 
late 1980s, the purified waste waters have 
been discharged at more offshore locations 
instead of previously to the inner bights. In the 
other areas, no clear changes have been taking 
place since the early 1980s (Fig. 4.2. 15a,b). 

The eastern archipelago off Kotka is the only 
area where summer chlorophyll a concentra
tions in extensive areas regularly exceed 5 mg 
m·3 [328,548]. In the near-coastal waters, this 
is caused by the nutrient inputs from local 
sources, such as pulp and paper industry, 
municipalities, agriculture and fish farming. In 
the outer coastal waters, however, the large 
nutrient load from the river Neva and from the 
St. Petersburg Region has led to increases in 
the nutrient concentrations and the degree of 
trophy (Fig. 4.2.16, [545)) , and this phenome
non is strongest during the spring bloom. 
However, during summer, the Neva Estuary 
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Fig. 4.2.15 Chlorophyll a in the Gulf 
of Finland, 1979-83 (a) and 1989-93 
(b) [328] 

and the easternmost Gulf effectively retain, by 
sedimentation, and remove, by deni trification, 
the inputs of nutrients, and thus the effects on 
the Finnish coastal waters are quite small. 
lligh spring values of nutrients in the Virolahti 
area are due to outflow from the ri ver Neva, I 
while the increases in nutrient concentrations 
off the Helsi nki and Loviisa areas arise from 
inputs from the rivers Vantaa and Kymi. 

Most of the large pool of available nutrients is 
stored in the deeper water layers below the 
pycnocline [548). However, because of the 
rather unstable physical stratification, these 
nutrient resources can reach the productive 
layer during storms and other mixing events. 
As a result, b,lue-green algal blooms and high· 
chlorophyll a concentrations, >I 0 mg ·m·3, are 
also common in the open coastal waters of the 
eastern Gulf, especially during the late sum
mer season [327]. 

Uttoral changes - Not only the pelagic but 
also the littoral ecosystem has been affected by 
the increased nutrient load into the Baltic Sea. 
Changes in the phytobenthos became evident 
in the late 1970s [193,318,361]. These changes 
in the coastal biotic communities became evi
dent not only in locally polluted waters but 
also on a larger scale [684]. 

An extensive decline in Fucus vesiculosus 
occurred <!I the Finnish coast in the late 1970s. 
The amount of fi lamentous algae increased 
greatly and F. vesiculosus belts disappeared 
al most completely from the sheltered archipel
ago shores [315]. The decrease was rapid for 
hoth the occurrence and the average size of the 
plant. In the late 1980s, the recovery of F. 
''esiculosus occurred quite rapidly in the upper 
part of the littoral zone. [J/6]. This recovery 
has continued in the 1990s, and the F. vesicu
losus belts are now vigorously, though limited 
in area, growing at depths of 0.5- 1 m at shel- l 
tcrcd shores and at 0.5-3 m at open shores of 
the Gulf of Finland. Single plants can now be 
found at maximum depths of 5-6 m [52). 
I ~arl ier, Fucus vesiculosus has been reported to 
rrow at depths around 10m in the Tvarminne 
urchipelago [557]. 

Fig. 4.2.16 Seasonal-variations of 
total phosphoms and total nitrogen 
(in f-I g dm·3) in the 0-10111 layer at 
three Finnish intensive stations, off 
Virolahti (A), Loviisa (B), and 
Helsinki (C), in the coastal waters of 
the Gulf of Finland, 1987-95 

(unpubl. data, Finnish Environment Institute) 
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/1. positi ve change of the phytobenthos is also 
clearly demonstrated on the Zostera marina 
community, which has increased in both abun
dance and biomass in the Tviirminnc area from 
1971 to 1993 [98]. Random sampling showed 
a significant increase in density from 6 ± 2 up 
to 17 ± 7 shoots m·2, and in biomass from 14.3 
± 3.5 up to 22.8 ± 4.3 g m·2 (dry-weight). In 
1993, the densest stands had 11 5- 170 shoots 
m·2. 

In the late 1980s, the loose-lying flakes form
ing Enterom01pha spp. occupied a large area 
of sanely bottoms in the inner archipelago on 
the northern side of the Hanko peninsula. The 
flakes are formed when the Enterom01pha 
thallus spreads and continues to grow. 
Enterom01pha spp. reached a biomass of 440 g 
m·2. In the Archipelago Sea, Enterom01pha 
flakes are found floating in the water, and are 
often caught in fi shing nets. Loose-lying 
Enteromorpha is able to stay alive under the 
ice and is ready to exhibit vigorous growth as 
soon as the ice has melted [5/]. The mass 
occurrence of Enteromotpha sp. has caused 
economic losses on the west coast of Finland. 
In vast areas, however, nearly all 
Enteromorpha mats were replaced again by 
Cladophora glomerata in the early 1990s. 

Dri fting algal mats, a phenomenon not previ
ously reported, have occurred only recently in 
the Baltic Sea. The recreational values of the 
shores have been affected by deposition of 
decaying filamentous algal mats. In the eastern 
part of the Gulf of Finland, a floating mat of 
fi lamentous algae was observed near Kotka, 
Einonkari , on 3 June 1992. The mat consisted 
of Pilayella littoralis, Cladophora sp., 
Ulothrix sp. and Spirogyra sp. 

Loose-lying filamentous algae species have 
formed great biomass and have been found to 
cover the bottom sediments. Due to the fact 
that there were no earlier reports on algal mats, 
the phenomenon must have occurred only in 
recent years. These filamentous species, which 
form about 5-20 em thick mats, interfere with 
the benthic life. The natural littoral vegetation 
has been replaced, and the bottom fauna has 
been altered by the algal mats, which cover the 
avai lable substrata. Decaying mats cause 
hypoxic or anoxic conditions with the devel
opment of hydrogen sulphide in the sediment. 

Macrophytobentos surveys near Helsinki City 
demonstrated a clear reduction of eutrophicat
ed water areas since 1984. These changes 
reflect the benefits arising from waste water 
treatment. The recovery of the phytobenthos 
was also due to the transfer of the waste dis
charges from the adjacent urban areas, from 
the innermost bights to the open fringe of the 
archipelago waters. 

The littoral fauna communities of the 
1 see ANNEX 11.3 for addresses of authors 

Tviirrninnc area showed remarkable long-term 
temporal changes in the species composition. 
Pour main changes in the faunal composition 
were not iced: 
• The amount and biomass of filter feeders 
increased, both in relation to a certain area 
uni t and in relation to the Fucus biomass they 
feed on. 
• Some species of marine origin benefited 
from the higher salinity. 
• Some deposition feeders and species using 
filamentous alga also benefited. 
• Limnic species declined clue to the presence 
of high saline water. 
These changes occurred most noticeably 
between the early 1970s and early 1980s. 
However, in the middle of the 1980s, the 
species composition recovered partly to the 
situation that prevailed in the early 1970s, and 
observations made in the early 1990s support 
this finding. Although most limnic species 
have recovered, the composition of marine- , 
origin species has not returned to the situation 
prevailing in the 1970s. 

4.2.5.2 Changes in the 
Estonian coastal areas 

H. Kukk1, G. Martin 

In Estonia, a large survey along the coast of 
the Gul f of Finland was conducted between I 
1970 and 1980. Since then, several local sur
veys have been carried out. Reports on 
observed changes were available from three 
areas along the Estonian coast: 

a) In 1984, in the Tallinn Bight, at the coast of 
Yi imsi Peninsula, a serious decline of Fucus 
vesiwlosus was registered [362]. As a conse
quence, since 1991 , regular annual monitoring 
of the phytobenthos vegetation has been car
ried out. This programme has shown that the 
most obvious change was the recolonisation of 
Zostera marina and F vesiculosus. Both of 
them have expanded their distribution area in 
the inner part of the Tallinn and Kopli Bights. 
Some species which were lacking from the 
area, were also found, e.g., Sphacel/aria arcti
ca, Furcellaria lumbricalis and Phyl/ophora 
truncata. 

b) In Kunda Bight, studies on the effect of har
bour construction on the vegetation revealed 
that the water turbidity and the trophic level 
had been changed. The direct effect of the eco
logical stress has been the disappearance of the 
epiphyte Elachista fucicola from the areas 
near to the harbour construction. Also in the 
green algal belt, Cladophora glomerata and 
Enterom01pha intestinalis have been almost 
replaced by Ceramium tenuicome and 
Spirogyra sp. 

c) In the Hogland Island area, green and brown 

filamentous algae have increased. The distrib
ution area of F vesiculosus and other commu
nity- forming algae have remained unchanged 
[364]. 

Since 1995, similar surveys on macrophytes as 
those conducted in the vicinity of the City of 
Helsinki, have been carried out in the coastal 
waters of the Tall inn Bight. The anthropogenic 
effect on macrophytes is most pronounced 
near the harbour and the storm water outlets of 
the old town. Only temporary effects were 
recorded in the vicinity of the central waste 
water purificat ion plant. The recreational areas 
of Kakumae were intact and showed either no 
change or only slight signs of a trophic change. 

4.2.5.3 Changes in the 
Russian coastal areas 

I. Shpaer1, 0. Savchuk, N. Silina, 
S. Makarova, I. Telesh 

The area under consideration includes the 
nearly fresh water Neva Bight with a predom
inant salinity of about 0.07 psu, and the adja
cent shallow region where the salinity is very 
variable, ranging from 0. 1-0.8 psu at the sur
face to 3-6.8 psu in the westernmost bottom 
layers. The monitoring started in 1968, but it is 
only from 1978 that the monitoring results are 
considered to be reliable. The State 
Hydrological Institute had made hydrobiologi
cal observations during 1982-95. 

More than 80% of the total nutrient and organ
ic inputs from Russia to the Eastern Gulf of 
Finland are discharged to the Neva Bight, and 
consist of riverine inputs and effluents from 
the waste water treatment plants, whose out
lets are situated close to the Neva Mouth. The 
overall high nutrient levels (Fig. 4.2. 17), and a 
possible decrease of the water exchange due to 
the construction of the barrier, are probably the 
main factors responsible for the development 
of a special phytoplankton community in the 
shallow phosphate limited region of the outer 
Neva Bight, as compared to both the inner 
Neva Bight (Fig. 4.2. 18) and the deep water 
region of the eastern part of the Gulf of 
Finland. In the outer bight, the summer blooms 
of blue-green algae, such as MicrocysJis 
aeruginosa, Aphanizomenon flos-aque, 
Planktothrix agardhii, with biomasses of 2- 11 
g m·3 are quite common [548,616,617]. 

During the 1980s, waste water treatment 
plants and the St. Petersburg flood protection 
barrier were built. The 1986-92 period (Fig. 
4.2. 18), therefore, represents the situation 
when the construction of the barrier had been 
nearly completed. The water gates and the I 
km wide opening south off Kotlin Island were 
still open, but the northern waste water treat
ment plant had been put into operation. 
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The purification of discharges to the Neva 
Bight resulted in a 30-70 % (depending on the 
season and sampling position) decrease of the 
labi le organic mauer, as BOD5, and of the 
ammonium concentrations. In contrast, how
ever, the ni trate concentrations were found to 
increase. Since the same increase has been 
observed also in the river Neva upstream of St. 
Petersburg, one possible reason for the 
increase in ni trate input from the drainage area 
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might be the increased agricultural activities in 
this area. However, it should be noted that the 
total nitrogen content in the coastal waters has 
remained at about the same level, since the 
increase in nitrate concentrations was compen
sated by a decrease in ammonium concentra
tions. 

The improvement in the waste water treatment 
was probably the reason for a substanlial 
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Fig. 4.2.17 Phosphate (A) and nitrate 
(B) distribllfion in August; in the 
outer Neva Bight and in the eastem 
shallow region of the Gulf of Finland, 
1978-85 and 1985-93 (median val
ues, in pg dnr3) 

decrease of bacterial development in the east
ern part of the Gulf of Finland during the 
1980s (Fig. 4.2. 19). 

The influence of the flood protection barrier 
on the phosphate concentrations in the surface 
layer close to the barrier seems to be small (cf. 
Fig. 4.2. 17). The reason for the strong 
decrease in phosphate concentrations in the 
deep water layer is probably the reduced 
import of phosphorus from the west, which is 
due to a general decrease of phosphate con
centrations in the deep layers. 

No clear temporal trends could be found, 
either for chlorophyll a or for the primary pro
duction rates. The recent increase in the water 
transparency due to a decrease in dredging 
operations has not resulted in the expected 
increase of the primary production, which cur
rently ranges from 0.2 to 0.4 g C m·2 day-1• In 
the shallow water area, in 1989-91 the maxi
mum rates of primary production of 0.5 1-0.73 
g C m·2 day-1 were higher than those in 1984-
88 (0.25-0.47 g C m·2 day- 1, [6/6]). 

The increasing eutrophication stimulated the 
growth of the macrophytes, especially green 
algae, mainly Cladophora glomerata. This 
species is already rather abundant and serious
ly impaired the recreational use of the coast. 
Particularly thick-growing macrophytes are 
developing along the sandy beaches of north
ern and southwestern coasts of the Neva Bight 
[/0). Intense growth of free- floating plants 
such as Ceratophyllum demerswn, Fontinalis 
spp. and Lemna spp. has also been observed. 

I 
The high rate of reproduction of algae and 
higher plants with increased stagnation of the 
water, due to the protection barrier, has led to 
a further degradation of the liuoral area at 
some locations [76). 

Fig. 4.2.18 Box-and-whisker plots on 
the annual chlorophyll a variations in 
the Neva Bight (values in mg m·3) 

A) all measurements from the growth period in the 
shallow water area, 
B) mean values and range for June-August 
(The central boxes cover 50 % of the observations, 
the horizontal central lines represent the median 
and the vMicat tines extend to minima and maxi
ma. respectively t405)) 
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4.2.6 Alien species 
A. Laine1 

In 1990, the polychaete Marenzelleria viridis, 
originating from North American estuaries, 
was found for the first time in the Finnish 
coastal waters, i.e. , in the Hanko area. Since 
then it has been recorded in the entire Gulf of 
Finland and also in some areas of the Bothnian 
Sea. However, in contrast to the southern parts 
of the Baltic Sea, the abundance and biomass 
of the species has remained comparatively 
low, and the species has not been recorded in 
the open sea. As a selective deposit-feeder, 
Marenzelleria can be a competitor of the dom
inant soft bottom macrofauna and influence 
the structure of benthic communities. The 
species ability to live in deep burrows, down to 
about 40 em in the sediment, may also reduce 
its predation by other invertebrates and fish. 

In 1995, the bivalve Dreissena polym01pha 
was recorded in the eastern parts of the Gulf of 
Finland. The abundance of the species seems 
to be very low, but it has been found at most 
places investigated and in all parts of the arch
ipelago. Judging from the large size of the 
specimens found, Dreissena must have been 
present for several years in the littoral zone of 
the Gulf of Finland. So far, the species has not 
been found to co-occur with Mytilus, and as a 
hard bottom filter-feeding bivalve it seems to 
have occupied an open niche in the Eastern 
Gulf of Finland. In fresh water areas, 
Dreissena has caused severe problems, e.g., in 
power plants by strong settlement in the cool
ing water systems. 

The mysid shrimp Hemimysis anomala, origi
nating from the Caspian area, has been found 
in the sublittoral zone of the Gulf of Finland 
since 1992. It is uncertain when the species 
was introduced to this area, since it lives in 
crevices of rocks and boulders and can only be 
observed by SCUBA-diving. The ecology of 
the species is poorly known. It has not been 
found at the southern coast of the Gulf. 

Fig. 4.2.19 Development of the abun
dance and biomass of bacteria at the 
eastern end of the Gulf of Finland, 
1982-92 

('Neva Bight' - Neva outlet to the Kotlin Island tlood 
barrier, 'Shallow area' - Kotlin to the Gull widening, 
'Deep area' - trom the Gull widening to the 
Gogland/Suursaari islands) 
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The cladoceran Cercopagis pengoi, also repre
senting Ponto-Caspian fauna, has been record
ed since 1992 in the Gulf of Riga [51 1], in the 
coastal areas of Muuga Bight in 1992, and in 
Narva Bight in 1995 [428], as well as in the 
open Gulf of Finland [376]. Mass occurrence 
of the species has been reported for the Gulf of 
Riga, and in 1995 for the eastern part of the 
Gulf of Finland, causing fouling of fish nets 
through the dense aggregation of the species. 
In the Gulf of Riga, this species has been 
found to contribute significantly to the diet of 
the Baltic herring. 

The reason for the occurrence of the new 
species in the Baltic Sea is not yet clear. 
However, possibly new routes opened by, e.g., 
implantation tests of new fish species in the 
Baltic Sea, have enabled access for different 
macrofauna species. 

4.2. 7 Summary 
The phosphorus inputs into the Gulf of 
Finland have clearly decreased during the late 
1980s and the early 1990s, mainly because of 
the intensified purification of waste waters 
from both forestry and municipal ities. On the 
other hand, no substantial changes took place 
in the nitrogen loading, either from point or 
diffuse sources. 

Based on the present monitoring scheme, the 
observed nutrient trends are, at best, only 
very vague indications of possible effects of 
eutrophication. Data, in terms of concentra
tions measured at specific stations, are almost 
always too scarce to draw definite conclu
sions, and tend to be strongly influenced by 
seemingly random variations arising from 
movements of the water masses. However, 
using the near-bottom observations, a trend of 
increasing nitrate concentrations in the Gulf of 
Finland can be detected, but this increase 
ended in 1990/91. The reasons for the increas
ing nitrate concentrations, and its subsequent 
levelling-off, are not known. For phosphate, 
the lack of the occmTence of high concentra-
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tions in the near-bottom waters in recent years 
is probably a consequence of both the intensi
fied reduction of phosphates in the waste 
waters, and of the weakening halocline, which 
has resulted in improved oxygen conditions at 
the bottom. 

The indicators of pelagic biological activity 
show no clear trends. Except for the 
Tvarminne station, the sampli ng frequency at 
the monitoring stations is generally too low for 
any trend analysis. However, the data are suf
ficient to enable the identification of those 
years in which exceptional events took place. 
The blooms and maximum occurrences of 
blue-green algae appeared to happen rather 
randomly. According to the evaluation of the 
current data, the significant positive trend of 
the spring chlorophyll a values at Tvarminne 
has not continued, but the summer values most 
probably show signs of an increase. The unat
tended monitoring is a promising tool for the 
monitoring of the chlorophyll variability and 
phytoplankton species composition. The num
ber of potentially harmful algal species 
explains the acute need to monitor their occur
rence and dynamics. 

The good oxygen conditions in the bottom 
water layers throughout the Gulf of Finland 
have also favoured the benthic fauna. The 
recolonisation of the previously defaunated 
bottom sediments of the Gulf of Finland start
ed towards the end of the 1980s. Presently, the 
entire bottom sediments of the open sea areas 
of the Gulf of Finland are inhabited by a com
paratively dense benthic macrofauna commu
nity. 

A few new species have been found lately in 
the Gulf of Finland . The reason is still 
unknown, but as all the new species seem to 
have their origin in the Caspian Sea, their 
occurrence seems to indicate that a new access 
has been opened for them by means of man
made activities. 
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4.3 GULF OF RIGA 
A. Yurkovskis1 (Convener) 

4.3.1 Hydrography 
V Berzinsh1

, E. Zaharchenko1 

4.3.1.1 Basic 
characterisation 

The main characteristics of the Gulf of Riga: 

• area 16,330 km2 (3.9 % of the total area of 
the Baltic Sea) 

• average depth 26m, max. depth >60 m 
• volume 424 km3 (2.1 % of the total volume 
of the Baltic Sea) ... · 

• drainage area 134,000 km2 (8 % of the total 
drainage area of the Baltic Sea) 

• river inflow 18-56 km3 yr·1 (7% of the total 
river inflow into the Baltic Sea) 

• water exchange calculated from salinity 
balance 60-200 km3 yr1 

• residence time of water 2-4 years 

The variations of the temperature, salinity and 
oxygen in the Gulf of Riga are demonstrated 
using data from two representative stations, 
G I and 119, at sampling depths of 0, 5, I 0, 40 
und ~50 m (Fig. 4.3.1). To describe the sea
~onal changes the hydrographic data were 
smoothed with double kernel smoothing 
(k=400 days, A=31 day). In Figure 4.3.2 and in 
Table 4.3.1 some characteristic hydrometeoro
logical and hydrographic parameters are pre
~ented which show the most important varia
lions in the periods which were compared. 

The climatic conditions for the assessment 
period may be characterised as "Atlantic", i.e., 
Increased air temperature, high wind velocity 
{especially in winter months) and increased 
t i ver run-off. The mean air temperature in 
Riga was 1.6 °C higher than the long-term 
mean. The highest positive deviations (D.T = 
14.4 oq were observed between December 
nnd March. The deviations were much lower 
In April and May (D. T = + 1.5 oq and close to 
tcro for summer and autumn. In general, the 
liver run-off during the assessment peridd 
exceeded the long-term mean. Howeyer, at the 
•mme time a pronounced decrease of both the 

Fig. 4.3.1 Map of the stations and 
areas for monitoring in the Gulf of 
Riga 

1 100 ANNEX 11.3 tor addresses ot authors 

II) 1979·88 
Parameter Mean ±S 

Yearly air temp. (Riga), •c 6.4 
Air temperature (Jan-Apr), 'C ·1.8 
Water temp. (0·1 0 m; May), 'C 5.6 3.06 
Water temp. (2 40m; May), •c 0.6 0.44 
River run·off (Gulf of Riga), krrr yr' 35.0 
Salinity (0·10 m; May), psu 5.34 0.53 
Salinity (2 40 m; May), psu 6.53 0.43 
Density difference· (May-Aug), da, 1.58 
Oxygen saturation (0·10 m; Aug), % 99.4 18.1 
Oxygen saturation (2 40 m; Aug), % 45.0 18.1 

Table 4.3.1 Characteristic changes of 
basic parameters between the present 
and previous assessment period a/ 
stations Gl and 119 

Ill) 1989·93 
Mean 

7.6 
2.7 
7.8 
2.2 

37.1 
5.20 
5.93 
1.33 

101.1 
56.2 

2.43 
0.83 

0.22 
0.27 

8.0 
10.3 

111) · 11) 

+1.2 
+4.5 
+2.2 
+1.6 
+2.1 

·0.14 
·0.60 
·0.25 
+ 1.7 

+11.2 

• DiHeience between the upper (0-10 m) and the near-bottom layer (~ 40 m) 

SAAREMAA 

!:!. . 

* 
1:!. •• * ( 

D.. ••• *l 
••• ~l ,-J "'- * l 

0 Salacgrlva 

• * l 
• BMPG1 

• • • 1:!. 0 • • 

••• 
~ 

•o. •• 
A:~ • 
119 

• 

• - temperature, salinity, oxygen Jj. - chlorophyll a ,..., - phytobenlhoa 

• - nulrtenta 0 • microorganisms * - nectobenlhoa 

0 - phytoplankton • ·zooplankton ~ - zoobenthos 
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river run-off and air temperature was observed 
for the period 1989-93 (Fig. 4.3.2). 

4.3.1.2 Temperature 

The shallow depth of the Gulf of Riga results 
in complete vertical mixing during the winter 
and in a minor inertia of the water mass tem
perature. This is confirmed by a good coher
ence between the mean water and air tempera
tures, with a correlation coefficient of 0.92 for 
the yearly data of 1979-94 (Fig. 4.3.2 a). As a 
result of the higher air temperature during the 
assessment period, the water temperature was 
0.7-0.9 °C higher and less variable than in the 
previous period. 

For the assessment period, the seasonal course 
of temperature in the upper layer was close to 
the long-term mean. In contrast, in the near
bollom layer the temperature was significantly 
different from the mean value for 1979-88. 
The highest positive deviations ( 1.5-2.2 °C) 
were observed from March to May, but for the 
near-bottom layer only in the period March
July. This might be explained by the influence 
of the warm winters. The positive deviations in 
November could be due to the decrease of the 
vertical density gradient and more intensive 
vertical mixing (Fig. 4.3.3). 

Fig. 4.3.2 Variations of the a111wal 
mean temperature of air (Riga) and 
water (Gulf of Riga - a), and of the 
annual mean salinity ill and river 
run-off into the Gulf of Riga (b) dur
ing the three latest assessment peri
ods 
(For the calculation of the water temperature and 
salinity the results of hydrological surveys in 
February. May, August and October were used; 
(74]) 
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Fig. 4.3.3 Seasonal 
variations of the 
water tempera/tire 
(

0 C) in the upper 
(0-10 111, a) and 
near-bollom layers 
(?.40 111, b) of the 
Gulf of Riga (sta
tions Gl and JJ9) 
during the three 
assessment periods 
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Fig. 4.3.4 Seasonal variations of the 
salinity (psu) in the upper (0-10 111, a) 
and near-bottom layers (?.40 111, b) of 
the Gulf of Riga (stations G 1 and 
JJ 9) during the three assessment 
periods 
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Oxygen,% Fig. 4.3.5 Seasonal 
180 variations of the oxy-

160 
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.3.1.3 Salinity 

I ht• decrease of the salinity in the Gulf of Riga 
~'1111 in 1978 and continued until 1992 when 

lowest mean salinity in the Gulf for the 
"\ 1uus 60-65 years was recorded (5.3 psu; 
I ~ •1.3.2 b). Earl ier, such sal ini ty was 
h t' l vcd during 1928-31 [46] . In the assess-

Ill period, the sal inity was 0.1 -0.6 psu lower 
'" ' il'ss variable than in the whole 1979-88 
till(!. llowever, the seasonal course in the 
1 ~' ' layer, with maximum values in winter 
ol111111i mum values in May, was normal (Fig. 
l in). 

uully. the water masses of the Gulf of Riga 
tl1 vided from the waters of the Baltic 

'I~' ' hy a hydrological front. At the end of 
1'1/0s, lhis front was located in the Trbe 

tlll / 11. In the assessment period, as a result 
1111• high river run-off and the decreasing 
11flly, lhis front drifted to the west and there 

.1 decrease in the input of more saline 
I 1 lr om the Baltic Proper. 

uplltlllg the periods 1976-80 and 1988-93, 
' '' dearly a westward shi ft of the hyllro

·tl ltont, e.g., a sigr_1j ficant decrease in the 
I 11111111 and v·ertical · sal ini ty gradients. 

1h1· salinity differences between the Trbe 
•II 1111d lhe Gulf during 1976-80 and 1988-

' " ' 0.67 and 0.53 psu. During these two 
· I ~. I he 0-10 m layer differed from the 
ltollt)fll layer of the Irbe Strait (20-30 m) 

I r.ll nnd 0.44 psu, respectively. Compared 

Avenge (1989-93) 

to these temporal variations, no summer max
imum of the salinity was observed for the deep 
layer and the vertical strati fication decreased 
(Fig. 4.3.4 b). 

4.3.1.4 Oxygen 

During the assessment period the variability of 
the oxygen concentrations and the seasonal 
course of the oxygen saturation in the upper 
water layer, with a maximum in May and a 
minimum in winter, were identical with the 
corresponding data for the period 1979-88. For 
the near-bottom layer, identical behaviour for 
both periods was only observed for the cold 
season (December-April ; Fig. 4.3.5 a). During 
the period of vertical stratification of the water 
masses (May-September), the oxygen satura-

7.0 

:J 6.0 
il 
d .. .. 
>. 5.0 IC 

•• 
~ • 

..... 
.~ 

• ~ ·, !'---
0 

• 
4.0 

1961 1~ 1971 1976 

l ion in the near-bottom layer was I 0-15 % 
higher than in 1979-88 due to a better vertical 
mixing (Fig. 4.3.5 b; Table 4.3.1). 

The oxygen saturation minimum in late 
September and early October was for the peri
od 1989-93 about 5-l 0 % lower than for 1979-
88 (Fig. 4.3.5). However, this must not neces
sarily indicate a real trend because changes 
were made duri ng the monitoring period 
regarding the sampling depths. 

Until 1985, the oxygen concentrations of the 
deep water showed for the period 1964-93 a 
gradual decrease of the summer (August) val
ues. Thereafter, 1he concentrations increased 
again (Fig. 4.3.6). The explanation for 1his pal
tern can be relaled to the statistically signifi
cant negative correlation (n=76, r=-0.69, 
p=O.O I) between the oxygen concentration and 
the salinily in the near-bottom layer measured 
during 1979-93 always in summer ( 1-21 
August). Consequently, the oxygen concentra
tions below the thermocline seem to be main
ly governed by the strati fication conditions 
which can be described by the vertical density 
gradient and the salini ty level in the near-bot
tom layer. This is conlrary to the conclusions 
from previous studies l75,542] which empha
sized the anthropogenic impact as the main 
factor influencing the oxygen concentral ion 
whereas the natural variables, as e.g., the oxy
gen concenlration in spring, the salinity in 
summer, the increase of salinity from spring to 
summer, were only given secondary impor
tance. Concluding, the growth of the oxygen 
concentral ion in the near-bottom water layer 
of the Gulf of Riga during the assessment 
period seems to be primarily due to intensifi
cation of the vertical mixing. 

• 

Fig. 4.3.6 Long-term changes of oxy
gen concentrations (cm3 dm·3) in the 
deep layer (30-50 111 ) of the Gulf of 
Riga (A ugust) 

• 

• ~ 
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~· • 

• •• 
• 
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1
14.3.2 
Hydrochemistry 
A. Yurkovskis1 , M. Mazmachs 

In the upper layer, according to the data from 
G 1 (Fig. 4.3.7), the seasonal cycle of phos
phate in 1989-93 was characteris~d b~ concen
trations of up to 1. 1 11 mol dm·3 tn wtnter and 

3 . . 
by a sharp drop to <0. 1 11 mol dm· tn spnng. 
The hioh winter level of total phosphorus of up 

0 . 

to 1.411mol dm·3 continued during spnng, sup-
ported by flood water inflow. The summer 
minimum of total phosphorus was below 0.8 

11mol dm·3. The depletion of the 'nitrate' 
(nitrate+nitrite) winter pool in spring was part
ly masked by the riverine input. In spring, the 
concentrations were mainly in the range of 
0.2-1.0 11mol dm·3, whereas in winter they 
were ~1 5 11mol dm·3. Maximum levels of total 
nitrooen were observed in spring and summer. 
The =nnual minimum of silicate was found in 
spring with concentrations in the range of 0.6-
1.6 11mol dm·3. 

I 

In the deep layer (Fig.4.3.8), during 1989-93, 
concentrations of phosphate and total phos
phorus were found to decrease _in sum1~er, 
despite regeneration of the nutn~nts takmg I 
place after the phytoplankton spnng bloom. 
The seasonal patterns of nitrate, total nitrogen 
and silicate indicate their build-up in the deep 
water durino spring and summer. The seasonal 

0 . . 

variations of total phosphorus and mtrogen 111 

the deep layer were similar to their behaviour 
in the upper layer, and this reflects the rather 
good vertical exchange in summer. A compar
ison of the seasonal data for the three assess
ment periods indicated that there have be~n 
changes in the Gulf of Riga during 1979-93 Jl1 

both the amount of nutrients involved in the 
annual cycles and in the internal structure of I 
the nutrient cycles. 

The structure of the nutrient winter pool was 
found to vary in the long-term. The gradual 
increase of the N03:P04 ratio from 19 in 1989 
to 28 in 1991 was fo llowed by a sudden drop 
to 13 in 1992-93. For the period 1989-93, the 
silicate-to-phosphate ratio was observed to be 
between II and 17. During 1974-88, the inor
oanic NIP ratio was 13-27 with a tendency to 
0 

increase with time. 

The aforementioned nutrient ratios do not 
describe the actual nutritional conditions just 
before the spring bloom. The structure of the 
pre-bloom winter nutrient system was further 
altered by flood water inflows during the 
spring, which also had a similar effect on the 
nutrient concentrations in May. Unfortunately, 
these additional inputs effectively eliminated 
the possibility of cmTying out nutrient assimi
lation calculations. In the few cases when the 
• see ANNEX 11.3 for addresses of authors 
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Fig. 4.3. 7 Box-and-whisker plots for 
the seasonal nutrient concentrations 
(pmol dnr3) in the upper layer (0- 10 
m) of the Gulf of Riga at station G 1 
during 1989-93 
(Outliers Inside the outer bounds are plotted as 
stars and those outside as circles) 

phosphate values in the upper layer were \ 
above the detection limit, average 6 N : 6 P 
ratios of 14.3 for 1983 and 15.2 for 1993 were 
obtained. These values are close to the 
Redfield ratio for the assimilative nutrient 
uptake. In 1992, when the phosphate pool was 
more depleted, increased mean values for 6 N: 
6 p (19.4) and 6 Si : 6 P (14.4) were f~und. I 
During the 1970s, the spnng concentratiOns of 
phosphate and inorganic nitrogen compounds 
in the surface layer were usually close to zero 
although phosphate values were occasionally 

Beginning in 1991 , the silicate spring conccu 
trations began to approach zero. Although till 
phenomenon had been observed before, it wu 
only seen in a few cases during 1985-86. Tim 
during 1989-93, a transition from ph~spho111 
limitation to a simultaneous shortage tn pho 
phorus, nitrogen and likely silicon, took pl:n 
during the phytoplankton spring bloom. It 
summer (August) 1988-92, nitrate concenlht 
tions of 1-3 11mol dm·3 co-existed with Zl'tt 
levels of phosphate in the upper layer. Silicut 
was not deficient in summer. 

as high as 0.2-0.3 11mol dm·3. Since 1 98 1-~2. To evaluate the long-term changes, the dul 
'zero phosphate' at the beginning of the spnng from winter (February) and summer (Augu'l 
bloom was usually accompanied by a surplus are used. The winter pool of nutrients rep11 
in nitrate which frequently reached maximum 

1 

sents a pre-spring situation under condition~ t 
concentrations between 10 and 20 11 mol dm·3. relatively low biological activity. The su_m1111 
However, in the final stage of the phytoplank- pool o~ nutrients in the d~ep waters cons1s~' 1 

ton bloom, nitrate was also mainly consumed. the spnng excess of nutnents and regener,lh 
From 1992 onwards, such a nitrate excess in I nutrients. To chara~tense the w1_nter pool 1 

May was not observed. nutrients properly, mstead of ustng only lh 
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1"'1 layer (0-1 0 m), the layer 0-40 m was 
" ronsidered. This should compensate for 

1 h'rcnces caused by an often observed 
tutnogeneous distribution of the concentra
~~~. The winter pool of phosphorus showed a 
•Wih during 1974-93 with 0.016 and 0.022 
''' dnr3 yr·1 for phosphate (r2=0.69; p=O.O I) 
I tntal phosphorus (r2=0.67; p=0.02), I 
)li't'tively (Fig. 4.3.9) . The long-term 
u'tt,ing trend of the phosphate winter con
tlhtllons was found to accelerate during the 

'mcnt period, and even higher phosphate 
til'' fou nd in 1995 support the exponential I 
•ttn•tcr of the curve shown in Figure 4.3!9. 
•Ill K5 %of the variability of the phosphate 
• · " due to the di ffereJices found between 

Yl'ars. It appears that the upward trend of 

1 
phu~phate winter pool was governed by 

'llil)logenic sources during the 1970s and 
11 , when a steep rise took place in the eco-
lh nctivities over the drainage area. I 
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Fig. 4.3.8 Box-and-whisker plots for 
the seasonalnutrielll concell/rations 
(pmol dnr3) in the deep layer (30-50 
m) of the Gulf of Riga at station G I 
during 1989-93 
(0u11iers inside the outer bounds are ploHed as 
stars and those outside as circles) 

Changes in the nitrate winter pool have been 
even more complicated (Fig.4.3.9). Despite 
large interannual variabilities, the period of 
1974-91 might be statistically described as a 
time when there was a general growth of 
nitrate (r2=0.69; p=0.008). The highest nitrate 
value in February 1991 could be due to inten
sive land-based loading in 1990, partly related 
to the highest fresh water input observed dur
ing the assessment period. The subsequent 
downward trend of nitrate seems to be realis
tic, as about 45 %of the winter nitrate dynam
ics dver 1974-93 can be explained by the vari
ability of the river discharge. The positive cor
relation between the nitrate and silicate winter 
levels (r2=0.45; ph0.2; 1988-93) supports the 
conclusion that there were high contributions 
from the drainage area to the nitrate pool. 

The changes in the total phosphorus summer 
level for the deep waters reflect the long-term 
dynamics of the winter data, and support the 

positive long-term trend (r2=0.76; p=O.OOOOl; 
Fig. 4.3.1 0). The increase of 0.018 11mol dm·3 

yr·1 of the total phosphorus concentrations in 
summer in deep water reflects the rates for the 
increase of phosphate and total phosphorus in 
winter. The nitrate summer concentrations 
below the thermocline show an upward trend 
for 1975-91 (r2=0.69; p=0.0002) and a 
decrease for 1989-93 (r2=0.98; p=O.OO I; Fig. 
4.3.10). Similar to the winter pattern, the max-

I 
imum values in summer were also observed in 
1989/90. The decrease in summer nitrate over 
the period 1989-93 was found to be 3.06 11 mol 
dm·3 yr·1. The fresh-water input explains 56 % 
of the nitrate dynamics for the period 1975-93. 
However, it should be noted that the use of fer
tilisers in the Latvian agriculture, which was 
gradually increasing during the late 1970s and 

1 1980s, dropped sharply after 1989. These 
man-made impacts, coupled with changes in 
inputs from the drainage area, may therefore 
have significantly influenced the actual long-

1 

term course of the nitrate concentrations. 
However, the drastic growth of the phosphate 
and total phosphorus levels in the early 1990s 
which appeared in parallel with the nitrate 
drop seems to result from variations of the 
internal biogeochemical processes in the Gulf 
(e.g., phosphate release from sediments). 

I 
Special attention should be paid to silicate, 
since in the deep waters (Fig. 4.3.1 0) as well as 
in the upper layer, silicate summer concentra
tions decreased continuously over the period 
of measurements. There was a significant neg
ative trend for the deep (r2=0.81; p=0.0004; 

I Fig. 4.3.1 0) and upper layers (r2=0.62; p=O.O I; 
1984-93) with changes in silicate concentra
tions of 1.5 and 0.44 11mol dnr3 yr·1, respec-

1 

tively. The negative correlation between sili
cate and total phosphorus in the deep (r2=0.55; 
p=0.02) and surface waters (r2=0.58; p=0.02) 
for 1984-93 suggests that the decrease in sili-

1 

cate followed the increase in phosphorus. The 
silicate loss was about 12.5 times that of the 
phosphorus increase in the upper layer. This 
meets almost the assimilative stoichiometry 
for both elements. 

A nutrient budget model based on the data 
from 1989 [73 /] showed that the Gulf of Riga 
entirely exports the phosphorus it receives 

I 
from land to the Baltic Proper, and that about 
37 % of this phosphorus is exported as phos
phate. However, according to the model, only 
25 % of the Gulf's nitrate load enters the 
Baltic Proper. Estimates are possible as to how 
the decreasing nitrate levels in the Gulf could 
influence relevant parts of the nitrogen limited 

I 

Baltic Proper. A comparison of the silicate lev
els of the Gulf of Riga and the Gotland Basin 
identifies the Gulf as a potential si licon 
importer over the whole year. 
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Fig. 4.3.9 Long-term changes of win-
ter (February) phosphate, total phos-
phorus and nitrate concemrations in 
the Gulf of Riga, 1974-93 
(mean values for stations G l , 119 and 123; D-40 m 
layer; dashed line: long-term mean) 
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Fig. 4.3.10 u mg-term changes of 
total phosphorus, nitrate and silicate 
summer (August) concentrations in 
the Gulf of Riga, 1974-93 
(mean values from 9 national deep-water monitoring 
stationS; 2D-40 m; dashed line: long-term mean) 

4.3.3 Pelagic 
biology 
4.3.3.1 Phytoplankton 

B.Kalveka1 

Data from five stations, including G1 (Fig. 
4.3. 1 ), have been analysed during this assess· 
ment. Following treatment of the samples with 
formaldehyde, the plankton biomass wa~ 
determined using the sedimentation method. 

Studies of phytoplankton over 1979-93 
showed a hioh stability of the species compo 

0 • 

sition for the spring phytoplankton commum 
ty. In spring, the diatom genera Tlwlassiosim, 
Aclmanthes, Chaetoceros and the dinoflagel 
late Peridiniella catena/a were found in their 
laroest development phase (Table 4.3.2). A 

b • 

comparison of data on the species structul\ 
and bioproductivity of phytoplankton revealed 
certain differences between the assessmem 
periods. These differences were caused b) 
interannual changes of the water temperat~fl 
in May, at a time when the samples were bemJ 
collected. Thus, they reflected different stage 
of the spring community succession. The biu 
mass of the arctic species Aclmanthes taenim. 
sharply decreased and the biomass ul 
Peridiniella catenata increased during th 
warm springs within the period 1989-91 
which contrast with the less warm springs t• 
1979-83 and especially the cool springs t 
1984-88. In 1989-93, the biomass <' 
Chaetoceros wighamii dropped considerabl1 
as compared with the biomass observed durin 
1984-88. Changes in the biomass ratio of w 
tain species resulted in a decline of the tol 
biomass of the spring phytoplankton commu 
nity in 1989-93 which was lower than in 1970 
83, and especially low as compared with 1981 
88. During 1989-93, the proportion t 
Dinophyceae increased and that t 
Diatomophyceae decreased in phytoplanktc11 
unlike 1984-88 (Fig. 4.3.1 1 ). 

Characterising the total biomass in May for tl 
three five-year periods it was noted that 11 
phytoplankton was nearest to its initial spdn 
bloom stages in 1984-88. However, even th• 
shifts in time of the development of tl 
microalgae were recorded. This happened h 
example in May 1984 when the peak of tl 
bloom had already passed, as well as in tl 
cold year of 1987 when the community 11 

still at the initial stage of its succession. Lou 
term observations showed that the grcnh 
biomass of the diatoms Acluwnthes tae11111 

(13,700 mg m·3) and Chaetoceros wiglum 
(4,800 mg m·3) was reached in 1985. Tl11 
intensive development was caused by a ~ ~~ · 
warming of the water and the low temperalu 
of the upper layer, but it was also influcm 
by a nutrient input fo llowing the spring til 
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1979·83 1984-88 1989·93 

~ N=5, S=5 N:S, $:5 N:4, S=4 
Thalassiosira bait~ 2..lli Achnanthes taeniata !.m Thalassiosira baltica ~ 

(6,967, n=S) (13,700, n=S) (5, 722, n=4) 
PetidinieUa catena/a l....1i!l Chaetoceros wighamii 1.ill Peridinietla catena/a 2..ill 

(2,696, n=S) (4,800, n•S) (4,963, n=4) 
Achnanthes taeniata ill Tha/assiosira baltica .L.ill Chaetoceros wighamii ill 

(1.708, n=4) (4,669, n=S) (874, n=4) 
Chaetoceros wighamii ill Peridinietla catenata ill Melosira nummuloides ~ 

(514, n=S) (1,173, n=S) (1 40, n=4) 
Melosira nummuloides u Melosira nummu/oides ll Achnanthes taenia/a ll 

(267, n=S) (226, n=4) (139, n=2) 

lillilD« 
Oomphosphaeria spp. ll Actinocyclus octonarius ll Oinophysis acuminata ill 

(152, n•S) (316, n=4) (174, n=4) 
Olnophysis acuminata ~ Oinophysis acuminata i3. Actinocyctus oclonarius ~ 

(168, n=S) (90, n•S) (226, n=3) 
Actinocyclus octonarius lZ Gomphosphaeria spp. 2.a Gomphosphaeria spp. §.a 

(85, n=4) (74, n=3) (154, n=4) 
~izomenon nos-aq. 1Q Oocystis spp. z Oocysfis spp. H 

Oocystis spp. 
(36, n=S) (18, n=S) (72, n=4) 

~ Aphanizomenon flos·aq. § Ap/lanizomenon flos-aq. u 
(9, n=4) (13, n=4) (53, n=4) 

Cryptophyceae M Cryptophyceae M Cryptophyceae M 
(2.7, n=3) (2.1, n=t) (13, n=4) 

Pyramimonas sp. ~ Pyramimonas sp. w Pyramimonas sp. 2d 
(2.2, n=4) (0.1, n•l) (6, n=4) 

~ 
Cosalodiscus ~rarii ill Coscinodisc~ granii bill Coscinodiscus grarii ~ 

Ac~nocyclus oetonarius 
(660, n=4} 

Actinacyclus octonarius 
(2,744, n=S) (5,479, n=4) 

ill .. · ill Actinocyclus octonarius ill 

Oomphosphae~ spp. 
(476, n=S} (738, n=S) (226, n=4) 

21. Chaeloceros danicum ll Gomphosphaeria spp. u 
Chaetoceros danicum 

(186, n=4} (158, n=3i (128, n=4) 
11 Gomphosphaeria spp. .u Chaetoceros danicum ll 

(23, n=4} (66, n=4) (83, n=4} 
Aphlnizomenon flos-aq. z Aphanizomenon nos·aq. a Aphanizomenon llos·aq. 2 

(33, n=4} (10, n=3) (5, n=3) 

(arilhmelicai!D.ltilll (maximum) values of species wet-weight biomass in mg m"; N • lotal number of samples, 
S • number of slalions, n • number of samples in which species were dominating) 

• hct, which reached the central part of the 
III II of Riga. 

' lhl! summers of 1989-93 and 1979-83, the 
111llt:st share of the phytoplankton communi-

was occupied by the blue-green algae 
•ltwtizomenon flos-aquae and Gomphos
rtt•ria spp. and by the dinofl agellate 
ltllflltysis acuminata. In 1984-88, the plank
n 1'\lmmtmity was dominated by the diatom 
tlnocyc/us octonarius and the dinoflagellate 
llltlflhysis acuminata (Table 4.3.2, Fig. 
I II ). The diatoms also dominated during 

I 88, but only because of their high values 
ltl!l8. This was not a typical phenomenon 

,) wus caused by unusual meteorological and 
lwlugical conditions in the Gulf of Riga. 

unalysis of long-term data sets showed 
t lhc summer phytoplankton in 1989-93 had 
111'1 total algal biomasses than those found 
tht• previous two assessment periods ( 1979-
1 l'his was caused by cyanobacteria, I 
'"'phyceae and other groups, especially by 

species Gomphosphaeria spp., 
11111i:.omenon flos-aquae, Dinophys'is I 

111tlnata, Oocystis spp., by Cryptophyceae 
I l'l'lwnimonas sp. (Table 4.3.2). For the 

llJ:. 4.3.11 Distribution of the mean 
/1/omass of different algal classes (in 
111~ 111 3) in spring, swwner and 
wtt/11111 at station G1, 1979-93 

summers of the period 1979-93, a reliable pos
itive trend of the phytoplankton total biomass 
was observed. This could be the result of a 
growing degree of trophy in the Gulf of Riga. 

mg rri 
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Table 4.3.2 Dominating phytoplank
ton species in the Gulf of Riga during 
the three assessment periods 

The autumn peak of phytoplankton was 
formed by the diatoms Coscinodiscus granii, 
Actinocyclus octonarius and Chaetoceros dan
icum, and this was always less pronounced 
than the spring peak (Table 4.3.2, Fig. 4.3. 11 ). 
For October, the total biomass of phytoplank
ton showed an increasing tendency during the 
three assessment periods. These changes were 
connected with a growing productivity of 
Bacillariophyceae, especially of the major 

I 
species Coscinodiscus granii. In 1979-83, the 
share of Coscinodiscus at the total algal bio
mass was 47 %, and this increased to 81 % 

I 
during 1984-88 and again to 88 % during 
1989-93. The maximum value of the biomass 

I 
of Coscinodiscus granii was observed in 1989, 
and this is considered to be due to the espe
cially favourable hydrological and hydro-

1 

chemical conditions for this species during 
that year. 

In the Gulf of Riga, the following potentially 
toxic phytoplankton species were identi fied: 
Aphanizomenon flos-aquae, Nodularia spumi
gena, Coelosphaerium kuetzingianum, Chae
toceros danicum, Dinophysis acuminata, 
Dinophysis acuta and Prorocentrttm balticum. 
The dominating species were Aphanizomenon 
flos-aquae, Dinophysis acuminata and 

I 
Chaetoceros danicum. Aphanizomenon flos
aquae causes summer blooms of blue-green 

1982 

mg rri 

- Oiatomophyceae 

f225a Dinophyceae 

c::::J Cyanobaaeria 

c::::J Others 

AUTUMN 

11180 1985 1990 
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algae, and these are usually observed in 
July/August. The biomass of potentially toxic 
species (Aphanizomenon jlos-aquae, Dinophy
sis acuminata) increased in 1989-93 by com
parison with that found during 1979-88 (Table 
4.3.2). 

4.3.3.2 Chlorophyll a 

B. Jansone1 

Material obtained at six national stations was 
analysed for the assessment (Fig. 4.3.1 ). 
During spring, the yearly maximum for 
chlorophyll a was observed (Fig. 4.3. I 2.). 
Assessing the monitoring data, obtained at the 
beginning of May each year, showed that 
before 1985 there was a long-term growth of 
the pigment concentration in the Gulf of Riga. 
In the fo llowing years, this tendency was 
reversed (Fig. 4.3.12). The lowest values of 
the pigment for the period I 979-93 were 
obtained during 1989-93 (Table 4.3.3). This 
was caused by the fact that due to high water 
temperatures in these years the phytoplankton 
community was already on the final stage of 
its spring succession when the biomass started 
considerably to decrease. The curves for the 
long-term dynamics of chlorophyll agree well 
with analogous curves on temporal changes of 
the total phytoplankton biomass. 

In summer (August), the chlorophyll concen
trations were low and varied considerably 
from year to year (Fig. 4.3. 12). On the basis of 
mean data for the three assessment periods, 
there was a slight tendency for increasing pig
ment concentrations during 1979-93 (Table 
4.3.3). Data obtained at national stations dur
ing 1972-93 strongly supported this tendency 
of increasing chlorophyll concentrations 
(r2=0.25; p=0.02; n=21 ) (Fig. 4.3.12). 
However, it should be noted that from I 992 
onwards the chlorophyll concentrations began 
to decrease. There was a remarkable improve-

Fig. 4.3.12 Long-term changes of 
chlorophyll a concentrations in the 
Gulf of Riga in May, August and 
Octobe1; 1972-93 

(ImaD values for the 0·10 m layer, in mg m" ) 

rrgm .. 
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August 

Spring Summer Autumn 

1979·83 illtS.O 2!±0.7 M±O.S 
(12.7-24.6) (1.9·3.7) (4.1-5.0) 
n=24 n=30 n=18 

ill± 1.8 ~±1.1 ~ 
(16.2-19.5) (1.5-3.9) (3.3-3.3) 

1984-88 

n=24 n=24 n=6 

1989-93 ID±6.8 ~±1.6 ~±7.2 

(4.3-19.8) (1.6·5.2) (2.5-15.2) 
n=24 n=30 n=18 

(~ values, standard deviation and range - in 
mg m·3 - for the 0-10 m layer) 

Table 4.3.3 Basic statistics on chloro
phyll a at six national monitoring sta
tions in the Gulf of Riga, 1979-93 

ment in the statistical significance of the trend 
for 1972-9 I (r2=0.5 I ; p=O.OO I ; n= 19) com
pared with that during 1972-93 which support
ed this observation. The decrease of the sum
mer chlorophyll level for I 992-93 was proba
bly due to both a decrease of the inorganic 
nitrogen pool and a change of the species 
structure of phytoplankton, i.e., the growing 
importance of blue-green algae. Together with j 
chlorophyll a, phycobilin and phycocyanins 
are known to dominate in cells of this algae. 

In spring (May) I 989-93, the species 
Synchaeta spp. (mainly S. baltica), Acartia 
bifilosa and Eurytemora hirundoides were 
found to dominate. Though varying consider
ably, by comparison with the previous five 
years, their abundance was found to increase 
during 1989-93, particularly for rotifers. This 
phenomenon was caused by higher water tem
peratures in 1989-93 as compared with I 979· 
88, leading in May to a later stage of the spring 
succession of the zooplankton community 
which was characterised by a significant 
increase in the abundance of the rotifers gen 
Synchaeta. In warmer springs of 1989-93, thl' 
total abundance and biomass were larger than 
those found during the less warmer (I 979-83) 
and the cool periods (I 984-88) (Table 4.3.4).11 
one considers the whole series of observation' 
during 1960-93, it is possible to produce n 
more accurate analysis of the fluctuation~ 
(periodicity) of the biomass and species com 
position of zooplankton (Fig. 4.3. I 3). It ha• 
been shown [348] that the long-term dynamic• 
of the zooplankton abundance in spring (May) 
is closely connected with the severity of win 
ter conditions and has approximately the san11 
periodicity. 

During 1989-93, the dominating zooplanktoh 
species in summer (August) were Bosmim 
coregoni maritima, Ewytemora hirundOi(fl 
and Acartia bifilosa. The amount of A. bifilo.h 
and especially B. coregoni maritima increast• 
in these years as compared with 1979-SK 
whereas the abundance of E. hirundoicll 
decreased. High increasing rates for B. c01·ego 
ni maritima resulted in an increasing share 11 

cladocerans and a decreasing share of copt 
pods in the total abundance and biomass u 
zooplankton. The total zooplankton abundam 
observed in August I 989-93 was simi lar 1o 

that of the period 1979-83 (Table 4.3.4), bu 
with slight variations each year, and hight 
than that during the period 1984-88. The hi~h 
est total biomass was recorded in I 979-83 an 
the lowest in 1984-88, with intermediate v11l 

The autumn (October) data indicate that there 
was a tendency of chlorophyll concentrations 
to increase during I 972-89 (Fig. 4.3. 12). The 
data for the subsequent years are not quite 
comparable because the measurements were 
made later during the year. Nevertheless, 
owing to exceptionally high autumn concen
trations of chlorophyll a in I 989, the mean 
value for 1989-93 was essentially higher than 
that for I 979-88 (Table 4.3.3). 

4.3.3.3 Mesozooplankton 

E. Kostrichkina1 

Generalized data on zooplankton were 
obtained from 6 to I 0 national stations, and 
these were used in the assessment (Fig. 4.3. 1 ). 

October 
15 

10 

5 

I 
ues for the assessment period 1989-93 (Tah~ 
4.3.4). 

o~~~~~~~~ o~~~~~~~~ o~~~~~~~~ 

The analysis of the data on the Jong-tc11 
dynamics of the total summer zooplankh 
biomass for 1960-93 showed that the gro1~1 
of total biomass began in the early I 970s 111~ 
continued until the beginning of the 19XI 
(Fig. 4.3.13). During 1960-83, the increas~ 1 

biomass coincided with the growth in nuttit 
concentrations which determine the phyh 
plankton productivity (r2=0.90, p=O.OJ) !34.1 
Statistically reliable connections with oth 
environmental factors could not be detcch 
After I 983, the biomass of zooplankton vatu 
considerably from year to year and did 11• 

show any clear tendency (Fig. 4.3.1 3). A 
result, the positive trend of the total bion111 
calculated for the whole period 1960 11 

became less significant (r2=0.23, p=0.05). 
1970 1975 1980 1985 1990 1970 1975 1980 1985 1990 1970 1975 1980 1985 1990 

' see ANNEX 11.3 for addresses of authors 
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Table 4.3.4 Long-term 
dynamics of zooplankton 
total abundances ( 1()1 
in d. nr3) and total wet 
weights of biomass (mg 
nr3) in the 0-40 111 layer 
of the Gulf of Riga in 
May, August and 
Octobe1; 1979-93 

May 

August 

October 

Abundance 
Biomass 
n 
Abundance 
Biomass 
n 
Abundance 
Biomass 
n 

In autumn (October) 1989-93, Acartia 
bt/ilosa, Eurytemora hinmdoides and 
\wwhaeta spp. (mainly S. baltica) were domi
llnnt. In 1989-93, the abundance and biomass 
ul the fi rst two species were lower than those 
•lilt ing 1984-88, but similar to those found 
•luring 1979-83. The abundance of Synchaeta 
pp. decreased in comparison to the previous 
"'cssment periods. However, there wer~ no 
onsiderabJe:changes in the species eomposi-

llun of the zooplankton community. In 
I 1\'tober I 989-93, the total abundance of zoo
l•lnnkton was close to that of I 979-83, but 
nwcr than that in 1984-88. The total biomass 
II ' less than in 1979-83 and especially low 

ompared to 1984-88 (Table 4.3.4). For 
11111mn, the long-term dynamics of the zoo-

phmkton biomass depends on temperature and 
hij1d conditions [348]. During the last years 
111'\C relationships were interrupted. The long- I 

1111 dynamics ( 1960-93) of the zooplankton 
•hunass revealed strong interan nual fluctua
• •n ~ and a lack of a clear overall trend, i.e., 

lwtc were periods of decrease (I 973-79, 
'IK6-93) and increase ( 1960-72, 1980-86) 
I ill, 4.3.1 3). 

111ny be concluded that a noticeable effect of 
•1t111phication on zooplankton was revealed in 
unmcr. Therefore, the analysis of the long
'"' dynamics of the number of the main 
·des and of the trophic structure of the 

•ntmunity is given for this season. Figure 
I 14 shows that during 1960-93 the abun

Hil'C of Bosmina coregoni maritima 
tl'ascd more efficiently than that of Acartia 

/1/o.m. The abundance of Ew)'temora hinm
•lrlt•J and Synchaeta spp. increased until the 
111 1980s and Kerate/la spp. increased until 

mid- 1970s. Thereafter, the abundance of 
three species decreased. After 1965, the 

1111dance of Limnocalamts grima/dii showed 
h•ur_decreasing trend to almost the point 0f J 

llfll'llon. I 

f•'i~. 4.3.14 Abundance of the main 
111mmer (A ugust) zooplankton species 
(ill 1()1 ind. m·3) in the Gulf of Riga, 
/IJ60-93 

• I 

1979-83 

11.7 
201 
43 

97.2 
1,034 

79 
23.5 
232 
34 

mg m-3 

600 

400 

200 

1984-88 

12.8 
124 
50 

62.0 
752 
64 

32.3 
269 
32 

1989-93 1979-93 

36.2 19.1 
272 194 
46 139 

96.2 84.2 
975 916 
45 188 Fig. 4.3.13 Total wet-weight biomass 

22.6 26.6 of zooplankton (in mg m·3) and the 
190 233 biomass of its main taxonomic groups 
32 98 in the Gulf of Riga for May, August 

and Octobe1; 1960-93 
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Table 4.3.5 Long-term dynamics of 
the total bacterial number (TBN: J{j 
cells cur3), bacterial biomass (BBM: 
pg C dnrl) and number of_saprophyt-
ic -colony forming- bactena (CFB: 
1()3 colony forming units cnr3) in 0.5 
m depth at station 119, May, August 
and October 1979-90 (1993); one 
sample per season and year 

1985 1990 

May 

August 

October 

4 

3 

1980 

BBM 
250 

200 

150 

100 

50 

1980 

CFB 
1E+7 

1E+6 

1\ 1E+S 

1E+4 

1E+3 

1E+2 

1980 

TBN 

1979-83 1.73 
1984-88 2.75 
1989-90' 3.92 
1979-90' 2.52 

1979-83 3.34 
1984-88 3.07 
1989-90' 3.38 
1979-90' 3.23 

1979-83 1.98 
1984-88 2.15 
1989-90' 3.19 
1979-90' 2.26 

• CFB given for 1989·93 

• see ANNEX 11.3 for addresses of authors 

1985 1990 

1985 1990 

-0 
1985 

BBM 

84 
162 
214 
138 

173 
201 
184 
186 

101 
122 
183 
123 

1990 

CFB 

8.4 
15 
1.5 
8.6 

12 
520 
100 
210 

170 
9.4 
66 
88 

Fig. 4.3.15 Biomass of swnmer 
(A ugust) zooplankton species (in_mg 
url) belonging to different tropluc 
levels% in the Gulf of Riga, 1970-93 

Fig. 4.3.16 Total bacteria/number 
(TBN: 1rP cells cm·1), bacterial bio
mass (BBM: pg C dnr3) and number 
of saprophytic -colony fo_rming: bac
teria (CFB: colony formmg umts 
curl) in 0.5 m depth at station 119, 
May, August and October 1979-90 
(1993) 

In the 1980s and especially at the beginning_,,, 
the 1990s, changes of the zooplankton spect( 
structure and the increase of herbtvorr 
(Bosmina coregoni maritima) within the ~Otll' 
abundance and total biomass resulted m 
change of the community's trophi~ structun 
This was manifested by the growmg role 1 
herbivores in the community (Fig. 4.3. 15). 

4.3.3.4 Bacterioplankton 

L. Daksha1, E. Kostrichkina 

Data obtained at station 119 (Fig. 4.3.1) h111• 
been assessed. According to chlorophyll ' 
data this station reliably reflects the season 
biol~gical processes proceeding in the oil 
shore areas of the Gulf (r2=0.5 1-0.52; p=O.O\ 

The seasonal dynamics of the total bactcu 
number and biomass are clearly shown by dttl 
oained during seasonal surveys (Table 4.3.\ 
In 83 % of the cases, the maximum vahh 
were observed in summer, the remaining lllltl 
ima being found in spring. 

On the basis of the data collected in May, II 
long-term dynamics of the total bacterialnu1u 
ber and biomass showed a clear tendency I 
increase with time (r2=0.77 ; p=0.002, llh 

r2=0.86; p=O.OO I, respectively; ~ig. 4.3.1h 
Thus the bacterial number was htgher dut llt 
! 989~90 than during the two previous asst'' 
ment periods (Table 4.3.4). F~r August, th11 
was no clear long-term trend e1ther of the ll tl 
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bacterial number or biomass. During 1979-90, 
the total number of micro-organisms was 
upproximately constant, with the exception of 
the years 1980, 1984 and 1990 (Fig. 4.3.16). In 
the warmest summers 1989-90, the total bacte-
1 ial number was analogous to that of 1979-83, 
hut slightly larger than during the colder sum
tm:rs 1984-88 (Table 4.3.5). Regarding the 
lung-term dynamics of the bacterial biomass, 
two levels could be disti nguished, higher val
lies during 1979-80 and 1985-90, and lower 
vulues for 1981-84. Therefore, in 1989-90 the 
total bacterial biomass was higher than in 
11179-83, but lower than in 1984-88. 

In October, the long-term dynamics of the total 
hactcrial number and biomass was more pro
uuunced than in summer. In 1979-81 , these 
ll,tnuneters changed comparatively litt le, but 
huwed a tendency of growth during 1982-90. 
\ccordi ngly, their values in 1989-90 were 
ltl):hCr than during the two previous five:~ear 
I~'' iods (Fig. 4.3. 16, Table 4}5). Thus, smce 
I•IHS, the data support an increase of the 
1 11~anic contaminant load to the Gulf of Riga 
tn ~pri ng and to a less degree in autumn, and a 
ltlhil isation of the load in summer. 

1111 vcys in 1979-93 on saprophytic bacteria, 
hich are characteristic indicators of water 

untamination for labile organic substances, 
lt tl not show any clear seasonal variations 
lhhlc 4.3.5). Maximum numbers were as fol-

lnws: 31 % in summer and autumn, and 8 % in 
pting. In the remaining periods, there were no 
,J\Onal dynamics. The May values measured 

hu ing 1979-93 did not show any tendency 
tthin the long-term dynamics of the sapro

ltytc number. Until 1982, numbers were ver_y 
uuilar, but grew sharply in 1983-84 to the1r 
uux imum. Thereafter, though varying 
•tween years, the saprophyte number 

I I'ICased (Fig. 4.3.16). In May 1989-93, the 
•tntnbcr of saprophytic bacteria was slightly 

t\Vcr than in 1979-83, but much lower than in 
I'IH4 88 (Table 4.3.5). 

llh' saprophyte numbers in August were 
It,,., vcd to increase with time. During 1979-
•1, there was a clear long-term tendency for 

numbers to increase (r2=0.41, p=0.025), 
'''Pt for the anomalously high number in 

IKH. This coincided with an increase of the 
tytnplankton productivity but indicated pos

,ltly also a growing contamination with labile 
J!i lll ic compounds. During August 1989-9~~ 
,uprophyte number was an order of magm

,J,. higher than that during 1979-83, .but was 
~~· r than that during 1984-88. For October, 
~uprophyte numbers'ditl not show a gener

llt•ndcncy, though some comparatively short 
duds of either growth, stabilisation pr 
• lt'IISe were observed (Fig. 4.3.16). 

lnWI'VCr, during 1989-93, this number was 
lwr than in 1984-88, and lower as com

u·d with 1979-83. 
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4.3.4 Benthic 
biology 
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4.3.4.1 Macrozoobenthos 

M. Ceitlina1 

Samples from station 119 (Fig. 4.3. 1) have 
been assessed. This station is considered to 
indicate the processes relating to the benthic 
fauna of the deep water area of the Gulf of 
Riga, and in addition the zoobenthos dynamics 
for great parts of the Gulf. 

During 1989-93, the species composition of 
zoobenthos was characterised by a low species 
diversity. Only 6 species were found and no 
more than 2-4 species occurred in any single 
sample. After 1990, the number of species 
decreased compared with that during 1979-88. 
The Shannon index (H' diversity) fluctuated 

. over the three assessment periods. It was high
~. est during 1979-83 (0.69), 1owest during 1984-

88 (0.32) and intermediate during 1989-93 
(0.59) (Fig. 4.3.17). 

The most considerable changes in the species 
structure and quantitative characteristics of the 
benthic fauna occurred during 1989-93 . 
During 1989-90, as well as in the previous 
decade, the dominating species was 
Pontoporeia affinis. Despite their low abun
dance, a considerable share of the biomass was 
also formed by Saduria entomon and Macoma 
baltica. From 1991 on, the abundance of 
Pontoporeia spp. sharply decreased, and the 
dominating species became S. entomon and M. 
baltica. In 1993, the polychaete Marenz.el/eria 
viridis which first appeared in the coastal zone 
in 1990, was recorded for the first time at sta
tion 119. In more recent years at station 119, 
the

1 
species number of Marenz.elleria viridis 

has been reduced and replaced by 
olig.ochaetes. 

1979·83 1984·88 1989·93 1979·93 

Abundance 4,807 4,874 2,497 4,059 
Biomass 19.3 14.7 19.3 17.7 

Fig. 4.3.17 Variations in the number 
of taxa and H' diversity at station 119 
in the sou them part of the Gulf of 
Riga, 1979-93 

During 1989-93, the total biomass of zooben
thos was similar to that observed during 1979-
83, but slightly higher compared with that dur
ing 1984-88. However, due to diminution of 
Pontoporeia spp., the total abundance 
decreased by almost 50 %compared with that 
during 1979-88 (Table 4.3.6). 

A more detailed assessment of the long-term 
dynamics of the total abundance of zoo benthos 
for 1979-93 showed considerable interannual 
changes. Until 1989, there was a tendency for 
growth, but in the fol lowing years the abun
dance sharply decreased (Fig._ 4.3 .1 8). Besides I 
a major decline of Pontoporew spp., there was 
also a minor decrease in the Macoma baltica 
abundance. By contrast, the abundance of 
Saduria entomo11 increased. The long-term 
dynamics of the zoobenthos total biomass h_ad 
a 'wavy' character (Fig. 4.3. 18). The maJOr 
part of the biomass was formed by both 
species of Pontoporeia until 1980, by P affinis 
during 1981-90, and by S. entomon after 1990. 
The long-term dynamics of the Pontoporeia 
spp. biomass did not show any clear tendency 
until 1990, but decreased sharply in the fol
lowing years. The biomass of S. entomon grew 
as a result of the increase in the number of 
individuals. In contrast, the incremental 
increase in M. baltica biomass was related to 
an increase in the number of big specimens. 
Simultaneously, the number of small speci
mens decreased. At greater depths of the Gulf 
of Riga, as found at station 119, the consump
tion of molluscs by fish can almost be ignored. 

4.3.4.2 Nectobenthos 

I. Kotta1 

In the Gul f of Riga altogether fi ve species of 
Mysidacea, i.e., Mysis relicta, Mysis mixta, 
Neomysis integer, Prawws flexuosus and 
Praunus inermis, have been found. M. relicta, 

Table 4.3.6 Long-term dynamics of 
the total abundance (ind. nr2) and 
biomass of z.oobenthos (g m·2) at sta -
tion 119 in the Gulf of Riga, 1979-93 
( 3 samples per year) 
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Fig. 4.3.19 Seasonal abundance (~nd. 
nr3) and biomass (mg nr3) dynam1cs 
of Mysis relicta, Mysis mix~a, . 
Neomysis integer and Mys1dacea 111 
the Salacgriva area of the Gulf of 
Riga, 1974-76 

Fig. 4.3.20 Dynamics of Mysis relic
w, Mysis mixta, Neomysis in~eger .J 

and Mysidacea abundance (111d. m ) 
and biomass (mg nr3) in the 
Salacgriva area of the Gulf of Riga in 
August-Septembe1; 1974-91 
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Fig. 4.3.18 Variations of the ~owl 
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species composition at statwn 119 111 

the southem part of the Gulf of Riga, 
1979-93 

M mixw and N. integer are the main necto 
b~nth ic species. P jlexuosus and P !nermit 
occur sparsely and in small numbers 111 shal 
low (5- I 0 m) coastal areas. 

Usino data of 1974-76 on the annual abun 
dane~ and biomass dynamics of M. relicti/ 
peaks can be discerned for spring (May) ~11111 
summer (July) (Fig. 4.3.1 9). In all sampk 
both young and adull specimens have b~r 

found. From Apri l to August, M. relulo 
females are present, bearing dev~lopt 
embryos. Consequently, the. reproduction 1 
M. re/icta is confined to spnng and sum1111 
and its abundance and biomass peaks are Cllli 

nected with the periods of intense reprodu· 
tion. The offspring of M. mixta appear fr111 
March to June. The graphs for both abundm11 
and biomass dynamics have a peak in June 111 

June/July, respectively (Fig. 4.3.19). Fu 
June (July) to November, the abundance 111 

biomass steadi ly diminish. For N. illl~ger. tl 
abundance and biomass regularly tncrt',l 
from June to September, i.e., during the pc111 
of its reproduction (Fig. 4.3. 19). High ~~~ 
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uhundances of mysids (>40 ind. m·3) have 
l ~~o·cn found for the period between May and 
\ugust. Despite an increase in July and 

October, the biomass of Mysidacea varies 
lll,ign ificantly from April to November (Fig. 
I. l.J9). A rather sharp decrease of the abun
•lnncc and biomass of M. relicta in September, 
uJ' M. mixta between July and September, and 
11! N. integer in October/November is probably 
tfllc to their consumption by fish [347]. 

I he highest biomass values for M. mixta and 
1/ n•licta were found after the severe winters 

111 1975-76, 1979-80 and 1985-87 ( 1988) when 
Ill' temperature in the bottom layers during 
Jlling was noticeably lower than after mild 
tntcrs (Fig. 4.3.20). The biomass of N. inte

,., was found to be related to the summer 
utpcratures. In the Salacgri va area, a high 

111111ass of this species occurred in periods 
llh warm summers (1979-83, 1985-91), i.e., 

1 years when the mean temperature o( the 
"·•~ t al waters during June .. lo August was 
f,u rfy above the long-term mean (Fig. 
I )0). However, for 1975 and 1987, the 
unmics of N. integer could not be related to 

'~l llnmer temperature conditions. For the 
11 11c period of 1974-91, the biomass of 
h\ldacea showed maximum values during 
t/1! Il l and I 985-91 (Fig. 4.3.20). Compared I 
1111 the previous assessment periods, the total 

111tlance of mysids in 1989-91 was higher 
111 those during 1979-83 and 1984-88. 

f angustissima, Stictyosiphon tortilis, Clado
phora mpestris, Enteromorplw ah/neriana, 
Zygnema sp., Tolypel/a nidifica, Chara 
canescens, Ch. aspen1, Ch. tomentosa, Ch. 
connivens and Ruppia maritima disappeared. 
At the same time, the areas wi th the green 
algae Cladophora glomerata and with the red 
algae Ceramium tenuicome have considerably 
widened [365]. The brown algae EctocCIIpus 
siliculosus and the phanerogam Potamogeton 
pectinatus were found to dominate in the inner 
part of Kuressaare Bight in 1976 [657j. In 
1990, E. siliculosus was not found. P pectina
tus formed occasional scattered tufts. In the 
open part of the bight, Myriophyllum spicatum 
was dominant together with C. glomerata and 
P littoralis growing as epiphytes on it. 
Potamogeton pe1joliatus and Pfiliformis were 
also identified. However, it should be stressed 
that this kind of damage in the bottom vegeta
tion of the northern Gulf of Riga is localised 
and has only been recorded in areas with high 
inputs, i.e., in the immediate vicinity of pollu
tion sources. 

Compared to the northern parts, the changes 
are much greater in the southern Gulf of Riga 
where the sandy bottoms do not favour luxuri-
ous growth of the vegetation. In addition, this 
area is affected by large rivers, including the 
Gauja, Lielupe and Daugava. In the 1980s 
[363], in comparison with the 1920s [624] and 

4.3.6 Summary 
During 1989-93, the climatic conditions could 
be characterised as 'Atlantic '. The period was 
warm, i.e., the air temperature in Riga was 

j 1.6 °C higher than the long-term mean. The 
river run-off exceeded the long-term mean by 
17 %. However, within the assessment period, 
a continuous decrease of both the air tempera
ture and the ri ver run-off was observed. The 
mean water temperature during the assessment 
period was 0.7-0.9 °C higher than that during 
1979-88, its seasonal course was normal and 
its variations were lower than those during 
1979-88. 

The salinity continued to decrease over 1989-
93, a process that had begun already in 1978. 
The lowest salinity was observed in 
May/August 1992 (5.3 psu). Previously, such 
low values had only be measured during 1928-
31. The variations in salinity across the Gulf 
were smaller than in 1979-88. The seasonal 
pattern of the salinity in the upper layer was 
normal. Due to a decrease in the inflow of 
more saline water, the summer-salinity maxi
mum was almost absent, and this favoured the 
decrease of the vertical stratification. For the 
upper layer, the oxygen saturation and its sea
sonal pattern were identical with the patterns 
during 1979-88. This was true as well for the 

crophytobenthos 

early 1970s [366], the number of taxa of bot
tom vegetation has decreased. All chloro
phytes disappered as well as Cladophorafrac-

l
ta, Anfeltia p/icata, Po/ysiphonia violacea, 

..;Hi/denbrandtia rubra, Ca/lithamnion roseum, 
Dictiosiphon chordaria, Chorda filum and 
Elachista lubrica. The habitats of Furcellaria 
lumbricalis and Fucus vesiculosus have also 
decreased. By contrast, the filamentous green 
algae increased intensively. The overgrowing 
of algae by epiphytes has increased as well. 

I near-bottom layer for the cold part of the year. 
However, during the period of vertical strati fi
cation (May-August), the oxygen saturation in 
the near-bottom layer was on average I 0-1 5 % 
higher than that during 1979-88. This could be 
explained by the decline of the vertical densi
ty gradient. During 1964-84, a gradual 
decrease in the oxygen content of the deep 
waters took place. This period was followed 
by an increase related to the intensity of the 
vert ical mixing. 

unplcs collected from the Gulf of Riga, I I 
1111 red algae, 9 species of brown algae, 15 
,,., of green algae, 3 species of charo

" '· and I 3 species of phanerogams have 
1 Identified [363]. The dominant species 

lhc red algae Ceramium tenuicorne, 
1lfJ/umiafucoidea and Furcel/aria lumbri

ihc brown algae Pi/ayella liuoralis, I 
'"pus siliculosus and Sphacelaria arcti-

1111 Fucus vesiculosus, and the green algae 
•fl/wra glomera/a and Spirogyra sp. The 
•tthytcs were found only in small 
1111\, Potamogeton filiformis, P. pectina
rlllllichel/ia palustris and Schoenoplectus I 
tlllt'IIIOI/tanii are the most frequt:nt 
ut~arns . I 

IIJllOs, in comparison with the 1960s I 
111/0s, the species conwosition of the bot
'lll'tation in the northern Gulf of Riga 
•u~1dcrably changed. These changes are 
ll•lliccable in the areas with high indus
llllllllunicipal loads. In the northern part 

Jllirnu Bight and in the Kuressaare / 
lht• number of bottom vegetation's taxa 
•'II hy II , i.e., the phyllophora Truncata 
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4.3.5 New species 
In summer 1991 , the cladoceran Cercopagis 
pengoi, representative of Ponto-Caspian 
fauna, was found for the first time in the 
coastal zone of the southern part of the Gulf of 
Riga. In 1993, this species was found also in 
the central parts of the Gul f, predominantly in 
the upper layer (0-10 m) as single individuals. 
In the shallow north-eastern part of the Gulf 
and in the Parnu Bight, this species was first 
recbgnised in 1992 [511] . In 1994, it was 
observed in the diet of herring. 

The polychaete Marem;elleria viridis, a North
American estuaries species, was discovered 
for the first time in 1990 along the southern 
coasts of the Gul f. In 1993, this species was 
found to occur on all types of soft sediment in 
coastal and open areas with abundances rang
ing between zero ( 10) and 320 ind. m·2 

During 1979-93, the nutrient regime of the 
Gulf of Riga changed, resulting in trends in the 
seasonal concentrations. During 1989-93, the 
highest phosphorus concentrations were mea
sured. The nitrate values dropped sharply and 
the negative trend of the silicate level contin
ued. The long-term variability of the ni trate 
concentrations during 1974-93 showed a gen-

1 

era! increase until 1991. Thereafter, the con
centrations decreased. This nitrate pattern cor
related well with the use of fertilisers in the 
drainage area and with the input of fresh water. 
The continuous growth of the phosphorus 
level during 1974-93 resulted mainly from an 
increase in the anthropogenic load. The partic
ularly high phosphorus values in the early 
1990s, accompanied by a decrease in nitrate, 
seem to reflect the effects of internal biogeo
chemical processes within the Gulf. The con-

I tinuous decline in the silicate concentrations 
since I 984 closely correlates with the growing 
phosphorus levels. It depicts the depletion of 
the silicate reserve under the conditions of a 

- ------
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progressing phosphorus input. In 1989-93, 
during the spring blooms of phytoplankton, a 
transition from phosphorus limitation to a 
simultaneous shortage of phosphorus, nitrogen 
and partly silicon took place. According to the 
data of 1989, the Gulf exports all the phospho
rus, deri ved by run-off from land, to the Baltic 
Proper. In contrast, the Gulf could be consid
ered as a potential silicon importer during the 
entire year. 

spp.) and the increase of the boreal Neomysis 
integer (abundance) and Macoma baltica (bio
mass). The lower abundance of relatively 
small and the higher biomass of the larger 
organisms during 1989-93 resulted in both a 
reduction in the total zoobenthos abundance 
for this period as compared with that during 
1979-88, and a biomass increase compared 
with that during 1984-88. The decrease in the 
Pontoporeia spp. abundance was considered to 
be produced by a growing stress in the preda

The long-term dynamics of plankton during tor-prey system by the omnivor Saduria 
1989-93 mainly reflected the changes in tem- entomon. Over shallow areas (<20 m), a max
perature and nutrient conditions. The increase imum increase in the zoobenthos biomass took 
in the water temperature shifted the time of the place during the 1970s. This also happened in 
onset of the phytoplankton spring succession. J deep waters during the first half of the 1980s 
Consequently, the temporal dynamics of the [172], but in the late 1980s, the biomass was 
bacterioplankton and saprophytic bacteria I observed to decrease. The different abundance 
were also changed. In addition, since 1991, the dynamics of the comparatively small N. inte
decreasing nitrate concentrations have caused ger and of the larger mysids produced only a 
a drop in the summer phytoplankton biomass. slight increase in total mysid biomass during 
All these changes favoured blue-green algae 1989-91 in comparison to that during 1984-88, 
blooms. The decrease in the summer phyto- but a pronounced increase as compared with 
plankton levels during the early 1990s was fol- that during 1974-83. However, the total 
lowed by a declining number of the saprophyt- zoobenthos biomass during 1989-9 1 was not 
ic bacteria. higher than that found during 1985-88. 

Although a statistically significant relationship 
between the phyto and zooplankton dynamics 
during 1989-93 could not be found, the total 
biomass of zooplankton and the summer phy
toplankton values were found to have 
decreased. The polyterm C/adocera spp. 
gained in importance, following the increasing 
water temperatures which simultaneously 
favoured herbivorial zooplankton. The contin
uing decrease in the salinity yielded an 
increasing number of fresh water species and 
their spread from the coastal areas to the open 
parts of the Gulf. However, their productivity 
and species structure did not change signifi
cantly. 

The variability of the phytoplankton during 
1979-93 was governed by all of the aforemen
tioned factors. Based on the zooplankton data, 
the increase in the productivity of the phyto
plankton started in the early 1970s and persist
ed until the mid-1980s. According to the 
chlorophyll a summer data, these long-term 
changes terminated in the late 1980s. By mul
tiple regression analysis, it was possible to 
show the decisive contribution of the food sup
ply to the long-term dynamics of the summer 
zooplankton until 1984. Subsequently, this 
connection was much weaker. 

In the benthic biology, a brief decline in the 
oxygen content of the near-bottom layer to <I 
cm3 dm·3 in summer and autumn of 1979 and 
1980 did not result in 'dead areas ' . However, 
the species diversity and biomass of the 
zoobenthos was observed to decrease. Higher 
water temperatures during 1989-93 fostered 
the decrease in the abundance of arctic relict 
species (Mysis mixta, M. relic/a, Pontoporeia 

The impact of consumption on the abundance 
dynamics could be clearly seen in the necto
benthos. Though differing interannually due to 
variations of the water temperature, the necto- ~ 
benthos abundance coincided wi th the aug
mentation of the phyto- and zooplankton pro
ductivity, i.e., it showed an indistinct upward 
trend. Limited information on the phytoben
thos did not allow conclusions to be drawn on 
variations during 1979-93, particularly with 
regard to the present assessment period. With 
reference to published data, however, it could 
be concluded that the species diversity has 
decreased. Some species disappeared, and 
over the last 30-70 years, changes in the 
species structure of the associations have 
occurred. A spreading of the green algae I 
Cladophora glomera/a was noted. 

STATE OF THE MARINE ENVIRONMENT 
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4.4 BALTIC PROPER 
li. Nausch1 (Convener) 

I he Baltic Proper, which covers the area 
lil'tween the Darl3 Sill and the Gul fs of 
lluthnia, Finland and Riga, comprises the 
\ r ko~1a Sea, Bornholm Sea and Gotland Sea I 
~ll h lls western and eastern sub-regions. The 

I n l~rnsk Basin, belonging to the eastern sub- / 
h'fiOn of the Gotland Sea, is dealt wi th sepa
hllcly (C!1apter 4.4.3) as case study of a region 
h'ntly rmpacted from land-based nutrient 

1111rces. The position of the stations used in 
rl11• following investigations are documented in 
II!Jure 4.4.1 . 

.4 .1 Hydrography 
1:'/ken, A. Trzosinska, E. Lysiak-Pastuszak, 

I Omstedt, H. -U. Lass 

1111' Baltic Proper is the largest subdivision of 

1
11al tic Sea. Its surface area [220] is 211 ,069 

111 (51 % of the whole Baltic Sea) and the 
•lume is 13,045 km3 (60 %). Rivers drain 

•ll't'tly into the Baltic Proper with a flow of 
IMI km3 Yr' 1, i.e. , 21 % of the total run-off to 

llnltic Sea. Topographic features subdivide 
llaltic Proper into a number of deep basins. 

' v~lumes of those basins below the typical ~ . 
•l111'hne are presented in Table 4.4.1. The vol-
111'' were calculated using a digitized Baltic / 
1 topography [607j. The residence times of 
111ore saline water in the deep basins were / 

f,ll fated at the assumed inflow rate of 
IIKKJ m3 s·1• 

111pnrccl with the general overview oiven in 
'llft·r 2, this sub-chapter present~ more I 

1 1 1 1~ on the hydrographic conditions in the 
lth· Proper. The discussion is based on data 
111 the HELCOM BMP stations K2, LJ , 11 
I W. ~ontour plots of hydrographic para- / 
I 1' (rrgs. 4.4.2 to 4.4.4) have been con-

fl•d using opt imal interpolation tech
"''· Oxygen trends and seasonali ty have 
11 n timated in more detail for the Gdansk 
111 The variables studied cover salinity and 
1 'lutu re as well as oxygen conditions• in 
'" l'lion with the horizontal and vertical' 
1 I'Xt:hange. ; 

.1.1 Effects of saline 
t r inflow and over· 

11111\l specific feature of the hydrographic 

IU X 11.3 for addresses of aulhors 

regime of the Balt ic Proper is the permanent 
sa!ine st.ratification which is formed by inter
mrttent rnflow of saline watei· from the Belt 
Sea and the Sound (cf. Chapters 4.5.1 and 
4.5.2), and by fresh water surplus from the 
a~jacent basins (Gulfs of Bothnia, Finland and 
Rrga) and draining rivers (Vistu la, Odra, 
Nemunas, etc). lnflowing saline water is 
spread and mixed, by a cascade effect, into the 

Table 4.4. 1 Volumes 
and residence times of 
water below the halo-
cline in the basins of 
the Baltic Proper 
(calculated at specified 
boundaries, for a typi-
cal depth of the halo-
cline and at an inflow 
rate of 20,000 m3 .s-1) 

Fig. 4.4.1 Map of sta
tions studied in the 
Baltic Proper 

(BMP s ial ions of the Bailie 
Moniloring Programme, BY. 
slalions of lhe lnlernalional 
Bailie Year, GER • German sla
l ion, Ptt6, ZN2 . Polish s ta· 
l ions) 

Basin 

Ark on a 

Born holm 

Gdansk 

Eastern Gotland 

Northern Gotland 

Western Gotland 

deep sub-basins of the Balt ic Proper. Overflow 
from one sub-basin to another is dependent on 
the halo.cline height above the sill depth of the 
c?nnectrng channel and the density/salinity 
dr fference between the basins [522,637], as 
well as on the di rection and speed of dominat
ing winds [351]. Actual conditions are con
trolled by a complex of transport and exchange 
processes. Observations of the deep flow into 
the Ar"kona Basin at the beginning of January 
1993 were performed and analysed [413]. 
From CTD sections and ship-mounted ADCP 

/ re~~rds, a dens~ bottom pool including baro
chmc geostrophrc currents along the northern 

/ flank of the p.ool could be detected [413]. 
These observatrons are of great importance in 
understanding how the deep water enters the 
Baltic Sea. 

Boundaries Core of Volume ), 
halocline 

m km3 months 

east of 12'00' E 35 
west of 14'20' E 

36 0.7 

east of 14'20' E 50 
west of 17'00' E 

306 6 

60 426 8 east of 17'00' E 
south of 55'50' N 

70 1,195 23 north of 55'50' N 
south of 57'50' N 

east of 19'00' E 70 
west of 22'00' E 

863 17 

north of 57'50' N 

west of 19'00' E 70 
west of 18'00' E 

657 12 

BMP H1 I 
• ' l 

e BMPv~r 
. :e~ I 

~ BMP J1 

e BY 11 
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Saline water passing the entrances to the Baltic 
Sea spreads in the Arkona Basin as a bouom 
layer of variable thickness. Between 1989 and 
1992, winter inflows were evident in each 
January/February period, increasing the bot-
10m salinity to 18-1 9 psu and lifting the 14 psu 
isohaline from the near-bottom position (about 
43 m) in summer to clepths between 35 and 38 
m. Autumn inflows appearing in August/ 
September lifted the I 0 psu isohaline to depths 
above 25 m. The effects of more intense 
autumn and winter inflows were found in 
1992. The major inflow in January 1993 (cf. 
Chapter 2.5.2; [449]) increased the bouom 
salinity to 23 psu and shifted the I 0 psu isoha
line up to a depth of 20 m. Since 1979, bouom 
salinities >20 psu were found only in wi nter 
1980 and in autumn 1986. 

After passing the Bornholm Channel, saline 
and dense water sinks in the Bornholm Basin 
to the bollom or to the level of neutral buoy
ancy, depending on the degree of former strat
ification in the basin, while li fting up the 
above layers of lower salinity. Saline stratifi-

100 

cation (Fig. 4.4.2a) in the period 1989-91 was 
characterised by small temporal changes indi
cating that salt-water overflow from the 
Arkona Basin took place into the different 
intermediate layers and was balanced by verti
cal mixing. The water in the bottom layer was 
renewed in the winter of 1991192, when the 
bottom salinity increased from 14 to 16 psu, 
following more elevated isohali ne depths 
upstream in the Arkona Basin. After the major 
inflow in January 1993, the bollom salinity 
increased to 19.5 psu, lifting the 16 psu isoha
line from the bouom (about 90 m) to 70 m 
depth. From the previous period, bottom water 
renewal is evident at inflows during the win
ters of 1980 and 1983 and the autumn of 1986. 
The seasonal summer decrease of the halocl ine 
salinity had maximum amplitudes in 1986, 
1987, 1988 and 1992. 

The overflow of saline waters from the 
Bornholm Basin to the Gdansk and Gotland 
Basins is limited by the Slupsk Sill which has 
a depth of 60 m. In 1989-92, the layer above 
60 m had salinities generally less than 10 psu 

100 
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(see Fig. 4.4.2a), except in 1992, when a max
imum of I I psu was observed. Such an over 
flow situation for low saline water was previ
ously observed in 198 1 and 1982. Since 1985, 
the overflowing water had salinities <II psu 
which di rectly in fluenced the enhanced stag 
nation in the Gotland Deep. The major inflow 
in January 1993 increased the overflowin~ 
salinity range up to 12.3 psu. During wintct 
1993/94, the sal ini ty at the Slupsk Sill depth 
exceeded 15 psu (cf. Fig. 2. 16). 

Part of the saline water flowing from th1 
Bornholm Basin layer above 60 m is directc1l 
into the Gdansk Basin, which like th1 
Bornholm Basin is a buffer zone for the salim 
water pathway into the Gotland Deep. 111 
1989-92, the salinity of the bottom water in th 
Gdansk Basin did not exceed I 0.5 psu (foi~ 
4.4.2b) which corresponds well to the lo~ 
salinity in the Bornholm Basin at the Slt1p'l 
Sill depth. Strong storms during the winters 1 
1989 and 1990, coupled with the weakem 
halocline, caused temporary erosion of 111 
halocline clown to 80-90 m depth. After th 
1993 inflow, the bottom salinity initial! 
increased 10 11.8 psu, and then increased tu 
maximum value of 13.6 psu in spring 1994. 

Saline stratification in the Gotland Deep (h 
4.4.2c) exhibited decreasing salinity (i.e., 
deepening of the isohaline) during the stagn 
tion period until the major inflow in 1993. 'II 
bottom salinity decreased during 1980 1 

from 12.7 psu to 11.3 psu while the II psu 1 
hal ine deepened from 90 m to 230 m. In p1 
era\, the layer of maximum vertical stahill 
controlling the cross-halocline mixing h 
lowed the depth course of isohalines 8.5-9t• 
At the same time, the halocline thickn1 
defined as a layer with the 8mnt· Viiisiilil h 
quency exceeding 0.02 s·', typically 20-311 
thick, did not change considerably. This i~ 111 
evident from the small -scale vertical gradit 
deri ved from CTD profi les [42/]. HOIVI'I 

reduced vertical stability of the haloclinc 
observed in 1990-91. Below the halodl• 
increased lateral transport of waters with I 
I I psu from the Bornholm and Gdansk llil' 
occurred during the period 1985-92, cau'"' 
decrease in the vertical stability of the 1111 
mediate waters. The long-term average ol 
transport rate of dense water from belo11 
halocline was estimated to be 33,200 111 

[349]. The deep waters were replaced by" 
genated saline waters in 1994 (cf. C'hu, 
4.5.2). 

In the Northern Baltic Proper (Fig. 4.1 
the centre of the halocline generally folh• 
the depth of the 8.5 psu isohaline, which tl 

Fig. 4.4.2 Salinity as a function t~{ 
time (contour interval 0.5 psu) 
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Fig. 4.4.3 Temperature as a function 
of time (contour interval 0.5 °C) 

' ned from its most shallow position in 1981 at 
flO m depth to the extreme depths of I I 0-120 
Ill observed in 1993. The effect of the 1983 
1111low into the Bornholm Basin can be found 
111 all downstream basins as elevated halo-
lines during 1983-86. The vertical maximum 

ul the 8mnt-Viiisiilii frequency, which is an 
uulicator of the vertical stabil ity, decreased 
hum 0.025 s·' in 1981 to 0.015-0.017 s·1 dur
'"V 1990-~2 . Weakened vert ical stability 
woured wmter t1me erosion of the halocline 
•1•reater depths and resulted in better aeration 
•I deep layers. Below 150 m, salinity 
neased from 11.5 psu in 1980 to 9 psu in 

'1'12, which is a result of the decreased salini-
111 the Gotland Deep above the level of the 

1111 Channel ( 11 5 m). Durino 1989-92 the 
• b ' 

• mmum Salinity of over.flowing waters 
••cased in the Gotland Basin from I 0.3 to 
I psu, which corresponds to the salinity of 
•llnm waters of the Northern Deep. By the 
II II mer of 1994, bottom salinity had increased 
•1.6 psu, which is well below the high values 

11 111g 1979-8 1, which exceeded II psu. 

.4.1.2 Changes in the 
t mperature-salinity rela· 
lion 

llnal phase of the stagnation period ( 1989- 1 
I wus characterised by an abnormal increase ~ 
1h1· temperature of the intermediate layers. 

warming is demonstrated in Figure 4.4.3 
1h1· has is of the contour plots of temperature 

11 in the salinity coordinate. During 1979-
thc Born~olm Basin water of 8-12 psu 

1111y (cf. Ftg. 4.4. 1 for the depth ranoe of 
Mhalines), which was laterally trans~ort

•hwugh the Slupsk Furrow into the Gotland 
Ill, was characterised by temperatures of 
1' ( Fi~. 4.4.3a). In 1987, the temperature 
!Ito Increase, reaching a peak value of>7 

Ill 1989-90 in waters with salinities 
''" I 0 and 13 psu. In the layer 8.5-10.5 

•I the buffering Gdansk Basin, the highest 
l•llu rc, exceeding 6 °C (Fig. 4.4.3b), was 

1111 the turn of 1990/9 1. This abnormally 
u 1111d dense water was transported further 
tlw (iotland Basin and the Northern Baltic 

1, where the pattern of a typical incre~se· 
"' temperature wi th the salinity was 
··tl in the winter of 1990/91 by homoth-

1 1onditions (Figs. -4.4.3c, 4.4.3cl). The 

1 IJI .J . .J.4 Oxygen as a function of 
111 (rontour interval I cm1 dm·J 
trl1•tl area represents anoxic /a~•ers) 
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temperature at the isohaline 9.5 psu increased 
from a typical range of 3.6-4.2 oc to 5.4 °C in 
the Gotland Basin and to 5 oc in the Northern 
Baltic Proper. 

conditions appeared below 80 m in 1988 and 
in 1989. Beginning in 1991 , seasonal inflows 
created peak increases of the bottom-oxygen 
concentrations, reaching 4 cm3 dm·3 in 1992 
and more than 5 cm3 dm·3 during the major 
inflow of 1993. Water from the depth range 
50-60 m, overflowing to the Gdansk Basin, 
was characterised by concentrations of 6-8 
cm3 dm·3 during 1983-87, 4-6 cm3 dm·3 during 

Since the 1983 inflow event, oxygen depletion 1988-89 and 5-7 cm
3 

clm·
3 

during 1990-94. I 
4 .4.1 .3 Oxygen and 
hydrogen sulphide 

Vistula Estuary (Fig. 4.4. 1, station ZN2) 
remained oversaturated with oxygen through
out the spring and summer, whereas in other 
areas the equilibrium with the atmosphere 
restored water conditions to normal saturation 
values in August or September (Fig. 4.4.5). 
The autumnal population of phytoplankton 
produced only a slight rise in oxygen concen· 
tration in the Gdansk Deep (Ll), and this wa' 
detectable as late as November. In 1989-93, 

was observed below 50 m in the Bornholm 
Basin. up to 1990. The low-oxygen bottom In the Gdansk Basin, the spring maximum of 
water layer, with concentrations of <3 cm3 oxygen in the sh~llow coastal ~vaters was gen
dm-3, increased in thickness, i.e. , its upper erally observed 111 Mar~h/Apnl , and approxt
boundary rose from a depth of about 75 m to I mat~ly on~ month later 111 ~!fshore wat~r~. Due \ 
65 m during this period (Fig. 4.4.4). Anoxic to tegulat supply of nutllents, watet tn the 

Fig. 4.4.5 Seasonal development of 
water saturation with oxygen (o/o) in 
the Gdansk Basin, averaged for 
1979-88 and 1989-93, respectively 
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Table 4.4.2 Statistically significant 
~J.ygen trends (non-parametric test) 
"' the Gdansk Basin, 1979-93 
(p <0.1) 

the peak of oxygen saturation in the euphotic 
lnyer appeared earlier and was higher at all sta
t um~ m the Gdansk Basin, compared with the 
(IICVIOUS I 0-year period. 

I he effect_o_f oxygen consumption, through the 
11\'composttton of alloehthonic and autochtho
ulc organic matter, which increased throuoh
unl the productive season, was detectable" at 
lh ' bottom of even relatively shallow stations. 
In contrast, the weakened density structure of 

Fig. 4.4.6 Long-term trends of oxy
gen conditions in tire deep waters of 
tire Gdansk Bight ( P 116, P 1 =Ll) and 
of tire n(Jrtlrem Gdansk Basin ., 1 

(PI40=KI) .... 

(Trend slopes in cm3 dm" yr 1 and in % yr' respec· 
lively) • 

P 116 75 - 84 m 

Basin 

station 

Gdansk Bight 
ZN2 

Pl16 

Gdansk Deep 
Lt (Pt) 

Northern Gdansk Basin 
Kt (P140) 

Depth 

m 

0·2 
10-12 

65·74 
75·84 
85·90 

65·74 
75·84 
85·94 

95·105 

65-74 
75-84 
85-90 

02 concentration 
mean slope 

crrfldm-3 crrfl dm.J yr·' 
.. ~---

7.82 0.11 
7.18 0.07 

6.37 0.16 
4.25 0.25 
2.95 0.13 

6.77 0.18 
4.93 0.25 
3.35 0.24 
1.96 0.13 

6.79 0.12 
4.45 0.21 
3.13 0.13 

02 saturation 
mean slope 
% %yr1 

101.7 1.45 
91.1 0.91 

73.2 2.12 
50.4 2.96 
36.3 1.90 

77.9 2.05 
57.5 2.89 
40.7 3.03 
28.2 1.67 

77.2 1.66 
51.4 2.70 
37.5 1.51 

the water column in the deep water zone and 
the _temporary disappearance of the halocline 
dunng stormy weather (/25] allowed the pen-

I etrati?n of_ atmospheric ox~gen into deeper 
water layers. These mechamsms continued to 
be active in 1993, even though the January 
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inflow only affected the Gdansk Deep to a low 
degree [434). 

In the near-bonom water layer of the Gdansk 
Basin, the oxygen deficiency reaches its max
imum usually in late summer/early autumn. In 
1989-93, this deficiency was, however, signif
icantly reduced (Fig. 4.4.5). Hydrogen sul
phide was last detected there in spring 1990 
[278). in concentrations two orders of magni
tude lower (0.3 iJ mol dm-3) than those 
observed in previous years [663). The area 
affected by hydrogen sulphide, which in 1989 
stretched well into the Gdansk Bight, had 
decreased. From then on, until October 1994, 
the Gdansk Deep was free of hydrogen sul
phide. 

The surface and near-bottom oxygen concen
trations increased in the Vistula Estuary. In 
other areas of the Gdansk Basin, this increase 
was only found to be significant in deep 
waters, i.e., below the depth of 65 m (Table 
4.4.2, Fig. 4.4.6). Using the non-parametric 
Mann-Kendall test [251,252,590,592], the 
maximum rate of increase in oxygen concen
tration and saturation was found to take place 
some I 0-20 m above the bottom. In the near
bollom water layer, the improvement in oxy
gen conditions was not so well-defined. 

The deep water of the Gdansk Basin reached 
its lowest oxygen concentrations in 1987/88, 
while the waters with concentrations of 
<3 cm3 dm·3 occupied the layer from 75-85 m 
to the bottom (Fig. 4.4.4). Anoxic conditions 
near the bottom were observed temporarily 
during 1987-90. The highest near-bottom oxy
gen concentrations, exceeding 4 cm3 dm·3 at 
I 05 m depth, were observed in 1990. This is 
explained by the weakening of the vertical 
saline stratification (Fig. 4.4.2) due to intensi
fied mixing, and by a subsequent vertical aer
ation of the deep layer. The year 1990 was 
characterised by the fact that it had the largest 
number of stormy/gale force days of any year 
during the period 1982-94 (cf. Chapter 2.2.4, 
Fig. 2.7). The major inflow in 1993 had less 
effect on the oxygen increase than the vertical 
mix ing in 1990. 

The boundary between oxic and anoxic waters 
in the Gotland Deep laid between II 0 and 160 
m depth during 1979-92 (Fig. 4.4.4), with a 
typical depth of 130 m. The major inflow of 
1993 produced an intrusion of slightly oxy
genated (< 1-2 cm3 dm-3) waters into the deep 
layers. High oxygen values, exceeding 3 cm3 

dm·3 in the bottom layer, were observed during 
1994. During the deep water renewal, an inter
mediate layer characterised by anoxic concli
tions or low oxygen concentrations was 
observed (Fig. 4.4.1 1). 

Following the 1983 inflow and high oxygen 
concentrations in the Bornholm Basin, the 
1 see ANNEX t t .3 for addresses of authors 

in termediate layers ( I 00-130 m) of the 
Gotland Basin received greater suppl ies of 
oxygen during 1984-85. The layer of water 
with oxygen concentrations of 2 cm3 dm·3, 

which had the general tendency of deepening 
from 80 m in 1981 to 110m in 1993, sank to 
>120 m during 1984-85 . By the end of the 
stagnation period, the deepened and weaker 
halocline led to higher oxygen concentrations 
at the 70-90 m depths. I 
Anoxic conditions were found in the deep lay
ers of the Northern Baltic Proper (Fig. 4.4.4) 
during 1980-84 and 1987-90. The presence of 
near-bottom oxygen in 1985-86 could be part- I 
ly explained by the transport of waters from 
the Gotland Basin above 115 m depth, which 
had higher oxygen concentrations in 1984-85 
(Fig. 4.4.4). After 1991, the decreased vert ical 
strati fication (Fig. 4.4.2) faci litated more 
intense vertical mixing, and since then anoxic 
conditions have not been found in the deep 
layers. 

4.4.2 
Hydrochemistry 
G. Nausch1, D. Nehring 

The nutrients under investigation were phos
phate, nitrate including nitrite, ammonia and 
si licate. With the exception of si licate, these 
nutrients are the most important limiting fac
tors for the phytoplankton growth and the dri
ving force of eutrophication. The BMP data 
used in the fo llowing investigations were sup
plemented by data from seasonal cruises of 
Sweden, the GDR and USSR, from the 
International Baltic Year 1969170 and from 
stations other than the BMP stations. 

4.4.2.1 Nutrients in the 
surface layer 

Nutrient trends are studied in the surface layer 
in winter, when the biological activity is low 
and nutrient concentrations are high [481 ]. 
This was based on the assumption that during 
that season a steady state has developed 
between microbial mineralization, low biolog
ical productivity and vertical exchange and 
mixing. The BETA Hydro-chemistry Group 
recommended that investigations about the 

Basin Stations 

Arkona K4, KS, Kl 
Bornholm K2, BY4, GER 214 

seasonality of nutrients should be aimed at the 
identification of their maxima or plateaus in 
the different regions of the Baltic Sea. Since 
the nutrient concentrations between the water 
surface and 10 m depth do not differ signifi
cantly all year-round, the mean values of this 
layer were used. 

Within offshore areas of particular sub-region~ 
of the Baltic Proper, the di fferences in nutrient 
concentrations are small, except during till' 
spring outburst and the autumn bloom of till' 
phytoplankton. These short periods are charac 
terised by patchiness in the surface layer du1· 
to variations in the meteorological, hydro 
graphic and biological conditions. Independ 
ently of that, the data of stations with lonf 
nutrient time series were summarized for pat 
ticular sub-regions of the Baltic Proper and 
treated as uniform data sets (cf. [722)), with 
the aim of increasing the number of data avail 
able for investigations into the seasonality ami 
trends in the surface layer. 

Table 4.4.3 shows the sub-regions with slri 
lions summarized and the number of data f1 
phosphate, nitrate and silicate avai lable ft 
studies on the seasonality in the surface layr 
of the Baltic Proper. The western Gotland S1 
is only represented by the Landsort Deep. 

Unfortunately, the measurements of nutrient 
were inhomogeneously distributed over tl~ 
year, especially December and January W\'t 

considered to be under represented. In tl ~ 
Landsort Deep, investigations in February an 
April were also scarce. Continuous monitotin 
measurements on si licate in the Baltic Prot 
were available only after the first revision 1 

the BMP Guidelines in 1984, which recun 
mended mandatory measurements of thl 
nutrient throughout the entire Baltic St 
Therefore, the time series for this nutrient 
relatively short. 

The seasonal variations of the nutrients urul 
investigation are shown in Figure 4.4.7 for tl 
different sub-regions in the Baltic Proper. 'It 

Table 4.4.3 Sub-regions, stations a111l 
number of data for the period 1969-
93 available for studies on the sea
sonality of the nutrient distribution in 
the swface layer (0-10m) of the 
Baltic Proper 

Phosphate Nitrate Silicate 

1,488 1,396 434 
1,408 1,379 595 

Eastern Gotland J1, K1, 8Y9, 8Y10, 8Y11 1,899 1,742 873 

Western Gotland H3 295 273 133 

(Landsort Deep) 

i 

i 
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Fig. 4.4.7 Mean seasonality of inor
ganic nutrients (in pmol dm·3) in the 
0-10 111 layer of the main sub-regions 
in the Baltic Prope1; 1979-93 
( tf Table 4.4.3, Fig. 4.4.1) 

hu~phate and nitrate concentrations are char
tl·rised by pronounced seasonality. In the 
dod of high biological productivity, they 

lll•n decrease to near the limit of detection. 
h1· high standard deviations of the winter 
·•uccntrations are also caused by positive 
,.•uds ~f these nutrients. The seasonality of 
tlkutc rs less developed in comparison to the 
th1·r nutrients. Distinct concentrations of this 
•11t icnt remain, on average, in the surface 
· ~··r throughout the year. It must be men
•ttl·d, however, that low si licate concentra-
'"' were observed in the surface layers of I 
•th the Eastern Gotland Basin in autumn 
'I'll 1486] and the Arkona Basin in spring 
"'~ 1487). 

• t•d on the long-term mean of the period 
1111 93, the maximum of phosphate and 
tttllc accumulation is reached in the surface 
,., of the Arkona and Bornholm Seas in 
hntary. The wi nter concentrations ·of bbth 
ltll'lltS develop platea~~ at a high level in the 
h·tn Gotland Sea between mid-January and 
Inning of April. In the Landsort Deep, this 
IllS between January and April for phos
ih', and between February and April for 
hill'. Only data from periods with the hioh-

. "' lllltncnt concentrations should be used for 
''" ~tudies in connection with eutrophica-

limo/ month 
10 1t 12 

- -· - -· 7.0 
·--~"'~ --6.0 --- eton'-d ~ 1.0 - - - .,.,.. OMoflon 

N03 (NO.) ' 
5.0 

N03 (NO.) 
5.0 

E 4.0 ' ' 4.0 ... 
l 3.0 
.. 2.0 

1.0 
0.0 

- t .O 

ffme/ month 

l 3 .0 
~ 2 .0 

1.0 
o.o 

-1 .0 

, 
' , 

- -· -- 25.0 
---~ ......,. - --- - etofldoN ~ 

__ _ ...,.,...~ 
' - - , ' 20.0 20.0 

' s io. I 

~ 15.0 sio. ' - - ... ,, I 

~15.0 \ I ' --, ,, \1 

lto.o .. 
5.0 

0.0 

tion. The regional differences at the start of the 
phosphate and nitrate impoverishment are in 
go~d agreement with observations [312] indi
cattng that the springphytoplankton bloom 
develops earlier in the western parts of the 
Baltic Sea than in its eastern and northern 
parts. 

~.The investigations about the seasonality of 
phosphate and nitrate confirm the results of 
earlier trend studies in the Baltic Proper at the 
end of the 1970s (cf. [477]). The HELCOM 
BMP data sets allow more detailed studies 
extending over the entire Baltic Sea. 

Clear maxima of silicate winter concentrations 
could not be identified in the surface layer of 
the Baltic Proper (Fig. 4.4.7). To date this 
nutrient is not considered to limit the dev~lop
ment of diatoms in the subareas under investi
gation in this chapter. Annual mean values 
may be used, in order to investigate the lono
term variations of silicate in the surface laye7-. 

As in previous assessments [484,485], the 
parametric linear regression method was used 
for the trend analysis. The stations summa
rizt;d for studies on the seasonality of nutrients 
in the different sub-regions of the Baltic 
Proper (Table 4.4.3) were also used for trend 
studies of the phosphate and nitrate winter 
concentrations. '?ositive overall trends of 
phosphate and nitrate were identified in the 
su~·face layer of all regions under investigation 
(Ftg. 4.4.8). These trends mainly result from 
the considerable increase occurring between 
1969 and 1978. In contrast to phosphate, the 
increase of nitrate continued until 1983. 

l1o.o 
~ 

5.0 

tO II 12 
0.0 

' ' 
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Thereafter, except in the Landsort Deep, the 
concentrations of both nutrients fluctuated 
strongly around the high level. In the Landsort 
Deep, the increase of phosphate and nitrate 
winter concentrations continued during the 
recent assessment period. 

In contrast to the Kattegat and Belt Sea areas 
(cf. Chapter 4.5), no correlations between the 
inter annual fluctuations of the nutrient winter 
concentrations and the fresh water discharoe 
by rivers could be identified for the offsho~e 
stations in the Baltic Proper. 

In Table 4.4.4, the mean winter concentrations 
of phosphate, nitrate and silicate in the surface 
layer are averaged for 5-year periods startino 
in 1969. These periods are supplemented b~ 
data from a previous 11 -year period consisting 
o~ a low number of observations at the begin
nmg of monitoring studies on nutrients in the 
Bal~ic Sea. The increasing number of data 
avatlable for the separate periods indicates the 
growing monitoring activities in the Baltic 
Proper in recent decades. 

In agreement with the trend studies in the sur
face layer (Fig. 4.4.8), the mean winter con
centrations, summarized in Table 4.4.4, also 
reflect the significant increase of the phos
phate and nitrate pool at the beoinnino of the 
. . . . b b 

mvesllgatrons. Dunng recent decades, the con-
centrations remained at a high level but with
~ut a. further significant increase. The excep
tion ts the Landsort Deep, where the highest 
mean values for both nutrients were observed 
in the. present assessment period, exceeding 
those 111 the other areas under investigation. 
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Fig. 4.4.8 Trends of phosphate and 
nitrate winter concentrations (in 
pmol dnr3) in the 0-10 111 layer of the 
main sub-regions in the Baltic Proper 

(cf. Table 4.4.3, Fig. 4.4. 1; full lines- significant at 
the p<O. 1 level. dashed line - significant at the p>5 
level (Student's Test)) 

Significant changes in the silicate concentra
tions could not be identi fied on the basis of 
annual mean values in the surface layer of the 
areas and in the periods studied. The increas
ing mean concentrations, at least in the 
Bornholm Sea and in the Eastern Gotland Sea 
(Table 4.4.4), are accompanied by large stan
dard deviations due to seasonal variations. 

4.4.2.2 Nutrients in deep 
waters 

The deep water comprises the layer between 
the permanent halocline and the sea floor, cov
ering about I 0 % of the area and 5 % of the 
volume of the Baltic Proper. Since the halo
cline strongly restricts vertical mixing, 
changes in the hydrochemical variables in the 
deep water are mainly caused by advective 
processes, vertical diffusion, microbial 
destruction of organic matter and the exchange 
with the sediments. 

The Bornholm Basin is the most western basin 
in the Baltic Proper where stagnant conditions 
can persist for longer than one year. Its deep 
water is more often affected by advective 
processes as that of the Eastern Gotland Basin, 
which is only renewed after major inflow 
events. Water masses passing the Eastern 
Gotland Basin in the intermediate water layers 
may also renew the deep water of the northern 
and western basins of the Gotland Sea. With 
decreasing stability of the halocline, vertical 
mixing may cause oxygen and nutrient fluctu
ations in the deep water of the western and 
northern parts of the Baltic Proper. 

Nitrate trends have been identified in the 
Gotland Deep and in the Landsort Deep area, 
at I 00 m depth (Fig. 4.4.9) characterising the 
dynamically active deep layer. The average 
increase was stronger in the Landsort Deep. 
Phosphate concentrations increased signifi
cantly on average at this depth only in the 
Gotland Deep in the whole period under inves
tigation, but were decreasing in the recent 
assessment period. This also applies to the 
Landsort Deep. With some exceptions, the 
ammonia concentrations were low ( < 1-1.5 
J.lmOI dm-3) at the 100m depth in both areas. 

The long-term behaviour of the phosphate and 
nitrate concentrations is affected by fluctua-
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tions during shorter periods. These fluctua
tions reflect the intensity of advective process
es, since hydrogen sulphide, affecting strongly 
the nutrient distributions, has not been 
observed in I 00 m depth of the Gotland Deep 
and Landsort Deep until now, except in 
autumn 1982 in the Landsort Deep [480]. In 
spite of the temporarily limited data sets, clear 
reductions of silicate concentrations occurred 
at the 100m depth and in the bottom layer of 
the Gotland and Landsort Deeps (Figs. 4.4.9, 
4.4.10). 

The distribution of nutrients in the near-bot
tom water layer is dominated by stagnation 
periods and advective water renewals. Very 
strong variations are observed, when the redox 
potential changes its sign, due to the replace
ment of hydrogen sulphide by oxygen and vice 
versa. Physicochemical and biogeochemical 
processes like removal and remobilisation of 
phosphate together with iron from the sedi-
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ments, denitrifica tion and nitrification, as Wt 

as accumulation of ammonia, strongly depcn,l 
ing on the redox potential, are reflected in 11 
nutrient concentrations. Silicate conccnlt 
tions also increase during stagnation peritr.l 
and decrease as a consequence of wul 
renewals. The sequence of stagnation 111 

anoxia, followed by water renewals, mn1l 
nutrient trends in the near-bottom water Ia}• 

The bottom water of the Bornholm D1 
exhibits strong variability in nutrients cur 
pared with other central basins (Fig. 4.4.111 
The temporary improvement of the oxy~ 
conditions, observed in the Bornholm D1 
since the beginning of the 1990s, was awu' 
panied by low phosphate, ammonia and 111 

cate, and high nitrate concentrations. 

The most important hydrographic event in II 
present assessment period was the bnlh 
water renewal in the Eastern Gotland Bu 

J 

STATE OF THE MAR I NE 

Gotland Deep (1 OOm) 

P04 
~ y .. O.c2t6X - 50.45 

' . 
' f 2 

15 • 
y - 0..1 517X - 308.11 
r "' U2: 

NH4 

.. 

100 

to 
eo 

' 70 
Ceo 

t: 
:10 Y • - 1.2.4-W + 2512.H 

20 t - -G.7$ 

Arkona Basin 

Nitrate Jan·Feb 
1958·68 
1969·73 2...68 ± 0. t4, (4) 
1974·78 ~ ± 0.78, (14) 
1979·83 !21 ± 0.83, (20) 
1984·88 4.74 ± 0.46, {35) 
1989·93 4.17 ± 0.79, (84) 

~ Jan-Mar 
1958·68 
1969·73 Q16 ± 0.07, (5) 
1974-78 (ill± 0.12, (16) 
1979·83 Ma~_Q.1 1 ,(50) 
1984·88 . MZ ± 01!9, (52) 
1989·93 M1 ± 0.17, (155) 

~ Jan-Dec 
1979·83 SJl ± 4.66, {122) 
1984·88 w ± 3.54, {124) 
1989·93 1Qn ± 4.04, {188) 

1000 1H 5 

.· 

. .. .. .. : · . 

20 

100 

to 

eo 
' 70 
l eo 
}50 .... 

Bornholm Basin 

Jan-Mar 
~±0.37, (3) 
~ ± 0.73, (34) 
ill± 0.56, (46) 
~ ± 0.94, (53) 
ill ± 1.16, (90) 
llQ ± 0.83, (89) 

~an-Mar 
Ql2 ±0.15, (22) i 
Ql5 ± 0.12, (50) 
o.s6 ± 0.14, (46) 
~ ± 0.21 , (53) 
MZ ± 0.19, (88) 
QM±0.18, (89) 

Jan-Dec 
~±6. 13,{118) 

.1112 ± 5.53, (240) 
Jim± 4.11, (273) 

:10 

20 

ENVIRONMENT OF THE BALTIC SEA REGIONS 

Landsort Deep (1 OOm) 

P04 

. . . ' .v. ..~~ ·~.r..; .. 

y - 0..2920 - 57.a...tt 
, - 0..71 

Eastern Gotland Basin 

Jan-Apr 
Q1Z ± 0.36, (5) 
2M ± 0.40, {75) 
W ±0.94, {61} 
ill ± 0.93, (60) 
!30 ± 0.99, (132) 
rn ± 1.28, (200J 

Feb-Mar 
Q1Z ± 0.09, (24) 
Q16 ± 0.14, {95) 
QM±0.09, (6t) 
M9 ± 0._16, (60) 
Q&Q ± o.l5, {125) 
MZ±0.11,(182J 

Jan-Dec 
a.3Q ± 5.14, (158) 
w ± 5.30, (304) 
~ ± 4.94, {411) 

-. . . "''"·I ..... .. 

; . 
·' 

Landsort Deep 

Feb-Mar 

£.51. (3) 
2.72, (2) 
~±0.53, (6) 
ill ± 1.50, (6) 
~±0.71, {12) 

Jan-Mar 

0.20 . (3) 
M2.(2) 
M§ ± 0.04, (6) 
OM ± 0.05, (6) 
m ± o.o9, {t5J 

Jan-Dec 
.1M2± 3.85, {31) 
8.17 ± 3.59, {51} 
10.93 ±3.81, (51) 

Fig. 4.4.9 Long-term changes of 
nlllriems (in pmol dnr3) in intermedi
ate depths (100m) of the Gotland 
Deep ( J 1) and Land sort Deep ( H 3) 

(full lines • significant at the p<O. 1 level (Student's 
Test)) 

!his w~s the consequence of the major Baltic 
mflow 111 January 1993, followed by smaller 
inflow events in December 1993 and March 
I 994. These events terminated the lonoest 
stagnation period ever observed in this ba~in . 
The variations in the nutrient distribution dur
~ng the extremely long stagnation period, last
mg from I 977 to 1992, are documented in 
Figure 4.4.10. Phosphate and ammonia con
centrations strongly increased with the devel
opment of anoxic conditions in the late 1970s 
whereas nitrate disappeared, due to den itrifica~ 
tion, at lo~ oxygen ~oncentrations. Phosphate 
concentratiOns rematned at a hioh level but 
have not increased since the late" 1980s. The 
impoverish_ men! of the sediments with respect 
to remoblltsable phosphate was discussed in 
this connection [478] . It is possible to observe 
relati?nships between the restricted phosphate 
pool m th~ bottom_ water and the decreasing 
concentration of thts nutrient in 100m depth 
(Fig. 4.4.9). The deep water renewals 
observed in the Gotland Deep in 1993 and 
I 994, c~used a s~~den decrease of phosphate, 
ammoma and stltcate, and an increase of 
n~trate. The reasons for this have already been 
dtscussed. Figure 4.4. I I shows the vertical 
structure of nutrient variables durino water 
rene~al in the Gotland Deep, indicati;g inter
medtate phosphate and silicate maxima. The 
close proximity of the nitrate minimum and 

I 
ma~imu~1, in the range of low oxygen concen
ll:?t.IOn~, IS the result of nitrification and deni
tltftcatton processes whtch depend on the 
redox potential. 

In contrast to the Gotland Deep, but similar to 
the Bornholm Basin, the bottom water of the 
Landsort Deep was also renewed in the mid
I 980s. This ren~wal was not only reflected by 
t~e ~yd~ographtc parameters but also by the 
dtstnbutton of nutrients (Fig. 4.4.1 0). 

Table 4.4.4 Winter concentrations of 
phosphate and nitrate, and annual 
silicate mean values in the sUJface 
layer (0-1 0 m) of main sub-regions of 
the Baltic Prope1; averaged for 5 and 
1 I years, respectively 

(mean vatu e. standard deviation; (number of data); 
for stahons cf. Table 4.4.3; values in ~mol dm·•> 
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Fig. 4.4.10 Long-tern! changes of 
nutrients (in JlmOl dnr3) in the near
bottom layer of the Bornholm Deep 
(K2; >80 m), Gotland Deep (Jl ; 
>200m) and Lane/sort Deep area 
(H3; >400 m) 
(lull lines - significant at the !)<0.1 level (Studenl's 
Test)) 

• see ANNEX 11 .3 lor addresses of authors 
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4.4.2.3 Nutrients in the 
Gdansk Basin 

A. Trzosinska1, E. Lysiak-Pastuszak 

The Gdansk Basin covers, conventionally, the 
Gdansk Bight and the Gdansk Deep, as far as 
the Southern Gotland Basin. The main reason 
for distinguishing it as a separate assessment 
subject is the great impact of rivers, which 
flow directly into the Gdansk Bight, like the 
Vistula, the second largest ri ver in the Balttc 
Sea drainage area, or indi rectly, through the 
Vistula Lagoon. The Gdansk Deep serves as a 
sedimentary basin in this diversified hydrolog
ical system, which is under strong anthro
pogenic pressure. 

Seasonal and lono-term variations of the nutri-a . 
ent distribution in 1989-93 are discussed m 
comparison with those in the previous I 0-year 

1 

Landsort Deep (>400m) 

12 

10 

'e .. a 

1 6 
.. 4 

fn 

:l 70 

~ 60 

~150 

I: 
20 

10 

N03 (NO,) 

NH4 

.. .. 

.. 

.·. 
••t I 

. • . 5.ce·, ~~r.: 
'•J 1, • • I .. . .... 

. . .... .. J • .. ·'. ... 
·~. 

•: '- : 

~ . 
1UO 1$95 

Si0 4 

~ .. " • l'-l • . . . . . : . .. 
•• := • 

y - -1.6001)( .. 3040..24 

r • -G.M 

period. The specific features of the Gdau>l 
Basin required spatial representation by lou 
stations, two national Polish stations, i.e., 'l.h 
in the Vistula Estuary and PI I 6 in the ccnt1 
part of the Gdansk Bight, and two BMP st 
tions, LJ in the Gdansk Deep and KI at II 
boundary with the Gotland Basin, for whll 
comparable data sets were available (1•1 
4.4. 1). The number of data from each of tl• 
four stations, which were used to compute M 

sonal variations and long-term trends in di llu 
ent water layers and seasons, ranged bctw1 
60 and 300 for the period 1979-93. The thtl 
covered the IS-year period quite evenly. 

4.4.2.3.1 Seasonal variability 

Seasonal fl uctuat ions were computed I· 
means of the SEASONAL software 161, 1 

which gaps between measurements were I ill• 
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Fig. 4.4.11 Vertical 
distribution of oxy
gen (in cm3 dm-3; 

lower x-axes) and 
inorganic nutrients 
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water renewal in the 
Gotland Deep area 
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llh estimates, calculated for each day of the I 
<If as the weighted mean values. Spline func

nns were used for smoothing. 

111• Gdansk Basin is highly diversified as 
llllrds nutrient supply. This is illustrated in 
'"urc 4.4.12, with examples on the seasonal 
vclopment of nutrient concentrations in the 
lnnsk Bight, in an area, directly affected by 
t'harges from land. Figure 4.4.13 provides 
.unples of seasonal variations in the Gdansk 
11p and in the northern part of the Gdansk 
t~ln (P J40=K 1). In both figures, . nutr.ient 
''t'luat ions during 1979-88 and 1989-93 are 
•nlpared. I 

111• annual load of total phosphorus, dis-
ti!ICd by the Vistula River into the Gdansk 
ht in 1972-93, ranged from 4,000 t in 1982 
11,000 t in 1978 [ 499]. Using data covering 
period 1985-89 [I48], the mean phospho- I 

rus load discharged from the Vistula Lagoon 
was calculated at 1,200 t. On average, 73 % of 
the total phosphorus load is derived from the 
river run-off [583]. The spring high water in 
the Vistula lasts from January to May, with the 
maximum of the long-term flow rate in April 
[126] . In 1989-93, the largest phosphorus 
loads were carried down the Vistula between 
the end of March and the beginning of April 
[278] . These estimates of the phosphorus loads 
discharged into the Gdansk Bight are consid
erdd to be realistic. The calculation of their 
impact on the surface-water layer (0-20 m) in 
the Gulf yielded exactly the same range of 
phOsphate and total phosphorus concentrations 
as observed in recent years (Fig. 4.4.12). 

The spring development of phytoplankton in 
the Gdansk Bight begins in March, and in the 
northern part of the Gdansk Basin in April. 
The increased demand for nutrients coincides 

thus with their maximum discharge from land. 
This buffers the spring drop in nutrient con
centrations to a degree dependent on the posi
tion of the station, but chiefly on the conver
gence of a number of climatic fac tors, deter
mining the flow rate of rivers, the loads they 
carry, and the start of the growing season in 
any specific year. In 1979-88, the winter accu
mulat ion of phosphate reached a maximum in 
the first half of March, whereas in 1989-93 it 
had peaked in February (Figs. 4.4.12, 4.4.13). 
In its in itial phase, which continued until 
around mid-March, the reduction in phosphate 
concentration occurred slowly, on average by 
12 % off the Vistula mouth and by 20 % at 
more distant sites. In the deep water layers, the 
highest concentrations of phosphate were 
recorded in late summer early autumn, at the 
time when oxygen deficiency was the 
strongest. In the final phase of stagnation, only 
small quantities of phosphate were released 
from the bottom sediments, due to the improv
ing oxygen conditions. 

There were significant differences in the sea
sonal plot of silicate concentrations in 1989-
93 compared with previous monitoring stages. 
Following its winter maximum, which, like the 
phosphate peak, had shifted in the surface 
water layer from March to February (Figs . 
4.4. 12, 4.4.13), silicate was gradually con
sumed until minimum concentrations were 
reached. This happened in the coastal zone of 
the Gdansk Bight in spring, but not before 
autumn in the deep areas. The second peak in 
autumn, characteristic for silicate in the 
Vistula Estuary, disappeared, as did the syn
chronic second minimum of concentrations in 
areas well away from the river mouth. The 
anomalies in the seasonal fluctuations of sili
cate, observed in the Gdansk Basin in 1989-
93, can be partially put down to the low river
ine flow rate and to changes in thermal condi
tions [125]. However, the substantial reduction 
in the annual amplitude of concentrations also 
suggests a decreasing demand for silicates due 
to changes in the phytoplankton species com
position (cf. Chapter 4.4.3.1). 

In 1989-93, winter nitrate concentrations did 
not change significantly in comparison with 
the previous decade [660,66I]. The exception 
was the Gdansk Bight, particularly its southern 
part, where the winter nitrate concentrations 
and their annual amplitudes were 1.5 times 
higher than those previously recorded. The 
effects of the spring run-off of nitrogen com
pounds were evident throughout the coastal 
zone. Howevet~ by May or June, the nitrate 
content above the thermocline had decreased, 
in comparison with the winter levels, by 70-
75 % in the coastal belt, and by 90 % else
where. In the entire area under consideration, 
except for the inner Gdansk Bight, summer 
nitrate concentrations fell to trace levels (0.1-
0.5 t-t mol dm-3). This produced conditions pro-
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Fig. 4.4.12 Seasonal development of 
nlllrient (in J.llnol dnr3) concentrations 
in the Gdansk Bight, averaged for 
1979-88 and 1989-93, respectively 

moting the growth of cyanobacteria, which are 
able to make use of molecular nitrogen. 
Nitrate concentrations started to rise again in 
September or October. The replenishment of 
nitrate proceeded slowly until February, syn
chronously with that of the other nutrients in 
the upper water layers (Figs. 4.4.12, 4.4.13). 

The situation in the Yistula Estuary, where 
between 1972 and 1993 about 55-165 kt of 
total nitrogen annually entered the Gdansk 
Bight [499], deserves special attention. The 
nitrogen load also fluctuated widely in 1989-
93 (55- II 0 kt). Rivers carry to the sea more 
than 93 % of the total nitrogen load, two thirds 
of which is in the form of mineral compounds 
washed out from the drainage area during the 
high-water periods, usually in spring [583) . 
About 45 kt of total nitrogen enter per year the 
Baltic Sea from the Yistula Lagoon, including 
6.5 kt in mineral forms [148]. In view of the 
relatively low flow rates of rivers in 1989-93, 
these loads accumulated in the coastal zone of 
the Gdansk Bight (Fig. 4.4.1 2). 

The atmosphere is also an important source of 
assimilable nitrogen compounds. If the mea
surements taken at the meteorological station 
t eba are believed to be representative for the 
Gdansk Bight, the mean flux of nitrate and 
ammonium nitrogen was 631 kg N km·2 yr·' in 
the period 1989-93 [278). Nutrient emissions 
from land-based sources fluctuate seasonally. 
The long-term maximum of mineral nitrogen 
outflow from rivers occurs in spring, while the 
airborne nitrate peak is found in summer 
[721]. Having been carried into the surface 
water of the Gdansk Bight, the top 20 m of 
which constitute a volume of 91.4 km3 [659], 
these loads can generate concentration levels 
of the order of 40-70 11 mol dm·3. These figures 
were confirmed by monitoring results at sta
tion ZN2, where such amounts of nitrate and 
nitrite were recorded from January to April in 
1989-93 (Fig. 4.4.1 2). Similarly, in the Gdansk 
Deep, a long distance from the Vistula Estuary, 
the winter nitrate concentration rose by l11mol 
dm3 in comparison with the period 1979-88 
(Fig. 4.4.13). 

Due to the favourable oxygen conditions and 
low denitrification activity in deep waters, the 
nitrate concentrations were much higher in 
1989-93 than those during the previous assess
ment periods. In the 1960s and 1970s, the 
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ratios of assimilable nitrogen and phosphorus I 
compounds (NIP ratio) in the water of the 
Baltic Sea were far lower than 16: I. However, 
it was observed that the elements were assimi
lated in proportions close to the Redfield ratio 
[484). In the second half of the 1970s, there 
were clear signs that the NIP ratio was increas
ing in the upper water layers of the Gdansk 
Basin [658]. In fact, trophic conditions are 
unsteady throughout the Polish waters of the 
Baltic Sea, extremely so in the bights and 
along the coast [662]. 

Although the N/P ratio in water is taken into 
account when assessing the trophic level of the 
sea, the most important index to be used for 
the purpose is the ratio in which these ele
ments are taken up by autotrophic organisms 
(dN/dP). The molar relationships between the 
concentration amplitudes of assimilable nitro
gen and phosphorus compounds, calculated 

for the Polish sector of the Baltic Sea in 111 
93, were 

dNin = 20.59 dP04 - 0.09 
dN03 = 14.00 dP04 + 0.66 

(R IJ 
(R 0 v 

The slope coefficients yield the average 1111 
ber of moles of nitrogen per mole of phmpl 
rus, taken up by the spring species of pi" 
plankton in the open sea and in coastal/1111 
and during the summer growing period 111 1 

open sea. 

4.4.2.3.2 Long-term variatioll 

Statistical trends in the long-term Viii htll' 
( 1979-93) of nutrient concentrations 111111 

ratios were investigated at four stat ion~ lu 
Gdansk Basin. Two computational Itlr ll. 
were applied in parallel, the non-patllltl 
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Basin 

station 

Gdansk Bight 
ZN2 
Ptt6 

Gdansk Deep 
Lt (PI) 

Northern Gdansk Basin 
Kt (Pt40) 

Depth 

m 

10-12 
75-84 
85-90 

0·4 
5·14 

15·24 
25·34 
35·44 
75·84 

95-1 05 

0-4 
5·14 

15-24 
65-74 
75·84 
85-90 

N03tN02 

mean slope mean 

3.5 
7.8 
7.9 

1.9 
1.8 
1.9 
2.0 
2.1 
6.9 
8.2 

1.6 
1.7 
1.7 
4.8 
6.9 
7.8 

-0.14 

0.56 
1.47 
2.13 

0.27 
0.26 
0.29 
0.33 
0.28 
1.14 
2.97 

0.30 
0.29 
0.32 
0.98 
1.57 
1.95 

Fig. 4.4.13 Seasonal development of 
nlllrient concentrations (in pmol 
dm-3) in the Gdansk Deep area 
(PI =Ll) and the northem Gdansk 
Basin (P/40=Kl), averaged for 
1979-88 and 1989-93, respectively 

Mann-Kendall test [251,252,590,592) and the 
least-square method, traditionally applied in 
the assessments of the Balt ic Sea. The analysis 
encompassed 204 sets of data on the different 
water layers (at I 0 m intervals) and seasons, 
one third of which yielded statistically signifi
cant changes. In 96 % of the cases, the results 
obtained by the two methods concurred as 
regards the significance level and slope coeffi
cients. Tables 4.4.5 and 4.4.6 set out the results 
of the non-parametric test for those water lay
ers, in which at least one of the components 
under consideration had changed significantly. 
Figures 4.4.14 and 4.4.15 give examples of 
trends determined by simple linear regression. 

The analysis of long-term trends in nutrient 
variations showed that phosph~te and silicate 
concentrations decreased significantly in deep 
waters (Table 4.4.5, Fig. 4.4. 14), the current 
changes being to a high degree a continuation 
of the trends revealed earlier in the Gdansk 
Deep [485]. The most important differences 
are the disappearance of the negative trend in 
phosphate concentrations at 80 m depth, and 
the formation of weak, though statistically sig
nificant, posi ti ve year-round trends in the con
centrations of si licate and phosphate in the 
upper water layers. 

slope 

-0.10 
-0.16 

0.01 

0.01 

·0.24 

0.01 
-0.04 
·0.06 

NIP ratio 

mean slope 

16.8 
8.1 
6.3 

8.9 
7.8 
8.5 
6.6 
7.0 
6.7 
4.5 

4.8 
4.9 
4.9 
5.2 
5.0 
4.6 

0.69 
0.58 
0.48 

0.37 
0.24 
0.25 

0.15 
O.t3 

Silicate 
mean slope 

11.7 
29.5 
37.1 

9.7 
9.6 

10.2 
11.2 
11.8 
24.8' 
47.1 

10.5 
10.1 
10.5 
19.7 
30.3 
38.8 

·2.0 
-2.7 

0.4 
0.3 
0.3 
0.4 
0.4 

·1.0 
·1.5 

0.3 
0.3 
0.3 

·1.0 
·1.5 
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Fig. 4.4. 14 Lo11g-term tre11ds of phos
phate and silicate i11 the deep waters 
of the Gda11sk Bight ( P 116; P 1 =Ll) 
a11d the 110rthem Gdansk Basi11 
(P/40=Kl). 1979-93 

(concentrations in ~mol dm·3: Trend slopes - in 
~mol dm" yr·• - indicated) 

r-
-0.06 

1--

As far as the long-term variations in nitrate(+ 
nitrite) are concerned, the non-parametric test 
revealed hardly any significant year-round 
trends (Table 4.4.5). However, there is an indi
rect evidence for the actual rise in their con
centrations in deep waters, i.e., the positive 
trends in the N/P ratio. The molar proportion 
of the sum of nitrate and nitrite versus phos-

Basin 

station 

Depth 

m 

N03tN02 
P04 

NIP ratio 

Gdansk Bight 
ZN2 

P116 

Gdansk Deep 
L1 (PI) 

Northern Gdansk Basin 
Kl (P140) 

0·2 
10-12 
0·4 

35·44 
45·64 

35·44 

5·14 

mean slope 

40.5 
7.9 
7.2 
5.4 
5.7 

5.0 

4.0 

2.61 
0.31 

0.23 

mean slope 

1.59 
0.79 
0.55 
0.61 
0.69 

0.58 

0.65 

-0.02 

-0.02 

0.012 

mean slope 

38.8 
26.6 
14.6 
10.3 
10.5 

10.9 

7.2 

1.40 

0.37 
0.40 

0.46 

P1 • BMPL1 95 - 105 m 

P140 = BMPK1 75 · 84m 

phate rose rapidly in the Vistula Estuary, hut 
the rate of increase gradually diminishr•l 
northward. This is confirmed by linear rcgH' 
sion (Fig. 4.4. 15), which seems to be a llltll 
powerful test in situations, when the paramrh 
under scrutiny is subject to fluctuations over 
broad range of values with interannual oscill 
tions [660]. The slope coefficients incl it'lth 

Silicate 
mean slope 

56.4 
16.7 
16.5 
15.3 
16.2 

16.3 

15.5 

·0.65 

Table 4.4.6 
Statistically sig11iji 
ca11t wi11ter nlltriellf 
trends (non-para
metric test) in the 
Gdansk Basin, 
1979- 93 
(p <0.1; means in ~mol dm •, 
slopes in ~mol dm·3 yr'; N111 

= (N0 3+N02) I PO,) 
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Fig. 4.4.15 Long-term trends of 
nitrate +nitrite and their ratio to 
phosphate (NIP) in the deep waters of 
the Gdansk Bight (?116; Pf=Ll) and 
the northem Gdansk Basin 
(P /40= K1 ), 1979-93 

(nitra te + nitrite concentrations in ~mol dm": Trend 
~lopes · tn ~mol dm·3 yr·• • indicated) 

11, just as in the periods of favourable oxy-
11 conditions during the years 1969-88 [485], 
llntc accumulated in the near-bottom waters. 
the Gdansk Bight and the Gdansk Deep. 

'"' variations in nitrate concentration's in lhe 
p water layers of the. northernmost area of 
Ciclansk Basin (K I ) wei·e insignificant, but 
tlllcurrent fa ll in phosphate concentrations 

111tibuted to the signi ficant increase in the 
l'tnt io. 

th the non-parametric test and the linear I 
11'\sion yielded entirely concurring results 
ANNEX 11.3 for addresses of authors 

25 1-----t----t---~~--~----~---+----+----4 

201-----+-----t-----+ 

~15~ 
10 

1990 1992 1994 

with respect to the development of nutrient 
accumulation in surface waters in the winter 
seasons (Table 4.4.6). The negative trend in 
phosphate concentrations in the surface layer 
of the Gdansk Deep in 1978-88 [485] was still 
evident throughout the Gdansk Bight, except 
for the Vistula Estuary, where the variations 
were statistically insigni ficant. In the northern 
Gdansk Basin, however, phosphate accumulat
ed at a rate only slightly less than that found in 
the Gotland Deep for the period 1958-93 
[482]. The strong negative trend in winter sili
cate concentrations in the Gdansk Basin disap
peared almost completely. Similarly, the win
ter accumulation of nitrate in the upper water 
layers of the Gdansk Deep and the northern 
Gdansk Basin wa~ retarded. By contrast, in the 
vicinity of the Vistula Estuary, nitrate accumu
lated at an unprecedented rate, which caused 
the NIP ratio to increase considerably. This 
was in good agreement with the long-term 
changes observed in the riverine flow rate, and 
in the amount of nitrogen and phosphorus car
ried by the Vistula in 1979-93. 

P140 ; BMP K1 75 · '84 m 

4.4.3 Pelagic 
biology 

1992 1994 

N. Wasmund1
, G. Breuel, L. Edler, H. Kuosa, 

R. 0/sonen, H. Schultz, M. Pys-Wolska, L. 
Wrw lek 

I This chapter covers the composition of phyto
plankton and its microscopically identified 
biomass, as well as chlorophyll a concentra
tions, in the surface layer (0-1 0 m) at BMP sta
tions in the Baltic Proper (cf. Fig. 4.4. 1 ). 
Additionally, the mesozooplankton is studied 
in the water column. Whirsch analyses of phy
toplankton-biomass trends are based on 
chlorophyll data, rather than on the micro
scopically determined biomass as the latter 
comprises greater errors. 

I 

There is a general risk of missing short-term 
peaks due to inadequate sampling frequency, 
for instance during phytoplankton blooms. 
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Differences in the meteorological and hydro
graphic conditions also generate large interan
nual variations in the phyto- and mesozoo
plankton development, rendering trend studies 
more di fficult. 

4.4.3.1 Phytoplankton 

The seasonal development of phytoplankton 
biomass in the Arkona Basin (K4, K5, K7) is 
characterised by three peaks (Fig. 4.4. 16). In 
spring, a succession from diatoms (Diatomo
phyceae, Bacillariophyceae) to dinoflagellates 
(Dinophyceae) occurs. The diatoms (e.g., 
Chaetoceros spp., Detonula confervacea, 
Skeletonema costatwn, Thalassiosira spp.) 
dominate the phytoplankton composition 
between the end of March and the end of April, 
whereas the dinoflagellates (e.g., Gymnodini
wn spp., Katodiniu~n.'~tundatum, Peridinie~la I 
catenata, Protopenduuwn spp.) are most fte
quent between the end of April and the end of 
May (Table 4.4.7). In July/August, a summer 
peak of a highly diverse phytoplankton com
munity (e.g., Aphanizomenon sp., Gomphos
plweria sp., Nodularia spumigena, Apha
nothece sp. , Rhizosolenia fragilissima, Eut
reptiella sp., Prorocentrummicans, P. minium, 
Ceratium tripos, cryptophyceans) is found. 
The autumn peak in October/November is 
mainly composed of diatoms (e.g., Actino
cyclus octonarius, Coscinodiscus granii, 
1/wlassiosira baltica). 

Strono diatom spring blooms occurred at sta
tion K5 in 1984 and 1993, and at K7 in 1979 
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Fig. 4.4.16 Seasonal variations of the 
chlorophyll a concentrations (in mg 
nr3) in the 0-10 m layer of the 
Arkona Basin ( K4) and Gotland 
Basin (Kl) 
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1979·83 1984·88 1989-93 

N=47 filli1g . 
!.Q2.§ Skelelonema cos/atum Chaetoceros holsaiiCUS 

(48,000, n=12) 
Chaetoceros ill Chaeloceros sp. 
ceratosporus (16,000, nz4) 
Skeletonema costatum 51 Chaetoceros wighamii 

(530, n=2S) 
Delonula conleNacea i2 PeridinieHa catena/a 

(1,997, n=5) 
Nanoplanktoo ia Nanoplankton 

(262, n=5) 

:2JiJmJf! N=56 
Dinophysis norvegica Lm Aphanothece sp. 

(64,599, nz9) 
Gomphosphaeria spp. 1MQ Aphanizomenon 

(11,471 , n=29) nos·aquae 
Aphanolhece sp. ill Gomphosphaeria pusira 

(15,082, n=B) 
Microcyslis reinboldii ill Nanoplankton 

Nodularia spumigena 
(9,234, n=l) 

.ill Nodularia spumigena 
(2,940, n=39) 

Au1JaJ1f1 N=45 
Gomphosphaeria spp. m Coscinodiscus granii 

Coscinodiscvs granii 
(16,770, n=20) 

ill Nanoplankton 
(11,850, n=13) 

Nanoplanktoo 1l Rhcdomonas minuta 

Flagellates 
(387, n·B) 

1l Gomphosphaeria pusiHa 

Rhodomonas minuta 
(1.440, nz 16) 

u Cryptomonas sp. 
(1,862, n=28) 

and 1987 (Fig. 4.4. 17 A). Strong cyanobacteria 
summer blooms were found at K7 only until 
1984 (Fig. 4.4.178). Since 1988, diatoms 
(mainly Coscinodiscus granii) have been high
ly abundant in autumn at all stations (Fig. 
4.4. 17C). 

As observed in the At'kona Basin, station K2 in 
the Bornholm Basin normally shows three 
biomass peaks per year; April to May (e.g., 
Chaetoceros spp., Skeletonema costa/tun, 
Thalassiosira levanderi, Peridiniella catenata, 
Dinophysis spp., Gymnodinium spp.), July to 
August (e.g., Nodularia spumigena, 
Aplwnizomenon sp., Gomphosplweria sp., 
Microcystis spp. , Gymnodinium sp.) and 
October to November (e.g., Coscinodiscus 
granii, Actinocyclus octonarius, Thalassiosira 
baltica, Gymnodinium sp.). 

From 1979 to 1993, the start of the spring 
blooms seems to shi ft from May towards 
April, or even to the end of March. This might 
be due to mild winters in recent years (cf. 
[604]), and thus earl ier stratification of the 
water column. It should, however, be stressed 
that the start or the peak of the blooms is hard 
to determine on the basis of the scattered data. 

The proportion of diatoms (Achnanthes taeni
a/a and, to a lesser degree, that of Skeletonema 
costawm and Chaetoceros spp.) has de
creased, whereas dinoflagellates (e.g., 
Peridiniella catenata, Dinophysis acuminata, 
Katodiniwn rotundatum) have become more 
important in the Bornholm Basin in spring. In 
autumn, the diatoms are still the dominating 
group. 

In the Gdansk Basin (L/, Gdansk Deep), the 

N:71 N=81 
ill Chaetoceros debilis ill 

(10,590, n=42) (28,036, n=2) 
111 Skeletonema costalum ill 

(3,624, n= 17) (2,360, n=32) 
1Q.6 Peridiniella catena/a lli 

(6,578, n=20) (3,942, n=25) 
Sl Mesodinitrn rutnm ill 

(4,490, n= 13) (6,287, n= 19) 
ll Nilzschia longissima aJ. 

(573, n=18) (7.281, n=4) 

N=60 N=98 
ill Nanoplankton ill 

(9,346, n=6) (1,535, n=22) 
ru Aphanizomenon ill 

(604, n=53) flos·aquas (858, n=85) 
§1 Prorocen/fum minimum u 

(1.817, n=22) (1,498, n=37) 
§j Gomphosphaeria 1l 

(387, n=9) PJsilla (1,117, n=36) 
ll NodtJaria spumigena il 

(586, n=29) (1,058, n=62) 

N:59 N·82 
CoscilOdiscvs granii ill .1.lli 

(10,251, n=36) (8,400, n=34) 
~ Actinocyclus ill 

(180, n=22) octonarius (1,704, na32) 
2.0 Nanoplanktoo ill 

(194, n=42) (970, n=20) 
1l Thatassiosira baltica 2i 

(85, n=30) (344, na34) 
11 Rhodomonas mi/VIa 1§ 

(123, n=23) (347, n=26) 

Table 4.4.7 Dominating phytoplank
ton species in the Southem Baltic 
Proper during the three assessment 
periods 
(arithmetical Jlllli!ll , in brackets maximum. values ol 
species wet·weight biomass in mg m·3; N · total 
number of samples. n · number of samples in which 
species were dominating) 

spring bloom of diatoms (up to 40 mg chi. a m 
occurs from the end of March to May, donu 
nated by Achnanthes taenia/a, Thalassioslto 
spp., Chaetoceros spp. and Skeletonema co.1111 
tum, and followed by dinoflagellates in May I• 
June (e.g., Peridiniel/a catenata, Gymnoth 
nium spp.). In summer, i.e. , mid of June to l'f~ 
of September, a diverse phytoplankton occu1 
e.g., Nodularia spumigena, Aphaniz~mellt 

sp., Prorocentrwn spp., Heterocapsa tnqut•lto 
cryptophyceans and other small flagellall 
but without forming distinctive peaks (uul 
about 3.5 mg chi. a m·3) . The relatively Sllh11 

autumn bloom (up to 5.5 mg chi. a m tl I 
October/November is mainly caused by tl 
diatom Coscinodiscus granii [99,476]. 

In the southern part of the Eastern Gotluu 
Basin (Kl, Fig. 4.4. 16), the spring bloom 11 

found in the period April to May, but in tl 
central part of the basin (J I, Gotland Dt'll 
this only occurred in May. Diatoms, I' 1 
Chaetoceros spp., Aclmanthes taeniata 111 

Skeletonema costatum, and dinoflagclluh 
e.g., Peridiniella catenata, Dinop~ysi.1· 'I~ 
and Gymnodinium spp., are the mam gfUIIJ 
(Table 4.4.8). 

In contrast to the Born holm and At k111 

STATE OF THE 
MARINE ENVIRONMENT OF THE 

BALTIC SEA REGIONS 

1979·83 1984-88 

filli1g N=7 N=10 Achnanthes taenia/a ill Chaetoceros wighamii s..uz (635, n=5) (51 ,005, n=3) Skeletonema costatum §1 Skeletonema costatum UM (370, n=4) (34,931, n=6) Protoperidinium sp. 22 Peridiniella catena/a LID (189, n=6) ( 15,235, n= 7) Gymnodinium westilicii i1 Chaetoceros sub~tis ill (346, n=2) (930, n=2) Dinophysis acuminata ~ Achnanthes taenia/a !2 (240, n=4) (364, n=6) 
~ N=9 N=11 Microcystis spp. ill Gomphosphaeria pus;na §.9 

(2,565, n=2) (637, n=4) Aphanizomenon ill Aphanizomenon iQ nos·aquae (364, n=S) nos·aquae (158, n=9) Flagellates ia NOdularia spumigena ll (233, n=6) (157. n=6) NOdularia spumigena Sl Dinophysis acuminata a.z (443, n=4) (138, n=6) Cryptomonas sp. H Flagellates .u (110, n=4) (78, n=S) 

Allll!lla N=6 N=9 CoscinOdiscus grarri ill Coscinodiscus grarri ill (574, n=2) (2,679, n=3) Aclinocyclus octonarius 1§ Nanoplankton i1 (36, n=4) (79, n=8) Rhodomonas mi/VIa ll Flagellates 2.1 (36, n=6) (127, n=6) Protoperidi~ium sp. 1l Aclinocyclus oi:tonarius 2.1 (40, n=2) (96, n=3) Aagellates s .. 
Rhodomonas minuta ll (42, n=2) (50, f!=S) 

1989·93 

Mesodinium nbum 
N=17 
ill 

PeridinieUa catena/a 
(3,340, n=2) 

ill 
(2, 787, n=32) 

Dinophysis acuminata 2.1 
(120, n=25) 

GymnodiriiXn lohmannii 1§ 

Dinophysis baltica 
(138, n=19) 

ll 
(256, n=4) 

N=16 
NOdularia spumigena ill 

(2,149, n= 11) 
Nanoplankton ill 

(1 ,227, n=3) 
Aphanizomenon ill 1/os-aquae (637, n= 14) 
Microcystis reinboldii li 

(910, n=3) 
Gomphosphaeria li 
PJsiHa (496, n=6) 

N=12 
CoscinOdiscus granii lli 

(3,840, n= 12) 
Actinocyclus 1l octonarius (163, n=6) 
Nanopiankton 12 

(1 16, n=2) 
Mesodinium rubrum ll 

(84, n=4) 
Thalassiosira ballica ll 

(67, n=4) 

Table 4.4.8 Dominating phytoplank
ton species in the Eastem Gotland 
Basin during the three assessment 
periods 

(arithmetical fiiltrul , in brackets maximum, values 
of species wet·weight biomass in mg m·>; N . total 
number of samples, n • number of samples in 
which species were dominating) 

I As in the Bornholm Basin, there is a tendency 
of a shift from diatoms to dinoflagellates (and 

I 
cryptophyceans) in spring (Fig. 4.4.18A, Table 
4.4.8). In autumn, however, diatoms have 
exhibited a pronounced increase (Fig. 

1

4.4.18C). The reduction of diatoms in the 
spring bloom at station K I since 1990 may be 
related to mild winters. The silicate concentra
tions were not reduced in these winters. 

Basins, a distinct summer peak of cyanobacte
lin (Nodularia spumigena, Aphanizomenon 
op., Microcystis spp., Gomphosphaeria sp.) is 
kss reflected in the biomass data, at least in 

the Gotland Deep area (J /) . The autumn 
bloom is almost exclusively composed of 
diatoms (Coscinodiscus granii, Actinocyclus 
octonarius). 

In the Western Gotland Basin (11, Karlso 
Deep), the spring bloom is found in May (e.g., 
Skeletonema costatum, Chaetoceros wighamii, 
Peridiniel/a catenata, Dinophysis spp.), the 
summer peak in August (e.g., Aphcmizomenon 
sp., Eutreptiella sp. and other flagellates) and 
the autumn diatom bloom in October to 
November (Coscinodiscus grcmii) (Table 

BMP K7 Phytoplankton biomass 
mg m - 3 

A MARCH - MAY ~ 

J 

4 

79 80 81 82 83 84 85 86 87 86 89 90 91 92 93 

mg m-s 

C OCTOBER - DECEMBER 

7500 

79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 

mg m- 3 

-= 
CiZZ:l 

~ 

t= 

= 

B JUNE - SEPTEMBER 

7980818283848586878889909192 93 

Cyanophyceae 
Cryptophyceae 

Dlnophyceae 
Diatomophyceae 

Chlorophyceae 
Others .. 

' 

Fig. 4.4.17 Seasonal means of the phytoplankton bio
mass (wet weight; inmg nr3) and composition in the 
0-10 m layer of the Arkona Basin ( K7) 
(numbers above the bars indicate number of samples) 
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BMP J 1 Phytoplankton biomass 
mg m - 3 

~~----------------------~ 

mg m - 3 

3500 

3000 

2500 

A MARCH - MAY 

c OCTOBER - DECEMBER 

2 

79 80 81 82 83 84 

2 

-= 
= 
€813881 

= 
= 

B JUNE - SEPTEMBER 

2 

0 

79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 

Cyanophyceae 
Cryptophyceae 

Dlnophyceae 
Diatomophyceae 

Chlorophyceae 
Others 

Fig. 4.4.18 Seasonal means of the p~l~top~ankton biomass 
(wet weight; inmg m·1) and compos/l iOn m the 0-10 m 
layer of the Gotland Deep area (J 1) 
(numbers above the bars indicate number of samples) 

4.4.9). Potentially toxic ~r harmful speci~s, I station II in 1992. 

such as Nodularia ~punugen:l, Chaero;e,~s I I the Northern Baltic Proper (H2, H3), the 
danicus, Dinophysts acumlllata an . n . bloom (e o Peridiniel/a catena/a, 
norvegica, were present in high numbers at spnng ·o·• 

G/enodinium sp., Aclwanthes taeniato 
Skeletonema costatum) occurs fr.om May I 
June. The summer peak in August IS formed I• 
mixed phytoplankton assen~blages . (c.l 
Aphanizomenon sp. , Nodulana spumtgru 
Dinophysis spp. and cryptophyceans) and II 
autumn maximum in October/Novembct 
built up by diatoms (e.g., Coscinodiscus grm 
and Actinocyclus octonarius) (Table 4.4. 111 
Station H 1' near the entrance to th~ Gul.l ' 
Finland, deviates from the ?the~· statt?ns su~ 
its spring bloom starts earlt.er, I.e., dtatom~ 
Apri l and dinoflagellates m May, and It 
often no real autumn bloom is observed 
must be stressed, however, that the numbct 
data is insufficient to allow general .com I 
sions to be drawn, especially for Statton~ I 
and H3. 

1979·83 1984·88 

N=8 .&ill 
Skele/onema cos/alum §1 Skeletonema costatum 

(470, n=6) 
Dinophysis acuminata ll Chaetoceros wighamii 

(70, n=l) 
Gymnodinium sp. 1.2 

(38, n=6) 
Eutrep#ella sp. 

Peridiniella catenata ll Peridinietta catenata 
(73, n=4) 

Dincbryon balticum ll 
(72, n=3) 

Dinophysis acuminata 

:IJiJm1ll! N=5 
Flagellates §l Eutrep#ella sp. 

(113, n=3) 
Glenodinivm sp. §.Q Aphanizomenon 

(125, n•3) nos-aquae 
Cryptomonas sp. §.Q Nanoplankton 

(106, n=3) 
Aphanizomenon ll Mesodinium llJbrum 
flos·aquae (78, n=3) 
Pyramimonas sp. 11 Gymnodinium sp. 

(23, n=4) 

Alllum!1 N=7 
Rhodomonas minuta 12 Nanoplankton 

Protoperidinium sp. 
(30, n=6) 

~ Eutrep#etta sp. 
(32, n=2) 

Actinocyclus octonarius ~ Aphanizomenon 
(30, n=4) nos·aquae 

2 Mesodinium llJbrom Flagellates 
(34, 11=3) 

Ap/lanizomenon ~ Actinocyclus octonarius 
flos·aquae (15, 11=4) 

1989·93 

N=3 
1.lli Mescdinium llJbrom 

(21,620, n=2) 
ill Peridiniel/a catenata 

(1 ,378, n=21 
ill 

(1 ,378, n=21 
Dinophysis acuminata 

3i Skeletonema costatum 
(118, n=t) 

ll Dinophysis norvegica 
(23, n=2J 

N:9 
ill Thatassiosira baltica 

(728, n=6) 
§l Chaetoceros danicus 

(196, n=6) 
!3. Aphanizomenon 

(112, n=3) flos·aquae 
.u Chrysochromutina sp . 

(251, n=2) 
2§. Mesodinium rubnJm 

(190, n=l) 

N=8 
~ Coscinodiscus granii 

(115, n=S) 
2§. Aclinocyclus 

(179, n=3) oc/onarius 
.u Mesodinivm rtbt.m 

(115, n=6) 
1.Q Thalassiosira baltica 

(45, n=2) 
B. Dinophysis nOfVegica 

(30, n=21 

N=11 
ill 

(1.292, n=3) 
u 

(255, n=S) 
3i 

(151 , n=l) 
ll 

(278, n=3) 
2§. 

(252, n=3) 

N:7 
I1 

(495, n=3) 
ll 

(383, n=3) 
u 

(230, n=l) 
ll 

(92, n=4) 
.u 

(78, n=4) 

N: 8 
ill 

(1, 179, n=6) 
2l 

(149, n=S) 
1l 

(80, n=4) 
1.Q 

(43, n=2) 
z 

(23, n=S) 

Table 4.4.9 Dominating phytoplank
ton species in the Westem Gotland. 
Basin during three assessment pen
ads 

(arithmetical~ , in brackets maximum. values ot 
species wet-weight biomass in mg m·•; N • tot~l 
number of samples, n • number of samples on whkh 
species were dominating) 

MARINE ENVIRONMENT OF THE 
BALTIC SEA REGIONS 

STATE OF THE 

Table 4.4.10 Dominating phytop/ank· 
ton species in the Northem Baltic 
Proper during the three assessment 
periods 

1979·83 
1984·88 

1989·93 
.5lmg N=25 
Peridiniella catenata ill G/8f11Xk!ir.rn sp. 

(2,415, n: /2) 
Chaetoceros wighamii !1 Peridiniella catenata 

(1 ,010, n=4) 

(arithmetical m.un , in brackets maximum, values of 
species wet·weight biomass in mg m·3; N • total num· 
ber of samples, n • number of samples in which 
species were dominating) I 

I 
I 

Achnanthes taeniata 1§ Oinophysis acuminata 
(398, n= 10) 

Protoperidirium sp. ~ Achnanthes taeniata 
(302, rl= 12) 

Tha/assiosira levanderi ~ Skeletonema costatum 
(585, n=2) 

4.4.3.2 Chlorophyll a 

f'hc three annual peaks, observed in the phyto-
plankton biomass in the Arkona Basin, are 1 

tlso reflected by the chlorophyll a concentra- 1 

Items. Figure 4.4.16 shows the seasonal varia
lions at station K4 (At'kona Deep) for the 
Ill ire period 1979-93. A significant increase in 

the chlorophyll concentrations was identified 
11 station K7, but not at stations K4 and K5, in 
this 15-year period. The Wilcoxon two-sample I 

11 shows that at the stations K5 and K7, the 
ttlumn concentrations from J-988-93 were sig

rulicantly higher than those from 1979-87. 

~ 
Flagellates 

Aphanizomenon 
1/os·aquae 
Peridiniella catenata 

Dinophysis acuminata 

Nodularia spumigena 

AuiJimu 
Coscinodiscus granii 

Aphanizomenon 
llos·aquae 
Rhodomonas minuta 

Actinocyclus octonarius 

N=16 
ill Aphanizomenon 

(311 , n=ll) Ros·aquae 
iQ Cryplomonadales 

(160, n= 13) 
!a Nanoplankton 

(531, n=3) 
1l Dinophysis norvegica 

(110, n=l3) 
1.2 Dinophysis acumina/a 

(84, n=l) 

No15 
42 Coscinodiscus granii 

(400, n=2) 
.12 Dinophysis norvegica 

(67, n=9) 
11 Skeletonema costatum 

(34, 11=12) 
1.Q Aphanizomenon 

(48, n=IO) llos·aquae 

ur the Bornholm Basin (K2, Bornholm I 
~·cp), the chlorophyll concentrations in sum
Jil'r and autumn are considered separately in 
tgure 4.4. 19. From 1979 to 1989, the 
Wease in summer concentrations of chloro
hyll was highly significant , whereas the I 

Cryplomonas baltica a Actinocyclus octonarius 
(103, n=2) 

3333555 

K2, summer 

' 

O ~o~ooQ~A~ , o~QB . . v 'T a 
1 12333 

35554223 4 

(l 

' to 11 1:2 13 a.c as ae 11 ea ee oo '" ~ .., 
YEAR 

J/ig. 4.4.19 Box-and-whisker plots of 
' lt/orophy/1 a concentrations (inmg 
111 

1
) in the 0-10 111 layer of the 

1/omho/m Deep area ( K2) in summer 
I June-September) and autumn 

autumn concentrations showed the opposite 
tendency. I 
Slightly increasing annual mean concentra
tions of chlorophyll were observed in the sur
face layer of the Gdansk Basin (LJ, Gdansk 
Deep) in the period 1986-93. The insufficient 
number of data excludes, however, an exami
nation of any trend. 

I~ The annual medians of the chlorophyll con
centrations at stations K I and J I in the 
Eastern Gotland Basin did not show any 
overall trend if the 15-year period is consid
ered. However, summer data revealed a clear 
but statistically non-significant decrease from 
1984 to 1989 (Fig. 4.4.20). The two stations 
differed especially in autumn. The highest 
autumn values occurred at station K1 in 1986-
89, but at station J 1 in 1989-93 (Fig. 4.4.20). 
The autumn data showed a highly significant 
increase at station K 1 from 1980 to 1988, and 
at station J 1 from 1979 to 1993 (this was most 
prominent during 1984-90). 

In the Western Gotland Basin, the peak of the 
annual mean of chlorophyll was found at sta
tion I 1 (Karl so Deep) in 1985, followed by a 
slight minimum in 1989. From 1984 to 1990, 
the! autumnal chlorophyll concentrations in
creased. 

I .. 

I 
r • 
g. 

' Fig. 4.4.20 Box-and-whisker plots of , I: 
g. 

N=22 
ill 

(9,028, n=2) 
ill 

(2,634, n= IS) 
.w 

(3,600, 11=6) 

M8Sodinium rubnJm 

PeridinieHa catenata 

GlenoOJnivm sp . 

N=21 
ill 

(3,054, 11=6) 
ill 

(1, 111, rl=l6} 
u 

ill 
(1 ,274, n=t4) 

Skeletonema costatum 
(661, n=4) 

11 
ill 

(851 , n=20) 
Thalassiosira baltica 

(424, n=6) 
ll 

N•24 
ill 

(688, rl=l9) 
ll 

(439, II: 15) 
i2 

(251, r1•6) 
!4 

(940, n=l3) 
!2 

(360, n=IS) 

N=24 
lli 

(3,060, ri=S) 
!2 

(940, n=3) 
la 

(766, n=6) 
2l 

(1 15, 11= 18) 
Z1l 

(371, n=6) 

Cryptomonadales 

Mescdinium rtbt.m 

Aphanizomenon 
1/os·aquae 
Nodularia spumigena 

Dinophysis norvegica 

Coscinodiscus granii 

Actinocyclus 
octonarius 
Dinophysis norvegica 

Thalassiosira baltica 

Dinophysis baftica 

(365, n=6) 

N•l7 
§.! 

(295, n=IO) 
u 

(406, n=9) 
u 

(352, n=l6) 
la 

(238, n=9) 
u 

(125, n•IO) 

N=24 
ill 

(3,000, n=ll) 
!!l 

(1,897, n:IO) 
ll 

(508, n=IS) 
ll 

(68, n=IO) 
.12 

1267, 11=2} 

23222 4244443 3 4c 
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YEAR 
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chlorophyll a concentrations (in mg 
nr3
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1979-83 1984·88 1989-93 

Apr-May 2...1.9. ± 1.43 
(0.22-7.61), 91 

M2. ± 3.14 
(0.37·11.85), 129 

2...91. ±3.80 
(0.26-27.31), 235 

Table 4.4.11 
Chlorophyll a in the 
Baltic Proper during 
different seasons for 
the three assessment 
periods 2.dQ. ± 1.18 

(0.35·7.99), 182 
2..2Q ± 1.1 5 

(0.10·7.00), 184 

2,& ±1.21 
(0.08·7.01 ), 295 

Oct-Dec 1..8..5. ± 1.11 
(0.30·5.00), 103 

W ±1 .61 
(0.10-7.49), 134 

2..ll ± 1.29 
(0.00·7.99), 173 

(~. standard deviation, 
range and number of sam· 
pies; values in mg m·3) 

The annual medians of chlorophyll concentra- I potential primary productivity are treated for 
tions in the Northern Baltic Proper revealed six different areas of the Baltic Proper. 
a significant increase at stations HI and H2, Interannual variation is shown for the entire 
and an insignificant increase at station H3, BMP period 1979-93. 
from 1979 to 1993. At station HI , chlorophyll 
concentrations increased particularly in sum
mer, whereas at station H2 the increase took 
place in autumn. Unlike the primary produc
tion (cf. Table 4.4.12), the pooled chlorophyll 
data of the Baltic Proper revealed only a slight 
increase during the investigation period (Table 
4.4.1 1). 

In the Arkona Basin, stations K4 , K5 and K7 
are located close together in the centre of the 
basin, whereas station K6 is close to the 

I 
entrance of the Sound. Despite this, the annual 
cycle of productivity during 1989-93 was very 
similar in the two areas, with obvious spring 
and autumn peaks (Fig. 4.4.21A). A summer 

The interannual variation in potential primary 
productivity in different seasons between 1979 
and 1993 does not show a significant trend 
(Figs. 4.4.21 B-D). An increasing tendency, 
however, can be seen in spring and autumn. 
This tendency is very weak. But if it continues 
it suggests a doubling of the potential primary 
productivity in about 20 years. A similaf 
increase is also found in the autumnal chloro· 
phyll data and is probably connected to the 
increased biomass of diatoms. 

The annual cycle of potential primary produc 
tivity during 1989-93 in the Bornhohn Basin 
at station K2 resembles that of the Arkona Sen 
(Fig. 4.4.22A). The summer peak reachc) 
about the same magnitude as the spring ami 
autumn peaks with 20-2S mg C m·

3 
h. 

1 

Compared to the Arkona Sea, maximulll 
spring and autumn productivity is about 30 

1 

lower, whereas the average summer productil' 
ity in the Born holm Basin is about the same"' 
in the Arkona Sea. 

4.4.3.3 Potential primary 
productivity 

The analysis of potential primary productivity 
is based on the mean of the 0-20 m layer of the 
Baltic Proper. Average seasonal cycles are cal
culated for the period 1989-93. Results of 

peak of productivity can also be seen, but is 
1 less pronounced than the chlorophyll peak at 

this time. Rates in spring and autumn peaks 
may reach 3S and 30 mg C m·3 h: 1

, respec
tively. The summer peak is generally of the 
order of 10-20 mg C m·3 h: 1

, but peak values 
of 34 mg C m·3 h: 1 have been measured at sta-

As for chlorophyll, there seems to be a wcul 
increase in productivity in the autumn betwC\'It 
1979 and 1989. After 1989, there seems to I 
a drop in the autumn productivity. Because 11 

very few data, however, this decrease may I 
false. An increase over the entire period can I 
seen in spring, whereas the summer productil 
ity shows a slight decrease (Figs. 4.4.22B-Ill 
Whether or not the productivity increases 11 

autumn, which is brought about mainly h 
diatoms and might be attributed to tl 
increased silica concentrations in the surf111 
layer (Table 4.4.4), is not possible to evah111t 

Fig. 4.4.21 Box· 
and-whisker plots 
of variations of 
the potential pri
mal)' productivity 
(in mg C m·3 lr1) 

in the Arkona Sea 

A · seasonal variation, 
1989·93; B ·time series 
for spring (March·May), 
1979·93; C · time series 
for summer (June· 
September), 1979·93; 0 • 
time series for autumn 
(October·Oecember), 
1979·93 
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In the Gdansk Basin at station Ll , there 111 

data available since 1986. The number of nn 
surements, however, does not allow any stnlt 
tical analysis. The seasonal cycle is in acn 
dance with those in the other basins, bul 1111 

lower peak values in spring, summer 111 

autumn which seldom exceed 20 mg C m 
1 
h 

In the Eastern Gotland Basin, potential 1~ 
mary productivity data from II stations, Itt 
Kl in the south to J I in the north, have 111 
pooled. The productivity shows a trimodall 
tern with peaks in spring, summer and auttltt 
(Fig. 4.4.23A). Peak values in spring 11111 
between IS and 20 mg C m·3 h: 1, and in ' '" 
mer and autumn between IS and 2S mg (' 11 

h: 1• The interannual variation shows nod 
trend between 1979 and 1993 (Figs. 4.4.1 II 
D). The chlorophyll decrease in summc• tl 
ing 1984-89 is not reflected in the pOII'III 
primary productivity. The significant inch 
in chlorophyll in autumn is shown only u 
weak tendency in the productivity, equivnl 
to a doubling of the productivity over th1· 11 

IS to 20 years. 

Data from the Western Gotland Basin aml t 
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Fig: 4 .. 4.22 Box-and-whisker plots of 
vtmat1011s of the potential primary 
productivity (in mg C 11,-3 lr') in the 
Bornholm Basin 

8i' w e.s- &c &1 

A . seasonal variation, 1989·93; B • time series for 
spnng (March·May), 1979·93; C . lime series for 
summer (June·Seplember), 1979·93; 0. lime series 
for autumn (October·Oecember), 1979·93 

••rthern Baltic Proper are too few to show 
IY t ~·ends .. Pooling all measurements of 
•IC~l tia l pnmary productivity in the entire 
tlllc Prop~r into different assessment periods 
~cals an mcrease in productivity for spring, 
mmer and autumn (Table 4.4. 12). As the 
lorophyll does not show the same increase 
1 ~abl~ 4.4. 11 ), a strong increase of the 
1mtlatton number is suggested. 

1979-83 198,4·88 

4.4.3.4 Mesozooplankton 

Th~ sampling frequency of mesozooplankton 
val les ~lth respect to stations and seasons in 
the penod 1979-93 (Table 4 4 13) Wh . · · . ereas 
spnn~, summer and autt~mn are sufficiently 
c~veled at some BMP stations, observations in 
wmter are generally too low at all stations in 
~he Baltic Proper. The stations K4, K5 and K7 
~ n ~he Arkona Basin have been pooled to 
111Clease the number of observations. In gener-

1989·93 

Apr-May L.QQ ± 4.50 
(1 .38·22.63) , 123 

U2 ± 6.94 lUi ± 7.76 
(0.56·59.69), 172 ' (0.24·32.65):' 142 

Table 4.4.12 
Potential primW)' 
productivity in the 
Baltic Proper during 
different seasons for 
the three assessment 
periods 

Oct-Dec 

ll! ± 4.54 
(0.69-22.01 ), 186 

~±3.41 
(0.17-14.73), 121 

w ± 4.42 1lll ± 18.21 
(0.87-22.31), 253 (0.18-150.70), 197 

W± 6.20 
(0.1 8·45.78), 181 

1.QM. ± 7.61 
(0.35-28.59), 122 

(~. standard deviation 
range and number of sam: 
pies; values in mg c m·> h: ' ) 

Fig: 4:4.23 Box-and-whisker plots of 
vanatiOnS of the potential primal)' 
productivity (in mg c 11 ,-3 lr') in the 
Eastem Gotland Basin 

A ·seasonal variation, 1989·93; B. time series for 
spnng (March·May), l979·93; C · lime series for 
summer (June·September), 1979·93; 0 • lime series 
for autumn (October·Oecember), 1979·93 

al, they all cover the same water depth ( 44-48 
m) o~er a restricted distance of 20 n.m. 
Sampling frequency is also sufficient in the 
Bornholm Basin (K2, Bornholm Deep) and the 
south-eastern Gotland Basin (KI ), as well as in 
the. Gdansk Basin (L!' Gdansk Deep) with 
~nor e ~han. 70 observatiOns in the period under 
111ves.ttgatt~n: For all the other stations, there 
are 111suff1Cient data to assess long-term 
changes. All figures show the abundances for 
the whole water column. 

In the Arkona Basin, in spring, the abundance 
of m~s?zoop! ankton, dominated by copepods 
and IOttfers, 111~reased moderately in the peri
~d 198S-93 (Fig. 4.4.24). Interannual varia
~rons were high in this season. They decreased 
111 summer, when the mesozooplankton, main
ly c?pepod~, on aver~ge reaches its highest 
?ens~ty. Roufers are displaced by cladocerans 
111 thiS s~aso.n. The decreasing mesozooplank
ton density 111 autumn is dominated by cope
pods. 
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BMP Winter Spring Summer Autumn Year 

Station (Jan-Mar) (Apr·May) (Jun·Sep) (Oci·Dec) (Jan·Dec) 

dominating species during hot summers reach
ing abundances of up to several million ind. m·2. 

In cold summers (e.g., 1987), this cladoccr 
shows only a minimal population density. 

K5 7 23 22 

K4 8 25 17 

Kl 14 19 32 

K6 1 5 3 

KB 3 7 5 

K2 17 43 63 

K1 12 31 40 

J1 6 10 19 

11 0 15 22 

L1 12 13 32 

H1 8 9 14 

H2 8 16 18 

H3 3 11 21 

The copepods Acartia bifi/osa and A. lon
giremis show increasing abundances in the 
Arkona Basin, mainly in spring and summer. 
The maximum abundance of A. longiremis in 
winter and spring 1984 is obviously an effect 
of the hioher salinity in these seasons. The 

b ' h copepodites of Acartia spectes, assessed at t e 
oenus level, show an increase in all seasons. 
Much more pronounced is the rising tendency 
of Centropages hamatus, which were probably 
influenced by the temperature. Thus, in years 
with low water temperature, especially 1987, 
the abundance of C. lwmatus was low, where
as warm springs and summers produce high 

16 68 
21 68 
22 87 
2 11 
6 21 

33 156 
29 112 
16 51 
14 51 
13 70 
8 39 

15 57 
17 52 

population densities. 

Table 4.4.13 
Mesozooplankton 
observations per sea
son at BMP stations 
of the Baltic Prope1; 
1979-93 

In the Bornholm Basin, station K2 (Bornholm 
Deep), the mesozooplankton abundances arc 
characterised by a rising tendency from 1979 
to 1993. However, the winter concentratiom 
must be taken with caution since they al\' 
based only on one or two values per year. The 
increasing abundance in spring, which wa' 
interrupted in 1987/88, is mainly caused by tlw 
increasing numbers of copepods in the early 
1980s, and the very high abundances ol 
rotifers which are the most prominent specie' 
since 1989. Mean values between 8,000 ami 
18,000 rotifers m·3, equivalent to 700,000 tu 
1 ,600,000 ind. m·2 for the whole water col 
umn were obtained. In the early 1980s, 1111 
hioh~st mean abundance was only 4,000 inti 

b 

nr3. 
The abundance of the copepod Pseudocalanus 
minutus elongatus was characterised by a dras
tic decrease during the last 15 years (Fig. 
4.4.25). In the 1970s, this species, together Undulations with maxima in t~e _mid-1 980 
with Acartia spp., was the dominating cope- and early 1990s are the mosl s t~mfi_can~ fc.t 
pod, with a mean abundance of around 5,000 ture in the mesozooplankton dtstnbutton mth 
ind. m·3 [249,603]. Its mean abundan_ce is now 

1 

Bornholm Basin in summer (Fig. 4.4.2(1) 
only 1,000 incl. m·3, corresponding to a Copepocls and cladocers are the most abund11111 
decrease of about 80 %. species in this season. Copepods dominate th 

lower mesozooplankton abundance in autuntu 
The extreme population density measured 11 

1979, 1983, 1989, and 1990 are based on onl1 
The cladoceran Bosmina coregoni maritima 

\ occurs only in the warm season and is the 

BMP K4, K5 & K7 Zooplankton abundances 

January to March 

Ind. m - 3 

~~-----------------------------. 
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0 0 
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Ind. m- • 
~~--------------------------, 
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Fig. 4.4.24 Total 
abundance of dijJc11111 
groups of meso zoo 
plankton (in irul. 111 'I 
in the Arkona Ba.w11 
(K4, K5, K7, poolt•tll 
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Ind. m-• 
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SOUTHERN GOTLAND SEA 
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Fig. 4.4.25 Abrmdcmce 
of Pseudocalanus min
u/1/s e/ongatus (in ind. 
nr3) in different areas 
and seasons, Arkona 
Sea (K4, K5, K7, sum
marized), Bomlwlm 
Sea (K2), southern 
Gotland Sea ( Kl ) and 
Gotland Deep area ( 1 I) 
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• Psou ml.ol ~ Psou min m Psou elo 

•IIC observation. 

\1 the species level, the copepods Centro
•tges hamatus and Temora longicomis show a 
unrked tendency to higher abundances from 
11179 to 1993 in all seasons, especially in 
pt ing a11d summer, whereas the increase of 
\mrtia bifilosa is only important in summer. 
tl llnll changes are observed for A. longiremis. 
lt'udoca/anus minutus e/ongatus shows a 

11-ar tendency of decreasing population densi-
in all seasons. The cyclopoid copepod 

lltluma simi/is occurred in high abundances 
pccially in the Bornholm Basin, following 
vern! deep water renewals (cf. Chapter 2) in 
• period 1989-93. 

11he Gdansk Basin (L/ , Gdansk Deep), the 
'''~ozooplankton community consists of 
~mt 20 taxa, including 9 copepods, 5 clado-
1•1 species and 2 rotifera genera. Acartia spp. 
11lCcially Acartia bifilosa), Pseudocalanus 
11111/us e/ongatus and Temora longicomis 
•minated in 1989-93. Rotifers were codomi
tlll in the warm seasons, Bosmina coreg'oni 
ttitima in summer and Fritil/aria b~real{s in 
111lg. 

•ll~iderable fluctuations in the total meso-
1tplankton abundance were observed to 
lil'llcl on water temperature [7/8]. The great
' variations of the zooplankton numbers 

111red in spring. Highest mean abundances 
I the most diversified composition were 
utd in summer (Fig. 4.4.27). In winter, only 

few copepod species and the Thaliacea 
Fritillaria borealis were present. 

The mean abundance of mesozooplankton dur
ing 1989-93 was slightly higher than that dur-

; ing 1979-88. This phenomenon occurred with 
different intensity, and was caused by increas
ing numbers of rotifers (Synchaeta sp.) in all 
seasons, and nauplii Copepoda in winter, sum
mer and autumn. Si nee the late 1980s, the 
increase of organisms near the border of 
micro- and mesozooplankton corresponds 
with the slightly higher water temperature and 
decrease of the salinity in the surface waters. A 
decrease in numbers of Evadne 1101dmanni 
occurred in summer, whereas the abundance of 
Bosmina coregoni maritima fluctuated consid
erably. 

Changes in the copepod population structure 
have taken place in the period under investiga
tion. The number of dominating Pseudo
ca/anus minutus elongatus (Fig. 4.4.28) was 
found to slightly decrease from year to year, 
bu~ with higher intensity from the end of the 
1980s in all seasons. At the same time, the 
numbers of Temora longicornis in summer, 
Acqrtia /ongiren1is and A. bifi/osa in warm 
seasons, and Centropages hamatus during the 
whole year showed an increasing tendency. 
Currently, Acartia spp. and Temora /ongicor
nis have become the dominants in the area. 
The main reasons for these changes were 
probably the progressive decrease of salinity 
in the deeper water layers and, simultaneously, 

the slight increase in the surface water temper
ature [7/8]. 

No considerable changes in the population 
structure of copepods were found fo llowing 
the inflow in 1993, which strongly increased 
the deep water salinity in the Gdansk Basin. 
But an increase in frequency of halophi lus 
Oithona similis, and a decrease in the number 
of Acartia genus, were observed. 

Increasing numbers of copepods infected with 
parasitic protozoa and epibionts were recorded 
for the coastal zone of the Gdansk Bight 
[343,345,710,713], and in other near-shore 
regions. 

Long-term changes in the Eastern Gotland 
Basin arc only represented by data at one sta
tion, K / , located in its southern part. 
Excluding winters with zero or only one obser
vation, the mesozooplankton abundances are, 
on average, increasing in the period 1979-93 
in all seasons (Fig. 4.4.29). In agreement with 
the situation in the Arkona and Bornholm 
Basins, high population densities of rotifers 
are found in spring after 1989 and these 
exceed the abundance of copepods. The 
increase of the copepods in summer is mainly 
caused by Centropagus hamatus, Acartia spp. 
and Temora longicomis. 

Pseudocalanus minutus elongatus is charac
terised by a steady decrease in abundance dur
ing winter and spring (Fig. 4.4.25) in the peri-
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Fig. 4.4.26 Total abun
dance of different 
groups of mesozoo
plankton (in ind. m·3) 

in the Bomholm Deep 
area (K2) 

Fig. 4.4.27 Total al11111 
dance of different 
groups of mesozoo 
plankton (in ind. m 1) 

in the Gdansk Deep 
area (Ll) 

STATE 0 F THE MARINE ENVIRONM E NT OF THE BALTIC SE A REGIONS 

aummer 

8 

2fXX) 

I <XXI 

81 93 

1500 m" aummer 

0 
1200 

900 

&X) 

300 

0 

ud under··. inves tigation. !n summei- and · spring was observed from 1990 onwards, one 
tutumn, the decrease is insignificant. year later as was the case in the southern parts 

of the Baltic Sea. 
~ince sampling frequency was too low, only 
cncral remarks are possible for the central 

11ntion in the Eastern Gotland Basin (J 1, j 
!lot land Deep). During summer and autumn of 
the period 1979-93, the abundances of 
l't•lltropagus hamatus appear to increase, 
<\lhcreas Pseudocalanus minutus elongatus 
kcreased. The higher presence of rotifers in 

Only few remarks are possible for the 
Northern Baltic Proper (H 1, H2, H3) and the 
Western Gotland Basin (1 1, Karl so Deep), 
due to the inadequate sampling frequency and 
the great interannual variations. As in the other 
sub-regions of the Baltic Proper, 
Pseudocalanus mi11utus elongatus showed a 

BMP K1 Zooplankton abundances 

January to March April to May 
Ind. m-• lod. m -o 

400()0.-----------
~--------------

10000 
30000 

Fig. 4.4.28 Abundance of different 
copepod species (in ind. nr3) i~1 the 
Gdansk Deep area ( Ll) in summer 

A • Pseudocalanus minutus elongatus, B • Temora 
/ongicornis, C • Acartia longiremis, and D · 
Centropages hamatus 

decreasing tendency in the period 1979-93 
during all seasons. In the late 1970s/early 
1980s, the mean abundance in spring was 
4,000-5,000 ind. m·3, whereas only about 
I ,000 ind. m·3 were found in the early 1990s. 
Beginning in 1990, the strong increase in 
rotifer concentrations, observed in the spring 
in the other regions, also occurred in the 
Northern Baltic Proper and Western Gotland 
Basin. 

Alien species were observed in the Baltic 
Proper after the major salt water inflow in 
January 1993 and the subsequent inflow 
events. The planktonic turbellar Alaurina com
posita was found for the first time and in rela
tively large numbers in 1993 in the more 
haline deep water of the Arkona and Bornholm 
Basins. The horizontal distribution of this 
species is characterised by them spreading out 
to the east and north. Single specimen of A. 
composira were found in the Gotland Deep in 

1 February 1994. The alien species Acartia 

79 80 81 82 83 84 815 86 87 88 89 110 91 82 93 
80 81 82 83 84 85 85 87 88 88 80 91 82 93 
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Fig. 4.4.29 Total abtm
dance of different 
groups of mesozoo
plankton (in ind. m·3) 

in the south-eastem 
Gotland Basin ( K 1) 
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tonsa [106,284] is now common in every sum
mer and autumn in the Arkona Basin with 
increasing abundances. The propagation of 
this copepod to the central basins of the Baltic 
Sea is possibly supported by rising water tem
peratures in recent years. 

4.4.3 .5 Bacterioplankton 

(An assessment of the regional distribution 
and temporal variations of bacterioplankton in 
the Baltic Proper is given in Chapter 10.3.) 

4.4.4 Benthic 
biology 
L. -E. Persson', A. Osowiecki, J. Warzocha, S. 
Olenin, S. Solovjova, A.-B. Andersin 

The hydrographic conditions in the Baltic 
Proper have been already discussed in Chapter 
2, and in more detail in Chapter 4.4.1. 
Therefore, only some additional information 
needs to be added here. The salinity in the bot
tom water of the Baltic Proper is varying due 
to inflows of salt water at irregular intervals. 
Its range in the Arkona Basin is 15-25 psu and 
in the Eastern Gotland Basin it is I 0-14 psu. 
These salinities should provide the opportuni
ty for a more marine community to persist in 
this area. However, unfavourable oxygen con
ditions, frequently occurring in the bottom 
water during at least 60 years, have caused the 
genesis of a disturbed community dominated 
by polychaetes. Even large areas are periodi
cally devoid of macroscopic li fe. The absence 
of benthic macrofauna has resulted in a four
fold increase of areas with laminated sedi
ments in the last 50 years [294). 

Three more general long-term changes in the 
zoobenthic community of the Baltic Proper in 
later decades have been discussed. The first is 
the so-called 'oceanisation' [401) which was 
recognised in the southern part with the intro
duction of new marine species below the halo
cline. The second is the increased biomass 
above the halocl ine connected with eutrophi
cation (11 7,286] and/or decreased predation 
pressure following the exploi tation of flatfish 
in the 1920s and 1930s [532,534). Finally, the 
most recent process called 'brackisation' 
[602], with decreasing salinity and lowering of 
the halocline, especially in the central and 
northern parts of the Baltic Proper, has result
ed in improved oxygen conditions and 
recolonisation of macrofauna [/73). 

The following assessment of the state of ben
thos during 1989-93 will be based mainly on 
the representative stations within the Baltic 
Monitoring Programme (cf. Fig. 4.4.1 ). 
Moreover, data from national programmes on 

• see ANNEX 11.3 for addresses of authors 

macrozoobenthos will be included when 
appropriate. Special attention will be given to I 
the alien species Marenzelleria viridis 
(Polychaeta, Spionidae) which invaded almost 
the whole Baltic Proper in this period 

[77.736]. I 
Although macrophytobenthos is not included 
in the BMP, some remarks on the conditions of 
the algal belts and submerged phanerogams 
will be based on national programmes. 

4.4.4.1 Macrozoobenthos 

The Arkona Basin is rather shallow with a 
maximum depth of 53 m. The sill towards the 
Bornholm Basin is at about 43 m. The two rep
resentative stations, K7 (central Arkona Basin) 
and K4 (Arkona Deep), are situated at 44-46 m 
and 46-48 m depth, respectively. 

The frequency of unfavourable oxygen condi
tions in the bottom water seems to have 
increased in the southern parts of the Baltic 
Sea in the 1980s (15], although hydrogen sul
phide has not been measured in samples from 
this area according to common hydrographic 
casts. However, spots of Beggiatoa on top of 
the sediments have been reported in this area 
in June 1989 [581]. 

The number of species has decreased signifi
cantly at both representative stations, with the 
most obvious reduction at K7 in the western I 
part of the basin. At both stations, the mean 

100 I A 
80 

8 
I 

c 

00 1 
.. 
"0 
c 
::0 
.0 

40 ... 
"#-

20 

0 

79 80 81 82 83 84 85 86 

number of species was 16.2 in the period 
1979-83. During 1989-93, sligthly different 
numbers were measured at both stations, 3.2 at 
K7 and 6.8 at K4. Reduced oxygen saturation 
in the bottom water initially led to the elimina
tion of most of the more marine species (e.g., 
Aricidea jeffreysi, Nepthys cilia/a and 
Halcampa duodecimciratta), but later influ· 
enced all species. 

The change in abundance showed the same 
tendency as that for the number of species. 
Both stations had rather high abundances dur 
ing 1979-83, i.e., mean values of 1,097 (K7) 
and 633 ind. m·2 (K4). The decrease was most 
obvious at station K7. In the period 1989-93, 
mean abundances were 11 9 ind. m·2 at station 
K7 compared to 316 ind. m·2 at station K4. At 
both stations, the polychaete Scoloplo.t 
armiger was the numerically dominatill)' 
species. At station K7, it was number one at 1) 

out of 20 samplings and at station K4 at 18 out 
of 35 samplings. Its dominance was most pro 
nounced in the present assessment period. At 
station K7, Macoma baltica ranked second in 
importance, dominating at 4 samplings, whilt 
Capitella capitata ranked second at station K·l 
dominating at 7 samplings. The variation in 
dominance values for fi ve important species i1 
shown in Figure 4.4.30. 

87 

Fig. 4.4.30 Variation in dominance 
for five common benthic species of 
the central Arkona Basin (A, at K7) 
pnd Arkona Deep (8, at K4) 
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Excluding ArctiCfl islandica, biomass was 
dominated by M. baltica at stations K7 and K4 
in the period 1979-83. The mean biomass in 
this period was almost the same at both sta
tions, i.e., 74 g m·2 (n=5) at K7 and 75 g m·2 

(n= 13) at K4. In the period 1984-88, M. balti
ca still remained dominant at K7, whereas 
polychaetes and priapulids dominated at K4. 
The mean biomass declined drastically to 4. 1 g 
nr2 (n=6) at K7 and 5.4 g m·2 (n= 12) at K4. 
During 1989-93, polychaetes, especially S. 
11rmiger, dominated at both stations. The mean 
biomass declined further to 2.2 g m·2 (n=9) at 
K7 and 2.9 g m·2 (n= ll ) at K4. 

Regression analyses have shown the decl ine in 
the number of species and in biomass to be sta
tistically significant at both stations (Fig. 
1.4.31 ). The main change took place between 
the first and second assessment period, in the 
mid-1 980s. 

!'he representative station in. the Bornholm 
llasin (K2, Bornholm Deep) is situated at 
.tbout 90 m depth. This means that the deepest 
part at I 05 m has not been studied. The bottom 
luuna of the Bornholm Basin below 70 m 
hccame impoverished in the early 1960s [400). 
In the period 1979-93, station K2 has been vis
Ited on 51 cruises. On 19 of them, no macro
l,tuna were found. The maximum number of 
1pecies (5) was found in 1980. During 1989-
•n, the number of species varied between zero 
md three. 

Only in 1980 did the abundance exceed I 00 
u1d. m·2, and the mean abundance for the last 
ltve years was only 35, with the polychaete 
llltinoella semi dominating (87 %). 
\laximum biomass was found in 1980 with 
•4 g m·2, compared with the mean value of 0.7 
nr2 for 1989-93. 

111 the southern part of the Bornholm Basin 
1~)-70 rn depth), 3-5 stations were visited 
,·urly by Poland in the period 1978-93. 
\rcording to historical data [ 137, 198). this 
t1'a was earlier inhabited by a diverse fauna, 
•cnsisting of about 20 species with S. armiger, 
rebellides stroemi and Astarte spp. being the 

11!Sl numerous. The total abundance reached 
IK) ind. m·2 and the biomass ranged between 

1 

1111d 40 g m·2. Within the period 1980-93, the 
umber of species found was limited to 6 and 
· abundance and biomass were much lower, 

1th maximum values of only 250 ind. m·2 and 
' g m·2, respectively. Astarte spp. and T. 
memi were missing. M. baltica dominated in 
umass and A. sarsi and S. armiger in abun
utce. In 1993, no li"ving macrofauna was 
•lllld. 

1 the northern part of the Bornholm Basin 
1th depths of 60-70 m, a community domi
di'd by polychaetes in numbers and by 
tlnrte borealis in biomass was found in the 
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middle of the 1970s [195,533). In 1975, fi fteen 
species were found in depths between 60 and 
80 m. In 1990 and 1991 , five stations were vis
ited in depths between 64 and 71 m (536] . 
Only A. sarsi was found, usually at low levels 
of abundance and biomass. Empty shells of A. 
borealis were abundant. In shallower areas of 
this region, a 30-40 % increase in biomass was 

,. found compared to 1975. 

The bottom fauna in the Gdansk Basin below 
I 00 m depth was still rather diverse in the mid
dle of the 1960s [735]. In the late 1960s, the 
macrofauna disappeared, and in later decades 
only A. sarsi was found to be present. In the 
period 1979-93, azoic conditions were found 
at I 0 of the 23 sampl ing stations. During the 
last 5-year period, no macrofauna was present 
in 1989 and in autumn 1993. The abundance of 
A. sarsi was below 50 ind. m·2 in the whole 
period. 

In the southern part of the Gdansk Basin (80 m 
depth), 5 species were found in 1978. In the 
1980s, this region was frequently observed to 
be azoic. After improved oxygen conditions in 
the late 1980s, M. baltica recolonised this 
art:a, and biomass values of 20-35 g m·2 were 
subsequently found in 1992/93. In shallow 
areas ( 19-30 m), a normal zoobenthic commu
nity was found. during 1987-93. The abun
dance mostly vaHed between 1,000 and 4,000 
ind. m·2, but maximum values of 20,000 ind. 
m·2 were also obtained. The biomass usually 
varied between 100 and 400 g m·2, with 
bivalves (M. baltica) dominating. Studies from 
1992 in depths between one and 60 m in the 
inner part of the Gdansk Bight revealed that no 

Fig. 4.4.31 Regression analysis on 
the number of benthic species (A; in 
ind. 111"2), and on the benthic biomass 
(8; in g 111"2) of the central Ark on a 
Basin (K7) and Arkona Deep (K4) 

significant changes in the macrofauna commu
nity had taken place in comparison with data 
from the previous three decades. 

Two areas in the southern part of the Eastern 
Gotland Basin, one at 82-86 m and one at 90 
m depth (K 1), have been sampled since 1980 
and 1979, respectively. In the shallower area, a 
diverse community, numerically dominated by 
S. armiger, was found in 1980-81. Biomass 
values reaching 15 g m·2 were dominated by 
M. baltica and S. ent01non. In the period 1982-
88, macrofauna was absent in three of the 
seven years, and when present, the abundance 
and the biomass were low. This was probably 
an effect of deteriorated oxygen conditions in 
the bottom water. In 1989-93, recolonisation 
was observed, and high abundances (50-550 

I 
ind. m·2) and biomasses (3-1 2 g m·2) were 
found. Dominating species were M. baltica 
and Pontoporeia femorata. 

At station K I, a macrofauna community was 
observed during all 37 cruises to this station 
over a 15-year period. The lowest number of 
species ( I) was found in 1982 and the highest 
(7) in 1985, 1987 and 1988 (Fig. 4.4.32). The' 
most common species was A. sarsi, which was 
present at 36 of the 37 samplings. In the first 
three years, S. anniger and A. sarsi dominated 
in numbers, whereas in the last five years, P 
femora ta was most abundant. I n this period, 84 
% of the biomass was made up by M. baltica 
and P femorata. 

The eastern part of the Eastern Gotland Basin 
wi th depths between 70 and 140 m was sam
pled in a nat ional programme between 1985 
and 1989 [514). Three zones were delineated, 
(a) the upper benthic zone down to 80-85 m 
with a rather diverse and numerous macrofau
na community, whose structure was rather sta
ble and can be classified as M. baltica com
munity, (b) the transition zone down to about 
120 m, inhabited by a poor and sparse macro
fauna community with H. sarsi as the charac
teristic species, and (c) the benthic desert zone 
with no macrofauna, usually at depths below 
120m. By the end of the third assessment peri
od, zone (c) reached the lower boundary of the 
primary halocllne (80-85 m) in the northern 
part of the Eastern Gotland Basin. 

On the eastern slope of the Eastern Gotland 
Basin, one station at 47 m depth {12) has been 
visited during 21 cruises since 1981. In total, 

1

15 species have been found (7 -I 0 per cruise). 
Their abundance varied between 2,200 and 
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M. affinis in the 1990s compared to the 1970s. 
Biomass values were somewhat higher in the 
1990s. The deepest station had very low abun
dance and biomass before 1986. Conditions 

19,300 ind. m·2. The biomass, between 36 and 
422 g m·2, was dominated by M. baltica (19-
360 g m-2). Numerically, M. baltica and M. 
affinis dominated. The latter showed a cyclical 
variation with maximum numbers in 1987-89. 

On the western slope of the Eastern Gotland 
Basin, station J 10 at 46 m has been visited 
almost yearly since 1984. This station was also 
visited in a Swedish national programme 
between 1970 and 1973 (195]. Five to ten 
species were found, with M. affinis the numer
ically dominating species, accounting for over 
95 % of the abundance. The total abundance 
decreased in the 1990s, and the 1993 value 
(939 ind. m·2) was the lowest ever recorded. 
The biomass was much higher in the 1980s 
and 1990s compared to the 1970s. This was 
partly due to the higher mean weight of M. 
affinis, and partly to the occurrence of S. 
entomon in later years. 

I 
have improved due to deepening of the halo
cline in later years. P. femora/a is the dominat
ing species, showing great interannual varia
tions in abundance. 

The representative station in the Western 
Gotland Basin, 11 (Karlso Deep) at 110 m, 
which had no macrofauna in 1965 [115], was 
recolonised by A. sarsi in 1985. Since then, 
this species has been found in low numbers at 
II out of 13 sampling sessions up to 1993. In 
this year, some hemipelagic species were also 
found together with M. baltica. This change is 
probably the result of improved oxygen condi
tions in the bottom water due to the mixing 
and deepening of the halocline ('brackisation ') 
or horizontal exchange by inflow events. 

In the northern part of the Baltic Proper, two 
representative stations were studied. The deep
est station (H3, Landsort Deep, 453 m) was 
only sampled occasionally with the last visit in 
1988. Macrofauna has been absent at this sta
tion since the mid 1960s [ 115]. 

In the Asko area, close to the Swedish coast, 
five stations at 22 to 80 m depth have been 
monitored since 1973 [116]. Two stations in 
the inner archipelago were subject to great 
variations in abundance and biomass without 
any obvious trend. Two stations in the outer 
archipelago showed decreased abundance of 
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Station H2 in the Northern Baltic Proper is 
situated at 170 m depth, in an isolated basin 
surrounded by depths of only I 00-120 m. A 
rather diverse macrofauna with some marine 
species was present in the 1950s, but in the 
1960s and early 1970s no macrofauna were 
found [//5]. In the three assessment periods, 
between 1979 and 1993, A. sarsi has been 
observed at I, 3 and 4 years, respectively. At 
the same time, the abundance has increased, 
and the highest number (580 ind. m·2) was 
reached in 1993. 

Although environmental deterioration in the 
Baltic Proper has been evident for some 
decades, probably no species has disappeared 
from the ecosystem. What has happened is that 
some marine species have a decreased area of 

I 
distribution due to unfavourable oxygen con
ditions and reduced salinity below the halo
cline. Several species have disappeared from 
the sub-halocline areas of the south-eastern 
parts of the Baltic Proper and the Bornholm 
Basin, and are now only present in the Arkona 
Basin and in the south-western parts of the 
Baltic Proper. 

4.4.4.2 
Macrophytobenthos 

The distribution and density of phytobenthic 
species in the Baltic Proper are less well 
known than those for the zoobenthic species. 
This lack of information is also a strong case I 
for more knowledge on the long-term changes 
in the community, because only some areas 
have been monitored continuously. 

In the Greifswald Bodden, Southern Baltic 
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Proper, the rich red algae community, domi
nated by Furce/laria fastigiata, found in the 
1930s down to 8 m depth, was totally absent in 
1988 [459]. Today, the phytal zone is restrict
ed to 4 m depth. The change was accompanied 
by a decrease in the Secchi depth from 2.5 to 
0.2 m. 

On the Slupsk Bank, in about 20 m depth, sev 
eral species of red algae were found attached 
to stones in 1989 [512]. Delesseria sanguinea, 
reported in this area as early as 1929, was still 
present. 

In the Puck Bight, in the western part of tht 
Gdansk Bight, a diverse phytobenthos com 
munity was found in the late 1960s [355]. In 
the beginning of the 1970s, drastic change' 
took place. Species like Fucus vesiculosus and 
Furcellariafastigiata disappeared, and the di~ 
tribution of Zostera marina was considerably 
reduced. Today, filamentous brown algae ol 
the family Ectocarpacae are dominating, and 
phytobenthic biomass has been reduced to '" 
of that in the 1950s. The vigorous growth ul 
filamentous species induces reducing condi 
tions in the sediment, and this negatively inOu 
ences the growth of vascular plants such as I 
marina [355]. In the beginning of this centtuy 
algal plants were found in depths of 20 m 
whereas the current maximum depth is about \ 
m. 

Between 1978 and 1990, along the coasts ol 
the Kaliningrad Region, Lithuania, Latvia ami 
Estonia, the total stock of Furce/laria luml111 
callis has decreased to 1/6 of the former lcvrl 
[344,516]. F. vesiculosus is almost totall\ 
absent from the same area, probably due to tlu 
decrease in water transparency, destructiv1 
wave effects and sand abrasion [513]. 

Along the Swedish coast, there exists a rath11 
continuous Fucus community, although th• 
depth distribution has decreased in lah'l 
decades [329]. In some areas, the Fucus plant 
are subject to intense grazing from isopc~l 
[656]. In the Hano Bight, the depth distrihu 
tion of F vesiculosus and F serratus hu•• 
decreased between 1975 and 1988, and lh• 
biomass was considerably reduced [5371 . 

4.4.5 New species 
More than 60 macrozoobenthos species hll\• 

been introduced into the Baltic Sea during th 
past centuries, mainly due to shipping 1111• 
aquaculture [284,402,404]. The latest inv:uh • 

Fig. 4.4.32 Number of benthic 
species found in the south-eastem 
Gotland Basin ( K I) on 37 sampling 
occasions 
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Marenzel/eria viridis [677], a North American I 
polychaete, has in ten years become abundant 
in many coastal areas, especially along the 
southern and eastern coasts of the Baltic 
Proper [77,192,508,736]. The highest abun
dance, about 10,000 ind. m·2, is found in shal
low basins with fresh-water inflows [168]. In 
the Gulf of Riga, it has been the most abundant 
species in recent years [118]. It has been found 
also at 50 m depth in the southern part of the 
Eastern Gotland Basin [5/5]. Along the 
Swedish coast, the new species is only found 
in the south, and usually up to now in low 
numbers [536]. 

So far it seems that the establishment of M. 
viridis in the Baltic Sea has had no negative 
effects on the existing community. Its meta
bolic strategy is the same as that of Nereis 
diversicolor in different salin ity and oxygen 
1cgimes [168]. Ecologically, the two species 
differ by the ability of M. viridis to live deeR
l'l' in the sediment [597], and to ha.Ye a1long I 
planktonic stage, from early autumn to spring. 

The layer immediately below the halocline 
was much better aerated, reaching the highest 
oxygen concentrations in 1984-85. Advective 
processes from this layer supplied oxygen to 
the bottom water of the Northern Baltic Proper 
in 1985-86. The positive oxygen trend c'ontin
ued in the intermediate water layers of the 
Gdansk Deep [663] and even accelerated, 
whereas in the near-bottom layer of the 
Northern Gdansk Basin, the trend had reversed 
from negative to positi ve (Fig. 4.4.6). 

Winter concentrations of phosphate and 
nitrate develop distinct maxima in the surface 
layer of the Arkona and Bornholm Basins, and 
are characterised by plateaus of high concen
trations in the Eastern and Western Gotland 
Basin (Fig. 4.4.7) depending on the delayed 
start of the phytoplankton springbloom [3/2]. 
Trend studies on the winter concentrations of 
these nutrients in the surface layer are there
fore restricted to only 1-2 months in the 
'Arkona and Bornholm Basins, but to 2-3 
months in the Eastern and Western Gotland 
Basin. 

4.4.6 Summary Despite the fact that silicate is not a limiting 
nutrient in the Baltic Proper, its seasonal flue

More detai led hydrographic investigations in tuat ions are well developed. Since this nutrient 
the central basins of the Baltic Sea show also remains during the period of high biolog
llecreasing salinity and reduced haline"stratifi- ical productivity in considerable amounts in 
I'Ution, combined with the deepening of isoha- the euphotic layer of the Baltic Proper, year
lines in the course of the stagnation period round mean values may be used to increase the 
1977-92, as well as the inverse processes after number of data which are available for inves
tlcep water renewals, which followed the tigations about the long-term variation of sili
llllljor inflow in January 1993, and smaller cate in the surface layer. 
tnOow events before (Bornholm and Gdansk . 
I )eeps) and after (Gotland and Faro Deeps) the I; Winter concentrations of phosphate and 
major inflow (Fig. 4.4.2). The deep water nitrate, being the most important nutrients 
~·~change is regulated by the buffering capaci- available for the phytoplankton bloom in 
ly of the Bornholm and Gdansk Basins and the spring, are characterised by positive overall 
til depth of the connecting channels. trends in the surface layer of all sub-regions of 

\dvective processes in the intermediate water 
luycrs caused abnormal warming-up. The 
highest temperature, above 7 °C, was 
11hserved in the Gotland Basin during 1989-90, 
utd in the Gdansk Basin at the end of 1990 and 
the beginning of 1991, thereafter decreasing to 
the typical range of 3.6-5.4 °C. 

I he most striking differences in the oxygen 
lllnditions in the Gdansk Basin in 1989-93, as 
mnpared with the previous I 0-year period, 

lllllsist of much earlier and excessive satura
tion of the euphotic layer, and a signific11nt 
n•tluction of oxygen deficiency in the deep 
wutcr layers. The most unfavourable, oxygen 
onditions occurred in the deep water of the 

lhunholm and Gdansk Basins in 1987-88, and 
IVI'I'C fo llowed by improvement due to advec
llve processes and vertical mixing. Anoxic 
nnditions were terminated in the Gotland 

ll1'CP in spring 1993. However, an intermedi
th' layer of very low oxygen concentrations 
ll'nutined thoughout that year. 

the Baltic Proper during 1958-93 and 1969-93 
(Fig. 4.4.8). These trends mainly result from 
the strong increase in the 1970s and early 
1980s (Table 4.4.4). In recent decades, the 
phosphate and nitrate concentrations fluctuat
ed at a high level, whereas, on average, their 
long-term changes were insignificant. 

Fertilisers consumed in the drainage areas are 
the most important source for eutrophication 
in shelf seas [502]. The synthetic phosphorus 
and nitrogen fertilisers, annually consumed in 
the drainage area of the Baltic Sea, were 
assessed together with the averaged phos
phdte- and nitrate-winter concentrations in the 
surface layer of the central parts of the Baltic 
Sea, e.g., the Bornholm Deep (cf. Fig. 10.1.2). 
Taking into acc0unt a delay of five to ten 
years, the correlations are obvious. However, 
the drastic reduction of the fertiliser consump
tion in the Baltic Sea drainage area, which 
began in 1989/90, is not yet signi ficantly 
reflected by decreasing nutrient winter con
centrations. However, this does not apply to 

the Arkona and Bornholm Seas where the first 
indications are found that the averaged phos
phate and nitrate concentrations are decreasing 
in winter (Table 4.4.4, Fig. 10.1.2). These 
observations agree with the significantly 
decreasing nutrient load, for instance, in the 
Pomeranian Bight southern Arkona Sea, in 
recent times [391]. Chapter 4.3 describes sim
ilar results with respect to the nitrogen load in 

I 

the Gulf of Riga. An exception for the Baltic 
Proper is the Landsort Deep, where more 
recently the highest phosphate and nitrate win
ter concentrations were observed (Fig. 4.4.8). 

The annual mean values of the silicate concen
trations behaved indifferent in the surface 
layer of the Baltic Proper during the recent 
assessment periods (Table 4.4.4). The high 
standard deviations of the mean values also 
include seasonal variations. It must be 
stressed, however, that the concentrations of 
this nutrient are decreasing occasionally to 

1 near the limit of detection. This occurred in 
recent years during diatom blooms in certain 
areas of the Baltic Proper [486]. 

I 

The nitrate concentrations significantly 
increased in the intermediate water layers of 
the Bornholm Basin (Fig. 4.4.9), and later also 
of the Eastern and Western Gotland Basin 
(Fig. 4.4.1 0). In the bottom layer of the central 
basins, which occasionally influence the deep 
water of the Bornholm Basin, denitri fication 
occurs at low oxygen concentrations, causing 
nitrate depletions. 

In the central basins of the Baltic Sea, the sili
cate concentrations decreased significantly in 
recent decades at all depths below the halo
cline. This has already been discussed as the 
consequence of eutrophication [485]. Since 
this process also favours the development of 
diatoms, silicate fixed in the skeletons of these 
organisms is removed from water by deposi
tion to the sediments. 

The variation between oxic and anoxic condi
tions hides any phosphate trends in the bot
tom-water layer of the central basins of the 

I 
Baltic Sea (Fig. 4.4. 1 0). This is due to removal 
and regeneration of this nutrient depending on 
the redox potential and the iron cycle [57]. The 
mobilisation of phosphate stocks from the sed-
iments seems to be exhausted during the 

I 
course of long stagnation periods [478], limit
ing the phosphate accumulation, not only in 
the bottom water layer, but possibly also in 
intermediate depths (Fig. 4.4.9). Only in the 
Gotland Deep, · significant phosphate trends 

I 

could be identified in these depths. 

Pronounced changes were observed in the sea
sonal development of the nutrient pool in the 
Gdansk Basin in 1989-93 as compared with 
the previous decade. The winter accumulation 
peaks of all nutrients had shifted from March 
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towards February. In the most eutrophic 
coastal areas both phosphate and silicate win
ter pools were reduced to the lowest levels 
already in spring (Fig. 4.4. I 2). In offshore 
waters, minimum concentrations were reached 
in summer and late autumn, respectively (Fig. 
4.4. I 3). The uptake of nitrogen was more syn
chronic. Nitrate was used up by May or June in 
all areas, except for the Vistula Estuary where 
its pool was sustained throughout the year. 

Recent estimates for nitrogen and phosphorus 
loads, discharged from land-based sources, 
were reflected in the concentration levels of 
nitrate and phosphate in the Gdansk Bight. In 
the winter surface waters, the nitrate concen
trations were much higher in I 989-93 than in 
I 979-88, which was not the case in the north
ernmost part of the Gdansk Basin. On the other 
hand, there was a well pronounced increase in 
the winter accumulation rate of phosphate in 
the Northern Gdansk Basin, whereas except 
for the Vistu la Estuary their average concen
trations in the Gdansk Bight decreased. 

The negative trend in the winter accumulat ion 
of phosphate, found earlier in surface water of 
the Gdansk Deep, sti ll existed in 1979-93, 
while the accumulation of phosphate in the 
Northern Gdansk Basin followed the overall 
positive trend. The strong negative trend in sil
icate ( 1971-88) ceased, probably due to the 
weakened demand for this nutrient (see 
below). The highly signi ficant positive trend in 
nitrate concentrations of the winter surface 
waters of the Gdansk Deep, found for the peri
od 197 1-88, was no longer evident during 
1979-93. However, in the vicinity of the 
Vistula Estuary, nitrate accumulated at an 
unprecedented rate, which caused the NIP ratio 
to increase considerably. 

The impact of nutrients from rivers, with dras
tic surplus of nitrogen over phosphorus, is the 
most obvious reason for the advanced eutroph
ication of the Gdansk Basin. The increasing 
N/P ratio of assimilable nitrogen and phospho
rus compounds could be traced in the isohaline 
winter waters of the Gdansk Bight as far as the 
Gdansk Deep (Table 4.4.6). The uptake ratio 
of nitrogen and phosphorus, calculated from 
the seasonal amplitudes of nutrients due to the 
spring and summer vegetation, yielded num
bers oscillating around the Redfield ratio. 

Owing to the favourable oxygen conditions, 
the concentrations of phosphate in the deep 
waters of the Gdansk Basin decreased consid
erably in 1989-93 (Figs. 4.4.6, 4.4.14). The 
same factor brought about a pronounced 
increase in nitrate concentrations. This coinci
dence of an effective phosphate sink and low 
denitrification activity has promoted a signifi
cant positive trend in the long-term changes of 
the N/P rat io throughout the Gdansk Basin. 

Considering seasonal and long-term variations 
of the phytoplankton composition and bio
mass, the Baltic Proper is a relatively homoge
neous area. An exception is station HI in the 
Northern Gotland Sea, which is possibly influ
enced by the Gulf of Finland. In the areas 
under investigation, a strong spring bloom 
develops in April/May, followed by a small 
summer bloom in July/ August, and an autumn 
bloom in October/November. From the 
Arkona Basin to the Northern Baltic Proper, 
there is a delay in the start of the spring bloom 
(cf. [312]). In recent years (mild winters), the 
differences in the timing of spring blooms 
seem to disappear in the Southern Baltic 
Proper. 

The share of diatoms in the spring bloom has 
decreased, and as a result flagellates (mainly 
dinoflagellates) have benefited in the Southern 
Gotland and Bornholm Basins since 1989-90, 
possibly due to mild winters (cf. Chapter 2). 
On the other hand, the intensity of the autumn 
bloom seems to have increased since 1988, but 
this, however, is not reflected in the chloro
phyll data. The phytoplankton biomass deter
mined microscopically shows higher peaks 
than the related chlorophyll a concentrations, 
especially during the blooms. 

For the period 1979-93, the annual mean con
centrations of chlorophyll indicate a slight 
increase for most sub-areas of the Baltic 
Proper. This increase is only partly statistical
ly signi ficant. This agrees with the insign.ifi
cant long-term changes of the winter concen
trations of phosphate and nitrate in the surface 
layer during this period. 

If only summer data are considered, a chloro
phyll minimum occurred in 1989. However, at 
nearly the same time ( 1988-90), autumnal 
chlorophyll concentrations reached maximum 
values. Thus, summer and autumn values 
roughly show the opposite tendency, i.e., the 
summer chlorophyll concentrations mostly 
increased from 1989 to 1993, whereas the 
autumn values decreased. 

In the ent ire Baltic Proper, three seasonal 
peaks of the phytoplankton development, bio
mass, chlorophyll a and the potential primary 
productivity, can be observed. Pooling all 
measurements for the whole Baltic Proper 
between 1979 and 1993, a sl ight increase for 
the three seasons is obvious. 

The strong increase in numbers of rotifers in 
spring, beginning in the Baltic Proper in 1989, 
is the most important observation with respect 
to changes in the mesozooplankton composi
tion in recent years. Rotifers have been dis
cussed as indicator of eutrophication [683], 
but its development is also favoured by mild 
winters and springs. Another possible reason is 
the increase of smaller phytoplankton species, 

thus improving the food conditions for the 
roti fers. 

The decrease in the abundance of 
Pseudoca/anus minutus elongatus in all 
regions during I 979-93 has to be evaluated 
from both an abiotic and biotic viewpoinl. 
Abiotic changes in the period under discussion 
are a decreasing salinity in the surface layer 
and in deep waters, and an increasing temper 
ature, especially in the cold intermediate laye1 
during the warm season (cf. Chapters 2 and 
4.4.1 ). Biological changes reflect the food 
availabi lity as well as the increasing grazing 
pressure by pelagic fish stocks and by th\· 
medusa Aurelia aurita [60,600). The swim 
ming behaviour di ffers between Acartia 
species, Centropagus hamatus and Temom 
/ongicomis, on one hand, and Peusocalam11 
minutus elongatus on the other hand. This ma) 
lead to growing stocks of the fast swimming 01 
jumping group which can escape their en~ 
mies, and to a decrease of P minutus elonga 
tus which swims continuously with sl011 
velocity [124,643] and is thus an easier prey. 

Some alien mesozooplankton species entcr\'d 
the Baltic Proper or are spreading more to tht 
east and north as a consequence of the infl011 
events of 199311994. 

Due to the deterioration of the oxygen condl 
lions, in the Ark on a Basin, the benthic macru 
fauna shifted from a mollusc-dominated to -
polychaete-dominated community in the cat11 
1980s. At the same time, the species diversit) 
abundance and biomass decreased. The benth 
ic macrofauna in the Bornholm and Gdan~l 
Basins was found to be impoverished in tht 
1960s, and there were more or less azoic cuu 
ditions below 90 m depth in 1993. In th' 
1980s, also depths between 60 and 80 m h:tlt 
been negatively influenced by unfavourahl• 
oxygen conditions. The polychaete Antinol'llu 
sarsi has become the most widespread orgu11 
ism. The azoic zone reached 120 m depth 111 

the Eastern Gotland Basin, and areas betwtrn 
80 m and 120 m were temporarily influenn •l 
by low oxygen concentrations. Some recolont 
sation took place during the recent assessnwut 
period due to a lowering of the haloclinc. 'I h 
same effect, supported by oxygen supply tht• 
to advective processes, was found in tit 
Western Gotland Basin where recolonisallt• 
began in 1985. In the central parts of tl~ 
Northern Baltic Proper, the conditions in lkt'l' 
er areas have improved, result ing in "' 
increased occurrence of A. sarsi. 

The macrophytobenthic community SC\'111 

to have suffered from eutrophication aluu 
most coasts, and this has resulted in shallm~t 
depths of settlement and increased abundnmt 
of filamentous algae, caused by reduced 11~ 1, 
penetration. 
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4 .5 KATTEGAT AND BELT SEA 
(incl. Mecklenburg Bight, Kiel 
Bight, Fehmarn Belt, Great 
Belt, Little Belt and Sound) 
G. Aerteb)e1g1 (Convener) 

4.5.1 Introduction 
l'hc Kattegat and Belt Sea constitute the tran
' ition area between the Baltic Proper and the 
North Sea (Fig. 4.5.1). The geographical 
Kattegat/Skagerrak border is also the delimita
tion of th~ Helsinki Convention Area, defined , 
11' the parallel of the Skaw·in the Skaoerrak at 
~7°44.43 ', N. The Kattegat surface o area is 
12,387 km2 and the volume 42 1 km3. The nar
ww Little Belt and Great Belt connect the 
Knttegat to the southern Belt Sea, i.e., to the 
Kiel Bight, Fehmarn Belt and Mecklenburo 
llight, which borders the Balt ic Prope7-
1Arkona Sea) at DarB with a sill depth of 18 m. 
I he area of the Belt Sea, including the bights, 
'' 18,273 km2 and the volume is 262 km3. The 
11111 row Sound connects the Kattegat and the 
\ tkona Sea di rectly with a si ll depth of only 8 

111 at Drogden. The area of the Sound, includ
lllg the Kl!)ge Bight south of the sill , is I ,848 
1m2 and the volume is 25 km3. ; 

4.5.2 Hydrography 

lliller exchange, volume and salt fluxes - The 
I uttegat and the Belt Sea form the outer part 
•I the 'Baltic Estuary'. Although the areas 
tvc their own, well-defined hydrography, 

tlllst oceanographic activities, measurements 
well as theories, have been catTied out wi th 

l~o• llaltic Sea water exchange in mind. This is 
uticularly so in the Belt Sea region where the 

'"tuntaneous flux of water often exceeds 
tKl,OOO .m3 s·•, thereby exceeding by an order 
I utagllltude the mean outflow of fresh water 
"''" the Baltic Sea. The instantaneous flux is 
uvcn by the strongly variable sea levet 'dif
u•nce between the Kattegat and the Squth
,· ~ tcrn Baltic Proper, which in turn is mainly 
•llucnced by rne.soscale. winds and air pres
'"' variations. This difference can be used to 
tknlate 1 ~1~ volume flux with a surprisingly 
t~h preciSIOn. On somewhat lonoer time 
til's, i.e. , days to weeks, a reco1~ of the 
tile gat sea level itself provides enough in for
ti Inn to calculate the flux from relatively 

ANNEX 11 .3 tor addresses ot authors 

simple models ([389,522,637,639); Fig. 4.5.2). 
Comparable results, used for example for the 
tuning of the models, may be obtained from 
records of the Baltic sea level, indicating the 
change in volume and thus the flux of water 
into or out from the Baltic Sea [281). On time 
scales ~ 1 4 days there is a high correlation 
between the Kattegat and the Baltic sea level 
[587,638), indicating that in- or outflows 
which continue for such a long time, are most 
effecti ve for the water exchange (Fig. 4.5.3). 
The net supply of fresh water to the Baltic Sea 
made up by ri ver discharge, precipitation and 
evaporation, causes the mean sea level of the 

vaae7 

Southern Baltic Proper to be a few em hioher 
than. the level in the Kattegat [I 53), the~eby 
forcmg the low salinity surface water through 
the Belt Sea. Ideal ly, because of hioher salini-
. 0 

t1es and densities in the Kattegat, there is at 
larger depths an inflow of Kattegat water. The 
instantaneous sea level di fferences, however, 
are much larger than the average. Thus, the 
ideal , average-bui lt two-layer estuarine circu
lation is normally suppressed by one-layer 
flow in either direction. 

The sea level variations alone, however, do not 
provide any further information, either on the 
quali ty of the water that is passing through, or 
of the complicated flow structure in the Belt 
Sea where two, three or four layers of different 
salini ties may appear simultaneously. Thus, a 
record of the instantaneous flux itself is of lim
ited value. To obtain the 'exchanoe of water' 
si t~ulta~e~us measurements of ~he salinity: 
whtch md1cates the origin of the water, are 
needed. Studies of the exchange of water 
between the Baltic Sea and the ocean have 
been carried out since the beoinnino of this 

0 0 

cent ury. Knudsen [335] assumed, on the basis 
of salini ty measurements at the DarJ3 Sill, that 
the l.1eavier and more salty water entering the 
Balt1c Sea had a mean salinity of 17.4 psu, 

Fig. 4.5.1 Stations 
referred to in this 
chapter 
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Fig. 4.5.2 The mean sea level in the 
Kallegat (a, daily average) and in the 
Baltic Sea (b) [637] 

Sea have been studied on the basis of long 
ten~ salinity measurements at the DarB Sill 
[259,448]. Although there was at times evi 
dence for major inflows almost every year, tlw 
authors also found long periods without major 
inflows. The defi ni tions used for a maj01 
inflow (e.g., S> l7), however, imply that they 
represent only I 0-20 % of the total inflow ol 
deep water and salt as defined in [686). Tlw 
majority of in flows occurs with lower salini 
ties, whereby a considerable part takes plact· 
through the Sound [639]. 

A comprehensive study of sea level variatiorl' 
in the Baltic Sea, together with simultaneou' 
current measurements, was carried out in tlu 
Belt Sea region [28 / ]. The sea level data well 
used to calculate the volume changes of tht 
Baltic Sea in relation to the observed volunr• 
fluxes in the Belt Sea. It was shown that tho 
sea level at Landsort, averaged over a ft'\1 

days, is representative for the whole Baltic St 
(281). On average, the instantaneous flux In 
the Belt Sea was divided between the Gtt• '' 
Belt, the Sound and the Little Belt in the rat11 
7:3: I. Recent measurements, related to t l~ 
bridge constructions, indicated a ratio of 8J I 

while the salinity of the outflowing Baltic Sea [24,89,90,175,389,52 /,522,584,637,654,685, 
water was 8.7 psu. Using volume and salt bat- 686]. From observat.ions in the Bornholm 
ance including an estimate of the net supply of Channel, an average mflow of deep water to 
fresh water to the Baltic Sea of 470 km3 yr·', I the Baltic Sea of 12,000 m3 s·' (10<S< l8) was 
Knudsen determined an average outflow of determined [686). An average out flo~ ~f 
940 km3 yr ' (30,000 m3 s·') and an inflow of Kattegat surface water of 55,000 m s 
470 km3 yr ' (15,000 m3 s·'). Attempts to (20<~<30) was observed [241: These figures 
improve the figures obtained by Knudsen have are sttll coarse and need to be rmproved. 
been partly focused on the fresh water budg~t , I . . . . I 
and partly on the relationship between salimty MaJor mflows, large enough f~t ~ r enewal ?f 
and volume fluxes. The tong-term average the bottom water (l l<S<l3) wtthm the Balttc 

Hydrography of the Belt Sea and the Kaii~NH' 
- In the Kattegat, outflowing Baltic Sea wuh 
meets high salinity ocean water. The Kattl'l' 
surface water salinity varies from 12 to 30 1, 
with a strong north-south gradient. The Vl'lll 
cal stratification is very strong. The halocll11 
is normally situated at a depth of about I ~ n 

river discharge has been determined more 
recently to 446 km3 yr·' or 14,100 m3 s·' [7 1]. 
Variations produced by rainfall and changing 
use of hydroelectric power are of further inter
est. By adding recent estimates of precipitation 
and evaporation over the Baltic Sea, the fresh
water budget resulted in an average, total net 
fresh-water supply of 15,700 m3 s·' [640] , i.e., 
not far from the original value used by 
Knudsen. Both precipitation and evaporation 
estimates can be further improved, however. 

Because of the complicated hydrography with
in the Belt Sea region, much of the recent mea
surements and related water exchange theories 
deal with inflow of deep water inside, or out
flow of surface water outside the region,i.e., 
either in the Arkona!Bornholm Sea area or in 
the northern Kattegat, where the water column 
is more or less persistently two-layered 
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The deep water below has a salinity ranging Sea during 1989-93, cf. Chapter 2.5. During 
from 32 to 34 psu. The horizontal variabi lity, this period, there was an extreme inflow situa
including seasonal and interannual variations, tion in January 1993. A volume of 300 km3 
are further described elsewhere [585,644]. entered the Baltic Sea, of which 125-150 km3 

I 
was high-salinity water. About 65 % of that 

The nearly constant deep water salinity and the water entered through the Sound. The mean 
strong gradient in the surface water (Fig. sea level was more than 50 em higher in the 
4.5.4) illustrate the Kattegat circulation, where Kattegat than in the Southern Baltic Proper 
the mixing is almost uni-directional upwards during that period [620]. Salinity measure
driven by wind [90,637]. The deep water flow I ments within the monitoring programmes did 
into the Kattegat, therefore, varies with sea- not show any remarkable deviations from 
SOIL In winter, when the winds are stronger, 'normal values', although the average surface 
the average flows increase by a factor of 2-3 salinity during December to February was 
'ompared to the summer period [24). At the slightly higher within the Belt Sea region com
\ame time, the average salinity decreases in pared to the earlier periods of 1979-83 and 
the deep water and increases at the surface. 1984-88. Higher salinities indicate more 
Although there is often a boundary current Kattegat or Skagerrak water in the Belt Sea, 
ulong the Swedish west coast, existing current but the difference was in this case insignifi
measurements indicate that about 50 % of the cant. Such variations have to be considered on 
\urface water flow occurs on the Danish side a seasonal or, preferably, on a monthly time 
nf Laeso [24]. scale. This is because the exchange of surface 

. , · water in the Belt Sea/Kattegat region occurs 
Uccause of the strong stratificatiorr, the ten- ! 'within a few months or less, particularly dur-
clcncy for two-layer circulation is rather high, ing the winter period. 
hut wi nd and air pressure driven uni-direction-
,tl (barotropic) flow sti ll dominates. The tidal 
drculation is weak. Maximum volume flows 
nray exceed ~00,000 m3 s·' in either direction. 
~uch occasions are normally coupled with 
rullows to or outflows from the Baltic Sea. 

In the Belt Sea, there are normally three dif
IL•rent water masses, i.e., Baltic Sea surface 
wutcr, Kattegat surface water and Kattegat e 
tll·ep water. In the deeper parts of the Sound, ~ 
11agnant ' basin water of higher salinity may ~ 
tppcar [24]. Detailed studies of sal inity, flow I·; ~ 

l'•tttcrns and mixing indicate a complex struc-
ture. Although the flow is often thought of as 
two-layered, with inflowing Kattegat surface I 
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14.5.3 
Hydrochemistry 

14.5.3.1 Nutrient load 

G. Aertebje1g1 

The nutrient load from sewage and the atmos-

1 

phere is relatively evenly distributed over sea
sons and from year to year. Otherwise, the dif
fuse load of especially nitrogen, but also phos-
phorus, via rivers shows a pronounced season
ality and large variations from year to year, 
parallel to the variations in fresh water run-off. 

The anthropogenic phosphorus input has 
increased unti l the 1970s, and since then 
decreased in parallel to the development of 
phosphorus removal from sewage in the 
drainage area, and in the later years was also 
influenced by the introduction of phosphate
free detergents. The nitrogen load from both 
land and atmosphere has almost doubled from 

BELT SEA 

,p ~<:; 

CRUISE no. 161 

ARKONASEA 

~0, -1' 

14· 17 AUG. 1995 

SALINITY, psu 

200 250 300 350 

liter underneath outgoing Baltic Sea surface 
Iller, the flow is uni-directional, either in or 

•lit, in at least 50 % of the cases [28/]. Unlike 
lit• Kattegat, mixing in the Belt Sea is double
luccted, with horizontal salinity gradients in NAUTICAL MILES 

11h surface and deep water. The mixing/strat-
lkation conditions are illustrated by Figure '.4. showing the salinities after a storm. The 
,rter masses in the Belt Sea are well-mixed, 
hllc in the Kattegat and in the Sound a strong 
tlocline still exists. 

llrtlrography during 1989-93 - Regarding sea 
vcls and salt water intrusions into the Baltic 

ft'ig. 4.5.4 Salinity distribution (psu) 
along a transect jro111 the north-east-
1'1'11 Kallegat, through the Great Belt 
and Feh111am Belt, to the Arkona Sea 
111 /IVo occasions, 14-17 August 1995 
ond 6-9 Nove111ber 1995 
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the 1950s to the mid-1 970s. From the mid-
1970s to 1994, no general development in the 
nitrogen load to the transition area was 
observed, but large interannual variations were 
seen in the riverine load, corresponding to the 
variations in fresh water run-off [353,606]. 
The run-off and thus the nitrogen load to the 
Kattegat/Belt Sea region was in the 1970s 
unusually low, but in the 1980s generally 

above the long-term mean, especially in the 
years 1980-8 1 and 1985-88. In the assessment 
period 1989-93, the run-off was below the 
long-term mean (cf. Chapter 2, Fig. 2. 1 0). 

The run-off is high in winter and low in sum
mer, i.e., the nitrogen load is high during the 
non-productive season when nutrients are 
accumulating in the surface water. For the 
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period 1975-94, a significant correlation has 
been shown between winter run-off from 
Denmark and winter concentrations of 
nitrate+nitrite in the surface water of the tran
sition area, excluding the central Sound, where 
most of the nutrient load originates from 
sewage (Fig. 4.5.5). The winter surface con· 
centrations changed significantly with p<O.O l 
by 7% and 0.50 mol dm·3, respectively, per 10 
% change of the winter run-off. 

The winter nitrate concentrations are higher in 
the transition area than in the Baltic Proper. II 
this was only due to mixing of Baltic Sea sur 
face water (salinity 8 psu, nitrate 4-5 J.l i110I 
dm·3) and nitrate-rich Skagerrak/North Sen 
water (salinity 33.5 psu, nitrate 10-11 J.l i110I 
dm·3), the nitrate concentration would be a lin 
ear function of the salinity. The deviation seen 
in Figure 4.5.6 from the linear relationship i' 
due to local nitrate load. 

4.5.3.2 Nutrient variabili· 
ty in water 

L. Andersson' 

Seven BMP stations in the area have be\'11 
selected for the analysis of nutrients, i.e., t\\11 
in the northern (R6, R7) and two in the south 
ern part of the Kattegat (RI, R3), one in till 
Sound (Q2) and two in the southern part of till 
Belt Sea area (N I, M2). The three inorganh 
nutrients, phosphate, nitrate+nitrite and sill 
cate, mainly show the same pattern in tlwu 
annual cycles in the surface water. Durint 
January and February, the concentrations 111 

highest. At the end of February or in Mmd1 
the spring bloom starts and the levels begin to 
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yrs median 
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0.08 
0.06 
0.16 
1.00 
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p value 
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1.00 

Year 

1979-88 1989-93 

slope n yrs 
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Tabl~ 4.5.1 Results of trend analyses on 'winter'(Jan/Feb)
'.utl:·,ent co~1centrations (in J.IIIWL d11r3) and salinities (psu) 
"' swface water (0-10 111 or down to the haloc/ine) of the 
Kattegat, Sound and Belt Sea 

yrs 
9 

10 
7 
9 
7 
8 
9 

median 
23.76 
23.92 
21.92 
24.03 
10.46 
11.57 
11.86 

pvalue 
0.25 
0.28 
0.76 
0.92 
0.37 
0.90 
0.35 

slope 
·0.26 
-0.35 
-0.30 
-0.02 
-0.25 
0.03 
-0.43 

n - lolal number of observal ions 

n 
70 
59 
76 
29 
29 
17 
29 

yrs 
5 
5 
5 
5 
4 
4 
5 

median 
26.65 
26 .36 
24.87 
22.95 
11.24 
12.88 
11.91 

pvalue 
0.22 
0.09 
0.81 
1.00 

0.46 

slope 
-0.61 
·1 .56 
-0.41 
-0.25 

-0.89 

yrs ·.number of years during lhe period in which measuremenls have been carried oul 
medoan value 
p • significance level 
s lope in ~mo l dm·3 yr' 
significanl changes wilh p sO.OS are marked in bold 1ype 
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Fig. 4.5.9 Mean 
Januwy/February concen
trations of silicate (in J.liiiOI 
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layer (0-10 m or down to the 
ha/oc/ine) at 7 HELCOM 
BMP stations in the 
Kauegat/Belt Sea area, 
I979-93 
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decrease. The decrease is rather fast, and in 
April, the nitrate+nitrite concentrations are 
close to the detection limit. The other nutrients 
normally have concentrations slightly above 
the detection limi t. The concentrations remain 
low during the whole summer and early 
autumn. In September/October, the concentra
tions rise again and in December, the levels are 
about 50 to 70% of the January/February val
ues. In the Belt Sea area and in the Sound, sil
icate shows a slightly di fferent pattern. After 
reaching its minimum in April, the concentra
tions start to rise, and continue to do so rather 
linearly until the winter concentration levels 
are reached. Even if the pattern is the same 
each year, the absolute levels might differ 
from year to year. 

The main interest is focused on the conditions 
in the surface water during winter, when the 
concentrations are highest. Since the spring 
bloom normally occurs in March or late 
February, and because the levels in December 
are still far from maximum, the winter season 
is restricted to January and February. Analyses 
of the seasonal variation of nutrient concentra
tions in the surface waters at six stations in the 
Kattegat and Belt Sea area, and at two stations 
in the Baltic Proper, showed that the concen
trations generally continued to increase during 
the winter until the onset of the spring bloom, 
and that no constant winter level was estab
lished [202]. However, in the transition area, 
the concentrations often do not di ffer much in 
January and February, as the concentrations 
depend on both remineralisation and on the 
varying load and dynamic water exchange. 
Therefore, the mean of January/February con
centrations are used as 'winter values ' . The 
winter values 1979-93 for the different nutri-

Year Year 

ents have been plotted for each station (Figs. 
4.5.7 - 4.5.9). 

Using common methods [251,242], a trend test 
and slope estimate has been made. The analy
ses have been carried out for all four seasons, 
but only the winter results wi ll be discussed 
here. The analyses have been done for the peri
ods 1979-93, 1979-88 and 1989-93. The 
results are shown in Table 4.5.1 . Very few of 
the detected changes are significant. Over the 
whole period 1979-93, only silicate at station 
R3 (Anholt E) showed a significant decrease. 
For the period 1979-88, nitrate+nitrite 
increased significantly at station R6 (Fiaden) 
in the northern Kattegat, while signi ficantly 
decreasing at station M2 (Mecklenburg Bight). 
During 1989-93, no changes were significant. 
It must, however, be stressed that the data was 
too sparse at several stations. Over the assess
ment period, only fi ve stations out of seven 
have been visited often enough during winter 

1 

months to be considered for trend analyse~ h 
is also to be noted that in the north-easll'll 
Kattegat (R3, R6, R7), there was a signifit'lll• 
decrease in silicate during spring and/or SUi tt 

rrter over 1979-93. These were the only sig1ul 
icant changes detected for other parts of tl 
year. 

In another work concerni ng nutrient trend~ 1 
this area [22], the results indicate that tlu 
was a significant increase during wintc1 I• 
phosphate and nitrate+nitrite, and a deCII' ' 
during summer for silicate. In that work, hu 
ever, all available data in the area have I ~< 

included, also stations in the shallow coil 1 
area, and two ten-year periods, 197 1-80 '" 
198 1-90, were compared. For recent ye111 
significant decrease in phosphorus conCl'llli 
tions in surface waters of Danish coastal nh 
and a decreasing tendency in the Belt Sea h 1 

been shown (127]. 

Station Year Slope 
1970·95 

Slope 
1979·93 

p p 

R7 
R3 

1_979:~~ .. ..:Q._19.. .. ..... Q .. ~ 
1974·79 & 

1970·95 1979·93 

1982·95 
1972·79 & 

·0.25 0.02 0.30 1.0 

Table 4.5.2 Results of trend 
analyses for 1979-93 a11d 

I970-95 011 bouom wall'' 
oxygen saturation from 11111 
to October in the Katrewl/. 
Sound and Belt Sea R1 

1981·95 ·0.65 ·0.04 0.090 0.85 ....... .... ..... ... . .... . ............... . 

.92 ........ 1 97,0:~~... . :0.·.~1 ........ :0.-.3? ...... Q .. 01f ...... 0 Q .. 41 

.Pt ....... )97,4·~~ ...... :9·~~ . ..... .. :Q.q . ..... Q,0).5.: ......... Q,?L .... 
N1 1979·95 ·0.52 ·1.47 0.40 0.039' ······· ··· -······· ............................................................... . 
M2 1979·80 & 

. .. 1.9~2:~4.. . .. 0,.69.f·.t9.94LQ .. 09 ..... 0.45(·1~9~U:~~ ..... 
Boknis Eck 1979·83 & 

1986·90& 
1992·93 1.19 0.17 

(Years are indicated for which '' 
were available; p • significancn ~ 
slope in o/o saturation yr '; &IU+IIh 
changes with p S0.05 are mark"'l 
an asterix) 
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The Kattegat and the Belt Sea area have short j 
residence times, one to two months, for sur
face .water, an? there are also strong horizontal 
gradtents whtch make it di fficult to detect 
' hanges in nutrient concentrations. There is I 
nlso a p.roble~ with the low sampling frequen
cy dunn? Winter months. The BMP pro
yramme IS not capable of detecting changes 
uv~r such short periods as five years, in such 
vnnable areas as the Kattegat and the Belt Sea. 
llowever, the aforementioned results concern
lltg nitrogen and phosphorus are consistent 
with the development in load, which increased 
lrom the I 970s to the 1980s, and did not 
dtange very much during the 1980s. The 
~~ sessment period 1989-93 is too short to I 
•lctect the effects of the lower load, which is 
•luc to lower run-off and phosphorus removal 
hom sewage and detergents. The reason for 
the decreasing silicate concentrations may be 
lllt"reased r~moval of silicate from the water by 
lllt:reased c!.tatom gr~wt~ and settlement oue.to j. 
+llcrcased eutrophtcatJ on j nutrient load). 
l kcr~ases in silicate have been observed not j 
•lily m the Kattegat but also in the Gulf of 
llnthnia and Baltic Proper [592], in the south-
til North Sea and in other coastal areas of the 
urld ocean [12I ]. The decrease in silicate 

•lu~l often reduces the DSi/DIN ratio, which 
llll(ht lead to silicate limitation of diatom 
ntwth, .a~d thereby to changes in both species 
nmposll ton and food web dynamics j 
111,558]. 

.5.3.3 Oxygen variability i 
\ertebjerg1 • 

'"' bottom water oxygen concentration in the 
tllcg~t and Belt Sea area is high during win
' w1th >80 % saturation, but starts to 
tease after the spring bloom in March. 

11t•r exchange a~1d mixing due to strong 

1 
ud may temporanly stop the decrease during 
tlllg and summer, but a minimum is reached 
•thin the period July-October. The actual I 
II' of the oxygen minimum occurrence 
l~' l ldS on the area and wind conditions. Re- j 
~cnation takes place within the period 

tttl'mber-November, usually first in the 
111111rn Belt and latest in the south-eastern I 
llt'j.~:tl, central Sound and southern Little 
It 

llll!an oxygen concentrations in the bottom j 

/'ln. 4.5.10 Ttme saies of oxygen sat
Illation in boll om water at station R3 
Ill the Kallegat 

110r part • July·to·October data used in the trend 
••lysis: mean saturation in the bollom layer >40 %, 
•l<llo part • July·to·October data, translormed to 

value per year, 
~' part · oxygen as recorded closest to the bot· 

'" por sampling series 

INNI X 11 .3 lor addresses of authors 

I 

layer during the months of July to October decrease of about 1.5 % saturation j)er year. 
have been analysed at eight stations from the However th · 'f' · . K ( I • e stgm tcance dtsappeared 1 f 
G:~~~g~teltR(JP /) 3• R7), the Sound (Q2), the 1994-95 data were included, showing that the 

. . • .the Fehmarn Belt (N/), the analyses are very sensitive to the level at the 
~:=~tBC~~)(B~km~ Eck) and the Meckl~nburg end of the time series. Additional data from the 
h "' b . ren te~ts and slope esttmates southern Belt Sea were not available for the 
[l~; 25~Jn T made .~smg common methods analyses, but inclusion of data from 1970 to 
1979-93 . d ~o per t~ds h~~e been analyse~, 1_995 at the Kattegat, Sound and Great Belt sta-

. an ong-tet m sertes up to 1995, 1f Irons revealed a significant decreasino ox oen 
available. The results are shown in Table 4.5.2. concentration in the Sound (Q2), G~eat YBelt 

(PI ) and north-eastern Kattegat (K7), and a 
~ecreas i ng tendency at the other Kattegat sta
tions. 

In the period I 979-93, only the Fehmarn Belt 
(N I) showed a significant change, i.e., a 
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In earlier investigations [50), a significant 
decrease of the mean sub-pycnocline oxygen 
concentration by 0.10-0.11 cm3 dm·3 yr·1 in 
July-September at the station Boknis Eck in 
Kiel Bight was found for the period 1957-86. 
In Kiel Bight and Fehmarn Belt, increasing 
oxygen consumption trends close to the bot
tom of 0.1 5 cm3 dm·3 yr·1 and 0.13 cm3 dm·3 

yr·1 (non-significant), respectively, were also 
estimated for the period 1976-90 [5,692]. 
From 197 1 to the late 1980s, a significant 
decreasing trend of 0.05-0.1 cm3 dm·3 yr1 was 
estimated for the Kattegat deep water (>30 
psu) during August-October [23,24]. A signif
icant decreasing trend in the mean bottom 
water oxygen concentration during 1975-88 
was also found at six stations in the Kattegat, 
the Sound and Fehmarn Belt, and a non-sig
nificant decrease in the Great Belt of 0.05-0.1 
cm3 dm-3 yr·1 or 1-2 % saturation per year [5]. 
The decreasing trend continued during the 
period 1989-92, except in the northern 
Kattegat. 

The trend analyses mentioned were made in 
different ways and covered different periods. 
However, the results show that, except for the 
Fehmarn Belt, the changes during the period 
1979-93 are too small to be detected by the 
present monitoring programme and statistical 
methods. However, the longer time series 
showed a general decrease in the bottom water 
oxygen concentration from the early/mid-
1970s to the late 1980s. Since 1981, incidents 
of oxygen depletion in the bottom water have 
been observed nearly annually in the southern 
Kattegat, in the Sound and in the Belt Sea. At 
least in ](jel Bight, the decrease seems to have 
started in the late 1950s [50). This is in gener
al agreement with the development of the 
nitrogen load. 

In the southern Kattegat, the Sound and the 
Belt Sea, the bottom water oxygen concentra
tions continued to decrease during the 1980s 
and up to 1990/91, in spite of there being no 
general increase in the nutrient load during the 
1980s and a reduced load due to low run-off in 
1989-92 [692]. This cannot be attri buted to the 
interannual variation in hydrography, but 
might be due to accumulation of organic mat
ter during the years with high load. In the peri
od 1971-82, the organic nutrient pools in the 
Kattegat increased with higher rates than those 
of the inorganic winter pools of nutrients [23]. 
A tendency to increasing bottom water oxygen 
concentrations from 1990/9 1 to 1993/94 was 
seen in the Kattegat and in the Sound [127). 

The mean oxygen concentration in the bottom 
water was chosen for analyses of the develop
ment of the oxygen pool available in the bot
tom water column. The mean oxygen concen
tration does not give a true picture of the oxy
gen conditions experienced by the bottom 
fauna. The single oxygen values, measured 
1 see ANNEX t 1.3 for addresses of authors 

closest to the bottom during visits to the sta
tions, is a better measure, even if they are mea
sured 0.5- 1.5 m above the sediment (Fig. 
4.5.10). 

Kattegat 

4.5.4 Pelagic 
biology 
J. Albjer[;f, G. Behrends, H. Giesenhagen, 
H.-P. Hansen, J. Wikner 

4.5.4.1 Phytoplankton 

)an feb mar apr maj jun jul aug sep ol<t nov dec 

Kattegat (R1-R7) 

l~Uk:. .••.• w 
jan feb mar apr maj jun jul aug sep okl nov dec 

The depth-integrated data from the uppermost 
I 0 m for chlorophyll a, phytoplankton bio
mass (wet weight) and potential primary pro
duction from the stations Rl-R7 have been 
pooled to represent the Kattegat, from Ql and 
Q2 to represent the Sound, and data from PI to 
represent the Great Belt. For potential produc
tion, pooled data from the stations M I, N I, N3 
and N4 are used to represent the southern Belt 
Sea (Kiel Bight, Fehmarn Belt and 
Mecklenburg Bight). 

(squares • actual measuments; solid line - Kernel 
smoothing) 

Fig. 4.5.11 Mean seasonal distribu
tion of0-10 111 depth-illfegrated 
chlorophyll a concentrations and 
potential primal)' production values 
in the Kattegat, 1989-93 

Fig. 4.5.12 Time series of mean 0-10 
111 depth-integrated chlorophyll a 
concentrations for different seasons, 
and time series of mean annual phy
toplankton wet weight biomasses in 
the Kattegat, 1979-93 

In the Kattegat/Belt Sea area, the seasons have 
been defined as follows: 
Spring- February to April, summer 
- May to August, autumn -
September to November, and win
ter - December to January. 
Very few data on phytoplankton 
species composition, abundance 
and biomass exist from the winter, 
and this season was therefore not 
treated separately for these parame
ters. When the variations/changes 
of the variables did not differ 
between the areas, the Kattegat has 
been chosen as the representative 
area in the figures shown. 

Chlorophyll a - The average sea
sonal cycle was calculated from the 
years 1989-93. The seasonal distri
bution in chlorophyll a concentra
tions shows a bimodal pattern with 
a pronounced maximum during the 
spring bloom in February/March, 
and a smaller maximum in autumn 
(Fig. 4.5. 11 ). The chlorophyll a 
concentrations were similar in the 
Kattegat and Great Belt, with max
imum values of about 20 mg 
chlorophyll a m·3, whereas they 
were lower in the Sound with about 
10 mg chlorophyll a m·3. 

The chlorophyll a concentrations 
showed great interannual variations 
1979-93 (Fig. 4.5. 12). There was 
no significant trend in the values 
during this period, either when con-
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Chloroohylls 

SpTg SuiTVller Auturm 
1979·83 .6..1.± 5.4 .Li.± 1.3 a.u 1.9 

(0.3·18.5) (0.2·10.6) (0.2-9.2) 
n=75 n=119 n=96 

1984·88 .4..U 4.8 22..± 2.5 M.± 2.3 
(0.3·23.8) (0.2-25.7) (0.3·13.0) 

n=182 n=223 n=207 
1989·93 ll.,± 3.5 2.L± 1.3 ll.± 1.8 

(0.0-18.3) (0.0·11 .8) (0.0-1 1.5) 
n=305 n=405 n=354 

e21~nl!il lll!QQ~!<IIv!IY 

Spirg SuiTVller Auturm 
1979·83 1ti.;t 18.6 M.± 6.3 M...±6.1 

(0.6·84.6) (0.6-52.4) (0.9-28.5) 
n=54 n=113 n=84 

1984·88 1M_± 13.1 U..± 9.4 .12.2...± 8.6 
(0.3-62.9) (0.2-58.3) (1.2·45.8) 

n=123 n=166 n=147 
1989·93 ll.;± 10.2 M...± 4.6 M...± 5.6 

(0.2·51 .3) (0.8·32.9) (0.9·34.4) 
n=121 n=198 n=167 

(Data have been pooled from the Kallegat. Sound. 
Great Belt and southern Bell Sea; llll!lllJ ± standard 
deviation, (range), number of samples) 

' idering each season separately or when con
' idering data from all seasons of each year 
together. Regarding the assessment periods 
1979-83, 1984-88 and 1988-93, there may be a 
tendency to lower chlorophyll a concentra
tions in spring during the period 1988-93 com
pared to the earlier ones (Table 4.5.3). 
However, with only one or at the most a few 
nmplings a month, the probability of sam

pling during the actual spring peak is low, and 
lhc measured concentration may thus not rep
ll'Scnt the actual peak. A tendency to higher 
wncentrations in summer and autumn durino 
lhc mid 1980s is seen. ; " 

l'hytoplankton biomass and species composi
tion - When the phytoplankton biomass is 
'pressed as wet weight, the importance of 

•ltntoms is exaggerated due to the large vac
unlcs in the diatom cells, contributing to the 
wet weight but not to the carbon biomass. Data 
lwm this region consisted of both wet weight 
111d carbon biomass. In order to compare the 
l'hytoplankton levels with other areas in the 
llnlt ic Sea, wet weight has been used in all fig
ucs. Trend analyses were, however, per
lllmed on carbon biomass. 

lhc seasonal distribution of the phytoplank
un-carbon biomass is characterised by a 
p1ing bloom dominated by diatoms, a sum-

Table 4.5.3 Chlorophyll a concemra
tions (mg nr1) and potential primm)' 
production (mg C nr1 h. ·I) in spring, 
summer and autumn during the three 
assessment periods 

mer max imum with diatoms and dinoflagel
lates, contributing equally, and an autumn 
bloom, mostly consisting of dinoflagellates. 
Regarding wet weight, the diatoms also domi
nate the phytoplankton in the autumn (Fig. 
4.5.13). 

In the summer, the phytoplankon wet weight 
biomasses reach the same level of about 3,000 
mg m·3 in the Kattegat as in the Great Belt. 
The summer maximum in the Sound is only 
I ,700 mg m·3. The long-term record of the 
phytoplankton biomass revealed great inter
annual variations. For example, the maximum 
values in the Kattegat ranged from >24,000 
mg m·3 in 1984 to <4,000 mg m·3 in 1989 (Fig. 
4.5.12). 

The phytoplankton biomass shows a signifi
cant negative trend from 1979 to 1993 in the 
Kattegat, the Great Belt and the Sound 
(p=0.008, 0.007 and 0.004, respectively). The 
negative trend is particularly evident for sum
mer values in the Kattegat (p=O.O 13), but is 
also significant in spring and autumn (p=0.025 
and 0.054, respectively; Fig. 4.5.14). This is 
consistent with observations from the Kiel 
Bight and Fehmarn Belt, where a sli oht 
insignificant decrease in both chlorophyll a 
and phytoplankton biomass was observed 
from 1986 to 1995. However, the decline was 
mainly due to rather low phytoplankton stand
ing stocks in 1993, 1994 and 1995 [257]. 

Table 4.5.4 shows the fi ve dominating phyto
plankton species or groups in different seasons 
(spring, summer, autumn) and time periods 
( 1979-83, 1984-88, 1989-93) for the Kattegat, 

3000 

2500 

2000 

1500 

1000 

500 

the Sound and the Belt Sea. Dominance due to 
one or a few mass occurrences has been disre
garded. In the Kattegat, this applies to inci
dents of Gomphosphaeria sp. and Noctiluca 
scintillans in the periods 1979-83 and 1989-
93, respectively. In the Sound, Coscinodiscus 
sp. have been disregarded in the autumn 
plankton for the period 1984-88. 

Potential productivity - The average seasonal 
cycle of the potential production was calculat
ed from the years 1989-93. As for chlorophyll 
a, the seasonal distribution of the potential 
productivity shows a bimodal pattern, with a 
pronounced maximum in March and a smaller 
maximum in autumn (Fig. 4.5.11). The level of 
the potential productivity was almost the same 
for the Kattegat, the Great Belt and the south
ern Belt Sea, with about 40-50 mg C m·3 h:l in 
the spring, up to 10 mg C m·3 h: 1 in the sum
mer and 20-30 mg C m·3 h: 1 in the autumn. In 
the Sound, the spring peak was lower with 
about 13 mg C m·3 h: 1. 

The potential productivity showed great inter
annual variations from 1979 to 1993. For 
example, in the Kattegat, the maximum values 
ranged from 84 mg C m·3 h:1 in 1980 to 12 mg 
C m·3 h: 1 in 1991 . In the Kattegat, there was a 
significant negative trend in the potential pro
ductivity during this period (p=0.05; Fig. 
4.5.15). In the Great Belt and in the Sound 
there was also a tendency to lower values: 
although the trends were not significant 
(p=0.06 and 0.07, respectively). Analyses of 
the pooled data from the southern Belt Sea did 
not indicate any change in the potential pro
ductivity from 1979 to 1993. However, by sep
arately analysing the potential production from 
the period 1985/86-95 for different stations 
and sampling depths in the Kiel Bight and 
Fehmarn Belt, tendencies of decreasing trends 
were visible [257]. Regarding the periods 
1979-83, 1984-88 and 1989-93, there was a 
tendency of decreasing potential productivity 
in spring. 

Fig. 4.5.13 Mean 
seasonal distribu
tion of wet-weight 
biomasses (mg nr 3) 
for different groups 
of phytoplankton in 
the Kattegat, 1989-
93 

0 +-~--~~~~~~W4~~~LLrL~~ 
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4.5.4.2 Zooplankton 

Depth-integrated zooplankton samples were 
collected until 1986 by a modified WP-2 net 
with 100 J.IITI mesh size [670] according to the 
HELCOM BMP Guidelines. After 1986, the 
Danish zooplankton samples were taken by a 
submersible pump (400 dm3 min: 1) fi tted with 
a 100 J.lm net [464]. Sweden and German.y 
used the WP-2 net throughout the whole pen
oct. Although the WP-2 net may underestima~e 
the zooplankton due to clogging of the net, th1s 
is not the case with the pump [464]. However, 
the appendicularian Oikopleura dioica is prob
ably damaged by the pump [464] , and ~hus 
underestimated in the Danish samples smce 
1986. 

Kattegat, Sound and Great Belt - The zoo
plankton data from the stations Rl to R4 have 
been pooled to represent the Kattegat, Q I and 
Q2 to represent the Sound and data from PI to 
represent the Great Belt. The seasons have 
been defined as follows:-
Spring - February to March, summer - May to 
August, and autumn - September to Novem
ber. 
There was no zooplankton sampling in the 
winter from this area. Data exist from 1982 to 
1993 for the Kattegat, and from 1980 to 1993 
for the Sound and the Great Belt. The southern 
Belt Sea was treated separately, as the season
al cycle seems different and the data material 
are more extensive. 

a) Kattegat 

1979-83 

Ske/etonema cos tatum 

Thalassiosira sp. 

Oetonula confervacea 

Porosira glacialis 

Thalassiosira gravida? 

Nanoplankton 

Distephanus speculum 

Rhizosolenia alara 

Rhizosolenia fragilissima 

CeraOum tripos 

Cera tau/ina pelagica 

Nanoplankton 

Gyrodinium aureolum 

Ctyptomonas sp. 

Ceralium tripos 

N=24, S=6 

ill. 
(4,658, n=231 

ill. 
(9,884. n= 141 

m 
(7,501, n=BJ 
~ 

(2,382, n = 131 
ill. 

(5,549, n=51 

N=57,S=6 

3.62. 
(1,051, n=331 

ill. 
(8,301 , n= 14) 

uz. 
(2,333, n=21) 

U1. 
(2,592, n = 28} 

l..Qi 
(1,373, n=22J 

N =36, S=6 

m 
(12,979, n= 171 
~ 

(2,588, n= 151 
ill. 

(1,225, n= 101 
1.12. 

(2,573, n= 141 
w. 

(766, n=241 

1984-88 

Porosira glacialis 

Detonula confervacea 

Thalassiosira polychorda 

Skeletonema costa tum 

Chaetoceros wighamii 

Peridinium sp. 

Nanoplankton 

Chrysochromulina polylepis 

Cerarium tripos 

Rhizosolenia fragilissima 

Cera tau/ina pelagica 

Guinardia 1/accida 

Ceralium lineatum 

Ultra·/ Nanoplankton 

Cerarium tripos 

N =61.5 =8 

SB2. 
(13,356, n = 201 

m 
(9,237, n=21) 

1§2. 
(6,206. n= 18) 

Hl 
(1,692, n=30) 

uz. 
(4,021, n= 121 

N=113, S=9 

ill. 
(13,376, n= 71 

19.6. 
(432, n=45l 

u 
(4,310, n= 16) 

n 
(1,818, n=39) 

62. 
(1,356, n=39) 

N=76,S=8 

ill. 
(1,105. n=57J 

110.. 
(1,902, n = 601 

sz. 
(1,170,n=46) 

a3. 
(3,504, n = 501 

7l 
(545, n= 531 

1989-93 

Thalassiosira sp. 

Skeleronema cos tatum 

Coscinodiscus concinnus 

Rhizosolenia setigera 

Detonula confervacea 

Rhizosolenia fragilissima 

Guinardia 1/accida 

Ceratium ttipos 

Flagellates 

Rhizosolenia a/ala 

Guinardia 1/accida 

Ceralium tripos 

Ceratium linea tum 

Cera tau/ina pelagica 

Thalassiosira eccentrica 

N=47, S=8 

m 
(3,624, n = 171 

HQ. 
(1,289, n=24J 

Iii 
(1,236, n = 61 

3l 
(288, n=2 1l 

31. 
(1,074, n= 111 

N=107, S=8 

m 
(3,716, n= 751 

w. 
(5,153, n=54J 

12.1 
(1,054, n=91) 

u 
(258, n= 741 

u 
(1,152, n=461 

N=64,S=7 

ill. 
(6,354, n=361 

w. 
(1,137, n=60J 

ill. 
(1 ,173, n•69J 

ei 
(659, n=471 

a3. 
(656. n= 1 n 

The average year, constructed from all data for 
the period 1989-93, shows an unimodal sea
sonal distribution, peaking in June. Copepods 
dominate the zooplankton throughout the sea
son. Their seasonal variation is more pro
nounced in terms of biomass than in terms of 
abundance (Fig. 4.5.16). The most important 
copepods in terms of biomass are 
Pseudocalanus spp. and Centropages spp. 
Acartia spp. also contribute significantly to the 
copepod biomass in the early season, there
after Oithona spp. take over in the second half 
of the year. 

b) Sound 

1979-83 1984-88 1989-93 

Copepod biomass and zooplankton abun~ance 
reached the same level in the Kattegat as 111 the 
Great Belt, of about 50 mg C m·3 and 25,000 
ind. m·3 in summer, whereas the summer max
imum in the Sound was lower, i.e., about 30 
mg C m·3 and 16,000 ind. m·3. The long-term 
record of the components of the zooplankton 
community revealed great interannual varia
tions (Fig. 4.5.17). For example, the maximum 
values for copepod abundance in the Kattegat 
ranged from 138,000 ind. m·3 in 1984 to 
26,000 ind. m·3 in 1987. 

The zooplankton abundances showed a signif
icant negative trend in the Kattegat and Sound 
(p=0.033 and 0.0 II , respectively~. The nega
tive trend was most pronounced 111 the Sound 

Deronula confervacea 

Nanoplankton 

Achnanthes taenia/a 

Chaetoceros debilis 

Skeletonema costatum 

Gomphosphaetia sp. 

Nanoplankton 

Aphanothece sp. 

Rhizosolenia fragifissima 

Ctypromonas sp. 

Cera tau/ina pelagica 

Nanoplankton 

Gyrodinium aureolum 

Coscinodiscus sp. 

Cryptomonas sp. 

N=5, S=1 

ill. 
(1,329. n = 5) 

m 
(355, n=5J 

1!2. 
(440, n=2J 

1.12. 
(421, n=5J 

42. 
(135, n=5) 

N=18, S=2 

un 
(21,454, n=5l 

ill. 
(1 ,443, n= 18} 

m 
(2,974, n=5l 

UL 
(1,599.n =12) 

Ul 
(419,n=131 

N=8. S= 1 

625. 
(4,813, n=41 

m 
(324, n=BI 

w. 
(1,495, n=31 

ill. 
(1,020. n=21 

ill. 
(227, n=6} 

Thalassiosira /evandeti 

Chaetoceros wighamii 

Chaeroceros holsaticus 

Nanoplankton 

Achnanthes raeniata 

Nanoplankton 

Rhizosolenia fragilissima 

Ceralium ltipos 

Ctyptomonas sp. 

CeraOum furca 

Cryptomonas sp. 

Nanoplankton 

Porosira glacialis 

Cerataulina pe/agica 

Skeletonema costa tum 

N=4,S=1 

ill. 
(1,012, n=21 

m 
(811,n =4l 

12.1 
(350, n=3J 
~ 

(?,n=4J 
5i 

(188, n=3J 

N=19, S= 1 

ill. 
(1,808. n= 121 

Ul 
(2,169, n=6J 

l..Qi 
(1,436, n=BJ 

100. 
(259, n= 131 

4§. 
(841, n=4J 

N=10, S=2 

u 
(338, n= 71 

1.0. 
(256, n=5J 

62.. 
(486, n=2J 

62. 
(281. n=5J 
~ 

(234, n=4J 

Thalassiosira sp. 

Skeletonema cos tatum 

Tha/assiosira levandeti 

Eutrepliella sp. 

Oetonula confervacea 

Rhizosolenia fragilissima 

Flagellates 

Proroceni!Um minimum 

Guinardia 1/accida 

Ceratium rtipos 

Cryptomonas sp. 

Cera tau/ina pelagica 

Guinardia flaccida 

Flagellates 

Skeletonema cos tatum 

N=8,S 1 

ill. 
(556, n 31 

a3. 
(505, n• 41 

az. 
(252, n 11 

31 
(221 , n•31 

a 
(213, n 41 

N=23,S I 

ru. 
(2,370, n I f1 

u 
(252. n IM 

u 
(675,n 111 

6.6. 
(307, n Ill 

41 
(162,n II 

N=12, S I 

51 
(158, n~bl 

4l 
(461, n·~l 

3.5. 
(226,11•41 

3! 
(51, n Ill 
~ 

(152. n 
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c) Belt Sea 

1979-83 

Deronula confervacea 

Thalassiosira decipiens 

Chaetoceros holsaticus 

llelasira arctics 

Skeletonema cos tatum 

lhodomonas minuta 

~eletonema costa rum 

lymnodinium simplex 

'llizosolenia fragilissima 

N=41, S=9 

12ll. 
(7,318, n=30J 

ill. 
(3,495, n= 141 

m 
(11,016, n= 15) 

ID 
(10,230, n= 6) 

ill. 
(1,850, n=36J 

N=84, S=8 

5.lli. 
(403,200, n=28J 

U11 
(215,600,n=50) 

Lm 
(100,800, n=6) 

ru. 
(45,081, n=30J 

lphanizomenon flos·aquae ~ 
(45,840, n = 171 

.. · 
N=44, S=10 

'ttataulina pelagic a 

tlatium lripos 

uatium lures 

~noplankton 

wocenrrum micans 

ill 
(17,673,n =BJ 

ill. 
(1,682, n=33J 

1.0.5.. 
(1,434, n=28J 

100. 
1915, n=BI 
~ 

(1,184, n=401 

lble 4.5.4 Dominating 
vtoplankton species in 
Kauegat, Sound and 

It Sea during the three 
1essmei11 periods 
1\metical llll!llll (maximum) val· 
or species wet-weight biomass 

1l m·3 ; N · tolal number of sam
S · number or stalions. n · num-
ol samples in which species 
dominating) 

. 4.5.15 Time series of 
mean 0-10 m depth· 
~rated potential pri· 

ry production (in mg C 
lr. ·I) for different sea
' in the Kauegat, 

II 

9-93 

sots of horizontal lines repre
lrom top to bollom: maximum 
1. upper quartiles, medians, 
quartiles. and minimal values. 

IOIId lines connect the medians. 
OJmbers in lhe different ligures 
to the number or observations 
Jlhe corresponding years.) 

1984-88 

Thalassiosira decipiens 

Skeletonema cosrarum 

Oeronula confervacea 

Thalassiosira levanderi 

Porosira glacialis 

1989-93 

N=71, S=12 

l.6! Chaeroceros teres 
(10.751,n =23i 

5J2. Skeletonema cos tatum 
( 16,296, n = 561 

1ll Thalassiosira baltica 
(2,653, n=21J 

I.R Chaetoceros sp. 
(3,777, n= 131 

l.3i Flagellates 
(5, 770, n = 71 

N= 169.S=12 

Nanoplankton ill Rhizosolenia fragilissima 
(104,116, n=28J 

Ceratium ttipos 4.5.3. Guinardia 1/accida 
(16,949, n=94J 

Rhizosolenia fragilissima W. Cerarium l!ipos 
(4,943, n=69J 

Proroceni!Um micans l.Q2. Prorocentrum minimum 
(1 ,004, n=81J 

Ceratium lusus ~ Flagellates 

Ceratium tripos 

Cerarium !urea 

Ceratium linea tum 

Prorocentrum micans 

Guinardia 1/accida 

(2.758, n=85) 

N=70,S=8 

ill Ceratium tripos 
(4,855, n=53J 

m Guinardia llaccida 
(6,922, n = 291 

U.Z. Cera tau/ina pelagica 
(3,657, n=391 

l..1.a. Oitylum brighlwellii 
(2,303, n=41J 

1B. Ceralium fusus 
(724, n=26J 

N=58, S=10 

3M3. 
(96, 136, n=5) 

ill. 
13.061, n=531 

ill. 
(1,240,n=l21 
~ 

(1,103,n=23J 
~ 

(884, n=40J 

N=162, S= 11 

ill. 
{6,772, n= 1131 

ill. 
(3,804, n = 691 

U! 
{1,956,n=121J 

lll 
(1 6,1 97, n=421 

1.0.i 
(663, n = 128} 

N =82, S=9 

ill. 
(4,595, n= 75) 

m 
(8,248, n=49J 

ill. 
{6,482, n=49) 

100. 
(4,800, n=33J 
~ 

(1,105, n=69J 

Kattegat 
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in autumn (Fig. 4.5.18), and was due to a 
decline in copepod abundance and biomass. In 
terms of biomass, the negative trend was sig
nificant in the Kattegat, the Sound and in the 
Great Belt (p=0.006, 0.005 and 0.009, respec
tively). 

Southem Belt Sea (Kiel Bight, Fehmam Belt 
and Mecklenburg Bight) - For the total zoo
plankton analyses, the following stations were 
pooled: 
Kiel Bight - Boknis Eck, N3 and N4; Fehmarn 
Belt- NJ; Mecklenburg Bight - M2 and MI. 
The detailed evaluations on species level were 
restricted to Kiel Bight data from 1985-93. 
The data were splitted as follows: 
January to March - winter (low abundance), 
April to June - spring (maximum), July to 
September - summer (minimum), and October 
to December- autumn (peak followed by min
imum). 

In the Kiel Bight, the annual mean abundance 
of the rnesozooplankton community varied 
between 12,470 ind. m·3 (1986) and 73,561 
ind. m·3 ( 1989), and in the Mecklenburg Bight 
between 7,61 5 ind. m·3 (1982) and 38,606 ind. 
m·3 ( 1989). The highest intra-annual variabili
ty was observed at the coastal station Boknis 
Eck (Figs. 4.5.19a,b,c). The seasonality of the 
total mesozooplankton community is shown in 
Figure 4.5.20. 

The mesozooplankton community of the Kiel 
and Mecklenburg Bights was clearly dominat
ed by copepods (Fig. 4.5.21). Regarding the 
abundances, in certain months other groups 
can occur in high densities. These are often 
either rotifers (April/May) or meroplankters, 
especially bivalve larvae (June). Among the 
copepods, Oithona simi/is is the most abun
dant species in the area. In spring and summer, 
Centropages hamatus and Acartia spp. can be 
more important in some years. The second 
rank is taken by Pseudo- and Paracalanus spp. 
in winter and auwmn. Temora /ongicornis is a 
less abundant copepod species in this area. 
However, there is a strong interannual vari
ability of the percentage of the species compo
sition. 

The water inflow event in spring 1993 did not 
cause any recognisable reaction in the meso
zooplankton community in this area. Most 
probably, the transition area is not as much 
influenced by these events as more central 
parts of the Baltic Sea. 

Comparing the ·. monitoring periods 1984-88 
and 1989-93, it is obvious, that the earlier peri
od was characterised by very low abundances, 
while the latter showed several years with high 
abundances. Figures 4.5.19d,e,f show the 
deviations of the total mesozooplankton abun
dances from the long-term monthly median 
values. The differences between mesozoo-
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Fig. 4.5.19 Totalmesozooplankton ' 
abundances (lOS, ilul. nr3

) in the Kiel 
Bight (a), Fehmarii Belt (b) and 
Mecklenburg Bight (c), and devia
tions from the long-term monthly 
median abundances in the Kiel Bight 
(d), Fehmam Belt (e), and 
Mecklenburg Bight (f) 

(The vertical dashed lines on d. e and f separate 
the diHerent assessment periods.) 

I 
I 
I 

.. 
Fig. 4.5.20 Seasonal distribution of total 
'!'esozooplankton abundances (ind. m·J) 
111 the Kiel Bight (a), Fehmam Belt (b), 
and Mecklenburg Bight (c), 1985-93 

(The vertical dashed lines separate the different sea· 
sons.) 

plankton-rich and -poor years are more pro
nounced at the Kiel Bight stations than in the 
Mecklenburg Bight, but such differences are 
n~t shown at the station Fehmarn Belt. This 
1mght be due to the fast currents at this station 
which lead to an adjustment of the differences' 
while in the shallower and more stable coastai 
stations, differences can be more developed. 

I

I In spring and summer, there was an increase of 
mesozooplankton abundances from 1985/86 
to 1989/91. ~fterwards, the standing stocks 

I decreased (Figs. 4.5 .19, 4.5.20). This differ
ence in abtu~dances was caused mainly by the 
copepods 011/wna simi/is and Pseudocalanus 

although this year was not very cold. 
Consequently, the statistical analyses did not 
show a significant correlation between temper
ature and mesozooplankton abundance. 

An increase was observed in Acartia ronsa . 
This species is relatively new in the Baltic Sea 
in that it migrated in the 1930s [106] . As it i s'~ 
warm water species, it had favourable condi
tions duri~g the last assessment period. Since 
1990, the Jellyfish, especially the Aurelia auri
ta populations, have been monitored in the 
Kiel Bight together with ichthyoplankton. To 
assess the influences of predation, the zoo
p.tan~ton data were evaluated, and showed a 
Sigmficant inverse relationship between jelly-

! fish ~nd mesozooplankton abundances [60] . 
1 

!he 1chthyoplankton stocks seem also to be 
mfluenced by the jellyfish stocks, but it is not 
yet clear, whether this is a direct effect or 
through diminishing of the food source meso
zooplankton. 

I minutus .elongatus, as well as by the mero- 4.5.4.3 B . 
planktonic mollusc larvae, and in spring in the 1· . act-:r•oplankton 
Mec~lenburg Bight by ro~if~rs. Both copepod In the K1el Bight and 

I 
species showed a m1mmum in 1986. Fehmarn Belt 
Thereafter, the concentrations increased unt il 
1992. In 1993, the abundances decreased 
again. The larvae of molluscs showed a tow 
concentration during the period 1985-8? . 
From J 988 onwards, the abundances doubled 
or even increased threefold. 

An important factor seems to be the winter 
temperature. The years 1985-87 were charac
terised by low winter temperatures. The stock 
of mesozooplankton was extremely low in 
these years. The warmer period durino 1989-
92 shov:ed higher amounts of mesozo~plank
ton. Th1s was particularly true for Oithona 
sim_ilis and Pseudocalanus minutus elongatus, 
which both survive the winter as copepodide 
stages. However, the concentration of meso
zooplankton was again lower in 1993, 

70 
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Bacterioplankton has been monitored in the 
K!el Bight, Feh~arn Belt and Mecklenburg 
B1ght at monthly mtervals at 4 stations, Boknis 
Eck, N3, Nl and M2, which represent a gradi
ent from the more eutrophic fjords to offshore 
areas [ /77]. Only data from Boknis Eck and 
Fehmarn Belt (N I) will be presented here to 
allow a direct comparison of integrated values 
at equal w.ater depths. They are regarded as 
r~presentat1 ve of the general temporal and spa
tial developments in the area . 

Fig. 4.5.21 Long-term variability of 
the seasonal abundance of the main 
mezozooplankton groups in Kiel 
Bight, 1979-93 
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Fig. 4.5.22 0-28 111 

depth-integrated 
bacterial biomass 
(J.liiiOl C dnf 2) at 
stations Boknis Eck 
and Felunam Belt 
(NI) 

(Integration based on 3 
depths lor 1988·90 and 5 
depths lor 1991·96, 
respectively, with 12 sam· 
pie series per year. Cell 
numbers were determined 
by direct epi·lluorescence 
counts according to HEL· 
COM Guidelines. Cell 
numbers were trans· 
lormed to biomass by vol· 
ume using a conversion 
!actor ol 0.35 pg C ~m·3.) 
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Fig. 4.5.23 Annual 
average of the 0-28 
m depth-integrated 
bacterial biomass 
and annual bacte
rioplankton growth 
at stations Boknis 
Eck and Fehmam 
Belt (Nl) 
(Integration based on 3 
depths for 1988-90 and 5 
depths lor 1991-96. 
respectively, with 12 sam
ple series per year; cl. 
Fig. 4.5.22.) 

The biomass of bacterioplankton (Figs. 4.5.22, 
4.5.23) declined in a linear manner during 
1988-95 at both Boknis Eck and Fehmarn Belt. 
This could be shown by non-parametric Malllr
Kendall analysis (p=0.003 and 0.01 , respec
tively), and also by linear regression on the 
integrated annual average biomass (p=O.OO I 
and 0.005, respectively). The latter analysis 
indicated a decline rate of 8.2 and 7.5 mmol C 
m·2 yr·' , respectively, at these stations. In con
trast, the regression analysis on integrated 
annual average bacterial numbers did not show 
any significant trend for the whole investiga
tion period at either station. Instead, there wa~ 
a significant increase in bacterial abundance 
during the years 1990-95 at Boknis Eck and 
Fehmarn Belt (p= 0.0 I and 0.03, respectively, 
by linear regression; Fig. 4.5.24), the opposite 
of the development in bacterial biomass. Thi~ 
lack of coherence between the two variable~ 
indicates the difficulty of accurate cell voluml' 
measurements. Usually, biomass and cell num 
ber show similar trends [371], since the bio 
mass calculation is based on cell counts and 
individual cell volumes, of which the latter i1 
usually less variable. Discrepancies may arisr 
from the fact that the reproducibility of cell 
number estimates between different personnel 
are within I 0 % variation, while biovolurm 
estimates often show variations of about 50 ~ 
[277]. Since there was a change in countinr 
personnel between 1991 and 1992, artifact• 
with respect to cell volume measurements can 
not be excluded. Lower and more stable bio 
mass values after 1991 support this assump 
tion. An independent study at station Bokru• 
Eck from August 1988 to April 1990 with 
comparable sampling schedule presented :u 
integrated annual average biomass value of 51 
mol C m·2 yr 1 in 1989, and an average biovol 
ume of about 0.045 J.un3 [176]. The combina 
tion of this biomass value with data from tl~ 
monitoring period 1992-95 revealed no signil 
icant trend during the time of investigatiol 
This is in accordance with the results from th 
Bothnian Bay (cf. Chapter 4.1 ). 

Because of possible overestimation of the b:u 
terial cell volume during the first four yearst 
monitoring, bacterial production values h 
this period were calculated by assuming a cor 
stant biovolume of 0.045 J.!m3

, a carbon co1 
version factor of 0.35 pg C J.lm·3, and a co1 
version factor from thymidine incorporation 1 
cell production of 1. 1 I 018 cells per mole 1 

thymidine. The data from 1992-95 were calc• 
lated with the actual determined biovolumc1 

No clear trend in bacterial growth (Fi ~ 
4.5.23, 4.5.25) could be demonstrated at ~~ 
tion Fehmarn Belt, whereas for station Bokr. 
Eck a decline rate in growth of 0.18 mol C n 
yr' (p=0.02) was obtained. The average ann 
al growth of bacterioplankton during tl 
whole period at Boknis Eck and Fehmarn Ill 
corresponded to 2.83 and 2.61 mol C m·2 yr 
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t Fig. 4.5.24 0-28 111 depth-integrated 
bacterial eel/numbers at stations 
Boknis Eck and Fehmam Belt (Nl ) 

(Integration based on 3 depths for 1988-90 and 5 ... 
depths for 1991-96, respectively, wi th 12 sample 
senes per year; cf. Fig. 4.5.22.) 

ll'~pcctively (Tab. 4.5.5). The production val
Ill'S for station Boknis Eck in 1989 are in oood 
twcement with those from the indepe;dent 
~tudy [/ 76], which justifies the applied correc
llun and supports the slightly decreasing trend. 
~unctheless , there was an increase in the 
thymidine incorporation rates (data not 
~huwn), which appeared in the same period 
when the cell numbers increased. 

I h~ specific bacterial growth rate, i.e., tHe P/B 
litlrn, did not show any long-term development 
clrg. 4.5.26). The average growth rate was 
t1IJ±0.04 day·' at bo_tp _stations. But, the like
ly t~vcrest imation of bacterioplankton biomass 
·humg t~e ~rst four years would imply an 
ll ildcrcstunation of the specific orowth rate 
•11tl indicates a possible decline ~f this para~ 
ull' t ~r. for: the whole investigation period and a 
hlhilrsation of the specific growth rate during 

clw last four years. The corrected scenario 

Fig. 4:~-25 _0-28 m dept~1 - integrated t 
bactenal gtawtlr at statrons Boknis 
Eck and Fehmam Belt (NI ) 

Table 4.5.5 Integrated annual aver
ages (0-28 111) of bacterioplankton 
biomass, production and specific ~ 

(Integration based on 3 depths for 1988-90 and 5 
depths for 1991-96, respectively, with 12 sample 
senes per year; for further explanations see text) 

growth rate (PIB) at tire stations 
Boknis Eck and Fehmarn Belt (N 1) 

Boknls Eck 

Year 
Biomass (B) Production (P) P/B 
mmol C m-2 mol C m·2 yr-1 day-1 

Fehmam Beh 
Biomass (B) Production (P) P 1 B 
mmol C m·2 mol c m·2 yr-1 day·1 

1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

97.67 
94.1 5 
82.11 
76.49 
49.29 
46.90 
55.84 
45.45 

3.27 0.144 84.24 
3.38 0.138 100.47 
3.05 0.110 72.44 
2.67 0.096 62.64 
3.40 0.219 46.85 
2.38 0.1 27 46.88 
2.63 0.116 58.11 
1.88 0.111 37.38 

2.53 
3.58 
1.97 
3.24 
2.50 
2.50 
1.95 

0.101 
0.102 
0.150 
0.118 
0.206 
0.126 
0.105 
0.1 34 
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lated with a fixed cell vol
ume ol 0.045 ~m3 - see 
text) 

Fig. 4.5.26 Specific 
bacterial growth 
rate as the inte
grated daily aver
age at tire stations 
Boknis Eck and 
Felmrarn Belt ( N I) 
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shows stable bacterioplankton biomass and 
production, while the cell numbers and the 
thymidine incorporation rates increased, and 
the specific growth rate decreased, during 
1988-95. 
The increase in bacterial abundance and 
thymidine incorporation rates at both stations, 
without a corresponding increase in biomass, 
has several possible explanations: 
• It could be interpreted as a consequence of 
more efficient grazing of the bacterivores on 
medium and larger bacterial size classes. The 
origin of this change may be combined with 
changes in the dominating phagotrophic fla
oellate and ciliate communities. Obviously, 
0 

scyphomedusae significantly control the abun-
dance of the fine fi lter-feeding copepods in the 
Kiel Bight, which in turn control the occur 
renee of flagellates < 12 1-1m [60]. No data on 
ci liates were avai lable. Since scyphomedusac 
have been quite abundant after a minimum in 
the late 1980s, the flagellate numbers wcrr 
correspondingly high. Because the scyphom: 
dusae selectively graze mesozooplankton, tlu~ 
may result in profound changes in the specie~ 
composition of the micro- and nano-zooplank 
ton. Therefore, numerical responses and also 
chanoes in bacterivorious species cannot IX' 
rulel out in selecting for specific bacterin 
plankton size classes [302]. 
• Warm winters and three exceptional hot 
summers within the 1990-95 period may hav,• 
been responsible for the increase of the thymi 
dine incorporation rate and of the bactcriul 
abundance. The increase in accumulated tcm 
perature during the growth season may haw 
enhanced the cell division rates, but the cell\ 
remained small due to other environmcniUI 
factors, e.g., oligotrophic conditions during tlu 
growth season [292]. 
• The possible decrease in specific growth 
rates, without a significant decrease in growth 
at station Fehmarn Belt, and a small decrcaM 
of this variable at station Boknis Eck im1)h 
that the quality of the environment has becon11 
less favourable for bacteria during the pu I 

years, especially at station Boknis Eck. High1• 
water temperatures, which led to prolong1'ol 
staonant conditions during the growth season 
ma; have increased not only bacterial activit~ 
but also competition between phytoplankhll• 
and bacteria for essential inorganic nutrient 
This would also explain increasing rates of n•li 
division producing only small cells. 

Changes in micro-nutrient concentratio11 
e.g., by decreasing phosphorus loads, 11111 

composition, i.e., by increased N/P ratios, 1m 

changes in the grazing pressure may result II 

the occurrence of strong substrate control " 
the bacterioplankton without coupl111 
between phytoplankton and bacteria. Althon~ 
a linear relationship between phytoplankh 
carbon and bacterioplankton biomass at tl 
two stations is lacking, both for the 198K 11 

period with uncertain bacterial biomass d111 

STATE OF THE MARINE E NVIRON M ENT OF THE BALT I C SEA REGIONS 

and for 1992-95 (Fig. 4.5 .27), an increasing 
tendency towards bottom-up control of the 
bacterial community during the summer sea
sons of the last four years can be demonstrated 
at station Boknis Eck (Fig. 4.5.28). The linear
ity of values points towards bottom-up control, 
whereas data clouds may indicate a grazing
control of the bacterial community [84]. 

The uncoupling between phytoplankton and 
bacterioplankton parameters indicates that the 
observed substrate control at both stations is 
not closely connected to the primary produc
ers. The exceptional warm summers in 1992, 

1994 and 1995, and the low prectpttation, 
especially during 1994/95, provide evidence 
that a possible decline in allochthonous inputs 
via precipitation and run-off from land 'dried 
out' the bacterial community. Support for this 
hypothesis may be derived from increasing 
glucose-turnover rates during 1990-94 and low 
values in 1995 (Fig. 4.5.29). During 1995, the 
summer temperatures were similar in height 
and duration compared to 1992 and 1994, but 
precipitation was almost absent. Long stagna
tion periods presumably changed the general 
nutritional state, and in turn modified the inter
actions between highly active organisms of the 

~
Fig. 4.5.29 0-28 m depth
integrated daily average 
tuntover time ojl4C-glu
cose (% day') at stations 
Boknis Eck and Fehmam 
Belt (Nl) 

(Integration based on 3 depths lor 
1988·90, and 5 depths for 1991·96, 
respectively, with 12 sample series 
per year: for further explanations see 
text) 

Fig. 4.5.30 Highest 
degree of coverage for 
epiphytic macrophytes 
(A) and drifting macro
phytes (B) on transects 
in the Danish parts of 
the Kattegar and Belt 
Sea areas, 1994 [ 127] 
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microbial food web. 

Although pronounced changes in the system 
can be detected, which point towards increas
ing bottom-up control of the bacterioplankton, 

I 
the lack of coupling between phytoplankton 
and bacteria identifies the Kiei/Mecklenburg 
Bight area as still eutrophic. The increase of 
colony-forming units during 1990-95 (data not 
shown) implies a favourable supply of organic 
substrates, and therefore leaves increasing 
water temperatures and competition for inor
ganic nutrients as the most likely factors to 
explain the observed changes. 

Epiphytes 1994 

Degree of coverage 
0 1 (0 S2%) 

o 2 (2 S25"1o) 
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Drifting macroatgae 1994 

Degree of coverage 
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BA L TIC FISH STOCKS AND DISEASES 

6.1 FISH STOCKS 

6.1.1 Introduction 
The important commercially exploited fish 
species in the Baltic Sea in terms of abundance 
are the demersal species cod and flounder, the 
pelagic species herring and sprat, the anadro
mous species salmon and the catadromous 
species eel. In addition, a number of other 
species, including several flatfish_ spectes, and 
a number of fresh-water spectes are also 
exploited. The Kattegat harbours many ~ore 
marine species, including the commerctall~ 
important shellfish species Nephrops norvegr
cus, Norway lobster. Figure ~.1 shows the 
ICES Sub-divisions of the Balttc Sea that are 
used for fish stock assessments. 

(ACFM). The text has been prepm_-ed by Bengt 
Sjostrand1, Sweden, and Hennk Sparholt, 
ICES, and has been reviewed by the ACFM. 

minimum levels of sal inity and oxygen con
centrations for successful fertilisation and sur
vival of eggs [501,687,696,699). The unusual
ly lono period with hardly any influx of North 
Sea ;,'Iter from 1983-91 coincided with low 
recruitment for cod. The recent improvement 
in sal inity and oxygen conditions provide a 
possibility for improved recruitmen~ but do~s 
not ensure it. A slight improvement 111 recruit
ment has been observed since 1992. 

The total commercial catch by species for the 
period 1973-93 reveals that cod, herring and 
sprat, on average, constitute over 90 % of the 
total catch per year. 

Because demersal species of fish and shell fish 
live in, on, or near the bottom of the sea, they 
are susceptible to near-bottom low oxygen 
concentrations. In the central and southern 
Kattegat, reduced near-bottom oxygen con
centrations in the autumn have been observed 
for the past twenty years. Figures 6.2 and 6.3 
show seasonal variations in the monthly mean 
concentrations of oxygen near the bottom. The 
data [4,56] have been updated by Swedish and 
Danish observations for 199 1-94 [Bagge, pers. 
comm) . The oxygen deficit ~n la~c 
summer/early autumn reached a maxmmm m 
1988 with values <1 cm3 dm·3. In 1989-92, 
valu~s <2 cm3 dm·3 were noted, but in 1993-
94, the values were >2 cm3 dm·3· 

Fig. 6.1 ICES Fishing area designa
tions in the Baltic Sea 

In the first part of this chapter, the most impor
tant species of commercial fish ~re _treated 
individually, and then an account ts gtven of 
the trophic relationship between them. The 
information presented here is mainly based on 
the work of a number of working groups estab
lished by the International Council for the 
Exploration of the Sea (I~ES) and the ICES 
Advisory Committee for Ftshery Management 

Fig. 6.2 Seasonal variati01.1S in _near
bottom oxygen concentratwns m the 
central and southern Kattegat, 1904 -
91 [4,56]. 

• see ANNEX 11 .3 for addresses of authors 

6.1.2 Demersal 
fish stocks 

6.1.2.1 Cod 

Unusually strong year classes in 1976, 1979 
and 1980 formed the basis for a dramatic 
increase in the Baltic cod stock (Sub-divisions 
25-32), and hence an expanding fishery. T?e 
stock started to decline around 1984, and tts 
decline continued until 1992/93. Fleet capact
ty and fishing effort have not been redu~ed at 
the same rate, which has caused reallocatiOn to 
other stocks and contributed to generally htgh 
exploitation rates on demersal stocks. 

Cod reproduction is dependent ~n sui tab~e 
environmental conditions and requtres certam 

Cod is distributed over the entire Baltic Sea 
except the Bothnian Bay. The abundance of 
cod is also rather limited in the Bothman Sea 
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and the Gulf of Finland, except in periods 
when the cod stock is large, and when cod 
seem to extend their distribution. 

-

Fig. 6.4 Reported landings -in 1()3 t-
of cod in the Kattegat, 1971-94 [266] 
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Fig. 6.5 Catch per unit of effort of cod 
in the Kattegat, 1979-94 

A s Hont ,h 

The cod stocks in the Baltic Sea are treated by 
ICES as two separate stocks. One stock occurs 

._to the east of l5°E and forms spawning aggre
'gations here. The other stock occurs to the 
west of !5° E. This stock mixes to some extent 
with the former stock, and with the Kattegat 
stock, especially during the juvenile stage and 
outside the spawning season. The cod in the 

Fig. 6.3 Seasonal variations in near
bottom oxygen concentrations in the 
central and southern Kattegat, 1991-
94 [Bagge, pers. comm.] 

Kattegat are also treated as a separate stock. 

Some cod are sexually mature at an age of two 
years, and almost all cod of age five and older 
are mature. In the Baltic Sea, cod spawns over 
a period of several months, with peak spawn
ing varying by year. In some years, the peak 
spawning is in May, but in recent years it has 
been in August. Spawning occurs in the deep 
parts of the sea area. Cod, however, avoid the 
deepest parts due to low oxygen concentra
tions. During spawning, cod concentrate in 
certain rather limited areas, and the fishing 
intensity can then be very high, with hundreds 
of fishing vessels fishing within a radius of 
only a few nautical miles. Cod eggs are small 
and a female can produce several millions of 
eggs per year depending on its size. The sur
vival rate of cod eggs and larvae is, therefore, 
very important for the size of cod year classes. 
There is, however, also growing evidence 
from historical timeseries data for a spawning 
stocksize effect on year-class size. Although 
the cod stocks in the Baltic Sea have varied by 
more than an order of magnitude within the 
last I 0-15 years, there have been only weak 
indications that the growth of cod has been 
affected, thus implying a very limited density
dependent effect. In general, the growth of cod 
is highest in the Kattegat and lowest in the 
Central Baltic Proper. This is probably due to 
lower temperatures and lower food supply in 
the water layers where cod is distributed in the 
Central Baltic Proper than in the Kattegat and 
the western parts of the Baltic Sea [629]. 

Landings Recruitment (age I) 

~;ffili~ocru ~ :~-~ 
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Fishing mortality (ages 3 • 6) Spawning stock biomass 
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Fig. 6.6 Trends in landings, recruit
ment, fishing mortality and spawning 
stock biomass of the cod stock in the 

1970 1973 1976 1979 1982 1985 1988 1991 1994 

Belt Sea and in the southwestern parts 
of the Baltic Sea, west of Bornholm, 
1970-94 [266] 
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Cod in the Kattegat - Reported landings varied 
between 10,000 and 20,000 t over the period 
197 1-94, but since then hav~ been below 
I 0,000 t (Fig. 6.4). The actual level is uncer
tain for the last few years due to underreport
ing of landings. 

Available data have not permitted any reliable 
assessment of the stock size to be conducted 
for the last few years. The general picture, 
however, is one of a heavily exploited stock. 
Data on catch per unit effort from two Swedish 
fisheries indicate a substantial drop in cod 
abundance during the last 15 years (Fig. 6.5). 
The fishing mortality rate is roughly estimated 
to be around 1.0, corresponding to a yearly 
removal of 63 % of the individuals. 

The recruitment of young fish has apparently 
been low in most years during the period 
1987-93. Only the year classes in 1989 and 
199 1 were more pronounced. The 1994 year 
class is indicated to be large. 

Cod in Sub-divisions 22, 24- The cod stock in 
the Belt Sea and in the southwestern parts of 
the Baltic Sea, west of Bornholm, yielded 
between 40,000 and 50,000 t per year during 
1965-85, but the landings have since 
decreased to a level of around 15,000 t yr·1 

(Fig. 6.6). The level of exploitation is estimat
ed to be very high, i.e., about 55-75 % yearly 
mortality, and the adult cod stock has declined 
to around 30 % of its pre-1985 level. The sur
vival of young fish has shown a decreasing 
trend during the whole period 1970-91 , where
as the year classes 1991, 1992 and 1994 are 
relatively large and break this trend. 

Cod in Sub-divisions 25-32 - There has been a 
change in spawning time for the cod stock in 
the Baltic Proper from peak spawning in 
May/June to peak spawning in August. 
Landings decreased from 1984, when they 
were almost 400,000 t, to 1993, when the offi-
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cially reported amount was about 25,000 t 
(Fig. 6.7). The actual landings that year were 
higher, but these are not known precisely. The 
figure of 40,000 t was used by ICES as input 
in the 1994 assessment. 

Neither stock size nor exploitation level can be 
estimated with high precision due to corrupted 
catch statistics. It is nevertheless obvious, that 
the level of fishing mortality has been very 
high in the past, i.e., in the order of 60 %. The 
biomass of adult fish has decreased sharply 
since 1984 and reached a minimum in 1992 of 
about I 0 % of the 1984 level. The steep down
ward trend in recruitment was halted by the 
1990 year class. There are indications that the 
199 1-94 year classes are slightly higher than 
the very poor 1987-89 year classes. 

6.1.2.2 Flounder 

The total landings of flounder have remained 
stable for the last 20 years. During recent 
years, the catch has decreased slightly in the 
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Fig. 6. 7 Trends in landings, recruit
ment, fishing mortality and spawning 
stock biomass of the cod stock in the 
Baltic Propet; 1975-93 [266] 

eastern parts of the Baltic Sea in Sub-divisions 
26 and 28 (Eastern Baltic Proper), where most 
of the catches are taken in a flounder-directed 
fishery and as by-catches in the cod fishery. In 
the western parts of the Baltic Sea, flounder 
catches consist mostly of by-catches in the cod 
fishery. The database for most flounder stocks 
is incomplete and it has therefore not been 
possible to assess these stocks. 

6.1.3 Pelagic fish 
stocks 

1 

Sprat is distributed almost in the entire area 
but do not spawn in the Gulf of Bothnia. Sprat 
is a batch spawner which spawns from March 
to August. The growth of sprat is rapid in the 
Belt Sea area and the Kattegat. In the rest of 
the Baltic Sea, the size at age does not differ 
between areas. Sprat is an important food 
organism for cod and salmon. On the othe1 
hand, sprat eats cod eggs [346], and there arc 
indications that this can have a significant neg 
ative impact on the year-class strength of cod 
recruiting to the fishery [630]. 

Herring is distributed all over the Baltic Sea, 
even in the almost fresh-water containinp 
Bothnian Bay. A few decades ago, there wen• 
significant amounts of autumn-spawning hc1 
ring, but now almost all herring are sprin11 

~ 

Fig. 6.8 Trends in landings, recruit
ment, fishing mortality and spawning 
stock biomass of the sprat stock in the 
Baltic Sea, 1974-94 [266] 
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spawners. The spawning starts around Ri.igen 
in March/April and ends in the northern areas 
around August. The Ri.igen herring migrates 
out of the area in spring, and into the 
Skagerrak and northeastern North Sea. Here, 
they feed on the abundant plankton and return 
in the autumn to the Sound and the Arkona 
Sea, where they remain during the winter. 
These herring grow rapidly, while the growth 
rates are low in the northern areas of the Baltic 
Sea, probably due to low temperature and low 
food abundance [631). Like sprat, herring is an 
important food item for cod and salmon. 

The stocks of herring and sprat are generally 
lightly to moderately exploited. With stock 
sizes above historically average levels; they 
are regarded to be within safe biological lim
its. The assessments made during the last few 
years have demonstrated high variability in 
estimated stock levels, even when the pattern 
of year-to-year variation has been stable. This 
variabi lity has been caused by both .. ·method
ological shortcomings (catch analysis, i.e., 
Vi rtual Populat ion Analysis -YPA, is not stable 
when the exploitation level is low compared to 
natural mortal ity), variability in catch data 
(insufficient sampling for species composition 
in industrial landings) and survey results used 
for calibrating the VPA. The predation mortal
ities estimated by the multi-species YPA (cf. 
chapter 6. 1.7) have been applied to the single 
species assessments. 

6.1 .3.1 Sprat 

Annual la~dings decreased from high values in 
the 1970s (about 200,000 1) to <50,000 tin the 
beginning of the 1980s (Fig. 6.8). Recently, a 
sprat-directed industrial fishery has increased 
the catches to about 300,000 tin 1994. A much 
decreased mortality from predation by cod and 
a period of low catches has contributed to the 
increase in stock size during the last five-year 
Jleriod. Estimates of stock level have varied 
pronouncedly, but the general pattern in stock 
dynamics has been rather stable. 

6.1.3.2 Herring 

If erring in Sub-divisions 22-24 and in Katie
gat and Skagerrak - This spring-spawning 
\lock spawns at several places in the Kattegat 
Jnd the southwestern parts of the Baltic Sea, 
with its major spawning sites around the island 
of Ri.igen. Annual landings of spri ng-sp·awnfng 
herring have increased frp.m about I 00,000 1 in 
the late 1970s to a1:ound 200,000 t (Fig. 6.9). 
!'he total landings, including the North Sea 
outumn-spawning herring caught in Kattegat 
.1nd Skagerrak, have varied around 300,000 t. 
fhis stock is probably exploited at a higher 
level than other pelagic stocks in the Baltic 
~ca, but difficulties in identifying spring and 
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Reported landings -in 101 t- of her
ring, 1974 (1973)-94 [266} 

Fig. 6.9 Skagerrak, Kattegat, Belt 
Sea, Sotmd and the southwest em parts 
of the Baltic Sea, west of Born holm 

Fig. 6.10 Baltic Proper and Gulf of 
Finland 

Fig. 6.11 Bothnian Sea 

Fig. 6. 12 Bothnian Bay 

autumn spawners during the non-spawning 
time and uncertain catch statistics introduce 
large uncertainties in the assessment of this 
stock. 

Herring in Sub-divisions 25-29 (Baltic 
Proper) and 32 (Gulf of Finland) - The her
ring in the Baltic Proper and Gulf of Finland, 
although assessed as a single stock, are of a 
rather heterogeneous nature, with a number of 
different spawning populations along the 
coa~ts . After spawning, they are mixed in the 
open sea. Pronounced differences in size at age 
are found between herring from the southern 
and northeastern parts of the area. Herring in 
the Gulf of Riga constitute a sub-stock, which 
in most years is fairly isolated from the rest of 
the herring in this area. 

Annual landings fluctuated around 300,000 t 
from the beginning of the 1970s to 1985, but 
have since decreased to around 200,000-
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250,000 t (Fig. 6.1 0), mainly due to a decl in
ing market for herring. Fishing mortality is 
estimated to be at a comparatively low level, 
and the stock size is increasing. 

Herring in Sub-division 30 (Bothnian Sea) -
Annual landings have slowly increased during 
the last decade, from about 20,000 t to 40,000 
t (Fig. 6.11 ). The low level of exploitation, 
about 20-25 %, exerted on this stock, is at the 
same level as the natural mortality. The stock 
size is increasing. Recruitment has been at a 
high level as a result of a sequence of above
average year cla~ses . 

Herring in Sub-division 31 (Bothnian Bay) 
Landings have never exceeded 10,000 t in this 
area (Fig. 6.12). Stock size and exploitation 
rates are difficult to assess by catch analysis, 
when the fishing causes only a minor propor
tion of the total mortality. 
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Germany 

Fig. 6.13 The drainage area of the 
Baltic Sea, showing rivers and reach
es of rivers supporting salnwn runs 
in the past (thin lines) and present 
(thick lines) [324} 

Fig. 6.14 Releases of reared salmon 
smolts to the Baltic Sea, 1950-92 
[324} 
(In 1970, the release of smolts from 
'other countries' was of uncertain 
magnitude) 
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6.1.4 Salmon 
Naturally reproducing salmon stocks exist in 
about thirty rivers in the Baltic Sea Area (Fig. 
6. 13). Many rivers have been dammed, and 
spawning and nursery areas have disappeared. 
To compensate, hatcheries have been built on 
these rivers and reared stocks are released. 
Normally, these fish feed in the sea and 
migrate back to the rivers as spawners, where 
they are taken and used for broodstocks. The 
fish are reared in the hatchery to the smolt 
stage and released. However, in Finland, 
hatchery-reared stocks are kept in hatcheries 
for their entire life span and are used as brood
stock. The broodstock is genetically strength
ened by using some spawning fish returning 
from the sea. This method may also be applied 
in other countries, mainly Sweden, due to the 
current problem with the M-74 syndrome. 
Figure 6.14 shows the production of reared 
smolts by year from 1950-92. In the most 
recent years, the production has been around 
5-6 106 smolts. This compares to about 0.4-0.6 
106 smolts of wild salmon stocks, i.e., the wild 
salmon constitutes only about I 0% of the total 
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1970 

Fig. 6.15 Total annual catches as 
five-year means- ; in the Baltic Sea, 
1915-92 [324} 
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The wild salmon stocks in the Baltic Proper 
6,CXXl -r-------------------------, 

I 
are in a less severe state than those in the Gulfs 
of Bothnia and Finland. The sharp reduction in 
wild parr production since 1994 indicates that 
the gradual increase in the stocks in recent 
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Catch of salmon 

Fig. 6.16 Total annual catches of 
reared and wild salmon -in. t- in the 
Baltic Sea, 1972-94 

amount of salmon in the Baltic Sea. After 
being stable at 400,000 individuals, and even 
showing signs of increasing in 1993 and 1994, 
the production of wi ld smolt dropped in 1995, 
and is expected to drop further in 1996 due to 
the M-74 syndrome. 

While feeding in the sea, salmon are caught by 
dri ft nets and long lines while, during the 
spawning run, they are caught along the coast 
main ly in trap nets. In the river mouths, set-gill 
nets and trap nets are used, and there is a tra
ditional recreational angl ing fishery in the 
rivers and a trolling fishery, i.e., a fishery from 
small boats dragging artificial fish baits, has 
developed during the last decade in coastal 
areas. The offshore fishery and most of the 
coastal fisheries exploit both wild and reared 
salmon. Reared salmon are mixed with wild 
salmon, except during the homing migration 
when reared salmon approach their release 
sites near river mouths. Only then is it possible 
to exploit reared salmon without catching wild 
salmon at the same time. Total annual catches 
of reared and wild salmon are given in Figures 
6.15 and 6.16. It can be seen, that the annual 
catch has been fairly stable at around 3,000 t 
per year since 1945. There has been a tenden
cy to an increase in recent years, which is due 
to a larger smolt production at the end of the 
1980s and in the beginning of the 1990s, and 
to a high growth rate observed in salmon in the 
most recent years. ' 

Approximately 20 % of the smolts entering the 
Baltic Sea survive tot~~ minimal landing size 
for the fishery. Fishing mortality on salmon 
reaching this size is extremely high. Of the 
salmon belonging to the stocks in the rivers 
discharging to the Gulf of Bothnia, <0.5 % 
manage to return to the rivers as adults for 
spawning. In the Baltic Proper, the fishing 
mortality is lower and 1-2% are able to return 

to spawn. The stocks are clearly both growth-
, overfished, i.e., the salmon are caught at too 
small a size, and recruitment-overfished, i.e., 
too few Juvenile salmon are produced due to 
too few adult salmon managing to return to the 
rivers and spawn. Only about 10-20 % of the 
current production capacity in the rivers are at 
present utilised. The reduction in wi ld smolt 
production in 1995 and 1996 will result in a 
significant further reduction in returns of adult 
wild salmon beginning in 1997. 

The wild salmon stocks in the Gulf of Bothnia 
are considered to be outside safe biological 
limits. At present, only 12 of the original 44 

. wild salmon stocks in the rivers discharging 
into the Gulf of Bothnia remain in existence. 
In the Gulf of Finland, only 6 stocks remain 
and in the Baltic Proper, 12 stocks remain. The 
estimated production of wi ld smolts in the 
Gulf of Bothnia decreased from 455,000 in 
1994 to 204,000 in 1995 and 84,000 in 1996. 
Production in the Gulf of Finland and in the 
Baltic Proper has also declined. 

years will not continue, and the stocks are like
ly to decl ine. The smallest wild stocks are at 
risk of extinction, but the larger stocks and 
those in the Baltic Proper are not so sensitive 
to temporal variations in the size of the spawn
ing stock. The survival of these small wild 

I 
stocks has probably been possible because 
they are not exploited in coastal or river fish
eries. The combination of decreased spawning 
stock and low survival of fry may result in 
total extinction of new salmon generations in 
the rivers currently supporting naturally repro
ducing stocks. 

6.1.5 Eel 
Eels enter the Baltic Sea as glass eels coming 
from the Sargasso Sea. Some eels remain in 
the Baltic Sea and the rest migrate up the 
rivers and brooks, and live there or in connect
ed lakes. After a number of years, as so-called 
yellow eels, they develop into silver eels and 
start their migration back to the Sargasso Sea 
for spawning. This migration takes place in 
August to October. 

The commercial catch of eels has decreased 
steadily since 1955, which is the first year for 

I 
which reliable catch data are available (Fig. 
6.17). There is no estimate of the stock size 
available and a certain number of landings are 
not reported. Indications from catch per unit 
effort from selected fisheries suggest, howev
er, that the stock of silver eels has decreased in 
accordance with the decrease in the catches 
[253]. Higher fishing intensity and better fish
ing gears are likely to be part of the explana
tion for the decrease in stock size of si lver eels. 
In addition, there are indications that the 

Eel. Commercial catch 
4&0,-------------------------------------. 

Fig. 6.17 Officially 
reported commercial 
catches of eel -in t
in the Baltic Sea 
(ICES Fisheries 
Statistics) 
(The time ser(es 
goes further back 
for some countries 
and indicates that, 
at least back to 
1930, the annual 
catch was at or 
above the 1955 

--- ICES Sub-divisions 22, 23 
-o- ICES Sub-divisions 24 - 32 
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immigration of glass eels has decreased over 
the above-mentioned time period. Figure 6.18 
shows the records of glass eels entering the 
Motala Strom in Sweden, and Figure 6. 19 
shows the immioration of glass eels and juve-o . 
nile eels in six Danish rivers and canals. It IS 

only in a few rivers that the number of glass 
eels enterino has been recorded on a regular 
basis. Then; are, however, quite a few rivers 
where this has been recorded from time to 
time, and the general impression is the same 
downward trend. This is not only the situation 
for the Baltic Sea, but appears to be general for 
all of Europe. Whether the decrease in annual 
production of glass eels is due to a decrease in 
spawning stock size, or to changes in currents 
in the Atlantic Ocean transporting the eel lar
vae to Europe, is not known. It is, however, 
striking that other eel species in other parts of 
the world, e.g., the North American and 
Japanese eel, have shown similar downward 
trends, and the only likely common factor 
seems to be a high fishing pressure. 

Although the eel stock clearly is an interna
tional or rather intercontinental stock, it is only 
manaoed locally on a national basis. The eel 

0 . 

fishery has no quota regulations anywhere m 
Europe, and it is a common policy that in a 
given regulation area all silver eels sho~ld be 
caught as they are otherwise lost to the f1shery, 
because eels do not return after spawning but 

Fig. 6.19 Immigration of glass eel 
and juvenile eel to six Danish rivers 
and canals, 1967-95 (data from S. 
Petersen, pers. comm.) 
(Values are given as average relative 
values.) 
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die. Thus, it is not unlikely that eels are recruit
ment-overfished. 

6.1.6 Norway 
lobster in the 
Kattegat 
Annual landings of Norway lobster decreased 
from 2,000 t in 1984 to <I ,000 t in 1993 and 
1994. No proper assessment of stock sizes has 
been presented. The time series of landings per 
unit of effort in two Swedish fisheries, howev
er indicate that the stock has undergone a pro
n~unced decline since 1984 (Fig. 6.20). 

Fig. 6.18 Glass eel-in kg- entering 
the Mota/a Strom, Sweden, 1959-93 

The improved oxygen conditions in the south
ern Katteoat are reflected by the reappearance 
of the fishery in 1992 south of latitude 56°49' 
N, i.e., in an area abandoned in the late 1980s 
due to low oxygen levels. 

6.1. 7 Species 
interactions · 
multispecies 
assessment 
Interactions between the major fish species in 
the Baltic Sea, i.e., cod, herring and sprat, are 
significant and important for the fishery and 
the stock dynamics. Models have been devel
oped to quantify the effects of predation on 
stock sizes. Multi-species VPA [246,552] has 
been used to estimate total number predated 
and predation mortality. Data on food con
sumpt ion and consumption rations of preda
tors are needed in addition to data needed 111 

the single-species YPA. Large numbers of cod 
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Fig. 6.20 Catch per unit of effort of 
Norway lobster (kg lobster per trawl 
hour) in the Kattegat, 1978-94 
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Fig. 6.21 Herring 
-in 1 ()3 t- caught 
in the fishery and 
estimated amount 
consumed by cod, 
in the Baltic Sea, 
1977-92 

Fig. 6.22 Sprat -
in 1 ()3 t- caught in 
the fishery and 
estimated amount 
consumed by cod, 
in the Baltic Sea, 
1977-92 

Fig. 6.23 Cod -in 
1()3 t- caught in 
the fishery and 
estimated amount 
consumed by cod, 
in the Baltic Sea, 
1977-92 

Fig. 6.24 Total 
biomass of cod -in 
1Cf t- compared 
with the total 
amount offish 
consumed by cod, 
in the Baltic Sea, 
1977-92 

stomach analyses have provided information 
on food composition [263]. Based on exReri
ments on digestion rates of cod and other 
predatory fish, consumption rates h;we been 
estimated [264]. 

mens >40 em in length. Yearly food consump
tion is estimated to increase from about 0,2 kg 
for a one-year-old cod to 8 kg for a nine-year
old cod. 

Results from multi-species assessments have 
been presented [265,267] and summarized 
including a comprehensive overview [629]. 

Cod becomes more piscivorous with increas
ing size and fish dominates the diet in speci- I 
1 see ANNEX 11.3 for addresses of authors 

In ·Figures 6.21 to 6.23, the quantities eaten by 
cod of each prey species are compared with 
the catches. The high predation mortality on 
~I year old cod is an important regulatory 
mechanism for cod stocks. The total amount 
eaten by cod is shown together with cod bio
mass in Figure 6.24. 

6.2 COASTAL 
FISH 

6.2.1 Introduction 
A first assessment of the state of the coastal 
waters of the Baltic Sea was officially avail
able in 1993 [226]. The report included an 
introduction to coastal fishing and the impacts 
of pollution on fish stocks. Although the avail
able monitoring data were scattered and not 
very homogeneous, the assessment demon
strated that coastal fish are exposed to a vari
ety of pollution impacts and that the fish-com
munity responses may often be quite dramatic. 
Sustainable use of fish resources was consid
ered to be of major interest in the future man
agement of the coastal zone, as expressed in a 
HELCOM interim report [22/]. Five of the six 
overall goals are more or less related to the 
well-being of coastal fish . Consequently, fish 
studies at different levels of organization, 
including biological effects studies, have been 
suggested for future monitoring under the 
COMBINE (Cooperative Monitoring in the 
Baltic Marine Environment) umbrella. To pro
vide a background for planning, it was decid
ed to include a chapter on coastal fish in the 
present assessment. 

This section has been prepared by Olaf 
Sandstrom1, Sweden, W/adyslaw Borowski, 
Poland, Erik Hoffmann, Denmark, Holger 
Hovgard, Denmark, Mart Kangur, Estonia, 
Ham1u Lehtonen, Finland, Else Nielsen, 
Denmark, Otto Rechlin, Germany, Rimantas 
Repecka, Lithuania, Krz.ysz.tof Skora, Poland, 
and Maris Vitinsh, Latvia. The text has been 
reviewed by the ACFM . 

6.2.2 
Data reviewed 
A questionnaire was circulated among fishery 
scientists and institutes along the Baltic Sea 
coasts, and their contributions are summarized 
in this chapter. The questionnaire asked for 
information on monitoring data, including 
fishery statistics, and results from pollution
site studies on coastal fish. Basic faunistic 
information Wl!S requested for descriptions of, 
e.g., community structure and geographical 
distributions. As this is one of the first assess
ments made on coastal fish from an environ
mental point of view in the Baltic Sea Area, an 
identification of gaps in knowledge was con
sidered important for future monitoring activi
ties. 
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6.2.3 
Characteristics of 
the coastal waters 
as fish habitats 
Morphometric characteristics strongly influ
ence the properties of coastal fish habitats 
[320,67 1]. Five dominating coastal types have 
been distinguished in the Baltic Sea, i.e., arch
ipelagos, fjords, open low coasts, klint coasts 
and lagoon or Bodden type systems [226). 
Archipelagos dominate in the north and west, 
and open low coasts in the south and east, 
including the Kattegat. Open coasts, with 
deeper water sensitive to upwell ing, are found 
along the western shoreline of the Bothnian 
Sea. The coastal lagoon is a specific phenom
enon of the Baltic Sea, occulTing in the south
ern and southeastern regions. Considering the 
specific requirements of coastal fish, three 
major classes of habitats can be identified, 
archipelagos, open coasts and coastal lagoons. 

Several species, limnic as well as marine fish, 
need access to sheltered, warm and hydro
graphically stable conditions for spawning and 
early fry development. Archipelagos and 
coastal lagoons are consequently very impor
tant for the sustained production of coastal as 
well as open sea fish. Small coastal streams 
and rivers contribute to the supply of young 
fish in the coastal zone. In restricted areas, 
e.g., in the Bothnian Bay, archipelagos and 
lagoons can be the main habitats available for 
the spawning and early life stages of spring
spawning species as the surrounding coastal 
waters are too cold during the incubation and 
larval periods [1 55,396]. The generally high 
biological production in the coastal areas pre
sents good feeding conditions for adult fish 
living there. 

6.2.4 Coastal fish· 
species assem· 
blages 
Salinity is a major factor structuring the fish 
communities, but water temperature may also 
be of great importance. Most North Atlantic 
fish can be classified as cold-water adapted, 
and very few of them stay in shallow coastal 
waters during all developmental stages. The 
limnic species are generally more stationary, 
as their higher temperature optima allow them 
to stay in coastal waters close to their recruit
ment habitats throughout the year. 

The fish-species assemblage in the Kattegat, 
Sound, along the coast of Skane, in the Danish 
straits and along most parts of the German, 
Polish and Lithuanian coasts is dominated by 

marine species, and it is not easy to distinguish 
a specific coastal fish community. Herring 
(Clupea harengus) and garfish (Belone 
belone), among others, approach the coastal 
waters in spring for spawning, and their off
spring stay in bights and archipelagos for the 

first part of their development. Fish with 
pelagic eggs and larvae, such as flatfish, also 
utilise the coastal zone as a nursery area when 
their fry leave the pelagic stage for more dem
ersal feeding. Although the majority of marine 
fish in the Baltic Sea are migratory, pipefishes, 

Area 

Gulf of Bothnia & 
N Baltic Proper 
(Uster·Viborg) 

E and S Baltic Proper 
(VIbolg·ROgen) 

W Bailie Proper & 
Kanegat 
(Rugen· lister) 

Area 

GuU of Bothnia & 
N Baltic Proper 
(Lisler·Viborg) 

E and S Baltic Proper 
(Viborg·ROgen) 

W Baltic Proper & 
Kanegat 
(ROgen·Uster) 

Habitat 

Coastal lagoons, 
shallow bights 

Open coasts 

Bights and archipelagos 

Open coasts 

Habitat 

Coastal lagoons, 
shallow bights 

Open coasts 

Bights and archipelagos 

Open coasts 

Species 

Ruti/us roti/us 
Perea ff!l'lialifis 
Gymnccephalus cemua 
Zoarces viviparus 
Coregonus lavarelus 
Myoxocepha/us quadric. 
Platichlhys nesus 

Pomaloschislus minutus 
Gaslerosleus ac:vlea/us 
Blicca bjoelkna 
Abramis brama 
Gymnccephalus cemua 
Perea ff!l'lialilis 
Ruli/us ruli/us 
Slizosledon lucioperca 

Zoarces Wviparus 
Pomaloschislus minutus 
Myoxocepha/us scorpio 

Zoarces Wviparus 
Pomatoschislus minutus 
Gobius niger 
Pholis gunellus 
Pungilius pungitius 

Myoxocephafus scorpio 

Origin 

L 
MS 
LN 
M 
MS 

M 
ML 

M 
M 
M 

M 
M 
M 
MW 
M 

M 

Zoarces viviparus M 

Species 

Coregonus a/bula 
Clupea harengus 
Gasterosleus acvfealus 

Be/one be/one 
C/upea harengus 
Vimba vimba 

Platichlhys nesus 
C/upea harengus 
Gadus morhua 

Origin 

LN 
M 
ML 

M 
M 
L 

M 
M 
M 

Ammodyles lobianus M 

Platichlhys nesus 
Limanda limanda 
C/upea harengus 
Belone be/one 
Ammodyles lobianus 

Platichlhys flesus 

M 
M 
M 
M 
M 

M 

Table 6.1 The most 
important station
GIY fish species in 
different coastal 
habitats of the 
Baltic Sea 
(L- limnic, M 
marine; N - north
em, S - southem, E 
- eastem, and W 
western distribu
tion, respectively) 

Table 6.2 The most 
important migratory 
fish species with 
recruitment areas in 
different coastal 
habitats of the 
Baltic Sea 
( L - /imnic, M -
marine; N - north
em, S - southem, E 
- eastern, and W
westem distribu
tion, respectively) 

wrasses, some gobies and the VIVIparous 
blenny (ZoGI-ces viviparus) are examples of 
species with more sedentary behaviour. As a 
consequence, the species assemblage inhabit
ing the coastal waters of the Kattegat and the 
southwestern Baltic Sea, is a mixture of a few 
stationary species, a variety of juvenile fish 
and occasional visitors from the open sea. 

A very di fferent fish community, dominated by 
stationary warm-water adapted limnic fish, has 
developed in the archipelagos and coastal 
lagoons of the Baltic Sea. Salinity may be a 
dominating factor structuring these communi- , 
ties, but access to sheltered and high-tempera
ture recruitment conditions is also of signifi
cance. At the Swedish coast of the Baltic 
Proper, in the Aland archipelagos, Finnish 
Archipelago Sea, Gulf of Finland and in 
Estonian coastal waters, this community is 
widely distributed. 

During the summer, local fresh water fish pop
ulations may also utilise the open coasts close 
to suitable recruitment areas in the southern 
and southeastern parts of the Baltic Sea. Perch, 
pike perch, roach and bream are reported as 
generally occurring in most Polish, Lithuanian 
and Latvian coastal waters, and Swedish stud
ies have demonstrated that some roach migrate 
to the outer parts of the archipelagos in the 
warm surface water during summer. 

Cold-water adapted limnic species partly 
replace the marine fishes as characteristic ele
ments in the open sea of the Gulf of Bothnia. 
The sea-spawning whi tefish (Coregonus 
lavaretus), vendace (Coregonus a/bula) and 
smelt (Osmerus eperlanus) avoid the warm 
coastal waters in summer, but they migrate 
shorewards for spawning and feeding during 
the colder seasons [489]. 

Although basic environmental conditions dif
fer very much between the northern and south
ern parts of the Balt ic Sea, the dominating 
species in the limnic coastal community are 
the same all along the coast. Perch (Perea jlu
viatilis) and roach (Rutilus rutilus), together 
wi th ruffe (Gymnocephalus cemua), are the 
backbones of the fish community in the north
ern Ranea Archipelago as well as in the south
ern Curonian Lagoon. However, pike perch 
(Stizostedion lucioperca) and a variety of 
cyprinids, such as silver bream (Biicca bjoerk
na), are very rare in the north, but may be of 
considerable importance in the eutrophic 
southern coastal lagoons. > 

Spawning and nursery ai-eas are often scattered 
and restricted in size compared to the available 
feeding grounds for older fish. Even small
scale human influence, when directed to a 
fish-recruitment area, may have negative 
impact on stocks inhabi ting surrounding I 
waters. Consequently, a proper management of 
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the Baltic Sea coastal areas must also consider 
the importance of small inlets, 'glo lakes' and 
coastal streams to secure coastal fish produc
tion and a high biological diversity. 

6.2.5 Impact of 
local and large
scale pollution 
Migratory habits and reproduction biology 
strongly determine the reaction of fish to local 
pollution. Population effects of toxic effluents 
are generally related to chronic physiological 
damage to the reproductive system or to more 
acute toxic effects on early life stages. 
Evidently, stationary species are primarily vul
nerable to chemical pollution. Eutrophication, 
on the other hand, mainly affects fish by 
changing the general qualities of their recruit
'ment habitats. Consequently, migratory fish, 
with spawning or nursery areas in coastal 
waters, may be as sensitive to eutrophication 
as sedentary species. 

6 .2.5.1 Influence of local 
pollution 

Pulp and paper mills, metal industries and 
petrochemical industries are the most impor
tant local sources of chemical pollution in 
Baltic Sea coastal areas. A more diffuse and 
complex contamination may be expected close 

: to larger cities or other densely populated 
areas. Industrial site studies during recent 
years have mainly been made at pulp mills. In 
Sweden, considerable research has document
ed the effects of chlorine-bleached effluents 
and the restoration of receiving waters as 
bleaching techniques have been changed. 
During the 1980s, effects were seen on sta
tionary fish from sub-cellular to population 
levels [628]. In perch, physiological distur
bances appeared, sexual maturation was 
delayed, gonad growth was retarded, the pro
duction of surviving fry was strongly reduced 
and the abundance of adult fish was depressed. 
These responses appeared at several mills. The 
general impact on reproduction was verified in 
later Canadian studies [473]. Follow-up stud
ies demonstrate that mill improvements may 
result in significant recoveries of the stationary 
coastal fish community [593]. These observa
tioris, however, are not consistent as there are 
recent indications of impaired reproduction 
also at mills substituting chlorine by other 
chemicals [594] .' 

Reproductive damage in localised areas was 
also documented in burbot (Lora Iota) in the 
northern Bothnian Bay [556), and in roach 
(Rutilus rutilus) in the eastern Archipelago Sea 
[702]. Although the response patterns may 

suggest a chemical exposure, supporting evi
dence from, e.g., chemical analyses, was lack
ing. Gonad damage seen in roach closely 
resembles observations made on the same 
species at power plants discharging cooling 
water to the environment [427] . 

Long-term studies on effects from land 
drainage were made in the lower parts of the 
Finnish river Kyronjoki [261,334]. Extensive 
ditching programmes led to large-scale leach
ing of acid substances and metals, mainly alu
minium, and a very low pH during the spring
flood season. In the beginning of the 1980s, 
recruitment of most species of fish was seri
ously damaged. Repeated observations of very 
low abundance of fry of spring-spawning 
species, such as the cyprinids and perch and 
the autumn- and winter-spawning whitefish 
(Coregonus /avaretus) and burbot, were corre
lated with pH levels <5 during the early life 
stages. In the beginning of the 1990s, recruit
ment was significantly improved. This was, 
however, mainly an effect of the recent mild 
winters, causing pH minima to occur much 
earlier in spring [260]. Similar negative influ
ences on fish evidently occur in other rivers, 
e.g., the Malax and Petalax rivers, in this dis
trict of Finland [260]. 

In the area off Pori, complex effluents, includ
ing waste from a titanium dioxide plant, evi
dently caused serious harm to the coastal fish 
community. Catches of certain species, such as 
whitefish, by local fishermen decreased 
strongly up to the beginning of the 1980s 
[397] . It is not known, whether the situation 
has improved or not, as follow-up studies are 
lacking. Although the occurrence of local toxic 
contamination should be suspected in the 
Eastem Gulf of Finland and in coastal areas of 
northeastern Estonia, there is no information 
on effects on fish. 

In Latvia and Lithuania, a long-term monitor
ing programme was started in the Daugava 
Estuary, downstream from the large city of 
Riga, and in the Nemunas Estuary in the 
Curonian Lagoon. No significant toxic 
responses have so far been detected, and 
analyses of organic contaminants did not 
detect any pronouncedly higher levels in sta
tionary fish compared to the unpolluted 
Estonian Moon Sound reference area [595]. 
The Daugava and Nemunas estuaries are both 
eutrophic, and it has been suggested that the 
high level of primary production counteracts 
the contamination of fish. 

Potential sites for local toxic pollution also 
occur along the Kaliningrad, Polish, German 
and Danish coasts. However, no studies have 
been made that permit interpretations of the 

1 
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6 .2.5.2 Influence of local 
eutrophication 

Local eutrophication is a problem mainly in 
the southern parts of the Baltic Sea, but simi
lar influences may be seen at pulp mills in the 
Gulf of Bothnia [206,490]. Fish communities 
are disrupted, resulting in a strong dominance 
by cyprinids and sometimes also ruffe 
(Gymnocephalus cernua). Recent mill 
improvements seem to allow at least partial 
restoration of the communities [593]. 

Previous studies on the fish community inhab
iting the coastal waters off Helsinki [41 ] docu
mented significant impacts of eutrophication. 
Cyprinids and ruffe predominated strongly in 
areas exposed to sewage effluents. Improved 
treatment facilities have resulted in clearly vis
ible improvements, and the fish community 
has been restored to a more normal species 
distribution. 

The eastern part of the Gulf of Finland is con
sidered to be threatened by a wi.de variety of 
anthropogenic impacts [357]. The fish com
munity in the Koporskaya Bight, receiving 
heated effluents from a nuclear power plant, 
has been changed towards more warm-water 
adapted fish such as pike perch, perch, 
cyprinids and sticklebacks, and the diversity of 
the fish fauna has been reduced [582] . Today, 
three-spined and nine-spined sticklebacks con
stitute more than 80 % of the total fish bio
mass. The combination of a high nutrient load 
and excessive heat was considered to produce 
a rapid eutrophication of the area. Similar 
changes in fish communities have been seen at 
Swedish nuclear power plants, although they 
have not been as dramatic [488]. 

Some species, such as the salmon ids and core
gonids, are very sensitive to local pollution. 
Among those species spawning near the coast, 
whitefish has suffered very much from 
eutrophication. Catches in Estonia have 
decreased from about 200 tin the 1950s to less 
than 10 tin 1993-94 [319]. 

The Latvian and Lithuanian monitoring pro
grammes have documented fish communities 
clearly influenced by eutrophication [595]. In 
the Curonian Lagoon, the abundance of 
cyprinids, such as roach, silver bream and 
bream, is extremely high compared to most 
other coastal areas. The long-term develop
ment, which was described in the HELCOM 
coastal assessment [226), indicates a progres
sive eutrophication, reducing the stocks of 
many commercial species. A similar develop
ment was documented in Puck Bight [623]. 
Stationary as well as migratory fish evidently 
lost their recruitment areas due to changes in 
the benthic vegetation, more frequent oxygen 
deficits and the damming of some streams 
entering the bight. Whitefish disappeared 

totally. They were, however, reintroduced in 
1993 and are now present again. Pike, former
ly common in this area, suffered very much 
from the installation of dams, which have 
stopped their spawning migrations in the most 
important ri vers. At the end of the 1980s, the 
fish community was dominated by one single 
species, the three-spined stickleback. A period 
of improved conditions for some species has 
been noted in these Polish coastal waters as an 
effect of increased sewage treatment. Since 
1993, garfish has commonly been observed 
again on its former spawning grounds. 
However, at the same time, pipefish 
(Sygnatlws typhle) has completely disap
peared. 

Eutrophication is considered to be the main 
local pollution problem in Danish coastal 
waters. Long-term monitoring in, e.g., Arhus 
Bight, has documented poor oxygen condi
tions and a decline of the benthic fauna, down 
to a very low biomass at the end of the 1980s. 
The recruitment areas for flatfish species such 
as plaice evidently were destroyed, as the I 
numbers caught in trawl samplings were very 
low in 1991. Counter-measures have resulted 
in pronounced reductions in nutrient dis
charges during recent years. Fish recruitment 
habitats seemed to be restored as young flat
fish catches condiderably increased during 
1992 and 1993. 

Plaice recruitment in the Kattegat and Belt Sea 
areas is strongly correlated with hydrographic 
conditions, mainly due to a varying influence 
by the Baltic Proper [55]. However, frequent ly 
occurring oxygen deficits and long-term 
changes in benthic substrates are also consid
ered to be important in localised areas. 
Negative trends in young plaice abundance 
have been documented in, e.g., the eutrophic 
Kl!)ge Bight. Flounder, however, seem to be 
favoured by the changed substrate conditions 
accompanying eutrophication [59]. 

6.2.5.3 Influence of 
basin-wide toxic contam· 
ination 

Contaminant monitoring has documented a 
continuous decline in the concentrations of 
well-known toxic chemicals such as PCBs and 
DOTs [80]. Although there may be unknown 
new members of the family of hazardous sub
stances accumulating in the Balt ic Sea, the 
general contamination situation appears to 
have improved during the last 10-20 years. 

Toxic effects on coastal fish have so far been 
documented only at localised polluted sites. 
The risk of a general increase in the load of 
hazardous substances to the Baltic Sea, also 
affecting coastal areas, is, however, still a real 
problem. A toxic influence on the reproduction 

of the open-sea species salmon and cod, called 
the M-74 syndrome in salmon, has been sug
gested, although consistent evidence is still 
lacking [65]. 

6.2.5 .4 Influence of 
basin-wide eut rophica· 
lion 

Large-scale eutrophication is a slow process, 
and effects on coastal fish communities will 
take time to be clearly manifested. Data for 
retrospective comparisons, however, are very 
sparse. One long-term data series is available 
from annual fish monitoring, which was start
ed in 1962 in a Swedish coastal reference area, 
the Kvadoffjarden Bight, on the coast of the 
Baltic Proper. Secchi depth recordings, made 
during the test fishing, have documented a 
decrease in visibility from about 8 m in 1962 
to about 4 m at the beginning of the 1980s. 
Since then, Secchi depths have changed very 
little. The observations correlate well with 
changes in plant-nutrient concentrations in the 
open sea areas and, consequently, represent the 
general development in this part of the Baltic 
Sea, more than local land-based influences. 
Some responses have been seen in the fish 
community, similar to observations made in 
inland waters undergoing eutrophication. 
Generally, fish biomass increased mainly as an 
effect of higher cyprinid abundance. This 
development was most rapid during the 1970s 
and the early 1980s. 

6.2.6 Fish in 
monitoring 
Coastal fish populations are not monitored as 
extensively as open sea commercial stocks. 
However, fish monitoring with an environ
mental objective was introduced some years 
ago in a joint Swedish, Finnish, Estonian, 
Latvian and Lithuanian programme [595]. 
Coastal reference areas are monitored as well 
as sites with different environmental impacts. 
The complex pollution from the Daugava and 
Nemunas rivers is studied, and pulp mill and 
nuclear power plant programmes utilise the 
reference data for comparisons. 

Integrated monitoring of toxic responses to 
contaminants has been developed for sentinel 
species of fish, using biomarkers on low levels 
of organization coupled to ecological variables 
at the organism and population levels. This 
monitoring strategy has recently been intro
duced in guidelines for pulp-mill-effluent con
trol in Canada and Sweden. Perch and vivipa
rous blenny are suggested as suitable sentinels 
for conditions in the Baltic Sea, and may also 
be recommended for the monitoring of conta
minants. 
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Monitoring data can also be provided as a by
product of fisheries statistics, and samples are 
often collected from commercial catches. 
Useful examples, demonstrating community 
responses to eutrophication, can be found in 
the Gulf of Riga, Curonian Lagoon and in the 
Puck Bight. Data from commercial fishing, 
however, are very sensitive to a number of 
factors, including changes in fisheries regula
tions, new techniques, unreliable catch 
reports, etc. More scienti fic monitoring sys
tems are thus needed, especially if trends are 
to be detected with an acceptable level of pre
cision. 

6.3 DISEASES AND PARASITES 
OF BALTIC FISH 

6.2. 7 Conclusions 
This review verifies the conclusions made in 
the HELCOM coastal assessment [226), that 
there are evident impacts on coastal fish main
ly from Local or regional pollution. Fish mon
itoring, however, has still not been introduced ., 
at more than a few polluted sites, and fish are 
subordinate in joint monitoring within 
HELCOM. The recent development towards 
integrated systems for contaminants monitor
ing, however, is internationally recommended, 
and is now being discussed in the planning of 
the new HELCOM coastal monitoring pro
gramme. Fish are the most suitable organisms 
for such monitoring, and the data provided for 
this review show that suitable species occur 
for contaminants monitoring and biological 
effects studies in all coastal systems of the 
Baltic Sea of future interest for pollution con- j 
trol. . 

6.3.1 Introduction 
The information in this sub-chapter is based on 
the 1995 report of the ICES Working Group on 
Pathology and Diseases of Marine Organisms 
(WGPDMO), the results of the 8MB/ICES 
Symposium "Diseases and parasites of floun
der (Piatichthys flesus) in the Baltic Sea", 
unpublished results from the 8MB/ICES sea
going workshop "Fish diseases and parasites 
in the Baltic Sea" and information from the lit
erature. This information was compiled by T 
Lang1

, Germany, and the text has been 
reviewed by the ACFM and the Advisory 
Committee on the Marine Environment 
(ACME). 

6.3.2 Available 
data 
This chapter will provide a brief descri ption of 
the prevalence and geographical distribut ion 
of selected fish diseases and parasites in the 
Baltic Sea, based mainly on data from the past 
twenty years. Information is provided for the 
major Baltic Sea fish species on which most 
research and monitoring activities have been 
conducted, namely, flounder (Piatichthys fie
sus), cod (Gadus morhua), herring (Ciupea 
harengus) and, recently, Atlantic salmon 
(Sa/mo sa/ar). However, other species, affect
ed by significant diseases and/or parasites, are 
also included in this chapter. 

In addition to the grossly visible fi sh dis
eases/parasites that have been recommended 
by ICES for fish diseases surveys [268] and 
widely used for biological effects-monitoring 
purposes, other diseases/parasites that have 
previously received considerable attention due 
to their possible link to marine contamination 
and/or their suspected impact on mortality and 
fish-stock size are considered here. A summa
ry of the diseases and parasites is given in 
Table 6.3. 

The most currynt data on the prevalence and 
spatial distribution of diseases/parasites of 
flounder, cod and herring are those obtained 
during the 8MB/ICES Workshop "Fish dis
eases and parasites in the Baltic Sea" which 
was held from 25 November to 8 December 
1994 on board the rv "Walther Herwig /Jf'. 
Practical work was conducted on a transect 

' see ANNEX 11 .3 for addresses of authors 

from the Mecklenburg Bight to the western 
Gulf of Finland, representing the largest area 
in the Baltic Sea ever studied for this purpose 
in a narrow time-window and using identical 
methods. Although the results of the workshop 
have not yet been published, some of them 
have been included here [34]. 

Additional information on diseases/parasites 
of the Baltic flounder was presented at the 
8MB/ICES symposium "Diseases and para
sites of the flounder (Piatichthys flesus) in the 
Baltic Sea", held on 27-29 October 1994 at 
Abo Academy University, Turku, Finland [35]. 
In the following sections, information is given 
for individual Baltic fish species on their 
major diseases and parasites, including a com
pilation of selected key publications. 

6.3.2.1 Flounder 
(Piatichthys flesus) 

Information on larger-scale geographical dis
tributions of externally visible diseases of 
Baltic flounder used for monitoring purposes, 
including data on temporal trends, has been 
provided by different authors [14/,142, 
384,680]. Other published data cover more 
restricted areas, including the Kattegat and the 
Skagerrak, and certain time periods [147,304, 
432,469,470,568,647,701, 703]. 

A current review has been provided on the 
unique parasitic fauna of the Baltic flounder, 
which, due to the strong salinity gradient from 
the western to the eastern/northern parts of the 
Baltic Sea, consists of both marine and fresh
water species [162]. Other publications were 
based on more restricted areas [431,467,568, 
667,679]. Of these publications, only a few 
[467,667,568] contain information on tempo
ral trends. 

The viral lymphocystis disease is by far the 
most prevalent externally visible disease of 
Baltic flounder. There is general consensus 
about the aetiology of lymphocystis, the infec
tious agent of which is a virus classified as 
belonging to the fami ly of lridoviridae [381]. 

The prevalences recorded in November/ 
December 1994 during the 8MB/ICES Work
shop, according to single sampling sites, were 
in the range of 5-38 % in flounder ~20 em, 
with a decreasing trend from the western to the 



BALTIC FISH STOCKS AND DIS EASES 

eastern stations [34). The high prevalences, 
detected at the westernmost stations, were well 
in accordance with data from 1993 recorded in 
the same area [384]. A clear increase in the 
prevalence of lymphocystis has occurred in the 
southwestern parts of the Baltic Sea, i.e., 
southwest and southeast of Bornholm, during 

1986-93, the reasons for which have not yet 
been elucidated [384). 

affected than females and small/large size 
groups, respectively) [384] , and by seasonal 
effects [304,680). 

Host species 

Flounder 
(P/atichlhys flesus) 

Cod 
(Gadus mothua) 

Herring 
{Ciupea harengus) 

Atlantic salmon 
(Salmo salar) 

Four·horned sculpin 
(Myox. quadricornis) 

Dab 
(Umanda limanda} 

Turbot 
(Scophth. maximus) 

4·bearded rockling 
(Enchelyopus dmbrius) 

Smelt 
(Osmeros epertanus) 

Eel 
(Anguilla anguilla) 

Perch 
(Perea fluviatilis) 

Ruffe 
(Gymnoceph. cernua) 

Pike 
(Esox lucius) 

Roach 
(Rutilus rtrfllus) 

Disease I parasite 

lymphocystis 
skin ulcer disease 
fin roVerosion 
skeletal deformities 
liver nodules >2mm 

skin ulcer disease 
s.~elelal defonnities 
X -teD lfiStlase 
Cryptocotyle lingua 
Lemaeocera branchia/is 
yolk parasite 
IA-74 (?) 

Anisakis sp. 
lchthyophonus sp. 
~mphocystis 

Eimeria sarlfnae 

M·74 syndrome 
in yolk·sac larvae 

skeletal deformities 

~mphocystis 

epidermal papilloma 
skin ulcer disease 

yolk parasfte 

skin ulcer disease 

jaw erosion syndrome 

AnguiiJicola crassus 

fin erosion 
gil cover deformities 
Diplosfomum spp. 

fin erosion 

skeletal delonnities 

reproductive lf1sorders 

There is evidence that the prevalence of lym
phocystis in Baltic flounder is influenced by 
both sex and size/age of the fish (males and 
intermediate size groups are more frequently 

The prevalence of the bacterial skin-ulcer dis
ease of flounder ranged from 0-12 % at the di f
ferent workshop stations, with some indication 

Geography 

v.iloleBS, W>E 
whole BS, E>W 
whoteBS 
vmoteBS 
whole BS, E>W 

whole BS, W>E 
whole BS, Polish coast 
westemBS 
western BS 
westemBS 
western BS 

western BS 
westemBS 
whole BS, E>W 
whole BS 

wholeBS 

GuH of Bothnia 

KaHegat 
KaHegat 
KaHegat 

westem BS 

Polish waters 

Finnish west coast 

western BS, offshore 
western BS, coastal 
Swedish coast 

Swedish east coast 
Swedish east coast 
Swedish east coast 

Swedish east coast 

Swedish east coast 

Finnish west coast 

max. prev. (%) Ref. no. 

38 
12 

<1 
<1 

1 

20 
3 

30 

40 

80 

90 

40 

14 

40 

>50 

12 

16 
59 
60 

>60 
>20 

77-100 

>60 

>30 

60 

(34] 
[34) 
[34] 
[34] 
[34] 

[34] 
[34] 
[34] 
[34] 
[34] 

[530] 

[385] 
[380] 

[341 
[669] 

[270] 

[61] 

[457] 
[34] 
[34] 

[530] 

[384] 

[704] 

[199] 
[563] 
(254] 

[417] 
[417] 
[255] 

[417] 

(418] 

[704] 

Aetiology 

lridovirus 
bacterial infection 
bacterial infeclion 
muttiple 
org. contaminants(?) 

bacterial 
multi~e 

parasite (?) 
digenean parasrte 
parasioc copepod 
unknown prot. endoparasrte 

parasitic nematode 
parasftic fungus 
lridovirus 
sporozoan parasite 

vitamin deficiency (?) 

industriallfiSCharge (heavy 
metals, arsenic) 

lridovirus, 02-deficiency 
Adenovirus(?), 02-defiCiency 
bacterial, 02 -deficiency 

unknown prot. endoparasite 

bacterial[?) 

industrial, urban pollution [?) 

parasitic nematode 

thermal discharge (?) 

pulp mill effluents 
pulp mill effluents 
digenean parasrte, thermal effects 

pulp mil effluents 

pulp mill effuents 

myxosporidean parasite (?) 

Table 6.3 Grossly visible dis
eases/parasites of Baltic Sea 
fish species, with information 
on their geographical distribu
tion, maximum prevalence and 
aetiology 
(BS - Baltic Sea, W- western 
part, E- eastern part) 
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of increasing prevalences from the western to 
the eastern sampling sites [34]. Various bacte
ria considered to be involved in the aetiology 
of the ulcer disease of Baltic flounder have 
been isolated [ 132,354, 700]. However, partic
ularly 'atypical' Aeromonas salmonicida was 
consistently isolated from diseased Baltic Sea 
flounder [700], and it is therefore likely, that 
this bacterium is the main cause of the skin
ulcer disease. Acute as well as healed skin 
ulcers are more prevalent in male than in 
female flounder [34, 701]. Seasonal changes in 
the prevalence were reported [304, 701). No 
temporal trends in the prevalence of 
acute/healing skin ulcers in flounder from the 
southwestern parts of the Baltic Sea, i.e., 
southwest and southeast of Bornholm, were 
found in the period 1986-93 [384). 

of Baltic cod is the bacterial skin-ulcer disease 
(ulcus-syndrome) [288]. Although there is evi
dence that the conspicuous disease signs 
(open, red ulcers affecting the skin and, occa
sionally, even the underlying musculature) are 
caused by bacterial infections, the primary 
cause may be di fferent. For example, Danish 
studies on ulcerated cod occurring at high 
prevalences (>40 %) around Bornholm in 
1982 revealed, that these lesions were most 
likely primarily due to mechanical damage of 
the skin of specimens which escaped from 
fishing nets. Thereafter, the open lesions were 
probably invaded by pathogenic bacteria, thus 
leading to the occurrence of the typical skin 
ulcers. However, there is also evidence from 
the literature that pollution might have been 
involved in the aetiology of the disease in cod 
from the Danish Belt Sea in the late 1970s 

Studies on the occurrence of neoplastic liver [JJ9,288]. Prevalences in cod ;:::20 em total 
lesions in Baltic flounder have only recently length, recorded in November/December 1994 
started [94,114,384). During the BMBIICES 1 during the BMB/ICES Workshop, were in the 
Workshop" in November/December 1994, the range of 0.0-4.2 % in relation to single sam
prevalences of liver nodules >2 mm in diame- piing sites, with the highest prevalences in 
ter (which, according to ICES standard Polish waters [34 ). These results are well in 
methodologies for fish disease surveys [268), accordance with data from the southwestern 
is recorded as a macroscopic indicator of the part of the Baltic Sea for the period 1980-88 
occurrence of neoplastic liver lesions) were [139) and for December 1993 [141] , regarding 
found to be generally low (0-3 %), with a ten- both the range of prevalences recorded and the 
dency for slightly increased prevalences at the identification of regions with the highest 
easternmost stations [34]. These data are in prevalences. However, considerably higher 
accordance with a mean prevalence of 3 % in prevalences have been found at certain sites, 
flounder of the same size group (;:::20 em) from such as 22 o/o reported for 1977 from polluted 
Finnish coastal waters [703). However, for sites in the Danish Belt Sea [289), 14.1 % for 
flounder ;:::30 em, a prevalence of 10. 1 % was j the Gdansk Bight in 1983 [688) and 15.8% for 
calculated, which is very high compared to the Polish fishery zone in 1986 [147]. From 
other Baltic Sea areas [384] . the literature, there is no clear indication of 

consistent temporal trends in the disease. 
Histological confirmation of the liver nodules However, it appears that the prevalences gen
collected during the BMB/ICES Workshop erally were higher in the 1980s compared to 
showed, that tumours were rare and that the the 1990s. 
other nodules consisted either of unspecific 
storage cell changes or putative pre-neoplastic 
lesions, mainly clear cell foci or eosinophilic 
foci [34]. Other externally visible flounder dis
eases, such as acute/healed fin rot/erosion and 
skeletal deformities, were only recorded at low 
prevalences (<I % ), without revealing any 
spatial trends [34]. 

6.3.2.2 Cod 
(Gadus morhua) 

Information published during the past two 
decades on prevalences and spatial/temporal 
trends of externally visible diseases and P,ara
sites of Baltic cod, including in the · Katt~gat 
and Skagerrak, are available from many 
sources [e.g.,/ 19,139,141-143,147,288,289, 
378,383,386,422,688]. Parasitological data, I 
mainly on parasitic helminths, were also pre
sented [110,160, 161,182,377,468,474,655, I 
673,688]. 

The most prevalent externally visible disease I 

The second most common externally visible 
diseases of Baltic cod are skeletal deformities, 
such as vertebral compression, lordosis/scolio
sis and deformation of the head skeleton, 
which have been known for a long time to 
occur occasionally in certain areas in the 
Baltic Sea at very high prevalences. 

Factors involved in the aetiology of these 
lesions are manifold. Unfavourable hydro
graphic conditions during early ontogenesis, 
malnutrition, parasitic infestation, effects of 
heavy metals and differences in migratory 
bepaviour between healthy and deformed fish 
are discussed as possible causes of elevated 
prevalences in wild fish [62,63, 140,47 1,472, 
38}). Significan,lly higher cadmium contents 
were detected in organs of cod with skeletal 
deformities compared to healthy cod [383). 
However, these data did not permit any con
clusions about the cause-effect relationship 
between higher cadmium residues and the 
occurrence of skeletal deformities. 

During the 8MB/ICES Workshop, the preva
lence of externally visible skeletal deformities 
recorded in cod S:20 em was 0.0-4.0 %, with 
the highest prevalence in the Gdansk Bight 
and the lowest prevalence at the western- and 
easternmost stations [34]. These prevalences 
are in accordance with other published data for 
cod in the southwestern parts of the Baltic Sea 
[139, 141,142,383). Prevalences of <I % were 
reported in cod from the Polish fishery zone 
[422]. However, from historic data, there is 
information, that skeletal deformities in Baltic 
cod may occur at much higher prevalences, 
i.e., >50 % in the Sound [429) and '5.75 % in 
the Gulf of Riga [72]. From the literature, 
there is no information on consistent trends as 
regards spatial and temporal distribution pat
terns. 

The third grossly visible disease, recommend
ed for monitoring purposes in Baltic cod, is the 
X-ce/1 disease (pseudobranchial pseudotu
mours) causing proliferations in the pseudo
branches and adjacent tissue. The epidemiolo
gy and histopathology of this disease have 
been described [143,689) and additional data 
were presented [1 39,14 1). Although the dis
ease has been recorded in a large variety of 
fish species during the past ten years, and its 
histopathology has been described thoroughly, 
its aetiology has so far not been resolved con
clusively. However, there are indications that 

I 
the disease is caused by proliferative parasitic 
protozoans, possibly Amoebae [690]. 

During the BMBIICES Workshop in 

I 
November/December 1994, the X-ce/1 disease 
was only recorded at the two westernmost sta
tions, with a prevalence of< 1 %in cod ;:::20 em 
[34). These data again correspond to previous
ly published information, indicating that the 
disease is very rare and restricted to the south
western parts of the Baltic Sea. 

The infestation of Baltic cod with conspicuous 

I 
externally visible parasites, the copepod 
Lernaeocera branchialis in the gill chamber 
and encysted metacercariae of the digenean 

I 
Cryptocotyle lingua in the skin, is restricted to 
the southwestern parts of the Baltic Sea 
[34,378]. During the BMB/ICES Workshop, 

I 
maximum prevalences in relation to sampling 
sites were 20.0 % and 2.9 % for Clyptocotyle 
lingua and Lernaeocera branchialis, respec-
tively. Regarding the spatial distribution of 

I 
cod infested by Lemaeocera branchialis, the 
workshop results confirm findings based on 
data from 1983-88 [378). For cod from the 
southwestern Baltic Sea (ICES Sub-division 
22), a prevalence of 4.9 % was calculated, with 
some annual fluctuations in the prevalence, 
without, however, revealing a temporal trend 
[378]. 

New diseases of Baltic cod causing some con
cern are the occurrence of a yet unknown pro-



BALTIC FISH STOCKS AND DISEASES 

tis tan endoparasite in the yolk of cod embryos 
and larvae [531], and certain indications of a 
possible occurrence of a M-74-like syndrome, 
similar to the one known to have a deleterious 
impact on reproduction of the Baltic stock of 
Atlantic salmon (Salmo solar) [270]. 

6.3.2.3 Herring 
( C/upea harengus) 

The diseases and parasites of Baltic herring, 
that have been the subject of most scientific 
activities during the past twenty years, are the 
infestation by larvae of the parasitic nematode 
Anisakis sp. and, since 199 1, the epizootic 
caused by the parasitic fungus lehthyophonus 
sp. Data on the prevalence and spatial distrib
ution of Anisakis sp. in Baltic Sea herring have 
been provided, for example, by several authors 
[1 81,359,360,385,426,567,664,691]. From 
these data, there is evidence that the infesta
tion mainly affects the western spring-spawn
ing herring stock which enters the Baltic Sea 
for spawning after leaving its feeding. grounds 
in the Kattegat, Skagerrak and the North Sea. 
This migration to the Baltic Sea usually starts 
in late autumn and, having spawned, the her
ring leave the Baltic Sea in spring. Since the 
major spawning areas are located in the south
western parts of the Baltic Sea, infested her
ring can be mainly found west of Bornholm. 
However, at least some of the western spring
spawners migrate further east and have been 
recorded off the Polish coast [181] and the 
Latvian coast [664]. 

The infestation with larval Anisakis sp. is 
restricted to this particular herring stock, and 
specimens, belonging to the 'real' Baltic her
ring stocks, which stay in the Baltic Sea 
throughout their whole life, are infested only 
very sporadically. Therefore, it has been con
cluded that the infestation of herring takes 
place on feeding grounds outside the Baltic 
Sea by feeding on infested intermediate hosts 
of the parasite, probably euphausids. 

Mean prevalences in herring in the size range 
20-27 em total length, sampled west of 
Bornholm (ICES Sub-divisions 22 and 24) in 
December 1987 and 1988, were in the range of 
30-45 %, whereas prevalences in areas east of 
Bornholm (ICES Sub-divisions 25 and 26) 
were between 0.3 and 0.7 % [385]. The same 
authors demonstrated a clear positive relation
ship between the length of the herring and both 
the prevalence and intensity (number of nema
tode larvae per infested herring) of the infes ta
tion in samples from the Kiel fishery market 
covering the period 1973-88. The smallest 
infested herring were 19 em, a steep increase 
occurred in the size group 22-29 em, and her
ring larger than 30 em were infested to 100 %. 
Based on the same data set, an analysis of tem
poral trends in the prevalence was conducted. 

However, the results did not reveal a clear 
upward or downward trend. Parasitic nema
tode species in Baltic herring other than 
Anisakis sp. have been also reported 
[161, 169,622,668,673]. 

The lehthyophonus sp. epizootic in Baltic Sea 
herring was noted for the first time in summer 
1991, when mass mortalities occurred at the 
Swedish west coast, causing great concern by 
the public, the fishery industry, and the scien
tific community as well. This concern was 
mainly due to the well-known effects of epi
zootics in the 1950s that affected herring 
stocks in North American Atlantic coastal 
waters. These epizootics caused a drastic stock 
reduction, fo llowed by considerable economic 
losses for the fishing industry [619]. From 
experimental studies, carried out following the 
fi rst epizootics, summarized in [619], there 
was evidence that the infes tation was lethal for 
herring, in contrast to many other fish species, 
within a relati vely short period after infesta
tion, thus explaining the massive stock reduc
tion recorded. 

Due to the fear in the Scandinavian countries, 
that the European herring stocks may experi
ence a similar decline, studies were started 
nearly immediately after the observation of 
mortalities in 1991 in order to obtain baseline 
data on the spatial distribution of the epizootic 
and the prevalences in herring stocks in the 
Baltic Sea as well as in the North Sea. For the 
southwestern Baltic Sea, it was demonstrated 
very quickly that herring infested by 
Iehthyophonus sp. belonged to the western 
spring-spawning stock, the same stock which 
is characterised by high prevalences of 
Anisakis sp. larvae [380]. In areas, dominated 
by herring of the ' real ' Baltic stocks, the infes
tation was at a low level, for example, since 
1991 in herring of the Gulf of Finland and the 
Gulf of Riga [668]. 

Mean prevalences of grossly visible disease 
signs in the heart of herring :2:20 em total 
length, recorded in December 1991 west of 
Bornholm, were 2.3 %(ICES Sub-division 22) 
and 5.3 % (ICES Sub-division 24). However, 
the prevalences were considerably higher in 
single catches, revealing a patchy distribution 
of infested herring. In contrast, no infested 
hen·ing were recorded east of Born holm (ICES 
Sub-divisions 25 and 26) [380]. In the follow
ing year, the prevalences had dropped to 0 % 
(ICES Sub-division 22) and 0.5 %(ICES Sub
division 24). At present, there is a general con
sensus that the lehthyophonus epizootic in 
Baltic Sea herring is over, and that the preva
lences have approached natural background 
levels [270] . There is evidence [468, 668], that 
other Baltic fish species (sprat, cod) are infest
ed at low prevalences. However, there is no 
indication of increased mortal ities in these 
species. 

Other significant diseases of Baltic herring 
include lymphocystis [28,34, 147], and a bacte
rial infection by Pseudomonas anguilliseptiea, 
associated with haemorrhagic eye lesions, pos
sibly involved in the transmission of the infec
tion, which has been known for some time to 
occur in cultured Baltic salmonids between 
trout mariculture facilities in Finnish waters 
[423]. Additionally, the increased prevalence 
of the infestation of herring and sprat from the 
Gulf of Finland and the Gulf of Riga with the 
sporozoan parasite Eimeria sardinae [669] has 
been observed. 

6.3.2.4 Atlantic salmon 
( Salmo salar) 

Apart from the Iehthyoplwnus epizootic in 
herring, the most spectacular disease occurring 
in Baltic Sea fish species is the M-74 syn
drome of Atlantic salmon, which continues to 
cause high mortal ities (80-90 %, [270]) in 
yolk-sac fry obtained from wild salmon and 
artificia lly reared salmon for re-stocking pur
poses wi th in Swedish and Finnish compen
satory stock-enhancement programmes. The 
syndrome has been known since 1974, but 
massive mortalities (>50 %) have only 
occurred since 1992 [269]. 

Whilst in previous years direct effects of envi
ronmental contaminants on the reproductive 
success of adult wild salmon were discussed as 
possible causes of the M-74 syndrome, current 
information indicates that a vitamin deficiency 
(vitamin B

1
, thiamine), due to the feeding of 

the adults on clupeids with high thiaminase 
contents, might be the main causal factor 
[270]. For example, experimental studies have 
shown, that the addition of thiamine to the 
water reduces both the behavioural M-74 char
acteristics and the mortality of salmon fry sig
nificantly. However, although this therapy 
seems to be promising for the enhancement 
programme, the wild Balt ic salmon stock will 
probably still continue to suffer from M-74 
and natural reproduction wi ll be seriously 
endangered. 

6.3.2.5 Other diseases in I 
other fish species 

Some other significant diseases or parasites 
studied in different Baltic Sea fish species dur
ing previous years are 
• externally visible diseases of dab (Limanda 
limanda) in the Kattegat and Skagerrak, and 
their association with oxygen deficiencies 
[457], 
• high prevalences (>50%) of skin ulcer dis
ease in four-bearded rockling (Enehelyopus 
eimbrius) in deep-water regions off the Polish 
coast, 

• the infestation of Baltic cod and turbot 
(Seophtlwlmus maximus) embryos and yolk
sac larvae with a yet unknown protistan 
endoparasite [530], 
• elevated prevalences of skeletal deformities 
in four-horned sculpin (Myoxoeephalus 
quadrieomis) from polluted Swedish coastal 
waters [61,64], 
• parasitic helminths in Salmo trutta [1 09, 11 1], 
• other parasi tes [654], 
• the infestation of Baltic eel (Anguilla anguil
la) with the swimbladder nematode 
(Anguillieola erassus) [199,254,563], 
• a jaw erosion syndrome affecting smelt 
(Osmerus eper/anus) mainly in polluted areas 
off the Finnish west coast [704], 
• fin erosion of perch (Perea fluviatilis) and 
ruffe (Gymnoeep/wlus eemua) [41 7] , and 
skeletal deformities in northern pike (Esox 
lucius) [418] and perch [416] in Swedish 
coastal waters, due to effluents from pulp mill 
industries, 
• the eyetiuke Diplostomum spp.' in perch 
(Perea fluviatilis) and roach (Rutilus rutilus) 
from warm-water effluents along the Swedish 
coast [255], and 
• reproductive disorders in roach (Rutilus 
rutilus) in brackish waters on the Finnish coast 
[702], probably due to a myxosporidian infec
tion (Pieistophora mirandellae). 

6.3.3 Impact of 
anthropogenic 
activities on the 
prevalence and 
geographical dis· 
tribution of fish 

1 diseases and para
sites 
From a number of studies, carried out in the 
Bal tic Sea, there is strong indication of a link 
between anthropogenic en vironmental 
changes, e.g., industrial and urban pollution, 
eutrophication and thermal discharges, and the 
occurrence of elevated prevalences of certain 
fish diseases and parasites in certain areas. 
Some of these studies dealt with 
• increased prevalence of the ulcus-syndrome 
in cod from polluted areas in the Danish Belt 
Sea [288,289], . > 
• increased skeletal deformities in perch and 
pike in Swedish coastal areas affected by pulp-

1 

mill effluents [416,418], 
~ increased prevalen~e _of skeletal deformities 
111 four-horned sculp111 111 polluted areas of the 
Gulf of Bothnia [6/], 
• the occurrence of fi n erosion in perch and 
ruffe in Swedish coastal areas affected by pulp 
mi ll effluents [417], 
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• increase in the prevalence of externally visi
ble diseases of dab due to oxygen deficiency in 
the Kattegat [457], 
• the occurrence of an elevated prevalence of a 
jaw-erosion syndrome in smelt on the Finnish 
west coast [704], 
• the occurrence of liver neoplasia in flounder 
from polluted areas in the Gulf of Finland 
[94, 114], 
• changes in the parasite fauna of flounder in 
the Gdansk Bight due to effects of pollution on 
the abundance of intermediate and final para
site hosts [568], and 
• increased prevalences of the eel parasite 
Anguillieola erassus in waters affected by 
thermal discharges [254]. 

natural and anthropogenic causes other than 
diseases may mask and/or exceed disease
induced changes, 
• methods employed in fish-stock assessments 
do not permit a distinction to be made between 
mortality due to specific diseases, natural fac
tors, or fishing effort, 
• the prevalence of a disease, on which mortal
ity estimates are based, only gives information 

I 
at the time of sampling, and does not provide 
important information from the past (e.g., 
number of fish that have already died) or for 
the future (number of fish that will become 
infected), 
• the prevalence estimated from a sample may 

I not reflect the true prevalence in a fish popula
tion or stock, since diseased fish may be over

The results of these studies support the or under-represented due to differences in the 
assumption, that changes in the prevalence or spatial distribution of infected and uninfected 
intensity of diseases and parasites in wild fish fish, and/or because the gear used selects for 
can be used as an indicator of biological infected or uninfected fish, and 

,effects of contaminants and other anthro- • the prevalence may not be an appropriate 
pogenic activities, and that studies of fish dis- measure of mortality, at least as long as there 
eases/parasites in wild fish should, therefore, is no clear evidence of how lethal a disease is 
be included in Balt ic Sea (and other) monitor- under natural conditions and the length of the 
ing and assessment programmes on changes of survival time of infected fish. 
the quality of the marine environment. I 

6.3.4 Impact of 
fish diseases and 
parasites on fish 

I· ::~~:~oncl"';" ;nfonn,.;on "'"d 
ing the impact of fish diseases or parasites on 
mortalities in Baltic Sea fish stocks. In only a 
few cases have mortalities, induced by specif
ic diseases or environmental factors, been so 
obvious that the assumption seems justified 
that these conditions might have had a signifi
cant effect on stock size in the affected fish 
species. Examples are mortalities in garfish 
(Be/one be/one) at the south coast of Sweden 
due to gas super-saturation associated with 
thermal discharge effluents from a nuclear 
power plant, mortalities in perch (Perea jluvi
atilis) attributed to effects of pulp-mill efflu
ents, and mortalities in western spring-spawn
ing herring due to the lc/zthyophonus sp. epi
demic. The most recent case is the heavy mor
talities in yolk-sac fry of the Baltic stock of 
Atlantic salmon (Sa/mo solar) due to the M-74 
syn1drome. 

The lehthyophonus sp. epidemic in herring has 
so far been the o~ly disease, affecting parts of 
the Baltic Sea, in which attempts have been 
made to estimate mortality due to the infesta
tion and the resultant impact on the stock. 
However, attempts to quantify disease-induced 
mortalities in general suffer from a number of 
confounding factors, such as 
• large fluctuations in fish stock sizes due to 

Because of these variables, it has so far not 
been possible to provide conclusive evidence 
for an lehthyophonus-induced heiTing-stock 
decline nor to develop realistic models for 
mortality rates due to the infestation. From this 
experience with a disease condition, which has 
been very prevalent in the affected herring 
stocks, and which is considered to be highly 
lethal for infected individuals, it seems ques
tionable whether disease-induced mortalities 
and associated effects on the population can be 
estimated by applying CUITent methods of epi
demiology and stock assessment. 
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The vascular plant 
Water Miffoil 
(Myriophyffum sp.) 
on the sandy bottom of 
the Puck Lagoon. 
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the Convention was called for. 

7.1 GENERAL CONSERVATION 
ASPECTS 

As a result of recommendations from the 
Ministerial Meeting at Ronneby, Sweden, in 
September 1990, and from the First 
International Seminar on Nature Conservation 
and Biodiversity in the Baltic Region at Runb, 
Sweden, in May 1991 , a new article was draft
ed for the revised Helsinki Convention of 
April 1992. Article 15 of this new Convention 
states: "The Contracting Parties shall individ
ually and jointly take all appropriate measures 
with respect to the Baltic Sea Area and its 
coastal ecosystems influenced by the Baltic 
Sea to conserve JICltural)wbitats and biologi
cal diversity and to-pfOtect ecological process
es. Such measures shall also be taken in order 
to ensure the sustainable use of natural 
resources within the Baltic Sea Area. To this 
end the Contracting Parties shall aim at 
adopting subsequent instruments containing 
appropriate guidelines and criteria". 

7.1.1 History of 
nature conserva
tion in the Baltic 
Sea Area 

Sea ecosystem and species. 

This chapter has been prepared by Dieter 
Boedecker', Germany, and 0/a Jennersten, 
WWF, and has been reviewed by the Working 
Group on Nature Conservation and 
Biodiversity (EC NATURE). 

7.1.2 HELCOM, 
EC NATURE and 
Article 15 
Since the signing of the Helsinki Convention 
in 1974, HELCOM has become the main 
forum for handling environmental issues in the 
Baltic Sea Area. During the fi rst 15 years, 
work was focused on environmental problems. 
The environmental efforts, however, could not 
stop the ongoing loss of habitats and biotopes, 
and hence the permanent threat to the biodi
versity in many parts of the Baltic Sea Area. 
However, new thinking strongly suggested 
that other measures were necessary in order to 
protect biodiversity and ecologically impor
tant areas and processes, and thus a revision of 

Hence, not only the Baltic Sea itself is includ
ed within the frame of HELCOM, but also ter
restrial biotopes of the Baltic Sea coasts, as far 
as nature conservation aspects are concerned. 
The protection of habitats, species and ecolog
ical processes, both in marine and coastal 
areas, are important in the improvement of the 
environmental situation of the Baltic Sea Area 
in future. With "Article 15 - Nature 
Conservation and Biodiversity", environmen
tal work in the Baltic Sea was elevated to a dif
ferent level and has since included nature con
servation as an important tool. 

Activities of nature conservation in marine 
areas are of much more recent origin than in 
terrestrial and limnic environments. Even 
though environmental problems have been 
observed and discussed, it was not until recent 
decades that scientists and the public became 
concerned about marine environmental prob
lems and aware of the fact that the marine 
environment is not indestructible. Bodies 
within the United Nations, e.g., UNEP and 
UNESCO, as well as the International Union 
for the Conservation of Nature (IUCN), recog
nised the need for coordinating and systema
tising work to combat the growing threats to 
marine environments. For example, a resolu
tion from the 17th General Assembly of IUCN 
in Costa Rica 1988 states that the primary goal 
of marine conservation is " ... to provide for the 
protection, restoration, wise use, understand
ing and enjoyment of the marine heritage of 
the world in pe1pe111ity through the creation of 
a global, representative system of marine pro
tected areas and through the management in 
accordance with the principles of the World 
Conservation Strategy of human activities that 
use or affect the marine environment ... ". 

The main goal is hence to prevent further dete
rioration of the marine environment, and espe
cially of particularly valuable marine areas, 
even when used by man. Areas that are al ready 
deteriorated should, if possible, be restored. In 
all cases, wise management, including moni
toring to follow trends, and using special pro
tective measures when necessary, is essential. 

7.2 NATURE CONSERVATION 
STATUS OF TAXONOMIC 
GROUPS 

Unti l the late 1980s, international work con
centrated mainly on environmental issues. 
Nature conservation issues, sencu strictu, were 
considered as national concerns and were gen
erally not coordinated between countries. 
However, interest in natu re conservation 
issues within the Baltic Sea Area became grad
ually more pronounced. Bodies and organisa
tions like the "Nordic Council", "Coalition 
Clean Baltic" (CCB), "Baltic Marine 
Biologists" (BMB) and "World Wide Fund for l 
Nature" (WWF) became increasingly involved 
in nature conservation issues related to Baltic 

1 see ANNEX 11 .3 for addresses of authors 

7 .2.1 Introduction 
This sub-chapter briefly summarises the cur
rent nature conservation status for a number of 
important species in the marine and brackish 
areas, including present distribution and abun
dance and the most important factors leading 
to a deterioration of the conditions for the 
species and the threats to their future survival. 
A series of important historical, physical and 
chemical factors determine the composition ~f \ 
species in the Balt ic Sea. Because the Balttc 
Sea is geologically very young, a very limited 
brackish-water flora and fauna has developed. 
Many of its inhabitants entered after the last 
glaciation, either through the very nan·ow and 

shallow connection to the North Sea or out of 
rivers and periglacial water systems. Due to 
the salinity gradient from the Skagerrak to the 
innermost parts of the Baltic Sea, salt-water 
animals and plants occurring in the Kattegat 
have been gradually replaced by brackish 
water and even fresh-water species as one 
moves inward along the gradient. The number 
of species of marine animals > I mm also 
changes from about I ,500 in the Skagerrak, 
e.g., Saduria entomon and Cardium lum
niense, to 800 in the Kattegat, 150 in the 
Southern Baltic Proper, 80 in the central parts 
of the Baltic Proper, 50 in the Bothnian Sea, 
and to still fewer numbers in the northern
most parts of the Bothnian Bay. The biodiver
sity of the Baltic Sea is characterised by few 
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species, but many individuals of each species. 
Where the species live at the limit of what they 
can tolerate with respect to salinity, they may 
be extra sensitive to other stress factors and 
disturbances. 

An interesting result of the salinity gradient is 

1 

the phenotypic differences found among some 
species which live both in the Kattegat/ 
Skagerrak and in the Baltic Sea. For example, I 
the shell size of adult common mussels, 
Mytilus edulis, decreases inward in the Baltic 
Sea, and certain species of algae, occurring in 
the Balt ic Proper as well as in the northern 
Kattegat, cannot be interchanged. An impor
tant part of the Baltic marine communities are 
the glacial rel icts, e.g., the four-horned sculpin 
Myoxocephalus quadricomis, the amphipod 
Monoporeia affinis, the isopod Saduria 
entomon, the mysid Mysis relicta and the 
ringed seal Phoca hispida botnica. One can 
even talk about a relict food web including·all , 
these speCies. A recent drastic decline in the 
abundance of several relict species in the Gulfs 
of Riga and Finland needs investigation. 

vesiculosus is affected by decreasing salinity, 
which results in the Baltic Proper being the 
northern border for this species. It is also 
affected by competition with other species of 
algae. 

This competitive situation increases with high
er nutrient levels, causing an increase in phy
toplankton, limiting light penetration, and the 
growth of epiphytes on, e.g., Fuctts and 
Zostera. Therefore, Fucus and Zostera can 
only grow in shallower water. Green algae like 
Cladophora and Enteromorpha are also posi
tively affected by eutrophication, which 
results in intense competition with Fucus for 
space in shallow water. Very likely for these 
reasons, the distribut ion of Fucus has 
decreased. Except for the Polish coastal zone, 
at some locations, however, during recent 
years a decrease in nutrient input has caused 
Fucus and Zostera to return to former habitats 
in deep regions from where they disappeared 
I 0 to 15 years ago. 

7 .2.2.2. Invertebrates 

Among the Baltic Sea invertebrate fauna three 
groups dominate, i.e., molluscs, polychaetes 
and crustaceans. In the Baltic Proper, four 
species are particularly common and often 

7 .2.2 Description 
of the present 
situation including 
threats I 

constitute almost 100 % of the benthic-fauna 
biomass, the bivalves Myti/us edulis and 
Macoma baltica, the amphipod Pontoporeia 

7 .2.2.1 Benthic 
vegetation 

As already mentioned, in the brackish water of 
the Baltic Sea, fresh- and salt-water plants 
exist side by side, e.g., Phragmitis and Fucus. 
Being a salt-water algae, bladder wrack Fucus 

J 
affinis and the isopod Saduria (Mesidotea) 

. entomon. Macoma constitutes the main bio
't mass in the Bothnian Sea, while Pontoporeia 

is most common in the Bothnian Bay, even 
though its total biomass is extremely low. The 
majority of species are found in shallow areas. 
Deeper areas are indeed very poor in species, 
i.e., less than 10 species in the Baltic Proper 

and not more than 1-2 species in thr Bothnian 
Bay. 

Oxygen deficiency is caused by till' dn 'tH npo
sition of scdimcnting matter originat nl~' hom 
pulp and paper factories, other scw11p1' d" 
charges and algal deposition. This I\ 11 111111 11 

threat to the fauna of deep bottoms below lil t• 
halocline. However, increased prima1} 11111 
duction in shallow water results in an inc11 ,, ~ , 

of the production of the benthic fauna. 

7 .2.2.3 Fish 

Along the coasts and within the archipelagos 
of the Baltic Proper, the fish fauna are domi
nated by fresh-water species like pike, Esox 
lucius, perch, Perea jluviatilis, burbot, Lota 
Iota, and roach, Rutilus rutilu.1·. Several salt
water species can also be found along the 
coasts, e.g., stickleback, Pungitiu.1· pungitius, 
gobies, Pomatoschistus micmps and P. mimt
tus, and pipe fish, Nerophis ophidirm. Like 
other taxa, the number of fi sh species decreas
es northwards. Herring, Clupea lutrt'll1:11 .1", is 
the most common pelagic fi sh species in the 
Baltic Proper, constituting about 40 % of the 
fish biomass. Cod, Gadus morlwa, and sprat, 

I 
Sprattus sprattus, are also common species in 
offshore waters, and contribute together about 
the same percentage to the total fish biomass 
as herring does. These three species arc the 
most important commercial fish species in the 
Baltic Sea. Salmon, Salmo sa/ar, sea trou t, 
Salmo lrLttta, eel, Anguilla anguilla, pike and 
bleak, Coregonus albu/a, are also commercial
ly important. Examples of glacial relict fish 
species are the four-horned sculpin, 
Myoxoceplwlus quadricomis, the sea scOI·pi
on, Myoxocephalus scorpius, and the sea snail, 
Liparis liparis. 

Salmon, Salmo sa/ar - The salmon reproduces 
high up in rivers, and young fishes spend 1-3 
years in fresh water before migrating to the 
sea. After living at sea for 2-4 years, maturing 
adults return to their home stream. This behav
iour results in several local stocks of salmon, 
each being adaptable to conditions at the 
hatching site. 

Numerous salmon stocks in the countries bor
dering the Baltic Sea have become extinct dur
ing recent decades. Impassable hydro-power 
dams, pollution, poaching and over fishing of 
the Baltic Wild Salmon at sea, or combinations 
of these factors~ are the most important causes 

Fig. 7.1 Estimated production of 
salmon f1)' in the Baltic Sea, 1900·94 
(light area - wild salmon, dark area -
artificially reared salmon; data from 
the Salmon Research Institute, 
Alvkarleby, Sweden) 

-- --- - ------
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and permanent threats. Rearing and release of 
fry has been the method used to compensate 
the loss of natural spawning areas. Today, most 
of the rivers, previously used as spawning 
grounds by salmon and sea trout, are regulated 
and no longer passable. As a result, a dramatic 
decrease in Baltic Wild Salmon is observed, 
and less than I 0 % of Baltic salmon is a natur
al, wild population (Fig. 7. 1). A serious repro
ductive disorder causing high mortality among 
reared fry in hatcheries was described in 1974 
as M-74 syndrome. High number of sprat, high 
winter temperatures and high incidence of M-
74 are correlated. During warm winters, 
sal mons eat more (higher metabolic rates}, and 
especially during years of high sprat produc
tion, sprat forms major part of the salmon's 
diet. Sprat is a fatty fish with a high concen
tration of certain hazardous substances. One 
plausible hypothesis explaining the disease is 
related to food intake. From 1992, the number 
of one-year-old salmon has decreased drasti
cally in rivers with natural reproduction. This 
implies, that the same disorder is now also pre
sent among wild salmon. Computer simula
tions show, that the combination of today's 
high catches and present mortality level wi ll 
lead to extinction of wild salmon in the near 
future, and that to prevent this, a moratorium 
on commercial catches is needed. Such a ban 
on the catch must also include the sea trout, 
because salmon and sea trout are often caught 
together and can normally only be distin
guished by experts. 

Cod, Gadus morhua - Cod probably entered 
the Baltic Sea some 7,500 years ago. The 
Baltic cod has over these years adapted to the 
low salinity, resulting in, for example, a much 
better survival of sperms and eggs in waters of 
low salinity compared with the Atlantic cod, 
without becoming a new species. Salinity and 
oxygen content are factors determining the 

hatching success of cod. A sufficient level of 
salinity, i.e. , >I 0 psu, keeps the eggs suspend
ed and may keep them above depths with oxy
gen deficiency. Cod-reproduction peaks co
occur with inflow of water of high oxygen and 
sal inity levels. There are two more or less dis
tinct populations of cod in the Baltic Sea. The 
western stock reproduces south-west of 
Bornholm and the eastern in deep areas of the 
south-eastern parts of the Baltic Proper. 

Cod fishing is economically important in the 
Baltic Sea. However, cod is very susceptible to 
over-fishing, because of limited reproduction I 
areas and sensitivity to low salinity and low 
oxygen levels. From 1965 to 1985, catches of 
cod increased from 150,000 t to 450,000 t, but 
have then decreased to less than 50,000 t yr·1• 

In 1994, surveys showed a good supply of cod 
eggs as a result of the 1993 inflow of oxygen
rich water. The number of cod larvae produced 
was, however, low, indicating low hatching 
success. During the 1990s, cod, like salmon, 
have experienced substanti al disorders in 
embryonic development and high egg mortali
ty has been recorded. Also other fish species in 
the Baltic Sea have suffered from different 
reproduction and recruitment disorders, e.g., 
perch, sea trout and burbot. As a conclusion, 
fishing practices should follow the principles 
of sustainable use. Better knowledge about 
reproductive disorders of fish is needed, and 
further investigations are necessary on both 
issues. 

7 .2.2.4 Sea birds 

More than 30 species of water birds breed 
along the coasts of the Baltic Sea. Common 
eider, Somateria mollissima, tufted duck, 
Aythya fuligu/a, red-breasted merganser, 
Mergus serrator, redshank, Tringa totanus, 
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sandpiper, Actitis hypoleucos, as well as her
ring gull , Larus argenta/us, arctic tern, Stema 
paradisaea, and common tern, Stema hirundo, 
are all characteristic species along the Baltic 
Sea coasts. Razorbill guillemot, Alca torda, 
black guillemot, Cepphus gry/le, and guille
mot, Uria aa/ge, are truly marine bird species 
nesting on small islands or steep rocks. During 
recent years, the levels of PCBs and DOTs 
have decreased, resulting in higher reproduc
tive success for these birds and birds of prey. 
Eutrophication, causing a higher production of 
algae and of some fi sh, has probably been pos
itive for some species, e.g., cormorants, 
Phalacrocorax carbo sinensis. Barnacle 
goose, Branta leucopsis, has become a new 
breeding species with about 2,000 breeding 
pai rs which, during migration, nest on islands 
off Gotland, Hiiumaa and Saaremaa. 

Surveys during winter have found impressive 
amounts of sea birds wintering in Baltic Sea 
waters, making these areas of utmost impor
tance and thus at risk from oil spills and other 
discharges of pollutants. Large amounts of 
diving sea birds are incidentally caught in fish
ing gear every year. For example, gill-net fish
ing for cod can result in large by-catches of 
birds. During 1982-88, about 25,000 sea birds 
were caught in gill nets in the south-eastern 
Kattegat. Guillemots are probably very vulner
able to gill-net fishing according to reports 
from the Karlso Islands outside Gotland. In 
Schleswig-Holstein, Germany, the annual 
water-fowl losses, caused by set-net fishery at 
the end of the 1970s, were calculated to be at 
least 15,000 diving ducks. 

Caspian tem, Stema caspia - The Baltic Sea 
is one of two breeding areas for the Caspian 
tern, one of the largest of all terns, in Europe. 
The terns breed on small , isolated sandy 
islands or cliffs in the outer part of the 
Swedish, Finnish or Estonian archipelagos, 
and in the Ladoga area, Russia. The Baltic Sea 
hosts some 25 colonies (Sweden 10, Finland 
12, Estonia 2, Russia I) and a number of loca
tions containing solitary pairs of Caspian 
terns, altogether about I ,500 (Sweden 550, 
Finland > 700, Estonia 270, Russia 24). The 
reproductive success of the Caspian tern in the 
Swedish part of the Baltic Sea was very high 
in 1992, but low during the summer of 1993, 
and even lower in 1994. In Finland, the 
Caspian terns had a more successful reproduc
tion in 1994, and the number of fledglings was 
double that of the Swedish population. 
Caspian terns face threats both at the breeding 

Fig. 7.2 Nesting success of the white
tailed eagle in the Baltic Sea 
Region( data from the Swedish 
Museum of Natural History) 
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2,-----------------------------~ 
Fig. 7.3 Number of fledglings per 
nest of the white-tailed eagle in the 
Baltic Sea Region 
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(data from the Swedish Museum of 
Natural Hist01y) 
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with a lower population of eagles, for instance 
Schleswig-Holstein, the rate is even higher. 

I 
One c~n conclude that it has taken 15 years 
followmg the ban of DOTs to abolish the neg
ative eff:cts ?f DOTs, and a further 10 years 
for the Situation for the white-tailed eaole to I ren:rn to 'normal '. "' 
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C01 morant, Phalacrocorax carbo sinensis -
The. cormorant has two sub-species in the 
Balt ic Sea. The nominate race, Phalacrocorax 
carbo carbo, which breeds or nests in the 
Atl?ntic ? cean, is often found in the Baltic Sea 
clunng wmter. The other race, Phalacrocorax 
carbo sinensis, breeds in the Balt ic Sea Area 
and is probably the most successful bird in the 
area in terms_ of recovery of numbers (Fig. 
7.5). After be1ng hunted down to near extinc
tion in the Baltic Sea during the 19th century, 
the cormorant returned in the 1940s and nest-

sites in Europe and at th~ winterino sites in 
tropical West Africa. The presenc~ of the 
American mink and occasional parasite out
bre~ks cau~e problems at the breeding sites, 
while hunung and droughts take their toll in 
West Africa. 

White-tailed eagle, Haliaeetus albicilla _ The I 
white-t~i led eagle was the first species, associ
ated With the aquatic environment showino 

. . • 0 

negative reproducti ve success due to pollu-
tants. During _the mid 1950s, the reproductive r 
success drastically decreased in the whole 
Baltic Sea ~rea. The main problems were low: I 
ered hatchmg rates of eggs caused by high 
contents of organochlorines, especially DOTs 
~nd ~CBs_, but also disturbances by man 
mcludmg Illegal hunting. Followi ng the ban 
on DOTs and PCBs, the reproductive success 
of these eagles in the Baltic Sea has increased. 
Before the 1950s, the nesting success was 

1 
about 72 %, ~ith an average of 1.8 fledglings 
per nest. Dunng the late 1960s and the 1970s 
these figures dropped to 25 % and 1.2 fledg~ 
lings. 

Today, the reproducti ve success is very close 
I? the values prevai ling before organochlo
nnes occurred in the Baltic Sea environment. 
! he Baltic white-tailed eagle population has 
mcreased and regained old territories. During 

1 
199~, these eagles showed the highest repro
ductiOn rate of the last 30 years, i.e., 68 •% of 
investigated eagle pairs succeeded with their 
nesting (Figs. 7.2, 7.3). 

Fig. 7.4 Population size and repro
duction of the white-tailed eagle pop
ulation in Mecklenburg-V01pommem, 
Germany, 198/-94 

1985 1990 1995 

Since the early 1970s, biologists and environ
mentalists in Sweden, Finland, Estonia and 
Germany have worked hard to save the white
tailed e_agle. Annual surveys of nesting pairs 
and their reproducti ve success winter feedino 

. . ' 0 
With non-toxic meat for the winterino birds 
and nest-s_ite protection have been im~ortant 
parts of this successful work. Figure 7.4 illus
trates this positive trend in Mecklenburg
Yorpommern, Germany. In the other parts of 
Germany and in Denmark, the white-tailed 
eagle is still regaining territories that had been 
aban~oned at the turn of the century. The 
breedmg population in Germany has doubled 
bet~een 1980 and 1994/95 . The current repro
duction rate IS about 50-60 %, and in areas 

j ed :,or the first time after_ its disappearance. 
Dlllmg the last decade, the mcrease in individ
ual numbers has been impressing. For exam
ple, the number of breeding birds increased in 
Denmark in the 1980s by 25 % per year. The 
data from the 1990s shows, however, that this 
population growth is levell ing off. As a result 
of the increase, cormorants have become a 
pest for fishermen because of its feedino on 

I fish. Illegal destruction of colonies 
0 

has 
occurred in some countries during recent 
years. 
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Fig. 7.5 Development of the cor
morant population in Denmark 

95 

Dun lin, Calidris alpina -The dun lin is a com
mon bird with a circumpolar distribution and a 
stable breeding population in northern temper
ate and Arctic latitudes. The European breed
ing sites are known to be the most southern 
ones, and consequently of European nature
conservation concern. 

The population status and development of the 
dunlin in the Baltic Sea Region might be con
sidered to be representative for most wader 
species, a typical and important group of 
coastal birds. Nowadays, many of them have 
their main or even exclusive breeding sites in 
coastal habitats like beaches, islets, marshes, 
salt meadows and other coastal wet lands. 
These breeding habitats have been dramatical
ly reduced or deteriorated due to land-recla
mation projects, dyking and drainage of 
coastal wetlands, touristic disturbances, 
increase of predators and other reasons. 
Therefore, most waders have to be considered 
as being under threat on a regional or even 
Baltic Sea-wide basis. Land reclamation and 
the pollution of estuaries, which are the most 
important wintering areas for the dunlin, is 
considered to be a particular threat for this 
species. 

The breeding population of the sub-species C. 

alpina shinzii is declining alarmingly in the 
Baltic Sea Region and is therefore described in 
the riparian countries as follows: (note, that 
the information in brackets indicates the cate
gory of threat according to the "Red Data 
Book of the Baltic Region" [2 79]) 
Germany: The population development of C. 
alpina shinzii in Mecklenburg-Vorpommern 
illustrates the general decrease of the popula
tion in the Southern Baltic Proper. In the 
beginning of the 20th century, there were more 
than 30 breeding sites along the coast, and 9 
sites up to 80 km inland were recorded. In 
198 1, only 9 coastal sites with about 90 breed
ing pairs (b.p.) had remained. Up to 1995, the 
number of breeding sites had decreased to 5 
sites and 67 b.p. At the coast of Schleswig
Holstein, the dunl in was a rather common 
species in former times, whereas now its pop
ulation has decreased to 12 b.p. in 1984 (/, 
endangered). 
Denmark: About 600 b.p. in 1971, declining to 
490 in the mid 1980s (2, vulnerable) 
Poland: At the mid 1980s, the Polish popula
tion amounted to 80-100 b.p. (/, endangered) 
Lithuania: A drastic population decrease was 
observed during the last decades, and only a 
few breeding pairs are now present(/, endcm
gerecl) 
Latvia: About 10-15 b.p. unt il the mid 1980s; 
no proven breeding has been recorded since 
1991. In the last few years, several pairs of 
dunlin, exhibiting territorial behaviour, were 
recorded in the eastern part ofTeici Bog, situ
ated about 170 km away from the coast; but 
there is no evidence of breeding at this time(/, 
endangered), 
Estonia: Estonia is the only Baltic country, 
where the dunlin is still rather common, with 
an estimated total population of 500-700 b.p. 
One of the most important breeding sites is the 
Matsalu area, where the population noticeably 
increased from the 1930s to the 1950s. 
However, at the beginning of the 1960s, the 
population started to decline. Although, the 
offshore islands of the Matsalu Nature Reserve 
were populated by 13 b.p. in the late 1950s, the 
population has been extinct since 198 1. The 
general tendency of population development 
in the coastal meadows is also decreasing from 
315 b.p. in the late 1950s to 155 in the late 
1960s and to 85 in 1993. Data from 1995 
show, that during the last years the population 
has considerably decreased (2, vulnerable). 
Finland: At the beginn ing of the 1960s, there 
were 13 breeding sites with a total population 
of about 150-200 b.p. At that time, the popula
tion was increasing, probably due to 
favourable climatic conditions. On the Aland 
Islands, the population was 30 b.p., today it is 
extinct (/, endangered). 
Sweden: In southern Sweden, the number of 
dunlins has drastically declined during the last 
50 years. The current Swedish population is 
estimated at 390 b.p., of which 150 nest in I Skane, 150 on Oland, 40 on Gotland, 40 along 

the west coast and a few pairs in Blekinge, 
bstergotland, Vastergotland and Uppland. 
However, most inland localities do not cur
rently have any breeding pairs (2, vulnerable). 
Russia: (1, endangered), no further informa
tion. 

Habitat changes, especially the decline of 
grazing pastures, draining, cultivation and 
decreased grazing intensity on the remaining 
meadows are considered to be the main rea
sons for the population decline. In some loca
tions, predation from crows or foxes are prob
ably also a serious threat. 

7 .2.2.5 Wintering areas 
for sea birds and 
important bird areas 

During the winter of 1992-93, sea-bird counts 
were conducted from ships and aircrafts in the 
Baltic Sea. The survey showed, that nine mil
lion sea birds of some 30 species use the Baltic 
Sea as a wintering area. The long-tai led duck, 
Clangula hyemalis, common eider, Somateria 
mollissima, velvet scoter, Melanittafusca, and 
black scoter, Melanitta nigra, dominate and 
constitute some 70 % of all birds. The birds 
were not evenly distributed over the area. 
Thirty nine locations were identified as impor
tant wintering areas, and ten of these har
boured 70 % of all birds (Fig. 7.6). 

Four areas are of outstanding importance for 
wintering sea birds: 
• Shallow lagoons and estuaries along the 
German-Polish coast, i.e. , the Vorpommern
and Odra lagoons (area I in Fig. 7.6), contain 
almost half a million birds. The area is partic
ularly important for smew, Mergus albellus, 
greater scaup, Aythya marila, goosander and 
tufted duck. 
• The shallow and sandy bottom waters of the 
Pomeranian Bight between Denmark, 
Germany and Poland (area 3 in Fig. 7.6) arc 
wintering sites for 1.3 I 06 sea birds. The 
Pomeranian Bight is particularly important for 
velvet scoter, Slavonian grebe, Podiceps auri
tus, long-tailed duck and black guillemot. 
• Sand and gravel banks along the Estonian 
and Latvian coasts in the Gulf of Riga (area 2 
in Fig. 7.6) support some 1.5 106 sea birds. 
This area is of global significance for divers 
(Caviidae) with for example 24 % of the 
north-west European population of red-throat 
ed diver, Cavia stellata. It is also a very impor 
tant wintering area for long-tailed duck (> I 
106), velvet scoter and black gui llemot. 
• The north-western Kattegat (area 4 in Fig. 
7.6), especially the shallow north-western pall, 
harbours >1.2 106 birds during the winter. The 
area is of great importance for common eider, 
razorbill , red-necked grebe and black scoter. 

The distribution of Important Bird Areas 
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Fig. 7.6 The ten most important win
tering areas for birds in the Baltic Sea 
Area 

(IBAs2) among the countries sharing the Baltic 
Sea is as follows: Denmark - 42, Estonia - 5, 
Finland - 22, Germany - 23, Latvia - 6, 
Lithuania- 2, Poland- 15 and Russia - 2 [187] . 
Currently, only some of these areas receive 
adequate protection, although BirdLife 
International recommends the national or 
international protection of all of them. 

The findings of this survey accentuates the I 
necessity of applying precautionary measures 
with respect to oi l pollution. Oil spills occur 
more or less regularly in the Baltic Sea, result
ing in the death of hundreds to thousands of 
sea birds each year. During the present period, 
when sever~l new oil terminals are under con
struction or planned, especially in the Gulf of 
Riga area, risks of large-scale oil spills are 
indeed high. The foreseeable consequences of 
a massive oil spill within any of the most 
important areas are frightening, since one sin
gle spill may eliminate large portions of the 
entire north-west European sea-bird popula
tions. Control of and legal action against delib
erate oi l spi ls are also necessary. Strict regula

harbour p01poise in the Baltic Sea has drasti
cally decreased." They also stated that further 
investigations for management and protection 

tions for all oil transports, especially in pro- measures are necessary. 
tected areas, and safe transport corridors are of 
immense importance. Since many of these Following a history of decreasing populations 
important wintering areas for birds ar~ .. situated j and severe problems with organochlorines 
offshore, e.g., Slupsk Bank, MldSJO Bank, .. (DOTs, PCBs), resulting in skeleton and uter
Oiand ~outh Bank or Hoburgen Bank, the ine deformations leading to sterility, the situa
need for legal means to protect offshore areas tion for the Baltic seals is now slowly improv
is also of highest priority. in g. The proportion of seals with uterine defor-

7 .2.2.6 Marine mammals 

Three species of seals, harbour (common), 
grey and ringed seal, and one whale species, 
harbour porpoise, constitute the species of 
marine mammals breeding in the Baltic Sea 
Area. A recent publication [730] dealing with 
the state of the Balt ic Sea states " ... There 
seems to be reason for some cautious optimism 
regarding the possible long-term recove1y of 
the grey seal and ringed seal in the Baltic 
Sea ... ". But the situation for the ringed seal in 
the Gulfs of Finland and Riga is still particu
larly vulnerable, and " ... For the very s>nC!II · 
population of common seal, the situation is 
alarming ... " [730]. It should also b'e kept in 
mind, that in the south~t:rl part of the Baltic Sea 
the grey seal and. the harbour seal had nearly 
disappeared. With the "Agreement on the 
Conservation of Small Cetaceans of the Baltic 
and North Seas (ASCOBANS)", the 
Contracting Parties (Denmark, Germany, 
Poland and Sweden as HELCOM Contracting 
Parties) are " ... aware that the population of 

maty has decreased from an average of 36 % 
during the period I 977-86 to 25 % for 1987-
93. However, pathological changes in non
reproductive organs, for example, intest ines, 
arteries, kidneys and skin, still exist and the 
mortal ity rate of young seals in some areas is 
still very high, i.e., >50 % among grey seals in 
the Southern Baltic Proper, and 95 % among 
the southernmost Swedish common seals. The 
incidence of intestinal lesions has actually 
increased during the last 5- l 0 year period. It is 
alarming, when previously unknown persistent 
organochlorine compounds like Tris,4-
ch!orophenyl-methan are found in the tissue of 
ringed seal in the Baltic Sea. 

I 
A peaceful coexistence between seals and fish-
ermen seems to be very difficult at present. On 
OIW hand, seals.,eat fish from fishing nets and 
as a result, nets are often destroyed. This has 
resulted in fishermen in the Gulf of Bothnia, 
the Estonian west coast and the Aland Sea 
either applying for hunting permission or for a 
compensation payment. On the other hand, 
fishing gear also causes high mortality among 
young seals. In 1994, about 80 % of all juve-

' The 18A Programme is a conservalion inilialive ol Birdlile lnlernalionalwilhoullegal consequences 

ss' 

nile grey-seal mortality was caused by drown
ing in fishing gear. Conflicts between seals 
and fishermen are increasing with the recovery 
of the seal stocks and changes in seal behav
iour, although the number of seals in the Baltic 
Sea has so far not reached the population of 
the early 20th century. Hunting was a major 
reason for the drastic decline in the number of 
seals unti l the 1970s. Within the HELCOM 
framework, the Contracting Parties have 
agreed on a ban of hunt ing seals. 

Although public awareness concerning the 
problems of seals is relatively high and seal 
watching is very popular, the recreational 
activities disturb seals more and more. Such 
disturbances are particularly important when 
seals are resting on shore or giving birth to 
their pups, and this can lead to a withdrawal of 
the animals from such areas. 

Grey seal, Halichoerus g1ypus - The major 
part of the grey seal population is found in 
Estonian, Finnish and Swedish waters. The 
total number of grey seals counted was about 
5,300. Of these, less than 200 were found 
south of 58° N. The majority of the animals 
were found along the western coast of Estonia 
( I ,200-1 ,500), the south-western coast of 
Finland (mainly Aland, I ,000), and along the 
Swedish coast of the Northern Baltic Proper 
and the Aland Sea ( I ,700 specimens). In the 
Aland Sea, some of the animals haul out of the 
water at the border between Finland and 
Sweden. Along the Swedish coast to the 
Bothnian Sea and Bothnian Bay, about 550 
specimens have been counted. Fewer grey 
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Fig. 7. 7 Number of grey seals in the 
more southern (left columns) and 
northem parts (right columns) of the 
Baltic Sea Area 

seals were found in the Gulf of Finland (50-
I 00) and along the Finnish coast of the 
Bothnian Sea and Bothnian Bay (200 speci
mens). Very few grey seals occurred in Danish 
waters, and none have been observed breeding 
in these waters. 

However, the population trend is promising. 
The Swedish population north of 59° N has 
increased annually by 12 % during 1982-94 
(Fig. 7.7). A similar increase of almost 14 % 
yr 1 during 1985-94 has been found in south
western Finland. However, south of 59° N, 
only a minor and statistically insignificant 
increase of 3 % yr1 was found by Swedish 
investigators for 1984-94 (Fig. 7.7). Since data 
from the Estonian coast are lacking, no esti
mate of earlier trends can be made for this part 
of the Baltic Sea. However, a slight increase in 
the populations can be observed from the data 
collected since 1990. 

The rapid increase in the number of grey seals 
in the northern parts of the Baltic Sea Region 
is obviously a result of improvements in repro
ductive ability. However, part of the increase 
might be explained by better censuses in the 
recent period and by changes in the grey seal 
behaviour, i.e., they become less shy due to the 
absence of hunting. Although the population 
estimates were based on counts during the 
moulting period, when the seals are believed 
to be much more stationary than at other times, 
the possibility of migrations and thus of dou
ble counts of animals cannot be excluded. 
Satellite tracking of grey seals in the Baltic 
Sea after the moulting period has shown that 
individuals can move quickly between haul
out sites which are far apart. 

individual ringed seals in the archipelago 
between Turku and Aland where even pups 
have been reported during the last years. 
Annual surveys in the Bothnian Bay have been 
carried out since 1988 (Fig. 7 .8). In 1994 and 
1995, the populations in the Gulfs of Finland 
and Riga were studied in a joint effort by 
Estonian, Finnish, Russian and Swedish scien
tists. However, the data from the last two areas 
are not in all aspects comparable to the data 
from the Bothnian Bay. Surveys in the inner 
part of the Gulf of Finland were carried out by 
helicopter, whereas in other areas aircrafts I 
were used. 
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In the Gulf of Bothnia, the number of animals 
seems to have slightly increased, by about 5 % 
yr 1 during 1988-95, from 2,300 to 3.000 spec
imens (Fig. 7 .8). Studies in the Gulf of Finland 
in 1994 gave a much lower number of ringed 
seals than that reported earlier by the Soviet 
Union. The total number counted in 1994 was 
170-200, and in 1995 about 150 specimens. 
Comparing this figure with the mass mortality 
of ringed seals in the winter 1991/92, when 
I 00- 150 specimens were found dead, this sug
gests an alarming situation for the population 
in the Eastern Gulf of Finland. So far, no cause 
of death has been identified. In a study in the 
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Unlike the northern population, the southern
most population has not increased, and this 
finding cannot be explained at present. One 
reason could be that more young grey seals are 
being drowned in fishing gears in this area. 

2500 -., - . 
Baltic ringed seal, Phoca hispida botnica -
Ringed seals are mainly found in Arctic areas 
where it is the most common seal species. The 
ringed seal population is distributed in the 
Bothnian Bay, Eastern Gulf of Finland and 
Gulf of Riga. There are also observations of 

Fig. 7.8 Number of counted ringed 
seals hauled out during the moulting 
period on ice in the Bothnian Bay 
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Gul f of Riga in 1994, 500-800 seals were 
found to be present. In 1995, there was no ice 
on the Gulf, so it was not possible to conduct 
a census that year. 

Following glaciation, several populations were 
land-locked and exist today as geographically 
isolated relicts in the Baltic Proper and in the 
lakes Saima and Ladoga. Since the Baltic 
ringed seal is a distinct and endemic sub
species, it should be added to the Bern 
Convention and the EU Habitat Directive. The 
ringed seal is the least known of the Baltic Sea 
seal species. An international project, with 
input from Sweden (Swedish Environmental 
Protection Agency), Finland (Wildlife 
Research Institute), Estonia (Estonian Marine 
Institute), Latvia (Latvian Academy of 
Sciences) and Russia (University of St. 
Petersburg), has recently started surveys 
including radio-tracking (satellite telemetry) 
of seals. 

.. · 
Common seal, Phoca vitulina - The majority I 
of Baltic common seal are found in the 
Kattegat, and a smaller number in Swedish 
waters, where they are located in two areas, in 
south-western Sweden (Maklappen) and in the 
Kalmar Sound. The population at Maklappen 
was hit by the phocine distemper virus in 
1988. In 1994, a total of 75 animals were 
counted in the Maklappen area. An increase in 
population corresponds to about 4 % yr· 1• In 
the Kalmar Sound, 209 animals were counted 
in 1994. In this area, the census changed some
what in 1989 to a more detai led one. The annu
al increase of the population during 1982-90, 
was 5.8 %, but I I %for 1989-94 (Fig. 7.9). 
The lower growth rate of the population at 
Maklappen is partly due to predation by foxes 
on new-born pups. Surveys of the pupping rate 
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in the two areas revealed 17 pups at 
Maklappen in 1994 and 54 pups in the Kalmar 
Sound area. These figures correspond to a pup
ping rate of 23 % and 26 %, respectively. The 
annual observed pup mortality at Maklappen 
was 5 pups or 29 %, which is substantially 
lower than in previous years. In the Kalmar 
Sound, the corresponding figures are 4 pups or 
7 %. Obviously, the reproductive rate and pup 
survival in the Kalmar Sound are good. 

In 1994, in the Danish part of the Kattegat, the 
number of common seals had surpassed 2,000, 
whi le the number counted in the Lim fjord was 
600. Within and south of the Danish Straits, 
the seal numbers have been consistently low 
since 1990 suggesting that the species is still 
vulnerable in this area. 

Harbour-seal stocks in the Kattegat and 
Skagerrak have now recovered from the 
phocine distemper virus disease of 1988, and 
the size of these stocks equals that of the pre
disease times, i.e., about 6,500 animals. A 
mitochondrial DNA analysis among North 
European harbour seals reveals, that different 
sub-populations (Kattegat/Skagerrak, Wadden 
Sea, English west coast, Scottish east coast, 
southern Swedish and Kalmar straits) are 
genetically distinct from each other. The Baltic 
Sea sub-population represents a specific local 
race of high conservation value. 

Harbour porpoise, Phocoena phocoena - The 
state of the harbour porpoise in the Baltic Sea 
is unclear. An international survey of harbour 
porpoises, SCANS (Survey of Cetaceans of 
the Atlantic North Sea), has included the 
Baltic Sea during 1995. First results are avail
able from observations in 1994. In the waters 
of the Great Belt and north of the Danish 

• • 

Kalmarsund 

• • • ~ ....... 
• Makliippen 

island Fiinen, a total of 8,100 or 0.99 individ
uals per km2 were observed. Such a high pop
ulation indicates an area of European interest 
and importance, but it does not mean that the 
species is not endangered in this area. Experts 
bel ieve that only some thousand individuals 
may occur in the whole Baltic Sea (588 in Kiel 
Bight according to SCANS), and suspect that 
they are genetically specific and reproduce 
exclusively within the Baltic Sea. In view of 
this, some scientists have concluded that there 
is a possibility of total extinction of harbour 
porpoises in the Baltic Proper. During 1989-
91, 175 porpoises were caught in fishing gear 
in the Kattegat, and 13 in the Baltic Sea. Most 
of these were caught in gill nets, 72 % by cod 
gill-nets in the Kattegat and 54 % by salmon 
drift-nets in the Baltic Sea. Thus, gill nets 
comprise a serious threat for harbour porpois
es. 

Summary - Protection of fishing gear, devel
opment of new 'proof' gear, and research on 
the behaviour of seals and harbour porpoises 
around fishing gear is needed, to ensure the 
future of Baltic marine mammals. Seal sanctu
aries, such as those in Danish waters, seem to 
be successful in assisting the recovery of seal 
populations. Such reserves should include 
strictly protected potential resting places, like 
gently sloping sandy beaches, boulder beach
es, bars, banks or spits. It is essential to give 
the new southern Baltic Sea population of har
bor seals a chance to survive. One step forward 
would be the full implementation of the 
HELCOM Recommendation on the coastal 
strip ( 15/1 ). According to HELCOM Recom
mendation 9/1, the general ban on hunting 
shall be retained. Research on porpoise in the 
Baltic Sea (by-catches, observer programme, 
stock identity) is urgently needed, as stated in 
ASCOBANS. The ringed seal should be added 
to the Bern Convention. 

7 .2.2. 7 Introduction of new 
species 

During the last century, at least 50 new species 
have been introduced into the Baltic Sea 
because of human activities. Most of these 
species have entered with ballast water or 
attached to the hulls of ships, but species have 
also been deliberately introduced. The species
poor communities of the Baltic Sea are proba
bly more sensitive to introductions of alien 
species than more species-rich marine areas. It 
is to be expe~,:ted that more species will be 

79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 
Fig. 7.9 Number of harbour seals 
counted during the moulting period in 
the Kalmar Sound and at Makliippen 
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introduced in the future due to increased ship
ping. 

A few alien species have become common 
enough to affect the original natural communi
ties. The polychaete Marenze/leria viridis was 
first found along the German coast and has 
since spread to both Sweden and Finland. It 
inhabits muddy sediments located in water 
depths of up to 60 m, and may constitute up to 
almost 100% of the macrofauna biomass. Its 
appearance might affect native species like 
polychaetes, e.g. , Nereis diversicolor and 
amphipods. Other successful invading species 
are the jellyfish Cordylophora caspia, the bar
nacle Balanus improvius and the bivalves 
Dreissena polym01pha and Mya arenaria. 

17.3 NATURE CONSERVATION 
AND SUSTAINABLE USE 

Among fishes, the round goby, Neogobius 
me/anostomus, is a successful invader. It has 
probably been introduced with ballast water 
from the Black Sea and Caspian Sea. 
Occupying similar niches as, for example, 
flounder, P/atichthus jlesus, black goby, 
Gobus niger, and eelpout, Zo(/1-ceS viviparus, 
the round goby is expected to compete with 
these species. The barnacle goose is a success
fu l self-introduced newcomer to the Baltic Sea 
fauna of breeding birds. Among mammals, the 
American mink, Muste/a vison, is a good 
example of a deliberate introduction which 
severely affects natural communities. Several 
islands, serving as nesting sites for sea birds in 
the Stockholm Archipelago, have recently 
experienced drastic reductions in the number 
of breeding birds, probably due to predation 
by mink. 

OK EE Fl 

Legislation yes yes yes 
Land·strip' (m) 300 100 no 

(100) (200) 
Sea strip (m) partly part~ no 
Admin. prot. meas. yes yes 
Other prot. meas. m1,m2 m2,m3 
Restrictioos oo forestry partly yes no 
Restrictions oo farming no yes no 
Exceptions cc Mill REC 
Coast. plan. zooe (km) 3 no no 

---

7 .3.1 Current 
activities in nature 
conservation 
Although the 1992 Helsinki Convention is still 
not ratified by all Contracting Parties, all 
Baltic Sea States have agreed to act as if it was 
already in force. Therefore, HELCOM 14 
decided to establish a working group on 
Nature Conservation and Biodiversity, EC 
NATURE, under the Environment Commit
tee, to implement the earlier mentioned new 
Article 15. 

During the present assessment period, EC 
NATURE has concentrated its work; among 
others, mainly on the following subjects: 
• guidelines for the identi fication of coastal 
ecosystems, influenced by the Baltic Sea and I 
their inland limits, as an implementation of 
Article 15, 1992 Helsinki Convention (As a 
result of this, Article 15 covers the whole 
Baltic Sea, its coastal and inner waters and its I 
coastal zone, influenced by the Baltic Sea), 
• a general protection of the coastal strip 
(HELCOM Recommendation 15/1 ), 

Table 7.1 Implementation of 
HELCOM Recommendation 1511 
"Protection of the coastal strip", 
1995 
(No information from Russia) 

DE LV LT PL SE 

yes yes yes yes yes 
M·V:200; 300 200-700 200 20().300 
S·H:100 (100) (100) 
no 300 no part~ 100·300 

yes yes yes 
m1, m2, rn4 rn4 rn4 m1,m2 
yes yes yes yes no 
no" no no yes no 
SEA SEA yes Mar CAM 
no'" no yes no yes 

In case of different widths, the less dominant is shown in brackets (In Sweden, the distance is measured from the 
mean water mark, in Denmark the distance is measured from where terrestrial vegetation is unbroken; in other states 
from the high water line expressed in different ways) 
• • Incentives: yes 
• .. Whole State Is planning zone 
mt - biotope protection, m2 • land-use plans, m3 · municipal by-laws, m4 • large protected areas 
M·V - Mecklenburg·Vorpommern, S·H • Schleswig-Holstein, CC - County Council, Min · Ministry of the Environment, 
REC • Regional Environmental Centre, SEA · State Environmental Authority (in M·V also District Authority), Mar · 
Maritime Office with Regional Authority, CAM • County Administration Board (70 %) and Municipal Authority (30 %) 

• the establ ishment of a 'System of coastal and 
marine Baltic Sea Protected Areas (BSPA)' 
(HELCOM Recommendation 15/5), 
• guidelines for the establishment of new 
BSPAs, 
• guidelines for the management of BSPAs, 
• the preservation of natural coastal dynamics 
(HELCOM Recommendation 16/3), and 
• a project, to compile a Red Data Book of 
Biotopes in the Baltic Sea Area, started in 
1994. 

In relation to species protection, the following 
items are currently included on the agenda: 
* seals, 
* Baltic Wild Salmon, 
* common sturgeon, 
* cormorants, and 
* other tasks. 

Some of the above mentioned topics are 
explained in more detail in the following sec
tions. 

7 .3.2 Protection of 
the coastal strip 
The increasing pressure on the coastal zone 
through anthropogenic activities, such as 
building of new roads, harbours, marinas, 
hotels, private summer houses and camping 
grounds, is a permanent threat to the biologi
cal, geological and geomorphological values, 
as well as to a sustainable use of the coastal 
zone. To be able to stop further degradation of 
natural coasts, especially in countries without 
protective legislation, HELCOM 15 recom
mended in 1994, that all Contracting Parties 
should take all appropriate measures to ensure 
future general protection of a coastal strip out
side urban areas and existing settlements. The 
strip shall extend at least I 00-300 m from the 
mean water line, both landwards and sea
wards. Within the protected strip, activities, 
which would permanently change the nature 
and landscape, should not be allowed, and 
intensive forestry and intensive farming are to 
be restricted. A zone of at least 3 km from the 
mean water line shall be established as a 
coastal planning zone, where major construc
tions must be preceded by a land-use plan, 
including an environmental impact assess
ment. The present status of the protection of a 
coastal strip is shown in Table 7 . I. 
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D ENMARK 
• Bornholm 
· Davids Banke/Hameren to the north 
· Ertholmene to the north-east 
· Dueodde/Salthammer Rev to the south 

• Vilsandi Nature Reserve 
• Hiiumaa Islets 
• Harilaid 

FI N LA N D 

• Part of Hohwacht Bight with Lagoons 
• Oehe·SchleimOnde with Shallow Waters 
• Gettinger Birk and Noor incl. Kalkgrund 

L ATV I A 

• Slowinski National Park (Slowinski Park 
Narodowy) incl. surrounding water areas 

• Wolinski National Park (Wolinski Park 
Narodowy) incl. surrounding water areas 

• Adler Grund • Bothnian Bay National Park • Northern Vidzeme Region Nature Protection RUSS I A 
• Smalandsfarvandet • Outer Bothnian Threshold Archipelago Complex: Coastal Section Dzeni·Ainazi • Gulf of Finland National Park (Russian part) 
• North-western Smalandsfarvandet (The Quark) • Kaltene/Engure Area • Curonian Spit State National Park 
· North-eastern Smalandsfarvandet • Oura Archipelago • Lierlirbe/Kolka Area • Vistula Spit Landscape Park 
· Southern Smalandsfarvandet • Uusikaupunki Archipelago • Papa/Perkone Area 
• Waters around Saltholm • Southern Archipelago Sea S WED E N 
• Stavns Fjord and adjacent waters • Tammisaari Archipelago-Hankoniemi·Pojo Bight LI T H U ANI A • Haparanda Archipelago 
• Waters around Hesselo • Eastern Gulf of Finland National Park 

• Aland Area: Signilskar/Market 
• Kursiu Nerija (Curonian Spit) National Park • Bjur6klubb Area 

• Store Middelgrund 
• Randers Fjord and neighbouring waters 
• Waters around Lreso 
• Waters around Hirsholmene 
• Lreso T rindeVT onneberg Bank/Kummel Banke 

GER M A NY 
• Strelasund Sound/Greifswald Sodden/Island 

Greifwald Oie/Odra Mouth Area 

• Pajuris Regional Park • Holm6 1slands 
• Nemunas Delta Regional Park • T rysunda/UIIanger/Uiv6arna/Uiv6 Depth 

• Gras6/Sing6·Archipelago 
PO L A N D • Stor6/Bocko/St. Nassa/Sv. H6garna/Sv. Bjorn 
• Vistula Spit Landscape Park • Landsort/Harts6/Ask6/Landsort Deep 

• Hertha's Flak • Jasmund National Park 
• Vorpommern Lagoon Area/Waters around 

WestrOgen 

(Park Krajobrazowy Mierzeja Wislana) incl. 
surrounding water areas 

• St. Anna · Missj6 Archipelago 
• Kopparstenarna/Gotska Sand6n/Salvorev Area 

E STONIA 
• Lahemaa National Park • Wismar Bight/Salzhaff Area 

• Redlowo Reserve (Kepa Redlowska) incl. 
surrounding water areas 

• Torhamns Archipelago 
• Falsterbo Peninsula with Maklappen 

• Matsalu Nature Reserve • Graswarder·West coast of Fehmam incl. 
• Kopu Peninsula on Hiiumaa FlOgger Sand 

• Nadmorski Landscape Park (Nadmorski Park 
Krajobrazowy) incl. surrounding water areas 

• Kullaberg 
• Nidingen/S6nnerbergen/M6nster 

7 .3.3 Baltic .. -Se'a 7 .3.3.1 New BSPAs 

Protected Areas According to Recommendation 15/5, the 62 

( BSPAS) BSPAs should be the first step in establishing 

I 
such a system which could then be gradually 
extended to include new coastal and marine 

During the 1990s, several international bodies areas. All Contracting Parties should individu
have urged governments to establish systems ally and jointly take all appropriate steps to 
of protected coastal and offshore marine areas. fulfi l this Recommendation. Guidelines for 
The WWF/IUCNIUNEP document "Caring designating new BSPAs were elaborated by 
for the Earth - A Strategy for Sustainable EC NATURE and adopted by HELCOM 16 in 
Living" notes, that the establishment of such March 1995. Following this guidel ine, under 
areas lags behind its terrestrial counterparts, BSPA, particular protection shall be given to 
and _suggests, that a global syste~ of protected the species and natural habitats 
manne areas should be established no later r and nature types of the marine 
tha~ 2QI 0. The Caracas DeclaratiOn and and coastal ecosystems of the 
ActiOn Plan from the 1992 World Parks Baltic Sea Area to conserve 
~onference_developed these ideas by s~ggest- ~ biological and g~netic diversi
mg: that_ thts systet~ of areas should mclude ty and to protect ecological 
maJor btog~ographtc types and ecos_ystems, processes. The areas for pro
and that nat10na! syste~ns of large manne pro- tection include those with high 
tected areas, mcludtng complete mat:tne biodiversity, habitats of 
ecosystems, should be established. The Umted endemic, rare or threatened 
Nations Con~ere~ce on Environment and species and communities of 
Development m Rto (Agenda 2/) also under- flora and fauna, habitats of 
line? the necessity for the e~tablishment ~f migratory species, nursery and 
m~nne pr?tected areas, and pomted ou_t, that tt spawning grounds, and rare or 
wtll requtre new approaches to manne and unique or representative geo
co~sta l area man~gement and development, at logical or geomorphological 
nattonal, sub-reg10nal and global levels. structures or processes. It 

Table 7.2 Areas proposed to be 
included in a system of Baltic Sea 
Protected Areas (BSPAs) as adopted 
byHELCOM 15 

Fig. 7.10 System of Baltic Sea 
Protected Areas (BSPAs) 

Thanks to the preparatory work already done 
by a joint working group between Baltic 
Marine Biologists (BMB) and World Wide 
Fund for Nature (WWF), EC NATURE ;Pro
posed 62 areas to the Helsinki Commission, as 
a starting point. These wt;re adopted in March 
1994 at HELCOM 15, held at ministerial level. 
It was recommended, that the Contracting 
Parties should establish such a system of 
Coastal and Marine Baltic Sea Protected Areas 
(Table 7 .2, Fig. 7 .I 0). 

should preferably have a mini
mal size of lO km2 for terres
trial parts and/or 30 km2 for 
marine/lagoon parts. Further
more, it should show high nat
uralness, to a large extent be 
free from polltition and be a 
representative ecological and 
functional entity of a Baltic 
Sea region. An application for 

Germany 

a new BSPA can be sent at any 
time to HELCOM. 
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7 .3.3.2 Management 
plans for BSPAs I 

Consequently, HELCOM further recommend
ed 
• that new coastal defence measures outside 
settlements should not normally be executed, 

According to HELCOM Recommendation except when integrated coastal-zone-manage-
15/5, management plans should be established ment plans provide otherwise, 
for each BSPA, " .. . to ensure nature protection • that active cliffs as sediment supplier, and 
and sustainable use of natural resources". In natural coastal flood areas as potential nutrient 
1995, such guidelin.es were adopted by the traps, should not be subject to any new coastal 
Environment Committee. As stated above, the I defence measures, except when integrated 
aim for management in BSPA~ is to ens.ure the 

1 

coastal-zone-management plans provide oth
conservation and/or restoration of b1otopes erwise and 
and habitats, in order to preserve or to restore • that 'coastal areas outside settlements, that 
biodiversity and to ensure a sustainable use of have been subject to episodic flooding before 
natural resources. All imaginable confl icts of they were dyked for land-use purposes, should I 
interest, especially between the aims of nature be restored as coastal wetlands through 
conservation and anthropogenic demands of removal or relocation of dykes further inland, 
land- and sea-use, e.g., extraction of sand, wherever possible. 
gravel and stone, oil and gas exploration. and 
exploitation, dumping of waste, constructiOns, 
agriculture and forestry, tourism, transport, 
wind-mill parks, submarine cables, and lmh
tary activities, may occur in BSPAs. Hence, 
such activities should be regulated where nec
essary, whereas some anthropogenic activities, 
on the other hand, should be maintained and 
developed in order to achieve certain conser
vation goals. A good example is the mainte
nance of traditional agricultural landscapes, 
with several species adaptable to disturbances, 
but demanding environmentally friendly fa rm
ing practices. 

7 .3.5 Management 
of coastal lagoons 
and wetlands 
Coastal lagoons, estuaries and other natural 
wetlands comprise very important key 
biotopes with high productivity. The crucial 

l role of coastallagoo~~ and wetlands as .'mult.i 
purpose ecosystems IS clearly recogmsed. 111 

the HELCOM Baltic Sea Joint Comprehensive 
Environmental Action Programme (HELCOM 
JCP), adopted at the HELCOM Ministerial 
Meeting in April 1992. These habitats can 
serve as important buffers for pollution to the 
Baltic Sea, by acting as natural traps and fi l
ters, and can provide variable levels of treat
ment for bio-degradable wastes. They also 
provide important habitats for a rich d.iversity 
of flora and fauna, including many m1gratory 
birds. 

opment of integrated management pl~~s . 
Consequently, two sub-projects, for the Kama 
Bioht in Estonia and the Engure-Kemeri area 

b 

in Latvia, have been established. Furthermore, 
this action plan shall support the development 
of a series of demonstration acti vities concern
ina the use of natural and constructed wetlands 

b 

for waste-water treatment, storm-water reten-
tion, and as traps for nutrients and other cont
aminants. 

Finally, the action plan is supposed to support 
the identification and evaluation of selected 
wetland areas in a variety of locations within 
the Baltic Sea drainage area. Particular atten
tion should be given to the identification of 
priority si tes for wetland conservation in the 
upper, middle and lower portions of the major 
drainage basins, as well as in coastal areas. 
Under the HELCOM Programme Implementa
tion Task Force (HELCOM PITF), the 
Working Group on Management of Coastal 
Laooons and Wetlands (PITF-M LW) was 
est:blished in accordance with a decision of 
HELCOM 14 in February 1993. The World 
Wide Fund for Nature (WWF) provides secre
tariat facilities to this Working Group. 

In addition to other duties, the PITF-MLW 
should in itiate, facilitate and co-ordinate the 
development of 'Integrated Coastal Zone 
Management Plans' for the priority areas iden
tified in the JCP. In accordance with its Terms 
of Reference, PITF-MLW is obl iged to work 
in close collaboration with EC NATURE. 
PITF-MLW has decided, that the development 
of manaoement plans for the six designated 
areas sh;uld be done through a decentralised 
process, by setting up 'Area Task Te~ms 
(A Tis)'. An ATT is a national (Matsalu B1ght 
and sub-areas in the Gulf of Riga) or bilateral 
oroup of experts (scientists, technical experts, 
~tc.) and representatives from national, region

A management plan must include monitoring 
of important physical, chemical and biological 
factors, to register changes or improvements 
as a result of planned actions, or deterioration, 
caused by anthropogenic influences. Public 
awareness is an important tool in the conser
vation and management of the Baltic Sea 
Region, and it is therefore important that peo
ple have access to, and are informed ab?ut the 
development of, inter alia, the Balt1c Sea 
Protected Areas. This is to a high degree a 
management problem. 

In the JCP, area-focused activities, to manage I al and local authorities from the participating 
environmentally sensiti ve and economically countries. 
valuable areas, were proposed. Accordingly, 

7 .3.4 Preservation 
of natural coastal 
dynamics 
Another step towards the preservation and 
restoration of biodiversity, ecological process
es and geomorphological structures along the 
Baltic Sea coast was the HELCOM 
Recommendation 16/3 on preservation of nat
ural coastal dynamics. The major aim of this 
Recommendation is, that the dynamic charac
ter and continuous natural change of the coast 
should be recognised and accepted as a natur
al process, and that coastal defence measures, 
often leading to disturbances of natural 
ecosystem processes and biotope structures of 
beaches, dunes, cliffs and the near- shore zone, 
should be avoided as far as possible. 

the action plan is designed to support the con- The development of integrated management 
servation of critical habitats, especially coastal I plans should be an open and transparent 
lagoons and wetlands, and the development of process. Thus, the ATTs will encourag~ .the 
criteria and guidelines for the identi fication of active involvement of local commumt1es, 
the most important wetlands in the Baltic Sea groups, interests and individuals in the devel
Region. opment of the plans. In June 1995, the ATT 

secretariat was established and became opera
As part of the implementation of Phase I tiona! in all six Task Areas. Integrated man
( 1993-97) of the JCP, it is proposed, that man- aoement plans were expected to be ready in 
aoement plans should be developed and imple- e:rly 1996. One important element in the man
r:ented for the Matsalu Bight, Estonia, the aoement plans will be the development of con
Gulf of Riga, shared between Estonia and c~ete proposals on the conservation and sus
Latvia, the Curonian Lagoon, shared between tainable use of the rich biodiversity of the 
the Kaliningrad Region of Russia and areas. 
Lithuania, the Vistula Lagoon, shared between 
the Kaliningrad Region of Russia and Poland, 
and the Odra Mouth Area, shared between 
Poland and Germany. It was agreed, that the 
Gulf of Riga, because of its size, should be 
sub-divided into areas suitable for the devel-

I Landscape types and large biotope complexes 

• archipelagos 
• coastal dune complexes 
• large spits of sand separating a lagoon from the Baltic 

Sea 
• upheaval areas 
• coastal lakes 
• riverine areas (under back-water influence by sea) 
• sills 
• shallow inlets, bights, lagoons, "boddens" (hard, sandy 

and soft bottoms) 
• fjords I ijards 
• r iver mouth areas 

Table 7.3 'First Aid List' of landscape 
types, large biotope complexes and 
biotope types of high nature value in 
the Baltic Sea Area 

7 .3.6 Red Data 
Book 

; .. 
HELCOM 15 requested EC NATURE to elab
orate a 'Red Data Book' on biotopes in the 
Baltic Sea Area. The work started with two I 
workshops on the island Vilm in Germany, one 
in December 1994 and one in October 1995. It 
was agreed to compile two types of lists: A 
'Complete List of Coastal and Marine 
Biotopes' will serve as basis for a coming Red 
Data Book. A list of coastal and marine land
scape types, large biotope complexes and 
biotope types of high value in the Baltic Sea 
Area will function as a 'First Aid List' (Table 
7 .3). It is up to each country, to use the latter 
immediately as a nature-conservation instru
ment, e.g., for the general protection of certain 
biotopes. This list is not considered to be a 
complete list of all possible biotopes and their 
sub-structures in the Baltic Sea Area. AQlOng 
the listed biotopes are those which are of par
ticular ecological value and which sl)ow \)at ur
al or next to natural conditions, i.e., little or no 
direct modification or direct disturbances by 
human activities. 

Nevertheless, the elaboration of the Red Data 
Book, based on a complete list of Baltic 
biotope types, remains the major task for the 
experts. Meanwhile, the project group final
ized the work on 

- - - ---- ----- -
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II Biotope types 

A. Coastal Areas 
• islets, skerries 
• boulder beaches 
• rocky shores 
• coastal caves 
• active cliffs 
• inactive cliffs 
• sand banks, bars and small spits 
• beaches of sand, pebbles and shingles 
• beach ridges 
• reed stands 
• pools, rock pools, fladas and glo-lakes 
• coastal wetlands (bogs, swamps and fens) 
• coastal marshes and meadows 
• coastal dry grasslands, heath and shrubberies 
• natural wet forests under marine influence 
• virgin and natural coastal forests (e.g., beech, pine, 

alder, ash) up to 1 km from the mean-water line 
• primary forests on upheaval areas 

• a "Complete List of Biotopes" and explana
tions of all Baltic biotope types, 

• a criteria system for the threat evaluation to 
be used for the work on the Red Data Book, 
and on 

• the following list of common threat factors 
to be used in the Red List: 

- agriculture (intensive, changing, land recla-
mation, stop of traditional farmjng), 

- construction, dredging, dumping, 
- climate change (largely irreversible to man), 
- eutrophication (fertilisation, sewage, com-

bustion), 
- fishing, aquaculture, hunting, 
- building activities for recreation purposes, 

e. g., summer houses, marinas, 
- wear (traffic, tourism), 
- mineral extraction (prospecting, mining, 

dredging), 
- pollution (non-eutrophication) of air, soil 

and water (pesticides, waste disposal , 
sewage, combustion, oil), 

- forestry (deforestation, changes), 
-1 water regulation (drainage, rerouting, extrac-

tion/desiccation, land reclamation), 
- military activities (shooting, bombing, etc.), 

and ·, 
- coastal defence, e.g., dyking, stabilisation of 

sand. 

One future task is to establish national work
ing groups to compile the national data. Due 
to the lack of detailed biotope mapping in 
most countries, the experts in each national 

B. Marine and brackish areas 
• offshore stony and rocky bottoms 
• offshore bottoms of shell gravel, gravel or coarse sands 
• offshore muddy or sandy bottoms with comparatively 

high biodiversity and/or bioproductivity 
• inshore stony and rocky bottoms 
• inshore bottoms of shell gravel, gravel or coarse sands 
• inshore muddy or sandy bottoms with comparatively 

high biodiversity and/or bioproductivity 
• offshore banks and stony or rocky reefs 
• inshore banks and stony or rocky reefs 
• gas vent communities 
• mussel beds 
• seagrass meadows 
• large Fucus stands 
• other large stands of macrophytes 
• mud flats, sand flats, rock flats (so called "hydrolittoral} 

working group have to evaluate threats accord
ing to their personal scientific knowledge. The 
finalization of the Red Data Book is expected 
in 1998. 

I 7 .3. 7 Red List of 
coastal and 
marine threatened 
species 
The Swedish Environmental Protection 
Agency and the Threatened Species Unit, in 
collaboration with specialists of most Baltic 
countries, have compiled data on threatened 
vertebrate and plant species. The results were 
published in the 'Red Data Book on 
Threatened Species in the Baltic Sea Region' . 
Presently, a survey has started of the state of 

I invertebrate and cryptogam species in the 
Baltic Sea Region. The work includes a com-

! pilation of existing national red lists, establish
ment of co-operation between experts from 
di fferent countries, agreements on criteria for 
red-listing and red data categories. The taxa 
are categorised according to IUCN's threat 

I categories. Table 7.4 presents the number of 
plant, mammal and bi rd taxa of different threat 

I 
categories in di fferent areas of the Baltic Sea 
Region. 
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Aland Sea Finland St. Petersburg Estonia Latvia Lithuania Kaliningrad 
Region Region 

Extinct 
p 27 23 20 16 14 12 15 
M 3 2 0 0 1 1 1 
B 1 2 2 5 15 

-----
Endangered 
p 42 43 59 47 90 57 66 
M 1 5 2 4 5 1 2 
B 5 8 22 9 17 12 11 

Vulnerable 
p 39 57 85 37 77 57 37 
M 2 2 2 2 1 0 0 
B 13 8 33 8 12 15 20 

Rare 
p 34 69 138 44 69 62 9 
M 2 4 6 9 9 3 17 
B 16 4 23 16 38 20 28 

Care demand. 
p 32 41 75 25 
M 1 3 5 
B 13 13 28 

lndetermin. 
p 7 
M 0 12 
B 1 16 

Total 
p 174 239 378 155 275 195 127 
M 9 16 15 18 24 17 22 
B 52 34 110 41 78 68 79 

Table 7.4 Number of red-listed vasctt-
far plants ( P), mammals (M), and 
bhds (B) in different areas arranged 
according to threat categ01y [279] 

Poland Mecklenburg· 
Vorpommern 

40 107 
1 6 
5 15 

54 227 
7 9 
12 21 

142 199 
2 5 
19 19 

146 37 
23 8 
37 12 

132 
10 
35 

36 27 
3 
7 

418 729 
36 38 
80 102 

Schleswig· Denmark 
Holstein 

101 30 
6 0 
18 15 

194 38 
7 3 
26 12 

150 77 
5 9 
15 7 

45 123 
0 4 
22 36 

162 
12 3 
31 19 

652 268 
30 19 
112 89 

Sweden 

34 
2 
8 

79 
3 
5 

86 
9 
14 

142 
4 
13 

79 
5 
51 

420 
23 
91 

z w z 
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8.1 HARMFUL ALGAE 
L. Edler' (Convener), K. Kononen, H. Kuosa 

8.1.1 General 
overview 
Among the approximately 5,000 species of 
marine phytoplankton, 75 to 150 may be 
harmful. They may be harmful by contaminat-

is extremely difficult, as many intoxications 
are never reported. Moreover, much of the 
impact of harmful algae is difficult to estimate 
in economic terms. For instance, human intox
ication due to toxic algae is considerable. It is 
roughly estimated that there are 50,000-
150,000 cases of human poisoning every year. 

ing marine organisms used for human con- 0 h I f d d h f I algal 
h ver t e ast ew eca es, arm u sumption, resulting in human poisoning. T ey 

· d events have extended into areas where toxic or may kill marine organisms, such as Wild an . 
cultured fish, as well as birds and land-based harmful phyto~lankton species, or ev~nts, 
wild and domestic animals. They develop such ~ere never previOusly observed. Such sp•.ead
a hioh biomass that the recreational value of mg has been documented both on a .uans
coas~l ines is jeopardized, and are as aerosols ocea.nic and re~ion~l scale. Th~ spreading of 
along the coast which may threaten human 

1 

spec1es may a~1se .111 se:eral ?.•fferent .wa.ys, 
health. They may also be harmful without pro- e.g .•. n~tural sp~ eadmg with cuuents, s.h•ppmg 
ducing toxic substances, by the clogging of of hvmg manculture produc~s as f1sh and 
fish oills, and develop into such quantities that shellfish, and the transfer of a.hen phytoplank
ox ben de letion, resulting in bottom animal ton in the balla~t water of s~1ps. Independe~t 
an~g fish ~ortality, is caused during their of the ·~echan~sm of. specieS tran~fer, th1s 
d · · problem IS also mcreasmg m the Baltic Sea. ecomposliiOn. 

The threats from harmful algae can thus be 
summarized as 
* human health problems, 
* poisoning of land-based wild and domestic 
birds and animals, 
* poisoning and mortality of marine organ
isms, 
* ecosystem damage, 
* threats to the biodiversity of the sea, and 
* economic losses. 

In the Baltic Sea, problems of harmful algae 
also occur. In fact, considerable phytoplankton 
blooms during summer are a characteristic fea
ture of the Baltic Sea. In the Baltic Sea, there 
are about 30 different species of phytoplank
ton which have proved to be harmful in the 
Baltic Sea and elsewhere. Among these, the 
blue-green algae are most common, forming 
spectacular blooms nearly every summer. 
These blooms may result in mortality of 
domestic animals, mainly cattle, dogs and 
ducks, through the drinking of water. Very 
large blue-green algal blooms have been 
reported from the Baltic Sea since the middle 
of the last century. Satellite imagery shows 
that areas up to 60,000 km2 of the Baltic Sea 
may be covered by blue-green algal blooms 
during the summer [325]. 

Year Location Species 

Toxic events and poisoning caused by blue
green algae in the Baltic Sea have been report
ed since the beginning of the 1960s (Table 
8. 1.1, [1 52,313,337]). In addition to ducks, 
cattle and dogs dying from intoxication, there 
are also reports that people swimming in the 
sea during blue-green blooms have suffered 
from stomach complaints, headaches, eczema 
and inflammation of the eyes. In some years, 
there has also been prohibition of swimming 
along certain shores where blue-green algae 
have accumulated [420]. 

Small phytoplanktonic fl agellates, e.g., 
Prymnesiwn parvum, have caused fish kills in 
coastal areas of the Baltic Sea, such as the 
Stockholm Archipelago [30,7 1 1), along the 
Finnish coast [342], at the island of Riigen and 
in Danish waters [314,526]. There are indica
tions, that some of these blooms were caused 
by exceptional nutrient conditions. In 1988, an 
extremely large algal bloom hit the Kattegat, 
Skagerrak and Sound, covering an area of 
75,000 km2. The small flagell ate 
Chrysochromulina polylepis, which was 
responsible for the bloom produced a toxin 
which killed or affected all sorts of marine 
organisms, ranging from other phytoplankton 
and zooplankton to seaweeds, mussels and 
wild and cultured fish. There was also some 
indication that the Chrysochromulina bloom 
had a direct or indirect negative effect on the 
survival of eider ducklings. The economic 
impact due to the bloom was considerable, 
especially for the fish-fanning industry. 

There are indications that a mass mortality of 
sea birds in the Gulf of Finland in 1992 may 
have been caused by algal toxins, although so 
far no definite link has been established. A spe
cial group of phytoplankton, the dinoflagel
lates, contains many toxic species. Several of 
them occur regularly in the Baltic Sea, espe
cially in the Kattegat. Some of the toxins pro
duced by these dinoflagellates have been 
found in the Baltic Proper, but toxic effects 
have not been reported. In the Kattegat and 
Skagerrak, however, mussels accumulate the 

Affected animals Reference 

Blooms of phytoplankton are common in the 
sea on a world-wide basis. In recent years, 
harmful algal blooms or events have become 
an increasing problem in coastal waters around 
the world. It is generally agreed that the 
increased frequency of blooms and harmful 
events, as well as increased spatial distribution 
of phytoplankton blooms and indigenous 
species all over the world is real [19,626,627] . 
At many places, this increase has been linked 
to the increase of the anthropogenic impact on 
coastal waters. 191J0.33 Walemeversdort (SBP) Prymnesium paMJm fish {250} 

The In tergovernmental Oceanographic 
Commission is presently attempting to evalu
ate the economic impact of the harmful algal 
events on a world-wide basis. This, however, 

Table 8.1.1 Toxic plankton events 
reported from the Baltic Sea Area 
{338] 
(SBP - Southern Baltic Proper) 

' see ANNEX 11 .3 for addresses of authors 

1963 
1970 
1975 
1975 
1982 
1983 
1984 
1988 
1990 
1990 
1991 
1992 

ROgen (SBP) 
DarB (SBP) 
Fehrmam (Bett Sea) 
Danish coast 
Swedish coast 
German coast 
Rnnish coast 
Skagerrak Kanegat, Sound 
smaR coastal inlet, Flllland 
ROgen (SBP) 
shallow coastal lake 
Eastern Gulf of Finland 

Nodularia spum~ena -400 ducks {313} 
Prymnesium paMJm fish {314} 

Prymnesium paMJm fish {250} 

Nodularia spum~ena 30 dogs sick, 20 died {420} 
Nodu/aria spum~na 9 dogs {152,414,430} 
Nodularia spumigena 16 young canle {338} 

Nodu/aria spum~ena 1 dog, 3 pupjiies {538/ 
Chrysochromulina potyfepis large·scale effects {338/ 
Prymnesium paMim fish {419} 
Prymnesium sahans fish {330} 
Prymnesium paMJm sea birds {256} 

{326} 

toxins almost every year, causing economic 
loss following the harvest ban. Other dinofla
gellates in the Kattegat occasionally form 
blooms with such a high biomass, that oxygen 
deficiency develops, when they sink to the 
deep water and consume oxygen during their 
decomposition. Since the beginni ng of the 
1980s, oxygen deficiency in the Kattegat dur
ing the early autumn is a recurrent phenome
non which is spreading over larger areas. 

8.1.2 Species 
distribution 
Species distribution in 1993 - In the unattend-
ed monitoring system [409], 22 potentially 
toxic phytoplankton species were found. The 
material, covering 1993, shows the spatial and 
temporal distribution of the species. In 1993, j 
Aphanizom~non jlos-aquae was present ~n all . 
sea areas during the growth season. Other 
blue-green algal species were more concen
trated in the late summer and autumn. Many 
potentially toxic dinoflagellates were encoun
tered in most areas of the Baltic Sea, and 
Chrysochromulina species were almost con
stantly present in all areas. The material clear
ly indicated differences in the dist ribution pat
terns. 

The analysis of the distribution of harmful 
species material was based on information in 
the HELCOM database and on data gathered 
from national sources. The results are present
ed as species-distribution maps (Fig. 8. 1.1 ). 

Protocemrwn minimw11 

Diatoms and other c/uysophytes - A number 
of potentially harmful diatoms were found in 
the Kattegat, Belt Sea and Arkona Basin (Fig. 
8. 1. 1 ). Only Chaetoceros danicus has been 
reported from the whole Baltic Sea. For some 
reason, Chaetoceros borealis was mainly 
reported from samples taken between 1979 
and 1985. Since then it has been identified as 
C. danicus and thus the earlier reports may be 
false. For the Gulf of Finland, the misidentifi
cation of C. danicus as C. decipiens is also 
possible as the distribution pattern of C. decip
iens appears to be rather unique, i.e., with 
plenty of reports just from the Kattegat and the 
Gulf of Finland, and no reports from other 
areas of the Baltic Sea. Pseudonitzschia-pun
gens has been a permanent part of the phyto
plankton community in the Kattegat, Belt Sea 
and Arkona Basin. Possibly because its ideJlli
fication started only in 1990, P pseitdocfe!i
catissima was reported_ Qnly from 1986 to 
1993. 

material can give a full picture of the distribu
tion of these two species, as their positi ve 
identification requires electron microscopy. A 
toxic strain of the silico-flagellate Dictyocha 
speculum caused fish kills in Danish waters in 
the 1980s. This species has been present in the 
area during the last ten years. 

Two potentially toxic small flagellated chryso
phytes have been reported, Cluysochromulina 
polylepis and Prymnesium parvum. C. 
polylepis had a widely distributed bloom in 
1988. However, it is not likely that the present 

Dinoflagellates - Dinoflagellates are a group 
of phytoplanktQn with potential harmful 
effects on Baltic Sea ecosystems. Several gen
era of dinoflagellates consist of toxic species. 
Two widely distributed genera can be found 
over most of the Baltic Sea. These are 
Dinophysis and Prorocentrum. From the three 
Dinophysis species, D. acuminata may be 
found over the whole Baltic Sea and D. 
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Fig. 8.1.1 Species-related occurrence 
of harmful algal blooms in the Baltic 
Sea 

norvegica from all other areas except the 
Bothnian Bay. D. acuta is lacking from the 
Gulf of Bothnia. The distribution patterns of 
D. acuminata and D. norvegica showed no 
changes, but D. acttla has changed its distrib
ution by expanding into the Baltic Proper and 
the Gulf of Finland during 1986-93. However, 
this should be subjected to a more detai led 
analysis as such a drastic change could also be 
due to problems in the taxonomy of the genus. 
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~ Figure B. 1. 1 continues 

Prorocentrwn balticum has been a common 
species throughout the monitoring period, but 
it seems that P. minimum was more common tn 
the Central Baltic Proper in 1986-93. 

Another group of potentially harmful dinofla
gellates includes marine species found more 
frequently from the Kattegat during 1986-93. 
These species include Alexandrium spp. , 
Gyrodiniwn aureolwn and Scrippsiella tro
cl!oidea. 

Blue-green algae - Blue-green algal blooms 
are a common part of the Baltic Sea ecosys
tem. Although the heaviest blooms are not 
common in the Bothnian Bay, bloom-forming 
species can be found throughout the Bait~~ 
Sea. The species Anabaena lemmermamw, 

information on coastal waters, in which they 
are commonly found. 

8.1.3 Summary 
The assessment has shown that potentially 
harmful algae are present in all parts of the 
Baltic Sea. Thu~ concern. on their dist~ibution \ 
and the momtonng of thetr abundance ts htgh
ly justified. Most of the potentially harmful 
species appear to be found mainly in the 
Kattegat, Belt Sea and Arkona Basin, but clear 
cases of distribution northwards have been 
documented. 

The nature of the material restricts detailed 
analysis of certain species. However, some 
recommendations are possible: 
• The identification of some species requires 
special techniques. If the distribution of small 
flagellates, e.g., Cluysocl!romulina polylepis 
and Pl)•mnesitmr parvwn, is to be monitored, 
their identi fication must be based on electron 
microscopic analysis. Also the species analysis 
of many dinoflagellates requires special tech
niques. A qual ity-controlled system should 
therefore be establ ished for the analysis of taxa 
requiring special techniques. 
• Some species have been reported to the data
base only for a certain period, e.g., from 1979 
to 1985, and not later. This may be due to 
changes in the identification and/or taxono~y. 
However, when these changes occur, the extst
ino database should be critically evaluated and 
co~rected. A critical evaluation should also be 
made if a taxon is divided into two separate 
taxa or if two or more are joined to one taxon. 
• Ail records of potentially harmful species 
should be reported annually to an expert group 
which should confirm the records. 

Aphanizomenon flos -aquae and Nodularia 
spumigena have a wide distri?.ution (Fig. 
8. 1.1 ). Anabaena lemmermannn seems to 
occur over most of the Baltic Sea. However, 
no clear changes in the distribution of blue
oreen aloae can be observed. Another compo-o b 

8.2 SANITARY 
CONDITIONS 
IN COASTAL 
WATERS 

The hygienic quality of the bea~hes is of great 
importance for general recreauonal purposes, 
tourism and other uses. There are natiOnal as 
well as international standards and recommen 
dations for control of the bacteriological qual 
ity of water. Among international guidelines 
can be mentioned those of the European 
Community (EC). One of the first directives 
within the EC in the environmental field was 
adopted in December 1975 (76/l60/EEC}. 

nent of the Baltic Sea blue-green algal com-
munity are species favouring fresh- or dilut.ed 
brackish-water environments. These spectes 
include Coelosphaerium kuetzingianum, 
Microcystis aeruginosa and Planktothrix 
agardhii. In the assessed material, these three 
species showed the same distribution pattern. 
They were reported from the whole Baltic ~ea 
except the Gulf of Bothnia. Two other ~pe~tes, 
Anabaena cylindrica and Anabaena sptrotdes, 
were more frequently encountered during the 
period 1986-93. However, the material lacks 

The systems used for the determination of tlw 

sanitary conditions, e.g., for bathing and 
swimming, are generally based on examina
tions of bacteria, such as coliforms, strepto
cocci, salmonella and enteroviruses in the 
waters. This control is often combined with 
analyses of physical and chemical parameters, 
in addition to visual inspections. The faecal 
coli forms, often being the key parameter in the 
assessments, have a limited survival in marine 
waters. This directs the problems to near-shore 
areas and especially to the mixing zone 
between fresh water and sea water. 

All countries report ing on sanitary conditions 
have pointed out that the conditions at some 
beaches are particularly dependent on meteo
rological conditions, mainly the directions of 
wind or, e.g., a temporary cleaning of the 
beach during a storm. In these cases, the peri
od for prohibition of a beach is dependent on 
the frequency of regular controls or initiatives 
taken by local authorities. Within a wide .arch
ipelago, wliere the isolatioo. and temporary 
stagnation of water exchange is frequent, the 
beaches are especially sensitive. 

The various control routines, the application of 
standards and the categorisation of conditions 

monitoring stations have prohibited bathing, 
which corresponds to 20 banned sites, while 
the number of sites with doubtful bathing 
water quality is 52, including a total of 54 
monitoring stations with doubtful quality. 

Table 8.2.1 National reports on total 
number of beaches controlled mainly 
during 1995, and decisions taken for 
bans on bathing 

Country Total number Doubtful Bathing 
controlled quality prohobited 

Denmark • 990 33 19 
Estonia 33 4 
Finland 100 0 
Germany 306 1" 0 
Latvia 36 0 
Li1huania 20 
Poland 82 15 
Sweden 500 30 

• • monitoring stations (Denmark without the western 
and inland waters) 

•• • Schleswig/Holstein 

di ffer between the countries. It is therefore Estonia 
necessary, to present and comment data on an 
individual national basis. The text presented 
here is compiled by Eeva-Liisa Poutanen, 
Environment Secretary of HELCOM, on the 
basis of information provided by the countries. 

Health protection authorities control the sani
tary conditions at I 00 bathing places, includ
ing 24 larger beaches. Although, bathing con
ditions have been improved during the last 
years, improvement has been faster at the 

Denmark beaches of lakes and rivers than at the marine 
~. beaches. The Coli-index has been in a range of 

The classification of water quality for bathing I I 0,000-70,000, with a pathogenic micro flora 
mainly follows the EC directive, with the being absent in most of the cases. Conditions 
exception of the number of faecal coliforms, at the former most polluted area, the Parnu 
I ,000 per 100 cm3, which is half the value Bight, have been improved. 
accepted by EC. This limit must not be 
exceeded for more than 5 %of the bathing sea
son. 

For 1995, the data were presented together 
with a detai led bathing-water map. The situa
tion in Denmark as a whole, including the 
western and inland waters, showed improved 
conditions compared to 1994. In 1995, there 
were I ,30 I (1994: I ,288) monitoring stations, 
of which I ,225 ( 1994: I ,232) met the water 
quality requirements. Based on the results 
obtained at 22 ( 1994: 23) monitoring stations, 
the number of banned sites was 20 (1994: 21), 
but there were 52 ( 1994: 33) sites with doubt
ful bathing water quality. · 

A calculation of figures relating to the 
Convention Area for 1995 gives a coastline of 
approximately 6,000 km, of which about 4,000 
km are suitable for bathing. Taken together, 
the sites, where bathing is prohibited, cover a 
coastline of I 0 km in length. 

The data presented in Table 8.2.1 show that 22 

In July 1995, Chloreae inaba and Chloreae 
ogava were found on the northern coast at the 
Aa beach. After identification of the non-path
ogenic character of the vibrions, the beach was 
re-opened. The Heiberg vibrio pathogens were 
only detected in occasional cases at the Aa 
beach and the Parnu beach, but rather fre
quently at the beaches of the western coast of 
the Estonian mainland. 

The Paralepa beach in Haapsalu Bight and the 
Stroomi beach (not listed for bathing) were 
closed during the summer of 1995. All the 
ot~er beaches were opened for bathing. 

Finland 

The national c·lassification of the Finnish 
beaches is based on the number of thermotol
erant coliform bacteria and faecal streptococci 
per 100 cm3. Values below 100 indicate good 
conditions, I 00-1 ,000 moderate, while those 
exceeding I ,000 indicate poor quality. 

SPECIAL PROBLEMS 

The first national review concerning the 
hygienic quality of bathing waters in 1995 was 
recently published. 73 %of all beaches were in 
excellent condition according to the Finnish 
standards and only I % were poor. One hun
dred individual coastal beaches are included in 
the EU Bathing Water Directive reporting sys
tem. The quality criteria were met by 80 of 
them, while only one did not fulfi l the obliga
tory requirements (although the poor quality of 
this beach was just temporary). 

A short compilation of the hygienic status of 
50 beaches of the five largest coastal cities was 
done in 1993. In general, the hygienic quality 
of water was good on most study occasions, 
and occasionally poor quality occurred in 
inlets with poor water exchange. During the 
last 4-5 years (from 1992), bans have been 
imposed on only two beaches in these towns 
(once because of the breakdown of a pumping 
station). The water protection measures con
ducted are reflected in the hygienic status of 
bathing water. For example, a third of beaches 
of Helsinki were repeatedly classified as poor 
in the 1960s. Since then, in the 1970s and 
1980s, only a few similar occasions have been 
reported, and during recent years, more than 
half of the beaches are classified as good in 
Helsinki. 

Germany 

Almost 200 bathing sites along the 340 km of 
coastline of Mecklenburg-Vorpommern and 21 
sites on the banks of Bodden areas have been 
investigated by government laboratories in 
Greifswald and Rostock, once a fortnight dur
ing the bathing season ( 15 May to I 0 
September) in 1990-95. Since 1990, investiga
tions and assessments have been based on the 
EC guideline from 8 December 1975 for the 
quality of bathing water. The guideline states, 
how bathing waters are to be judged in accor
dance with hygienic criteria. Total coliform 
bacteria and faecal coliform bacteria, faculta
tively Streptococcus faecalis and, where justi
fied, salmonella and intestinal viruses, are reg
ularly investigated (cf. Table 8.2.2). 

From a sanitary standpoint, chemical investi
gations are of secondary importance. They are 
can·ied out specifically only when a 'tendency 
towards eutrophication of bathing waters' 
exists. 

The site of each sample was visited and an 
appraisal made of its standard hygiene with the 
following result: 
a) Bathing sites found to be very suitable for 
bathing, i.e., no contamination was found : 
1993-113, 1995-133; 
b) Bathing sites found to be suitable for 
bathing, i.e., slight contamination was occa
sionally found : 1993 - 20, 1995- 3; 
c) Bathing sites found still suitable for bathing, 
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Table 8.2.2 Results of swdies on the 
sanitary conditions at about 200 
beaches at the shores of Mecklenburg
Votpommem (Germany), 1993 and 
1995 

i.e., contamination was found: 
1993 - II , 1995 -3. 
Storms and strong accumulations of algae 
deposited on the beach impeded the collection 
of samples and occasionally influence the 
results in a negative way. No bathing sites 
were closed. 

The tendency for the microbial contamination 
to decrease could possibly be explained by the 
installation of, or improvements in waste
water treatment plants (Greifswald, Stralsund, 
Bergen, Kiihlungsborn, Wismar, island Poe!). 

Twenty one bathing sites on the banks of the 
'boddens' (DarB Bodden Chain, Achterwasser 
/Usedom) have permanently a transparency< I 
m, caused by eutrophication. 

Latvia 

The water quality at beaches is monitored 
from May to September. Bathing is not pro
hibited if the lactose-positive coliform bacteria 
(LPCB) content does not exceed 5,000 cells 
per liter, E. coli <I ,000, staphylococci <I 00, 
coliphages <100, and no pathogenic microflo
ra are found. 

Beaches of good quality exist in the north
western part of the Gulf of Riga. Most pollut
ed beaches were from the mouth of the river 
Daugava to the Estonian border, and bathing in 
this territory is prohibited. The water quality of 
Liepaja City beaches occasionally does not 
meet the requirements, and bathing was pro
hibited for several weeks. 

A tendency for microbial contamination to 
decrease is also observed at Jiirmala beaches. 
This could be explained by the recent opera
tion of the Riga water treatment installations, 
as well as by a decrease in the number of visi
tors to the area. Bathing in Jiirmala was pro
hibited only in some cases in year 1993. 

Lithuania 

According to the 1988 requirement, the Coli
index was 500 per 100 cm3. After 1992, this 
standard was changed to 100-500. The hygien
ic service permits beach activities (e.g., 
bathing) when the Coli-index does not exceed 
2,500/100 cm3 and there is an absence of 
pathogens. 

Parameter Number Samples Sam~es >Guide value & Sam~es 

of studies <Guide value <lmperalive value >Imperative value 

1993 1995 1993 1995 1993 1995 1993 1995 

Tolal col~orm bacteria 1,625 1,604 1,457 1,458 152 126 16 20 

(89.7%) (90.0 ,.) (9.3 %) (7.8 %) (1%) (1.2%) 

Faecal coliform bacteria 1,625 1,604 1,363 1,456 238 148 24 16 

(83.9%) (90.8%) (14.6'/o) (9.2 %) (1.5 %) (1%) 

Faecal slreplococci 23 150 13 148 10 2 

Guide yalues: total coliform bacteria per 100 em• tmoeratjye yalyes: total coliform bacteria per 100 

<500; faecal coliform bacteria per 100 cm3 <100; em> <10,000; faecal coliform bacteria per 100 

Streptococcus taecalis per 1 00 em3 <1 00; em3 <2,000 

item b) requirements), 
d) polluted (if more than I 0 % of the results 
comply with the citeria for group IV, but if 
there have been also results complying with 
the quality groups I and II), or 
e) seriously polluted (if more than I 0 % com
ply wi th the citeria for group IV, and there 
have not been results complying with the cri
teria for groups I and I I). 

During 1992-93, beaches in the vicinity of 
Klaipeda were periodically closed. In 1994, 
this happened only on two occasions, but in 
1995, there were no closures. The sanitary 
conditions are affected by discharges from the 
town and by the direction of the wind. 
Maximum mean values for the season, 
I 0,000/100 cm3, were reported from beaches 
at Melnrage during 1991. Via the Klaipeda 
Strait, the mixture of river water and waste 
products closely follows the coastline, moving Irrespective of the level of faecal coliform hac
mainly northwards. The best water quality for teria pollution, the finding of the Salmonella 
bathing is reported from the Neringa beaches sp. classifies the bathing beach as polluted or 
which are to.cated alon~ the coast south of I seriously polluted. 
Klaipeda, facmg the Balttc Proper. 

At the majority of stations, the highest level of 
pollution was observed in 1992, and the low
est one in 1995. Increasing numbers of clean 
bathing beaches were noted in the Slupsk, 
Gdansk and Elblag voyvodships. It is worth 
stressing, that the increase at Elblag voyvod
ship was particularly high, i.e. , from 35 % to 
71 %. Positive changes noted since 1995 are 
the results of efforts made by local authorities 
to decrease the pollution load discharged into 
the sea. The scale of the improvement record
ed in 1995 is compared with the results of the 
four-year research cycle ( 1992-95) and pre
sented in Figure 8.2.1. 

Poland 

The faecal coliform index is used as the key 
parameter of bacterial pollution level. Waters 
are classi fied into four quality groups, accord
ing to the value of this index, with the number 
of faecal coliform bacteri a per I 00 cm3 

increasing in a logarithmic scale, i.e., water 
class 
•I -~100, 
• 11 - 100-1 ,000, 
• Jll - 1 ,000-10,000, and 
• IV - >10,000. 
In compliance with legal regulations, only the 
water quality groups I and 11 are allowed to be 
used for bathing and water sports. 

The frequency of collecting water samples, the 
length of the research period and the method 
of determining bathing usability are regulated 
by the Ministry of Health and Social Care. 
According to them, the examination of beach
es needs to be continued for a period of 9 
months (March-November), and only at those 
sites, where at least 70% of the results comply 
with the criteria for the water quality groups I 
and 11, are allowed to be used for bathing. 

On the basis of the examination results and the 
above mentioned method for estimating sani
tary conditions of sea water, all controlled 
bathing beaches are classified as either 
a) very clean (if all results comply with the cri
teria for groups I and //), 
b) clean (if at least 70 % of the results comply 
with the criteria for groups I and //), 
c) uncertain (in case of minimal excess of the 

I 

Generally, the sanitary state of the water at the 
Poli sh coastal zone in 1992-95 may be 
described as 'satisfactory' based on the fact 
that 72 % of all bathing beaches were 'very 
clean' and 'clean' , 16 % 'uncertain' , 9 % 'pol
luted', and only about 3 % 'seriously pollut
ed'. The sanitary state of the bathing beaches 
situated near the open sea is considerably bet
ter than those situated in Gdansk Bight. This is 
shown below in percentage of the total number 
of bathing beaches for each category. 

open sea 
Gdansk Bijlt 

very dean urx:ertaill poiMed seriously 
and clean polluted 

84 
42 

14 
21 

2 
27 

0 
10 

A permanent improvement of the sanitary state 
of the Polish bathing beaches has been record- I 
ed for the last three years. 

Sweden 

A summary of the bacteriological quality of 
the Swedish bathing areas has been done for 
1993-95, and bathing maps for each county 
were produced. During that period, the EC 
directive was not followed and no chemical 
analyses were done. The frequency of sam
pling varies considerably, from once a week to 
once a year. The recommendation is, that the 
samples should be taken twice a month during 
the bathing season. 

The limits for classification of Swedish beach
es are given in numbers per 100 cm3: 

StMable 

Presumptive E. coli <100 
Presumplive faecal slreplococci <30 
Co6form bacteria 35 'C 

4 
log MPN fecal 
coliform boct. 

3 

2 

6 
tog MPN fecal 
colifom1 baot

5 

4 

3 

2 

Stila~ wi1h Unst.ilable 
resemlions 

IOIJ.I,OOO >1,000 
30-300 >300 
>1,000 

\ 

Around 500 beaches are controlled along the 
Swedish coast. Generally, the water quality is 
very good, but there are a few places with 
higher amount of faecal bacteria, especially 
along the most southern part of Sweden. This 
happens occasionally, and often in connection 
with heavy rain. During the period 1993-95, 
30 beaches have had doubtful quality during 
one or more years. Only one beach is classified 
as not suitable for bathing. 

Fig. 8.2.1 Sanitaty conditions of 
coastal waters along the Polish shore 
of the Baltic Sea, and of the Gdansk 
Bight in more detail, 1995, compared 
to the mean value during the period 
1992-95 

1995 

mean log 1992-95 

1995 

mean Jog 1992-~5 
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SPEC I AL PROB LEMS 

8.3 DUMPING 
OF CHEMICAL 
MUNITION 

8.3.1 Introduct ion 
The various problems to the environment, a1 i' 
ing from dumping of chemical munitions in 
the Baltic Sea Area many years before the 
Helsinki Convention was signed, have been 
dealt with at several meetings in the frame
work of the Convention. ln 1992, the Helsinki 
Commission decided to convene a special 
working group to deal with problems related to 
dumped chemical munitions, taking into 
account that, in the beginning of !he 1990s, 
intensive rumors circulated in the press and 
elsewhere about new dump areas for chemical 
munitions in the Helsinki Convcn1 ion Area, 
and that >300,000 1 of chemical muni1ions had 

I 

been dumped in the Convent ion Area. 

Information on the chemical munit ions 
dumped in the Baltic Sea was compiled by the 
special working group (ad hoc Working Group 
on Dumped Chemical Munition, llELCOM 
CHEMU), under the leadership of Denmark, 
on the basis of national reports provided to the 
Helsinki Commission by all the Conlraeting 
Parties and observers, including from Uni1cd 
Ki ngdom, United States of America and 
Norway, as by end of 1993. The 'Rcpon on 
Chemical Munitions Dumped in the 13al!ic 
Sea' was submitted for approval by !he 
Commission in 1994 [239].The report docs 1101 
contain information on munitions dumped 
after World War I, neither does it contain infor
mation on dumping of conventional ammuni
tion. Information on dumpings up to 1947 is 
included in the report (except for the dumping 
of 200 t by the former GDR in the 1950s). 

The mandate of the working group was pro
longed by the Commission in 1994, with a 
request, to follow and implement the substan
tial recommendations provided in the report. 
All the Baltic Sea States were requested to 
provide the Commission by 1995 with infor
mation and official documentation concerning 
chemical munitions dumped after 1947. 

Following the ·decision by the Commission, 
Denmark, Estonia, Finland, Germany, Latvia, 
Lithuania, Poland and Sweden subsequently 
reported that there were no dumping activities 
of chemical munitions by their respective 
countries after 1947. Information on the 

I 

dumping activit ies by the former GDR after 
1947 was al ready included in the report to the 
Commission [239]. Russia confi rmed that the 
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Russian national report submitted to 
HELCOM contained all available information 
on dumping activities by the former USSR 
[230]. 

The 16th meeting of the Commission endorsed 
the final report of the working group [242] and 
agreed on several proposals for further actions, 
which mainly dealt with studies and investiga
tions of the chemical processes of warfare 
agents and ecological effects of such process
es. Furthermore, the Commission confirmed 
that, according to existing knowledge, dis
solved warfare agents are not a wide-spread 
risk to the marine environment. 

8.3.2 Types, 
quantities and 
properties of 
dumped munition 
Chemical warfare agents are chemical com
pounds which through chemical or biochemi
cal reactions interfere with the physiological 
functions of the human organism in such a 
way, that the combat capability of soldiers is 
impaired or that death is caused. Chemical 
warfare agents are gaseous, liquid or solid sub
stances for anti-personnel use, they are mostly 
contained in shells and bombs. They are 
released in the air or sprayed. 

Chemical weapons were used in World War I 
and caused the deaths of around I 00,000 men 
and disabled about 1.2 106. Although large 
amounts of chemical warfare agents were pro
duced and developed during World War II 
(around 65 ,000 t of warfare agents in 
Germany), they were never used in Europe. 
Mustard gas was the most widely produced, 
accounting for around 39 % of total produc
tion. In Table 8.3.1 , the quantities of chemical 
warfare agents produced in Germany are 
shown. 

Based on their effects, the chemical warfare 
agents can be classified into 
• tear gases (lachrymators): chloroacetophe
none (CAP), 
• nose and throat irritants: Clark I, Clark II, 
Adamsite, 
• lung irritants: phosgene, diphosgene, 
• bl ister gases (vesicants): sulphur mustard, 
nitrogen mustard, Lewisite, 
• nerve gases: tabun, and 
• additives, such as monochlorobenzene, are 
made to the warfare agents in order to change 
their physico-chemical properties. 

Furthermore, the dumped chemical munitions 
might also contain certain amounts of explo
sives. Leaching of persistent and bioaccumula
ble substances (N-compounds) from this mate-

rial might occur. It is worth noting, that most I 
specified quantities of the dumped chemical 
warfare materials referred to in this chapter are 
gross weights based on the weight specifica
tions for the material when it was dumped. 

Around 34,000 t of chemical munitions, con
taining about 12,000 t of chemical warfare 
agents, were dumped east of Bornholm and 
near Gotland in 1947 and 1948, on orders of 
the Soviet Military Administration in 
Germany (SMAD) [230]. In Tables 8.3.2 to 
8.3.4 are given the types of chemical muni
tions and the amounts of chemical warfare 
agents that were dumped. 

Earlier, it was estimated that between 36,000 t 
and 50,000 t of munitions have been dumped 
east of Bornholm and south-east of Gotland 
(south-west of Liepaja). These munitions con
tained chemical warfare agents of the types 
blister-, vomiting-, tear agents and phosgene. 
Based on the information cunently available, 
the estimate of the quantity of chemical muni
tions dumped east of Bornholm and south-east 
of Gotland can be reduced to around 34,000 t. 
However, due to the new information [230] 
and the high proportion of aircraft bombs, the 
average chemical agent content was higher 
than the 15 % hitherto assumed. In earlier esti
mates, the quantities of chemical agents have 

Warfare agent Quantity 
(I) 

Structure Malting 
point 
t•cJ 

Boiling 
point 
t•cJ 

Vapour 
pressure 
(mmHgl 

Aqueous 
solubility 
(g dm'3) 

Chloroaceto
phenone (2-
Chloro-1-
phenyl
ethanone) 

Clark I 
(Diphenyl 
arsine 
chloride) 

Clark II 
(Diphenyl 
arsine 
cyanide) 

Adamsite 
(1 0-Chloro-5-
hydrophen
arsazine(1 on 

1,500 Cl 

CJA.O 

3,900 Cl 

o:~;o 
Arsinic oil * 7,500 

Phosgene 
(carbon 
dichloride 
oxide) 

Mustard gas 
(2,2'-Dichloro
diethyl-sullide) 

Nitrogen 
mustard 
(2,2',2"
Trichloro 
triethylamine) 

Tabun 
(P-Cyano-N,N
dimethyl 
phosphonamid 
acid ethyl 
ester) 

Lewisite 
tdichlor-12-
chlorvinyl)
arsane) 

5,900 

25,000 

2,000 

12,000 

Production 
small, but 
unknown 

~~~al 

HC ~ 
, N-P-0 

H1C Ill CI·~H1 
N 

Ct-._...0 As Ct I 
Ct 

Table 8.3. 1 Important chemical war
fare agents produced in Germany 
between 1935 and 1945 {229] 

54-56 

38-44 

30-35 

195 

-128 

14 

-4 

-50 

-18 

20 •c 

244 1.32 

307-333 16x10'4 1.422 2 

290-346 47x1 0'6 1.45 2 

410 2x10"13 1.65 2x1o·3 

7.6 1,178 3.4 9 

228 0.72 1.27 0.8 

235 1.24 0.16 

246 0.07 1.07 120 

190 0.35 1.89 0.5 

· Mixture of arsenic-containing compounds with the 
main ingredients being Pffificus (phenyldichloroar· 
sine). Clark I, arsenic lrichlorida and triphenyl-arsine 

I 

I 

I 
I 
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Types of chemi-been calculated to be about 6,000 t based on a 
I 5 % level of chemicals in the munitions. 
Table_8.3.5 gives an overview of quantities of 
chem1cal munitions and warfare aoents 
dumped in the Helsinki Convention Area~ 

cal munitions 
and quantities 

Mustard gas As-cont. Adamsile CAP Others Total 

I 
I 

About 200-300 t of chemical munitions 
residues, discovered after 1952 in the former 

I GDR, _were ?umped east of Bornholm [229]. 
In addition, It should be mentioned that wit-

1 
nesses reported that four ships containing 
around 15,000 t of chemical munitions were 
dumped south-west of R!ilnne (Bornholm) in 

of wmfare 
agents dumped 
in the Helsinki 
Convention 
Area under 
control of the 
former Soviet 
Union -in t-
{230] 

Aircraft bombs 6,432 
Artillery sheDs 729 
High-explosive bombs 341 
Mines 46 
Encasements 87 
Smoke grenades 
Conlainers 
Drums 

Total 7,635 

984 642 520 
66 

8,578 
39 834 

341 

221 
46 

753 80 t,l41 
71 

1,004 
71 

20 
1,004 

20 

2,209 1,552 559 80 12,035 

1946. Witnesses also reported that, in 1956 
four decommissioned East German coastai 
patrol vessels were loaded with chemical 
munitions (around 50 t) and were sunk south
west of R!ilnne, and unconfirmed reports claim 
that about 8,000 t of chemical munitions were 
dumped east of Born holm in addition to those 
mentioned in Table 8.3.4 [229]. None of these 
dumpings . have been confirmed by ,other 
sources. 

Table 8.3.2 Total amounts 

Mustard gas As-cont. Adamsile CAP Others Total 

Aircraft bombs 512 78 51 41 
Artillery sheDs 58 682 

5 3 66 High-explosive bombs 27 
Mines 4 27 

Encasements 7 18 
4 

Smoke grenades 
60 91 
6 6 Containers 80 

Drums 80 

------- -- ----Total 608 176 124 44 958 

In I 960, the tabun shells, which were sunk at 
the southern entrance to the Little Belt were 
ra ise~, leaving a residue of about s,oo'o 1 of 
chemical munitions (phosgene and nerve gas). 
However, to date, no catch or findings of 
chem1cal muni tions or parts thereof have been 
registered in the specific area. Only phosgene 
and tabun munitions were dumped, and these / 
substances are rapidly degraded in sea water. I 
In ~ddition , mostly thin-walled bombs, whose 
casmgs rust fairly quickly, were dumped at this 
location [229]. 

Table 8.3.3 Southeast of Gotland (southwest of Liepaja) 

CMs \VAs WA type 
{I) {I) - - -

Bornholm Basin -32,000 -11,000 mustard gas, viscous 
(East ol Bornholm) mustard gas, Clark I, 

Clark II, Adamsite, 
chloroacetophenone; 
{less certain: phosgene, 
nitrogen mustard, tabun) 

East ol Bornholm 8,000 noinlormalion 
(n.v.) 

-

AreaSWol -15,000 no information 
8omholm (n.v.) 

Gotland Basin -2,000 -1,000 mustard gas, Adamsite, 
(SW olliepaja) chloroacelophenone ' ---- -----
Little Belt -5,000 750' tabun, phosgene ~ 

Maseskar, -20,000 .. muslard gas 
WoiSweden (q.n.v.) (other types n.v.) 
(outside the Helsinki 
Convention Area) 

·(estimated at rS%) 
n. v. • not verified 
q.n. v. - quantity not verified 

I 
I 

r.( 

I 

Aircraft bombs 
Artillery sheDs 
High-explosive bombs 
Mines 
Encasements 
Smoke grenades 
Containers 
Drums 

Total 

Mustardgas As-cont. 

5,920 906 
671 
314 

42 
80 203 

924 

7,027 2,033 

Adamsite CAP Others Total 

591 479 7,896 
61 36 768 

314 
42 

693 74 
65 

1,050 
65 

924 
18 18 

1,428 515 74 11,077 

I Table 8.3.4 East of Bomho1m 

Dumping outside the Helsinki Convention 
Area - In 1964, 462 tabun shells were recov
~red from Wolgast harbour (former GDR), set 
In concrete blocks and dumped in the 
Norwegian Sea [229]. From 1945 to 1948, on 
t~e orders of the British and American occupa
II~n forces, confiscated German merchant 
sh1ps were loaded with large quantities of 

Table 8.3.5 ·,Quantities of chemical 
"-u~nitions (CMs) and types and quan
tifies of chemical IVG/fare agents 
(WAs) dumped in the Helsinki 
Convention Area {228-230], and a/ 
Mciseskiir (west of Sweden) in !he 
soli/hem pari of Skagerrak {23 1] 

chemical munitions and these were subse
quent_Iy sunk. Records show, that one ship was 
sunk 111 the Norwegian Sea and 26 named and 
6-8 unnamed vessels were sunk in the 
Skagerrak, together with an estimated 130 000 
t of chemical munitions and conventi~nal 
ammunition, at a position 25 nautical miles 
south-east of Arendal in the Norwegian Trench 
[228,229,232,241]. 

In addition, the wrecks of eight rather small 
naval vessels and a medium-large cargo vessel 
were sunk at a depth of 200 m at a position 
~est _of Mases_kiir lighthouse in the Skagerrak, 
t.e., JUSt outs1de the Convention Area. The 
quanti~~ here has been estimated by Swedish 
autho:ItiCS to be approximately 20,000 t of I 
chemical munitions containing mustard gas. 
~owever, the presence of other types of chem
Ical warfare agents, including nerve gas, can-

1 

I 
I 
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not be ruled out [231]. It has been confirmed 
by United Kingdom [232,241], that ships with 
chemical munitions were sunk in this area. 
However, no information about quantities and 
types of chemical munitions has been 
obtained. 

Furthermore, another two vessels with chemi
cal munitions were sunk at a position close to 
the parallel of the Skew in the Skagerrak, close 
to the border of the Helsinki Convention Area. 
These are probably the ships, which were sunk 
on the orders of the French occupation author
ities, and I ,500 t of chemical munitions were 
dumped in connection with this operation 
[229]. 

In summary, it can be stated that with relative 
certainty around 40,000 t of chemical muni
tions have been dumped in the Helsinki 
Convention Area. It is estimated, that the 
chemical munitions contained no more than 
13,000 t of chemical warfare agents. This fig
ure does not take into account the dilution and 
degradation which have subsequently taken 
place. No information on types of hitherto 
unknown chemical munitions or warfare 
agents has been revealed. 

8.3.3 Dumping 
areas 
Dumping areas in the Helsinki Convention 
Area were identified at locations south-east of 
Gotland (south-west of Liepaja), east of 
Bornholm and south of the Little Belt (Fig. 
8.3.1). In the Little Belt, the water depth is 
around 30 m, and the sea bed is covered with 
mud up to 8 m thick. The rates of sedimenta
tion here are 1-2 mm yr·1• Accordingly, a 
thickness of up to I 0 em may be reached after 
50 years. Therefore, the munitions can be 
expected to have sunk into the soft and muddy 
sediments. The surface current mainly flows 
north-west and south-east at a speed of 0.3-0.5 
m s·1. 

Dumping east of Bornholm in the Bornholm 
Basin was primarily inside a circular area with 
a radius of 3 nautical miles. However, it must 
be assumed that the chemical munitions were 
spread over a considerably larger area during 
dumping. Several factors indicate this, e.g., the 
positions where fishermen have caught muni
tions in their nets and the circumstances of the 
dumpings [228-230]. 

The dumping operations south-east of Gotland 
took place in the Gotland Basin within several 
positions as specified in [239]. The water 
depth in the dumping area is between 70 m and 
120 m. In general, the hydrographic conditions 
are similar to those in the Bornholm Basin, 
with very stable stratification of the water 

-- Transport routes (official) F' 8 3 1 D fi 
••• •• Transport routes (short-cut) tg. · · umping sites or chemi-

masses and only a slight bottom current. 

8.3.4 Dumping 
methods 
During transport to the dumping area east of 
Bornholm, munitions were sometimes thrown 
overboard whi le the ships were en route. 
Therefore, warfare agents are assumed to be 
spread over a considerable area along the 
transport routes. Furthermore, the actual 
dumping of munitions may have taken place 
while the vessels were either drifting or under
way. The fi rst dumping operations took place 
while the munitions were still packed in wood
en boxes, which sometimes were observed to 
drift around before sinking to the bottom of the 
sea. It is stated, that in some cases the boxes 
were washed ashore on Bornholm and on the 
Swedish coast. 

Buoys marking the dumping positions were 
laid out relatively late, i.e., after the dumping 
had been completed. At that time the dumping 
vessels were only equipped with strictly nec
essary navigation equipment, therefore in 
many cases the exact dumping positions are 
uncertain. 

The chemical warfare agents in the eastern 
part of the Helsinki Convention Area were 
mainly dumped in the form of munitions or 
contained in containers. This is in contrast to 
the method used in the Skagerrak and southern 
Little Belt, where complete ships were sunk. 
The very nature of this latter dumping opera
tion has apparently prevented munitions being 
dumped outside the area where the ships were 

cal munitions in the Baltic Sea 

sunk. The fact that the warfare agents were 
inside a ship hull has also prevented further 
spreading. 

8.3.5 Present 
conditions of the 
dumped chemical 
munition 
The chemical warfare agents in the Helsinki 
Convention Area were mainly dumped in 
munitions, mostly in bombs and shells. In 
addition, warfare agents that had not been 
loaded into bombs were dumped in containers. 

The munitions pose a threat only when the 
warfare agent inside is released. This can 
occur suddenly in an explosion, e.g., caused by 
mechanical stress during a recovery operation, 
or slowly as the walls of the shells corrode. In 
the case of the handling of warfare munitions, 
that had been dumped in the Helsinki 
Convention Area, such an explosion has never 
occurred as far as is known. 

The condition of the munitions varies since it 
depends on a number of factors. These factors 
include the original wall thickness, the materi
al of which the body of the munitions and the 
igniter is made, i.e., iron or aluminium alloys, 
and the nature of the dumping area such as 
solid ground, where munitions lie exposed to 
the water or mud, where munitions lying 
buried in the sediment are cut off from an oxy
gen supply. 
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In autumn 1971 and spring 1972, the West 
German Army raised 28 bombs and 15 shells, 
which contained phosgene and tabun, from the 
southern Little Belt. The recovered munitions 
had sunk about 50 em into the mud. An exam
ination revealed, that most had been corroded 
and no longer contained warfare agents. No 
traces of warfare agents were found in the sed
iment and water samples taken in the immedi
ate vicinity [229]. 

In 1989, the research institute of the 
Norwegian Ministry of Defence (Forsvarets 
Forskningsinstitutt) undertook an extensive 
investigation of the ships loaded with muni
tions that had been sunk in the Skagerrak. 
Most of the bombs found in the wrecks or 
nearby had not yet completely rusted through, 
but some were found in this condition [167]. 
Off Born holm, according to the Danish author
ities, greatly corroded munitions and lumps of 
viscous mustard gas were mainly found. 

In conclusion, due to ihe large number of para
meters, theoretical considerations or calcula
tions cannot be used to comment on the condi
tion of the munitions in a particular dumping 
area. Investigations so far have found either 
intact munitions and completely corroded cas
ings, which do not contain warfare agents. 

8.3.6 Behaviour in 
the environment 
An overview of the most important physico
chemical properties, influencing the beha'viour 
of warfare agents in the environment, is given 
in [239]. The behaviour of chemical sub
stances in the marine environment depends 
both on the chemical and physico-chemical 
properties of the substances and on environ
mental factors, such as temperature, salinity 
and the pH value of the water. As the pH value 
of sea water is rather constant around 8, salin
ity and temperature are the main environmen
tal parameters that influence chemical reac
tions here. The solubility of the compounds 
and the speed of chemical reactions both 
increase with a rise in temperature. With an 
increase in temperature of 10 °C, the speed of 
reactions generally doubles. Water tempera
tures in the Baltic Sea vary between 0 and 20 
°C, i.e., reactions occur 4 times faster at 20 °C 
than at 0 oc. However, in the water above the 
seabed in the Baltic Sea, the temperature vari
ation is much less, typically between 2 and 12 
oc. 

Dissolution of the chemical warfare agents 
into the sea is considered as the crucial first 
step in the degradation of the compounds. 
Besides a rise in temperature, the process of 
dissolution is increased by current movement. 
The solubility of the various chemical warfare 

agents varies from good (tabun) to very poor 
(Adamsite, viscous mustard gas). However, it 
should be noted, that poor solubility retards 
the process of degradation. 

The behaviour of warfare agents in the marine 
environment is additionally influenced by the 
physical properties of the agents. For instance, 
a warfare agent in viscous or highly viscous 
form, or in lump form, can be caught in nets. 
This cannot happen to substances in liquid or 
powder form. This is one reason why most 
accidents with warfare agents so far have 
involved viscous mustard gas. Because of the 
admixture of thickeners, viscous mustard gas 
is the only warfare agent occuring in large 
lumps that are mechanically relatively stable. 
Other warfare agents are also resistant to sea 
water, e.g., Clark and Adamsite. 

All warfare agents react with sea water, but 
reaction rates can vary enormously depending 
on the chemical structure of the different 
agents. Through hydrolysis, new compounds 
are formed which have different properties 
from those of the original warfare agents. Such 
reaction products are usually no longer toxic 
or are less toxic and generally dissolve better 
in water. Investigations on the behaviour of 
warfare agents under Baltic Sea conditions 
exist only for a few substances. For this rea
son, their behaviour can often only be 
described qualitatively, as details of the rates at 
which the processes occur are not available. 

Almost all warfare agents are broken down at 
varying rates into less toxic, water-soluble 
substances. Some compounds, however, show 
an extremely low solubility and slow degrad
ability (viscous mustard gas, Clark I and II, 
and Adamsite). These, however, cannot occur 
in higher concentrations in the water, therefore 
a wide-scale threat to the marine environment 
from dissolved chemical warfare agents can be 
ruled out. However, elevated levels of sparing
ly soluble Clark, Adamsite or mustard gas in 
viscous form might occur in the sediment in 
the immediate vicinity of dumped munitions. 

Relocation by currents and threat to tlze coast 
- Two ways of relocation of dumped chemical 
munitions have been considered by the work
ing group [239], i.e., relocation by hydro
graphic conditions and relocation by fishing 
activities. The possibility, that chemical muni
tions or lumps of viscous mustard gas can be 
washed ashore, is extremely unl ikely. Almost 
all of the dumped chemical warfare agents 
have a density> I. The only exception is tabun 
with a dehsity close to I. Near-bottom currents 
in the dumping areas are too weak to move the 
heavy munitions, which are mostly covered by 
mud, or to force them into upper layers of 
water. Likewise, lumps of viscous mustard 
gas, which have a density of about 1.3- 1.5 g 
cm·3, will not be shifted far by the currents. 
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Except for the few cases referred to in [239], 
there have not been any confirmed reports of 
bombs or bomb remains being washed ashore 
on Danish, Swedish, Polish or German territo
ries, since the dumped warfare objects were 
settled on the seabed. Again, except in a few 
cases, rumours about mustard gas finds on 
beaches did not stand up to later investigation. 

The conclusion, that warfare agent residues 
from the dumping areas in the central part of 
the Baltic Sea cannot be washed ashore by cur
rents, is supported by the fact that the seabed 
currents in the area are rather weak and main
ly easterly. Material released from the seabed 
will thus move into the Baltic Sea. In addition, 
the dumped material needs to be moved 
upwards from a depth of up to 100 m in order 
to be washed ashore. 

A relocation by hydrographic conditions is 
unlikely. Therefore, a threat to coastal areas of 
the Helsinki Convention Area from residues of 
warfare agents or chemical munitions washed 
ashore is unlikely. 

8.3. 7 Threats 
Based on present knowledge, a widespread 
risk to the marine environment from dissolved 
warfare agents can be ruled out. Elevated lev
els of sparingly soluble Clark, Adamsite or 
viscous mustard gas may, however, occur in 
the sediment in the immediate vicinity of 
dumped munitions. Because of the very limit
ed extent of the agents, however, no threat is 
posed to marine flora and fauna according to 
current information. No detrimental effects on 
the marine environment due to warfare agents 
have so far been observed. 

Insufficient ecotoxicological data is available 
for most of the chemical warfare agents. 
Further investigations should be carried out 
with a special emphasis on mustard gas, chlo
rinated additives and arsenic compounds. 

Discoveries of warfare agents during fishery 
outside the dumping areas happen from time to 
time. The problem is recognised especially in 
the area east of Bornholm. Here, fishermen 
operating repeatedly find bombs, shells and 
fragments thereof, and lumps of mustard gas 
in their bottom-trawl nets. There are several 
explanations for the spread of munitions. 
During transport to the dumping area east of 
Bornholm, munitions have been thrown over
board while the ships were en route. Warfare 
agents are assumed to be spread over a consid
erable area along the transport routes. 
Furthermore, the munitions have sometimes 
been thrown overboard from drifting or sai ling 
vessels. The first dumping operations took 
place while the munitions were still packed in 
wooden boxes, which sometimes were 
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observed to drift around before sinking to the 
bottom of the sea. However, spreading of the 
chemical munitions are also done unintention
ally by fishing vessels when trawling. In this 
way, chemical munitions can be dragged about 
in the trawl over the sea bed without being 
caught. Furthermore, on some occasions muni
tions recovered by fishermen have probably 
been thrown back into the sea, possibly a long 
way from the position where they were initial
ly dumped. 

The dumping areas are pronounced as foul 
with an "anchoring and fishing not recom
mended" on nautical charts. However, since 
fishing in these areas is not prohibited, com
mercial fishing can occur. In order to avoid 
problems, considerably larger areas encircling 
the dumping grounds have been designated as 
risk areas on the nautical charts. In Denmark 
and Sweden, rules have been laid down for 
fishing in these areas through various legisla
tions. For example, it is obligatory for the ves
sel to carry protective clothing and fi rst aid for 
chemical warfare agents. 

The detailed regulations on the handling of 
caught chemical munitions include the desig
nation of appropriate authorities to, among 
other things, assess the chemical munitions 
caught and to advise fishermen whether to re
dump or bring the munitions ashore. If the 
chemical munitions pose a risk of explosion, 
they will be re-dumped after consultation with 
the appropriate authorities. This is done in 
accordance with the decision at the 9th 
Meeting of the Helsinki Commission in 1988 
(HELCOM 9/16, Paragraph 8.12). On the 
other hand, if, after close examination of the 
material caught, experts do not find that it 
poses any risk of explosion, it will be brought 
ashore and deposited in special depots, until it 
can be transported to a destruction facility. 
Afterwards, the vessel and its gear will be 
decontaminated fo llowing specialized proce
dures, and the appropriate authority has to 
approve the vessel and gear before fishing is 
re-commenced. 

As mentioned above, spreading of dumped 
chemical warfare material is to some degree 
caused by fishermen re-dumping chemical 
warfare equipment which had been caught in 
fishing nets, possibly a long way from the 
position where it was dumped originally. 
Fishermen from Denmark, Greenland and the 
Faroe Islands have access to ex gratia com
pensation from the Danish State, but only 
when chemical warfare agents are caught out
side the areas pronounced "anchoring and fish
ing not recommended", and on condition that 
the catch of fish, contaminated by chemical 
warfare agents, is destroyed. It should be 
added, that of I 03 cases of chemical warfare 
material catches registered by Denmark in 
1991 , only 5 cases involved "foreign" fisher-

men. 

It is generally accepted that since Denmark 
compensates its fishermen if they destroy con
taminated catches, fairly reliable Danish statis
tics exist about reported finds of warfare 
agents. Fishermen from other nations border
ing the Helsinki Convention Area are not 
obliged to notify the authorities of such find
ings. Accordingly, only incomplete figures 
exist on warfare agent finds by fishermen from 
other countries. Information has been provided 
by Germany, Latvia, Lithuania, Poland and 
Sweden. 

Table 8.3.6 gives the figures for total amount 
of chemical munitions caught and registered 
by Denmark east of Bornholm during the peri
od 1985-92. The reasons for the increase in 
1991 are still unknown. This is probably due to 
a combination of different factors, like the 
spreading of dumped munitions, and increased 
fish ing as a result of decreased cod stocks in 
the Baltic Sea. It should be mentioned that the 
number of catches of munitions registered by 
Denmark in 1993 is less than ten. 

Table 8.3.6 Total numbers and weight 
of chemical munitions (CMs) caught 
east of Bomholm and registered by 
Denmark in the period 1985-92 {228] 

Number of CM mass landed Ct.ls 
"catches" (kg) (kg) 

1985 46 2,695 585 
1986 41 1,830 370 
1987 14 582 175 
1988 19 1,044 115 
1989 42 1,966 120 
1990 19 979 182 
1991 103 5,378 269 
1992 58 2,597 100 

total 342 17,072 1,917 

Germany has reported 13 cases. Only the inci
dents in which crews were injured are known, 
so far with no major fatalities. Alll3 incidents 
occurred east of Bornholm in the area pro
nounced "Foul chemical munitions" and 
"Anchoring and Fishing Dangerous", or in the 
immediate vicinity [229). Sweden has reported 
4 incidents with mustard gas from this area 
since 1980, one involving a fishing vessel 
from Estonia [233]. Due to the fact that in the 
Gotland Basin the composition of the muni
tions is similar to that in the Bornholm Basin, 
a similar assessment of the risks to fisheries 
applies, but on a smaller scale. 

Latvia has reported fishermen's contact with 
chemical munitions. The contacts took place 
from the 1950s to the 1970s, and in some cases 
later. The locations of these catches were with
in the dumping area south-east of Gotland. 
Most findings were in the 1950s, and in some 
instances the contacts have led to fishermen 
being injured [234]. 

Sweden has reported 4 fishing vessel incidents 
involving dumped chemical warfare agents 
south-east of Gotland since 1980. Two inci
dents involved mustard gas and the others 
Clark I and CAP [231]. Likewise, Lithuanian 
fishermen occasionally have had contact with 
chemical weapons in the area. One episode 
from 1986 is reported (56°20' N I 19°48' E), 
where fishermen after contact with a mustard 
gas bomb were hospitalized [235]. 

In the Polish exclusive economic zone, there 
have been 16 identified findings of outdated 
ammunition and weapons. Chemical muni
tions have occurred in one of those areas. 
Judged from the coordinates given (54°37' N I 
15°39' E), this area is on the route which the 
ships used to the dumping area south-east of 
Gotland [236]. 

The very nature of the dumping operations in 
the area south of the Little Belt has apparently 
prevented accidental or deliberate dumping of 
munitions outside the area where the ships 
were sunk. The fact that the chemical muni
tions were inside a ship hull, has also prevent
ed further spreading. In this area, only easily 
degradable warfare agents (tabun and phos
gene) were dumped. 

Potential risks to consumers - Contracting 
Parties have control procedures for fish and 
other types of seafood, before they reach con
sumers. According to the existing knowledge, 
no content of mustard gas or other chemical 
warfare agents have been found in edible fish 
or other types of seafood. Given the present 
knowledge, the chemical warfare agents do 
not constitute a problem in terms of food toxi
cology. 

NEW MONITORING 
ASPECTS 

Surface layer salinity in Gulf of 
Finland as estimated with a two
layer hydrodynamic model 
(Kai Myberg, Finnish Institute of 
Marine Research) 
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9.1 STUDIES ON PELAGIC 
BIOLOGY FROM FERRIES 
E. Rantajiirvi1, S. Hcillfors, J.-M. Leppanen 

9.1.1 Introduction [ 
The aim of this paper is to demonstrate the 
importance of appropriate sampling frequency 
in evaluating regional differences and long
term trends in phytoplankton. Furthermore, it 
gives proposals to improve the current BMP 
phytoplankton monitoring programme in order 
to reliably measure the changes in phytoplank
ton. 

The Second Periodic Assessment of the State 
of the Marine Environment of the Baltic Sea 
[220] revealed the difficulty of using the phy
toplankton data (chlorophyll , primary produc
tion, biomass), collected by the Contracting 
Parties according to BMP Guidelines [216] , in 
long-term trend analysis. With that data set it 
was even difficult to show regional differences 
in the trophic levels. The main reason for this 
was the very limited spatial and temporal sam
pling frequency in the data collection as well 
as difficulties in comparing the results from 
different laboratories (cf. [223]). The increase 
in the sampling frequency was a major sug
gestion in the Second Periodic Assessment 
[220] in order to improve the possibility of 
using the BMP data to evaluate the state of the 
Baltic Sea. 

The small-scale variability in phytoplankton in 
the Baltic Sea was demonstrated by many 
studies (cf. , e.g., [306,308,309,311,341]). A 

1 see ANNEX 11 .3 for addresses of authors 

method to detect the lateral distribution in 
plankton, was described [31 0]. It was based on 
flow-through fluorometry (cf. [424]). In the 
Baltic Sea, the method was fi rst used on 
research vessels [308,407]. For economic and 
practical reasons, it is not possible to increase 
the temporal sampling frequency by using 
only the research vessels for data collection. 
An unattended sampling device and data col
lection procedure was tested [408], and further 
developed [409,560]. The unattended sam
pling device has been in operational use since 
1992, and is the basic data source for a com
prehensive early-warning network on plankton 
blooms in the Baltic Sea. 

9.1 .2 Material and 
methods 
In this chapter, data from 1992 and 1993 are 
used to make the assessment. The data were 
collected using automated equipment housed 
on the passenger ferry Fhmjet. The Finnjet 
crosses the whole Baltic Proper and the west
ern Gulf of Finland from Helsinki to Trave
mi.inde twice a week from September till May, 
and three times a week from June till August 
(Fig. 9.1.1). 

A sampling device, consisting of a flow- ~ 
through fluorometer, a thermo-salinograph, a 

Fig. 9.1.1 Route map of 
the fen)• Finnjet and the 
regional division of the 
data used in this paper 
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Fig. 9.1.2 Number of chlorophyll 
observations ( 1 11.111. average values) 
in different regions of the Baltic Sea 
during the growth periods 

GPS navigator, a desktop PC and a refrigerat
ed water sampler, was installed on board the 
ship. Water was pumped constantly through 
the sensors from a fixed depth (about 5 m) 
while the ship was moving. The spatial resolu
tion of the frequently recorded parameters (in 
vivo fluorescence, temperature, salinity) was 
I 00-200 m, while the temporal frequency was 
about 1-3 days depending on the schedule of 
the ferry. Every week, 24 water samples were 
collected during one voyage of the ship. 

Nutrient concentrations in water samples were 
analyzed at the laboratory of the Finnish 
Institute of Marine Research after the ferry 
arrived in Helsinki harbour. For details on the 
sampling device and methods cf. [406,560]. 

For practical reasons, the recorded data was 
averaged over one nautical mile, giving in 
!992 and 1993 a total of 68,183 and 75,958 
records, respectively. Although this treatment 
decreased the original data by almost tenfold, 
this did not negatively influence the spatial 
distribution pattern [560]. 

The data compiled are divided according to 
growth seasons and sub-regions. The growth 
seasons are spring (March-May), summer 
(June-August) and autumn (September
October). The division of the sub-regional 
areas is presented in Figure 9. 1.1, and the 
regional and seasonal distribution of the num
ber of observations ( l nautical mile average 
values) in Figure 9.1.2. 

9.1.3 Results 

9.1.3.1 Variation in 
chlorophyll a concentra· 
tions 

The frequency distribution of the chlorophyll a 
concentrations in spring (Fig. 9.1.3) is very 
skewed and close to the log-normal distribu
tion, i.e., low concentrations predominate 
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while high concentrations are infrequent, even 
during the peak phase of the bloom. In summer 
and autumn, the concentration distribution was 
closer to the normal one (Fig. 9.1.3). 

The regional coefficient of variation ranged in 
spring between about 40 % and 170 %. In 
summer and autumn, the coefficient of varia
tion were about 40 % and 10-40 %, respec
tively. The regional differences in total varia
tion were pronounced (Fig. 9.1.4). 

120 

Fig. 9.1.3 Frequency distribution of 
chlorophyll concentrations (mg nr3, 

1 11.111. averages) during different 
growth periods in 1993, as measured 
with the unattended high-frequency 
recordings 

Fig. 9.1.4 Coefficient of variation 
(o/o) of chlorophyll concentrations in 
different regions during the growth 
periods in 1992 and 1993, respective
ly. 
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9 .1.3 .2 Regional distribu· 
tion of chlorophyll a and 
nutrient concentrations 

The differences in the regional distribut ion 
pattern of chlorophyll concentrations were 
more distinct in spring than in summer and 
autumn (Fig. 9.1.5). In addition, the regional 
distribution pattern varied between subsequent 
years for spring much more than it did for the 
other growth periods. 

In 1993, the highest nitrate nitrogen concen
trations before the onset of the vernal bloom 
were measured in the Western Gulf of Finland. 
In summer and autumn, nitrate-nitrogen con
centrations close to the detection limit were 
recorded in all areas (Fig. 9.1.6). Highest ini
tial phosphate-phosphorus concentrations 
were recorded in the Western Gotland Sea 
(Fig. 9. 1.6), and phosphate was almost depict 
ed only in the southernmost and northernmost 
regions. 

9.1 .3.3 Regional repre
sentativeness of a fixed 
station 

The regional representativeness of a lixl·d 
sampling station was studied using the hij-lh 
frequency data collected in 1993 in the At ~onn 
Sea and the Northern Baltic Proper. Thrn· dil 
ferent data sets were used, i.e., 
- all high-frequency recordings done in Olll' wu 
basin (transect data), 
- recordings picked up from the prcviou~ dull! 
set at a fixed site (station data), and 
- chlorophyll data from the HELCOM liM I' 
database (compilation of stations data ). 

The highest differences between the datu Sl' l ~ 
were in the Northern Baltic Proper, but the dis 
tribution pattern between the sets also va1 k·d 
in the Arkona Sea (Fig. 9.1 .7). The Ar~ona Sea 
was found to be well sampled in the Ill ~ I .C'OM 

BMP data set, especially in 199J. The 
HELCOM data for that year comprised a total 
of 138 measurements (0-1 0 rn layer means) at 
19 stations, sampled partly th ree times per day 
(Table 9 .I. I). 

9.1.4 Discussion 
The spectrum of variabili ty in the phytoplank
ton field covers a wide variety of scales 12081. 
The importance of the various spatial and tem
poral scales to the environmental monitoring 
of the marine ecosystem has been shown earli
er [337] . The small-scale variabil ity in chloro
phyll is controlled by turbulence, whi le in the 
large-scale range, the growth rate of phyto
plankton is a predominant factor (cf. [I 38]) . 
The small-scale variability has a pronounced 
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Fig. 9.1.5 Box-and-whisker plots on 
the seasonal variability in the chloro
phyll concentrations (mg m·3) in the 
different regions in 1992 and 1993, 
respectively 

The plolting procedure divides the data into four 
parts of equal frequency. The box encloses the mid· 
die 50 %. The horizontal line inside the box repre·, 
sents the median. The vertical lines extend from the; 
first and third quartile to the smallest and largest ' 

_data point within 1.5 interquartile ranges, respec
tively. 'Outliers' are indicated with dots and + signs. 
2 · Mecklenburg Bight, 3 • Arkona Sea, 4 - Western 
Bornholm Sea, 5 • Northern Bornholm Sea, 6 · 
Western Gotland Sea, 7 • Eastern Gotland Sea, 8 • 
Northern Bailie Proper, 9 • Western Gulf of Finland; 
cr. Fig. 9.1.1 

.. 
Fig. 9. 1.6 Variability innitr~te-Jtjtro
gen (N03) and phosphate-phosphorus 
(P04) concemrations (mmolm·lj in 
different areas of the Baltic Sea, 1993 

2 • Mecklenburg Bight, 3 • Arkona Sea, 4 • Western 
Bornholm Sea, 5 • Northern Bornholm Sea, 6 · 
Western Gotland Sea, 7 · Eastern Gotland Sea, 8 · 
Northern Bailie Proper, 9 · Western Gulf of Finland; 
cf. Fig. 9.1.1 
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effect on the chlorophyll concentrations mea
sured on each sampling occasion. Therefore, 
the sampling has to be designed according to 
the scales relevant to phytoplankton, in order 
to get appropriate data for the evaluation of 
basin-wide and long-term variabi lity. 
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Fig. 9.1.7 Monthly variability in the 
chlorophyll a concellfrations 
(mg nr3

, 1 n.111. averages) according 
to the spatial and temporal sampling 
frequency in the Arkona Sea and in 
the Northem Baltic Prope1; respec
tively, in 1993 

The uppermost figures represenl data sets with all 
high·frequency recordings done in lhe sea basins 
(transect dala). The middle figures represent data 
sels created by picking up records from the lransecl 
data al fixed single sites (stalion data). The lowesl 
figures represenl HELCOM BMP data (compilation 
of stalions data). 

data acquisition and reporting system, which is 
based on the unattended recordings and sam
plings on ferries (Fig. 9.1.8). The high-fre-

) quency data used in the preparation of this 
chapter have been collected under project. 

Information on the phytoplankton species 
composition is a prerequisite in order to under-

Eutrophication increases the occurrence, 
intensity and duration of the blooms 
[189,190], rather than leading to an even 
increase in the chlorophyll concentrations. The 
present chapter reveals, that the frequency dis
tribution of chlorophyll concentrations shows 
the predominance of small concentrations in 
the sea, even during the bloom events. This 
decreases the probability of recording the peak 
values using low-frequency sampling, and 
produces very low average values. The present 
data confirm also, that sampling at fixed sta
tions, even with high temporal frequency, 
gives clearly different pallerns in the chloro
phyll variability compared to those obtained 
for both spatially and temporally high sam
pling frequency on basin-wide transects. This 
phenomenon is even more pronounced when 
these data are compared to data obtained with 
low-frequency sampling according to the pre
sent BMP of HELCOM. 

/ 
stand changes in the plankton community. In 
an unattended measuring system, the tluores-

1 
cence recordings enable the preselection of the 
water samples for time-consuming phyto
plankton species determination . Thus, Furthermore, it is unlikely that sparse sam

pling frequency could detect exceptional 
blooms. The present reporting system of 
HELCOM is not helpful for rapid information 
exchange on any exceptional event, and can
not act as an early-warning system for, e.g., 
harmful algal blooms. The Algalil1e Project, 
carried out by the Finnish Institute of Marine 
Research, has developed an extensive and fast 

although ihe number of samples analyzed can 
be reduced, the necessary information on the 
bloom-forming species is still obtained. In 

/ addition, systematic monitoring of phyto
plankton species composition yields compre
hensive data for the analysis of phytoplankton 
community changes and represents a rel iable 
method of mapping harmful species [409]. 
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At present, the total number of phytoplakton 
samples counted per year within the 
HELCOM BMP is about 200, compared to 
400-500 samples analyzed by the Algaline 
project which is based on the abundance 
method [409]. The collection of more samples, 
in which the number of phytoplankton species 
and abundances are determined, could give 
more appropriate information on phytoplank-
ton community than the counting of only a few 
samples, with exact biomass information but 
with very limited spatial and temporal cover-
age. Unattended data collection is based on 
three ferry lines. The dense ferry route net-
work in the Baltic Sea makes it very easy to 
select additional lines to improve the regional 
coverage of the data. 

Month Sample Average Minimum 
number (mg m·3) (mg m·3) 

Ar1<ona Sea 
a) Finnjet 3 1,415 3.6 0.7 

4 1,1 35 4.5 1.2 Total transects 
5 1,628 2.6 1.1 
6 1,892 1.9 0.5 
7 2,033 2.9 0.7 
8 1,569 3.1 1.7 
9 1,512 3.1 1.2 

10 936 3.9 2.6 

b) Finnjet 3 9 3.3 0.8 
9 2.9 1.6 Fixed station 4 

5 12 2.6 1.5 
6 11 2.0 1.1 
7 13 2.9 1.9 
8 12 2.7 1.8 
9 10 2.8 1.4 

10 6 3.8 3.0 

5 1.2 0.7 c) HELCOM 1 
stations 2 6 1.0 0.5 

3 22 4.9 0.9 
4 10 2.1 0.7 
5 20 1.3 0.3 
6 10 1.7 0.9 
7 10 2.1 1.4 
8 19 2.1 0.6 
9 2 1.8 1.7 

10 18 3.3 1.5 
11 12 2.5 1.0 
12 4 1.4 1.0 

Northern 
Battic Proper 

3 1,768 1.2 0.8 a) Finnjet 
Total transect 4 1,174 7.2 1.2 

5 2,018 7.4 2.2 
6 2,197 2.5 0.8 
7 2,578 4.5 2.2 
8 1,971 3.9 2.8 
9 1,852 4.3 0.7 

10 1,159 4.5 3.0 

3 6 1 .4 0.9 b) Finnjet 
Fixed station 4 6 8.9 1.4 

5 9 7.0 3.1 
6 8 2.0 1.2 
7 10 4.7 2.4 
8 7 3.8 3.4 
9 8 3.9 12.0 

10 7 5.2 4.0 

c) HELCOM 4 2 2.1 1.5 
stations 5 3 1.8 1.2 

6 3 3.2 2.3 
11 5 2.6 1.5 
12 3 0.8 0.4 

llection Fig. 9.1.8 Data co 
and reporting syst em of 

ct at the the Algaline proje 
Finnish Institute o if 
Marine Research 

I 

Maximum cv I 
(mg m·3) (± %) 1 

I 
I 
I 
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13.8 81 I 
23.9 76 I 

I 6.2 33 I 
4.0 30 I 
7.2 25 I 
4.3 15 I 

I 6.8 33 I 
8.7 21 I 

I 
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4.3 35 I 
2.8 31 I 
3.9 19 I 
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I 
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I 
I 
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54.0 81 I 
7.21 39 I 
10.7 30 I 
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I 9.5 31 I 
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15.8 60 I 
3.0 25 I 
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3.8 38 I 1.2 47 I 

Evaluation and compilation of 
results at the Finnish lnstitule 
of Marine Research 

Environmental authorities I Media I 

lnccmprehensive 
l<rlooMedge 
on state and 
development 
of the marine 
envirorunent 

NEW STRATEGY 

Extensive but inexpensive 
effective sampling 
programme 

WOII·planned. specialized 
case studies on fluxes 

Table 9.1.1 Basic 
statistics of chloro
phyll data 

Comprehensive 
knowledge 
on state and 
development 
of the marine 
environment 

Fig. 9.1.9 Achievements 
of the new monitoring 
strategy compared to the 
present one 

If systematic monitoring of some phytoplank
ton parameters, agreed upon by the HELCOM 
Contracting Parties, is concentrated at research 
institutes with appropriate QA procedures, the 
data compatibi lity would improve pro
nouncedly by comparison with the present sit
uation. The data acquisition on ferries cannot 
totally replace the sampling made on research 
vessels. However, it can provide essential and 
supplementary information for the traditional 
programmes. It could even be an alternative to 
the traditional phytoplankton monitoring pro
gramme of HELCOM (Fig. 9.1.9). 

9.1.5 Summary 
The aim of this chapter was to demonstrate the 
importance of sampling frequency in evaluat
ing regional differences and long-term trends 
in phytoplankton. High-frequency sampling 
has been carried out on ferries using various 
automated analyzers and sensors. Chlorophyll 
a is used here as an estimate for phytoplankton 
biomass. The frequency distribution of chloro
phyll concentration shows the predominance 
of small concentrations in the sea, even during 
the biomass peak phases. The low temporal 
and spatial sampling frequency most probably 
leads to underestimation of the actual levels, 
because the probability of recording the peak 
values is low. Sampling at the fixed stations, 
even with high temporal frequency, gives a 
clearly different pattern for the basin-wide 
phytoplankton variability compared to that 
from both spatially and temporally high-sam
pling frequ~ncy on basin-wide transects, This 
difference is even more pronounced when 
high-frequepcy data are compared to the data 
obtained with low-frequency sampling accord
ing to the present Baltic Monitoring 
Programme of HELCOM. 

The data acquisition on ferries can give essen
tial supplementary information to the tradi
tional programmes and it could even be an 
alternative to the phytoplankton monitoring 
programme of the HELCOM. 

9.2 ECOLOGI· 
CAL MODELS 
IN EUTROPHI· 
CATION STUD· 
IES 
F. Wulff, J. Elk en 

Anthropogenic impact on the Baltic Sea 
ecosystem is influenced by a complex system 
of biogeochemical processes [283]. The 
response is modulated by significant natural 
changes linked to variable meteorological,and 
hydrological forcing (cf. Chapter 2), appearing 
also as stagnation periods following ~he n~ajor 
salt water inflows. The regional sub-systems 
of the Bal tic Sea, from . the Kattegat to the 
Bothnian Bay, are intimately connected and 
present a gradient from a nitrogen limited 
eutrophic system to a phosphorus limited olig
otrophic system. From a management perspec
tive, efforts to reduce loads of eutrophic sub
stances are likely to have highly different cost-

1 see ANNEX 11.3 for addresses of authors 
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benefits, depending on where these reductions 
are applied. 

Response of the marine ecosystem to changing 
inputs of the eutrophic substances nitrogen and 
phosphorus can be determined by an ecologi
cal model [549] , which handles input from the 
land and the atmosphere, export-import fluxes 
between adjacent sea regions (based on a bud
get or hydrodynamic module), exchange of 
nutrients with the seabed (sedimentation and 
resuspension), and biogeochemical cycling in 
the water column (hydrodynamic transports, 
biological consumption and regeneration of 
nutrients within the food web, sedimentation 
of organic material, regeneration of inorganic 
nutrients from organic material, denitrifica
tion). 

Empirical relationships between inputs of 
nutrients and the conditions in the sea can be 
found on the basis of long-time series of data. 

'This allows for the development of nutrient 
budgets and empirical models for the entire 
Baltic Sea [724,725], and for sub-regions like 
the Gulf of Riga [731] and the Gulf of Bothnia 
[728]. Results from empirical models have 
been used to develop management strategies 
for the Baltic Sea [723]. While such models 
have a good analytical capability, their predic
tive power is rather limited. 

Predictive process-oriented 'mechanistic' 
models depend critically on the way in which 
the exchange fluxes and biogeochemical 
cycling processes are parameterized by the 
model state variables. The first realistic simu-

. lation of long-term nutrient changes in the 
Baltic Proper was made using a coupled phys
ical-biogeochemical 'filling box' 10 model for 
nitrogen and oxygen dynamics [641]. There is 
also a family of ecological models applied to 
the entire Baltic Sea or its sub-regions that 
contain di fferent ecological approaches and 
mathematical formulations [/44,145,165,596, 
650]. The long residence time of water in the 
entire Baltic Sea system of several tens of 
years results in rather long response times for 
the load changes. This requires high-quality 
standards for the models. A common agree
ment between scientists about the conse
quences of the nutrient-loading scenarios for 
the whole Baltic Sea system, however, is still 
missing. Integrated modelling approaches, 
combining different models, are under devel
opment within the EU-MAST3 project BASYS 
[7~6] . 

Local sea areas allow for easier implementa
tion of ecological models as management 
tools. Due to shorter residence times for water 
and nutrients, the models may be calibrated on 
a seasonal cycle to simulate the variations 
throughout a typical year. The models may be 
run with the nutrient boundary conditions 
obtained from observations, assuming that 

variable nutrient export will not alter the con
ditions in the adjacent larger region. This 
requires measurements with a fine resolution 
at the boundaries. 

Potential effects of reduced nitrogen loading to 
the Kattegat and Belt Sea have been studied by 
the use of the MIKE/2 model [606]. The 
effects of the reduction scenarios have been 
evaluated using the criteria of annual minimal 
oxygen concentrations in the bottom layer. In 
the Kattegat and Great Belt, implementation of 
the Danish Action Plan on the Aquatic 
Environment, which aims to achieve a 50 % 
load reduction from Denmark, will have a sig
nificant effect. However, in the Sound and 
Fehmarn Belt, which border the Baltic Proper, 
the implementation of the Ministerial 
Declaration, i.e., 50 % load reduction from all 
Baltic countries, which was estimated to pro
duce a 20 % reduction in concentration in the 
Baltic Proper, will have the greatest effect. 

For the Gdansk Bight and an external part of 
the Puck Bight, it has been shown on the basis 
of the DELWAQ model [674] that after the 
implementation of nutrient reduction scenar
ios, the conditions in the bights will not be sig
nificantly better than they were in 1991. 
However, if no measures are taken, the situa
tion will significantly get worse. 

A box model, comprising basic physical flux
es and biogeochemical processes, has been 
applied to evaluate the effects of nutrient
reduction scenarios in the Gulf of Riga [128]. 
In the areas influenced by large rivers, high 
NIP ratios in the river run-off have made the 
local primary production limited by phospho
rus. The model simulations indicate that a 
strategy, solely restricted to the reduction of 
phosphorus load to the Gulf of Riga, wi ll lead 
to an increase of the net export of nitrogen to 
the Baltic Proper. Thus, whi le improving the 
situation in the Gulf of Riga, such a measure 
could lead to further undesired eutrophication 
of the Baltic Proper. 

In the Tallinn and Muuga Bights, the effect of 
reduction of nitrogen and phosphorus loading 
in wastewater has been evaluated [146] on the 
basis of the model SYSTEM3 [145]. An exten
sive monthly field measurement programme 
for basic water quality parameters was run in 
1994 (Fig. 9.2.la). Load data were compiled in 
detail throughout the year. A special field pro
gramme, consisting of hydrographic and cur
rent measurements, was carried out to estab
lish the water exchange boundary conditions. 
Measurements of nutrient enrichment revealed 
the dominance of nitrogen limitation [433] in 
the area. The ecological part of the model was 
calibrated to follow the monitored seasonal 
cycle of nutrients and biological parameters. 
For the primary production, calibration results 
are given in Figure 9.2.lb. Annual primary 
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production and chlorophyll a concentrations 
were used as criteria for the reduction effects. 

Results from the three load-reduction scenar
ios, set up by the Estonian environmental 
authorities, are given in Figure 9.2.2 in terms 
of primary production response in the Tallinn 
Bight. The conditions observed during 1994 
were defined as a reference state. Load reduc
tion from diffuse outlets through the rain
water system will decrease the eutrophication 
level in the coastal areas of the inner bights 
(Fig. 9.2.2a). The introduction of biological 
treatment in the Tallinn WWTP in 1993 pro
duced a load reduction of 85 % for P and 75 % 
for N. Further treatment of the wastewater has 
minor effects both on the local conditions (Fig. 
9.2.2b) and on the nutrient export to the Gulf 
of Finland. A relocation of the outfall, which is 
presently near station 65, to the shallow 
coastal areas wi ll lead to a deterioration of the 
quality of these waters. At present, there is a 
major nutrient load from the Pirita River 
which enters east of station 57. Reduction of 
this load would have the largest positive effect 
on the Tallinn Bight (Fig. 9.2.2c). 

Fig. 9.2.1 Water-quali
ty sampling stations in 
Tallinn and Muuga 
Bights in 1994 (a), and 
calibration results of 
the eutrophication 
model shown fo r the 
primary production -in 
g C nr2 day'- as a 
function of time (b) 
[146] 
solid lines - modelled results 
markers - observed data 

Fig. 9.2.2 Modelling 
results on the seasonal 
response of the prima
ry production - in g C 
m·2 day1- at three 
coastal water stations 
ojfTallinn, Estonia 
{146] 
(cf. Fig. 9.2.1 for positions of 
stations) 
( ) reference situation. 
(+++) before implemenlalion of 
biological waste-water treat
ment, and 
(-) further waste-water 
management scenarios, I.e. 
~: 50 o/o load reduc
tion from diffuse outlets (near 
station 7(1), 
~:further load reduc
tion from the waste-water treat
ment plant (YYWTP, near sta
tion 65), and 
~: 50% load reduc
bon from the Pirita River (near 
station 57) 
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10.1 HYDROCHEMISTRY 
H.-P Hansen' 
with additional contributions by W Mallhiius, G. Nausch and D. Nehring 

1 0.1.1 Nutrients 
Unlike the variety of harmful substances like 
organic compounds or heavy metals, no direct 
hazardous effects on individuals are caused by 
nutrients in the Baltic Sea environment. On the 
contrary, their absence would stop growth and 
production. Excessive or unbalanced nutrient 
concentrations, often in combination with 
unfavourable hydrographic conditions, may 
exaggerate individual processes and alter or 
break down the natural ecosystem balance. 
Excessive production, and finally oxygen defi
ciency and formation of hydrogen sulphide 
during decomposition and mineralization, are 
the main concerns in many areas of the Baltic 
Sea. It should be remembered that the nutrient 
levels per se do not determine the eutrophica
tion level, but it is the ratio between the nutri
ent loads and the natural budget of the respec
tive ecosystem which is the key factor. The 
pronounced regional differences with respect 
to hydrography, and nutrient loads and bud
gets, complicate a general assessment of the 
eutrophication state of the Baltic Sea as a 
whole. One of the main features involved in 
budget calculations for example, the residence 
time, may vary from weeks (estuaries) to a few 
months (e.g., Kattegat and Belt Sea), to years 
and even decades (basins of the Baltic Proper). 
Volumes and residence times of saline water in 
various deep basins have been listed in Table 
4.4.1. 

A generalized description of the nutrients in 
the Baltic Sea can explain gradients and vari
abilities by a number of systematic features in 
loads, sinks, distribution and modification 
processes. This includes spatial, i.e., horizon
tal and vertical, nutrient variabi lities, and tem
poral changes which are dominated by season
al biogeochemical cycles. Long-term changes 
in loads as well as meteorological and hydro
graphic processes cause long-term changes in 
nutrients including trends. Some of these 
processes, in particular the dynamics of the 
water masses, simultaneously affect the main 
nut rients (inorganic nitrogen compounds, 
phosphate, silicate), while several biological 

Fig. 10.1.1 Nitrate+nitrite (NO) and 
phosphate (P) winter swface concen
trations in the Baltic Sea, /989-93 
(values in pmol dnr3

) 

1 see ANNEX 11.3 for addresses of authors 

and chemical processes, e.g., remineralization 
and redox processes, lead to asynchronous 
concentration changes. 

The majority of the Baltic Sea areas is charac
terised by a surplus of phosphate relative to the 
Redfield NIP ratio of 16, thus the phytoplank
ton production is mostly nitrogen-limited, with 
cyanobacteria as the exception, since they are 
able to fix also molecular nitrogen. 
Phosphorus limitation plays an important, if 
not dominating, role in the Bothnian Bay, in 
the western coastal areas of the Bothnian Sea, 
in some local areas, and is still active in the 
Gulf of Riga where it was strongly pronounced 
during the 1980s. Taking into account the 
additional loads of nitrogen from the atmos
phere and from nitrogen fixation, this nutrient 
is the variable of highest concern with respect 

Nitrate+nitrite 

to considerations on eutrophication in the 
Baltic Sea. 

Horizontal distribution - As the dominating 
sources of nitrogen and phosphorus are land
based, a generally decreasing tendency of 
nutrient concentrations is found with increas
ing distance from the coast, and from the inner 
parts of gulfs and bights towards the open sea. 
The atmospheric deposition, i.e., mainly wet 
deposition of NO and NH4, represents a more 
'global' load, dec~·easing along a line in north
easterly direction from central Europe towards 
central Sweden [613], and decreasing as well 
from the coast towards the open sea. 

In the Kattegat and Belt Sea area, an addition
al nutrient source is water inflow from the 
Skagerrak with about33.5 psu and 10-111-!mol 
dm·3 nitrate. A correlation between winter 
nitrate concentrations and salinity is observed. 
However, the major part of the nitrogen load 
can be related to local sources. Thus, positive 
deviations from the linear relationship can be 
detected. The nitrate concentrations (winter 
surface values) decrease from high levels in 
the Kattegat/Belt Sea area (6-9 1-1mol dm-3) 

along a transect through the Bornholm and 
Gotland Seas (around 4 1-1mol dm-3), while 

phosphate concentrations are rather uniform 
(0.6-0.9 1-1mol dm-3) along the transect. Areas 
influenced by coastal sources exhibit elevated 
concentrations, e.g., the Mecklenburg Bight, 
Gdansk Bight, Gulf of Riga, Bothnian Bay and 
Eastern Gulf of Finland. 

In addition, nitrate (but not phosphate) con- I 
centrations in the surface layer are influenced 
by fresh water run-off. The run-off is high in 
winter and low in summer, i.e., the nitrogen 
load is high during the non-productive season 
when nutrients are accumulating in the surface 
water. For the period 1975-94, a significant 
correlation has been shown between winter 
run-off from Denmark and winter concentra
tions of nitrate+nitrite in the surface water of 
the transition area, excluding the central I 
Sound, where most of the nutrient load origi
nates from sewage (Fig. 4.5.5). Similar behav
iour has been described for the Gulfs of 
Bothnia, Finland and Riga. Correlations indi
cating the significance of-nitrogen inputs from 
non-point (diffuse) sources were not found in 
the Central Baltic Proper in the absence of 
direct coastal influence. Figure I 0.1.1 displays 
winter surface concentrations of nitrate and 
phosphate in the Baltic Sea. 

Vertical distribution - Vertical nutrient distrib- ~ 
utions depend strongly on the regional hydrog
raphy. The type of haline stratification, i.e., 
missing, temporary or permanent haloclines, 
determines the flux and vertical distribution of 
nutrients. In general, haloclines are also ' nutri- ~ 
clines' , separating surface water wi th lower 
nutrient concentrations from bottom water 
with enriched concentrations. As the mineral
ization takes place mainly in the deeper layers 
and at the bottom, the deep layers represent 
nutrient reservoirs. In the range of the redox
cline, nitrate is rapidly removed at low oxygen 
concentrations by denitrification, while phos
phate is released from the sediments in the 
presence of hydrogen sulphide and becomes 
enriched. It has been shown [479,482], that the 
phosphate release from the sediment during 
stagnation periods and anoxia in the Gotland 
Basin decreases with progressing duration of 
the anoxia. Bottom phosphate concentrations 
level out after an initial increase. 

Seasonalities - The annual production of 
organic material in the euphotic layer is deter
mined by the amount of nutrients available at 
the start of the production (spring-tliatom 
bloom), and by the fluxes into the euphotic 
layer from deeper layers, inputs from the land 
and from the atmQ~phere, as well as from 
internal nutrient cycle's (turnover) during the 
productive season. Except for some local 
processes, the annual development of the phy
toplankton production is rather similar 
throughout the Baltic Sea, showing a bimodu
lar curve, with a short peak-spring-bloom and 
a broader maximum at the late summer to 

autumn bloom. The spring bloom is dominat
ed by new production, while the proportion of 
regenerated production is increasing during 
summer and autumn. 

The nutrient concentrations observed in the 
productive layer are controlled throughout the 
course of the production cycle. There is a rapid 
decrease to low or zero levels during the 
spring bloom. This low level is maintained 
until autumn when the fluxes of regenerated 
nutrients into the photic layer exceed the pro
ductive consumption (Fig. 4.4.7). Intermediate 
increases can be related to short-term events 
as, e.g., heavy rainfall and run-off, upwelling 
and advective transport. 

Winter concentrations of phosphate and nitrate 
develop distinct maxima in the surface layer of 
the Kattegat/Belt Sea area and the Arkona and 
Bornholm Basins, and are characterised by 
plateaus of high concentrations in the Eastern, 
Northern and Western Gotland Basins. Trend 
studies of these nutrients in the surface layer 
are therefore restricted to this widely accepted 
'winter period', i.e., before the start of the 
more pronounced annual biological activity, 
the spring bloom of the phytoplankton. This 
happens about mid of February in the Kattegat 
and Belt Sea, and as late as the end of 
April/beginning of May in the Northern Baltic 
Proper. Therefore, the winter period is restrict
ed to 1-2 months only in the Arkona and 
Bornholm Basins, but to 2-3 months in the 
Eastern and Western Gotland Basins (Fig. 
4.4.7). In coastal areas and in the western parts 
of the Baltic Sea, 'winter concentrations' are 
more difficult to establish. Before constant 
concentrations are established, the increase of 
the nutrient concentrations in the photic zone, 
which is mainly due to fluxes of regenerated 
nutrients from beneath, may be stopped by the 
onset of the spring bloom. However, in gener
al , the development of the nutrient concentra
tions in the surface layer can be described as a 
steep increasing slope from November to 
January, followed by a 'winter plateau '. In the 
northern parts of the Baltic Sea, the ice cover
age may last until the onset of the spring 
bloom, thus complicating proper sampling. 

Long-term variations including trends - As 
already mentioned, the analysis of long-term 
trends for nutrients in surface waters should be 
based on measurements during the less pro-

1ductive season, and must cover periods of 
more than 10 years to take into account intra
and interannual variabilities. The winter con
,centrations of phosphate and nitrate showed 
positive overall trends in the surface layer of 
all sub-regions of the Baltic Proper for the 
period 1958-93 and 1969-93, respectively. 
These trends mainly result from the consider
able increase between 1969 and 1978. In con
trast to phosphate, the increase of nitrate con
tinued until 1983. Thereafter, the concentra-
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tions of both nutrients fluctuate strongly at a 
high level without significant trends. 

In the Landsort Deep area, the increase of 
phosphate and nitrate winter concentrations 
continued in the recent assessment period. 
Also in the Gulf of Bothnia, both total and 
inorganic nitrogen concentrations continued to 
increase. Total phosphorus also showed a 
long-term increase in all areas except the 
Bothnian Bay. The reason for this increase was 
primarily a consequence of high riverine dis
charges during the 1980s. 

In the Gulf of Riga, the situation is different. 
The nitrate values dropped sharply in the 
1990s due to a lower land-based impact. As a 
result, the highest phosphorus values appeared 
during 1989-93, caused by both the increased 
release from sediments and the reduced uptake 
in the water column by the plankton. For some 
areas, the seasonal variability of nutrients in 
the surface layer has been considered too large 
for trend analyses, e.g., in the Gulf of Finland 
[305] and in the Kiel Bight [202,203]. 

In the intermediate water layers of the 
Bornholm Basin and the Eastern and Western 
Gotland Basins, the nitrate concentrations 

I 
increased significantly during the previous 
three assessment periods. Probably as a conse
quence of eutrophication, the silicate concen-
trations decreased significantly during recent 
decades in all depths below the halocline in the 
Baltic Proper. Decreasing silicate concentra
tions could also be detected in the Kattegat, 
Kiel Bight, Gulf of Riga and Gulf of Bothnia. 

Fertilisers used in the drainage area are the 
most important source of eutrophication in 
shelf seas. The phosphorus and nitrogen fer- I 
tilisers annually used in the drainage area of 
the Baltic Sea are compared with the averaged 
phosphate and nitrate winter concentrations in 
the surface layer of the Bornholm Basin (Fig. 
I 0.1.2). The strong increase in the use of fer
tilisers, which began in the early 1960s, is fol
lowed, with a delay of 5-10 years, by increas
ing phosphate and nitrate winter concentra
tions. Taking this delay into account, the cor
relations are obvious. The drastic reduction in 
the use of ferti lisers, mainly caused by the 
great economical changes in the countries in 
transition, began in the late 1980s, and is thus 
not yet significantly reflected by decreasing 
nutrient concentrations. But first hints arc 
appearing with respect to the averaged phos
phate concentrations. They now exhibit a 
decreasing tendency in surface waters of the 
Central Baltic Proper. This behaviour is even 
more pronounced in the Arkona and Born hoi rn 
Basins, with stations located nearer to the 
coast than in the Eastern Gotland Basin. The 
situation is not so clear for nitra<e. 

Decreasing trends of phosphorus have also 
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been observed in the Danish fjords, but not yet 
in the Kattegat and the open Belt Sea. The 
reduction in the use of fert ilisers is the main 
reason for the decrease of the nitrate concen
trations in the Gulf of Riga. 

1 0.1.2 Oxygen and 
hydrogen sulphide 
The concentrations of oxygen in water are 
controlled by its fl uxes between sea and 
atmosphere, by its assimilative production, 
and by respiration. Because of the rapid 
changes in temperature and salinity, which 
produce variations in oxygen solubility, the 
degree of oxygen saturation provides a more 
informative figure for surface waters than that 
provided using data on concentrations. On the 
other hand, deep waters below the pycnoclines 
cannot equilibrate with the atmosphere and are 
generally under-saturated. They are therefore 
best characterised by their absolute oxygen 
amounts, i.e., expressed in concentrations, 
whereby hydrogen sulphide is very often given 
as 'negative oxygen'. 

2600 

The oxygen exchange between surface waters 
and the atmosphere depends on the mixing of 
the surface water layer. The compensation of 
imbalances can take hours to days and weeks. 
Therefore, the saturation degree provides a 
measure of the direction of the oxygen flux, 
rather than of the local oxygen production or I 
consumption. Trends for oxygen saturation in 
surface waters have only been reported for the 
0-2 m layer of the Yistula Estuary, with + 1.45 
% yr 1 from a mean of 101.7 %. This may be 
interpreted as a result of increasing phyto
plankton production, but could also be due to 
meteorological or hydrographic changes. 

Oxygen and hydrogen-sulphide concentrations 
in the deep waters of the Baltic Proper depend 
on the duration of stagnation periods and on 
advectice water exchanges. They also reflect 
the microbial oxygen consumption which is 
increasing as a consequence of eutrophication. 
Therefore, the stagnation period since 1977 
has led to extremely low oxygen and high 
hydrogen-sulphide concentrations, respective
ly, in the deep waters of the Eastern Gotland 
Basin (c.f. Table 2.2 and Fig. 2. 18). While the 
Gotland Deep exhibited hydrogen-sulphide 
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concentrations of more than 150 11mol dm·3, 
the Bornholm Deep suffered from increasing
ly frequent events of anoxia, causing layers of 
Beggiatoa to cover the bottom. The series of 
salt-water inflows, which started in the spring 
of 1993, has changed the situation consider
ably. The Gotland Deep temporarily displayed 
oxygen concentrations of up to 3.8 cm3 dm·3, 
and hydrogen sulphide disappeared complete
ly. Investigations from 1994-96 show, how
ever, that both basins are returning to anoxic 
conditions. 

The lack of salt water inflows into the deep 
waters since 1976 has reduced the bottom 
salinity and thus the vertical stability. Positive 
bottom-oxygen trends of about 0.5 % yr 1 in 
the Bothnian Bay and Bothnian Sea have been 
explained by improved mixing due to reduced 
vertical stability. 

During the stagnation period, water masses 
from the minor inflow events, i.e., those, not 
reachi ng the intensity of major inflows, pass 
through the Central Baltic Proper along an 
intermediate layer below the halocl ine. 
Consequentl y, oxygen concentrations have 
increased around the I 00 m depth in the 
Eastern Gotland Basin [479,482]. The density 
of these water masses is high enough to dis
place the bottom water of the Western Gotland 
Basin and to supply it with oxygen (cf. Table 
2.2, Fig. 2. 18). The deep waters of the Gdansk 
Basin show a general trend of increasing oxy
gen cencentrations. The maximum increase 
was observed between 75 and 90 m depth. 

Oxygen/nutrient relationship - Oxygen defi
ciencies in bottom waters are common phe
nomena in many coastal areas with seasonal or 
permanent haline stratification. The oxygen 
concentrations display a seasonal variability, 
with minima between July and October. 
Generally, these minima reflect the biochemi
cal oxygen demand of organic matter resulting 
from preceding phytoplankton production, 
though direct links, i.e., quantitative correla
tions, are difficult to establish. In the Belt Sea, 
high autumn/winter fresh water run-off, which 
is a good measure of the riverine nutrient load, 
seems to induce oxygen deficiency in the bot
tom water during the fo llowing autumn. 

Before 1988, several authors had reported sig
nificantly decreasing oxygen concentrations in 
the bottom water during autumn for the 
Kattegat and Belt Sea area [5,50]. 

Fig. 10.1.2 Use of synthetic phospho
rus and nitrogen fertilisers in the 
drainage area of the Baltic Sea 
(lines, pro-rated by drainage area), 
and phosphate and nitrate winter 
concentrations in the 0-10 mlayer of 
the Bomho/m Basin, averaged for 5 
(or 11) years (cf Table 4.4.4, {164]) 
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10.2 PELAGIC BIOLOGY 
K. Kononen1 (Convener), H. Kuosa, 1.-M. Leppanen, R. 0/sonen (phytoplankton) 
J. Kuparinen (bacterioplankton) 
L. Postel, G. Behrends, R. Olsonen (zooplankton) 

1 0.2.1 Introduction j 

The present BMP data on phyto- and zoo
plankton provide a globally unique baseline 
information on the regional distribution of 
plankton species in the Baltic Sea. This infor
mation is of special value, because the occur
rence of potentially toxic species and the intro
duction of alien species have increased the 
threats to ~uman health and the marine-envi
ronment. These items are closely refated to the 
biodiversity and the carrying capacity of the 
sea. The species information is of importance 
in evaluating possible reasons for new, unex
pected environmental problems, such as the 
M-74 syndrome. 

The statistical power of the plankton data in 
defining trends is poor due to the combination 
of natural high spatial and temporal variability 

Bothnian Sea. The statistical power of the bac
terioplankton-biomass variable was estimated 
in the Bothnian Sea to detect a 5 % annual 
change with 80 % probability (n=21 ). For the 
bacterial production, it was estimated to be 
12 % yr1 (p=0.80, n=IO). No significant trend 
could be demonstrated for either variable in 
the Bothnian Sea. Similar results were 
obtained for the Kiel Bight and Fehmarn Belt, 
except for a negative trend in bacterial produc-

. tion at Boknis Eck (Kiel Bight). In the Gulf of 
Riga, an increase of the bacterial biomass was 
reported only for May. Further details on bac
terioplankton are found in Chapter I 0.3. 

1 0.2.2 Regional 
differences 

in plankton and the low sampling frequency Phytoplankton and bacterioplankton - In the 
within the monitoring programme. For phyto- combined 15 years' chlorophyll a data (Fig . 
plank_to~, the taxonomic difficulties, especial- ! I 0.2. 1 ~· the Gul_fs of Finland and Riga exhibit
ly w1thm the group of flagellates, and the ed a htgher spnng and summer chlorophyll a 
changes in nomenclature have added addition- . biomass than that in the Baltic Proper, reflect
a! complications to the comparability of data ing the higher nutrient loading in relation to 
from different sources. the size of the area. 

Bacterioplankton data with sufficient temporal 
sampling frequency have only been generated 
within national programmes for the Southern 
Balt ic Proper, the Gulf of Riga and the 

a) SPRING 

' see ANNEX 11 .3 for addresses of authors 

The salinity gradients, and possibly also the 
duration of the growth period, were reflected 
in the species which dominated the composi
tion of the different sub-areas. Only few 

b) SUMMER 
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species appeared as dominants throughout the 
Baltic Sea. In spri ng, such ubiquitous species 
were Aclmanthes taeniata, Peridiniella cate
JWta and Chaetoceros wighamii, in suntntcr 
different cryptomonads, and in autu11111 
Thalassiosira baltica and Rlwdomonas minutu 
(Table I 0.2.1 ). In the southernmost parts of till' 
Baltic Sea, the 'oceanic impact' on the speck ' 
composition was clearly seen in the domi 
nance of several Ceratiwn and diatom species. 

Zooplankton - The salinity gradient in the 
Baltic Sea leads to naturally induced differ
ences between the sea areas. The DarB Sill is 
known as a strong faunist ic boundary. West of 
this sill, the marine species, such as the cope
pods Oithona simi/is and Paracalanus parvus, 
dominate the mesozooplankton community. In 
the shallow waters, bivalves and other mero
planktonic larvae also play an important role. 
East of the DarB Sill, a progression from 
brackish water species to fresh water species 
can be found. The succession of dominant 
forms follows the order Pseudocalmllls mimt
tus elongatus, Acartia spp., Ewytemom aj]inis 
and Limnaea/anus macmms. The latter 
species is a cold-stenotherm glacial relict and 
dominates the plankton in the Bothn ian 13ay 
during spring. In summer, the cladoceran 
species Bosmina coregoni maritima generally 
occupies the firs t rank in the surface layer of 
the entire Baltic Proper. Bosmina con·~:oni 
maritima is a typical brackish water specie~ 
with a temperature optimum of >15 °(', In 

Fig. 10.2.1 Mean chlorophyll a con
centrations in the swface water layer 
of the Baltic Sea, averaged by areas, 
seasons and monitoring periods 
(black column - 1979-83, white co/-
1111111 - 1984-88, grey column- 1989-
93; number of observations is indi
cated below those columns) 

c) AUTUMN 
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Table 10.2.1 Dominating phytoplank
ton species in different parts of the 
Baltic Sea during three seasons. 

SPRING 
Species 

Thalassiosira baNK:a DIA 
Adlnanthes taeniata DIA 
Gymnodinium sp. DIN 
Periliiela catena DIN 
Diatoma elongatum DIA 
Nanoplanktoo MIX 
Mesodinium rubrum ZOO 
Chaetoceros ~ DIA 
PyramimOilas sp. PRA 
Protopemm sp. DIN 
Thalassiosira levanderi DIA 
GlenoMum sp. DIN 
Dinop/lysis acuminata DIN 
Skeletooema ooslahln DIA 
Dinobryon baNkvm CHR 
Eutreptie6a sp. EUG 
Dinop/lysis noNegica DIN 
G}!1mfOOn vesti Dl 
Chaetoceros subtilis DIA 
G~c/. b'JmaMiDIN 
Dinophysis baNica DIN 
Melosira nutmXiOOes DIA 
Chaetoceros holsatkvs DIA 
Chaeloceros cetatosporos DIA 
Detonula confeNacea DIA 
Chaetcceros sp. DIA 
Chaetoceros debifiS DIA 
Nitzsdlia loog:ssina DIA 
Peridinium sp. DIN 
Cryptomonadales spp. 
Tha/assiosira decipiens DIA 
Melosita arctica DIA 
Porosira glaciafis DIA 
Chaetoceros teres DIA 
Flagellates MIX 
Thalassiosira sp. DIA 
Tha/assiosira gravida (?) DIA 
Tha/assklsira ~ DIA 
Coscinodiscvs concinnus DIA 
R/Uosotenia setigera DIA 

SUMMER 

Diatoma elongatum DIA 
Flagelates MIX 
Cryptomonadales spp. CRY 
Mictocystis sp. CYA 
Pyramimonas spp. PRA 
Monads MIX 
ChryscdlromuBna spp. PRY 
Teleaulax llll¢ioxeia CRY 
Chaetoceros wighamii DIA 
Aphaiizrxnenon llos·aqJaeCYA 
Nodu/aria spumigena CYA 
Protecerati!ln retiaJatum DIN 
Chrysidiastrum sp. 
Gyrmoanitxn spp. DIN 
Snowella /acustris CYA 
Dinop/lysis aami'lata DIN 
Coscinodiscvs granii DIA 
Adlnanlhes taeniata DIA 

88 

The species tist is based on the BMP data base, averaged 
over 1979·83, 1984·88, and 1989·93, respectively. The scores 
1, 2 and 3 indicate the number of assessment periods in 
which the species was dominant. 
BB • Bothnian Bay, BS · Bothnian Sea, NBP • Northern Baltic 
Proper, GoF • Gulf of Finland, WGB • Western Gotland Basin, 
EGB • Eastern Gotland Basin, GoA • Gulf of Riga, SBP • 

8S NBP Gof WG8 EG8 

Southern Baltic Proper, S • Sound, BBS • Belt Sea, K • 
Kattegal. CYA ·Cyanophyceae, CRY· Cryptophyceae, DIN -
Dinophyceae, DIA • Diatomophyceae, CHR • Chrysophyceae, 
PRY • Prymnesiophyceae, EUG • Euglenophyceae, PRA · 
Prasinophyceae, CHL • Chlorophyceae, ZOO· endosymbiotic 
microzooplankton, MIX • mixture of species belonging to sev· 
eral taxonomic groups 

GoR SBP s BBS K 

Species 

DiiiOflhysis IIONegica DIN 
G~eriasp. CYA 
Aphanothece sp. CYA 
Micfocystisspp. CYA 
Nanoplank1on MIX 
Prorocentnm minimool DIA 
Glenodinium spp. DIN 
Eutrep6ela sp. EUG 
Mesodinium rubrum ZOO 
Tha/assiosira banica DIA 
Chaetoceros danicus DIA 
Permena catena DIN 
Aclinocyclus octooarius DIA 
Oocyslis spp. CHL 
Distephanus speculum CHR 
RNzosolelia a/ala DIA 
Rhizosotenia fragii'ISSima DIA 
Cerati!Kntripos DIN 
Peridinium sp. DIN 
C/uysocflrtm~lila pdj1epis PRY 
Guinard'Ja 1/accida DIA 
Cerawm !urea DIN 
Rhodomonas minuta CRY' 
Gyr71110Cf00m simplex DIN 
CeraUum lusus DIN 
Skeletonema ooslahln DIA 

AUTUMN 

Cryptomonas baNica CRY 
Cryp/omooadales spp. CRY 
Thalassiosira baltica DIA 
Rhodonmas nma CRY 
Moooraphidium oontortum CHL 
Naooplanktoo MIX 
Monads MIX 
Thalassiosira pseiXk1nana DIA 
Aphanizomenon llos·aquae CYA 
~eriafNSiaCYA 
Rhodomonas lens CRY 
Coscmiscus grari DIA 
Ac6nocycfus octonarius DIA 
Mesodriun tWnMn zoo 
Dinophysis noNegica DIN 
lJinoiNlysis baltka DIN 
Eutreptiel/a sp. EUG 
Nan<qlianldoo MIX 
Flagellates MIX 
Prol~ricfOOn spp. DIN 
Gomphosphaeria spp. CYA 
Chaetoceros dankvs 
Peridinium spp. DIN 
Melosita varians DIA 
Dinophysis acvminata DIN 
Snowela lacustris CYA 
CeratauBna pe/agica DIA 
Ceratirn trpos DIN 
Ceratium !urea DIN 
Prorocentrum micans DIN 
Ceralium fineatum DIN 
GtMlarlfa 1/accida DIA 
Ditytum brightwelli DIA 
Cetatium lusus DIN 
Gyrodinium aureolum DIN 
Coscmfscus sp. DIN 
Porosiga g/acialis DIA 
Skeletonema rostahln DIA 
Thalassiosira eccentrica DIA 

OVERALL ASSESSMENT 

88 BS NBP Gof GoR S8P s BBS K 
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summer, the copepod Ewytemora affinis and 
rotifers of the genus Keratel/a dominate the 
waters north of the Aland Islands. The Gulf of 
Finland is affected by inflow of the river Neva, 
the largest single fresh-water source of the 
Baltic Sea. As a result of this, higher numbers 
of fresh-water species occur here, particularly 
cladocerans (Daphnia spp., Bythotrepes longi
manus, etc.) and rotifers (Keratella spp., 
Polyarthra spp., etc.). 

Species numbers in the surface layer of the di f-~ 
ferent sea areas fo llow the brackish-water rule 
[565], ~ith a species minimum in the salinity 
regime of 5-7 psu, and increasing numbers I 
towards the marine and fresh water regions. 
Table I 0.2.2 and Figure I 0.2.2 include counts 
of taxonomic groups reported to HELCOM. 
The highest numbers, 28-32 taxonomic 
groups, were found in the south-western parts 
of the Baltic Proper, which are most influ
enced by the North Sea. The lowest numbers, 
13-20 taxonomic groups, occurred in the 

.. 
Table 10.2.2 Compilation of mesozoo
plankton species contributing > 10 % 
to the total area-averaged mean abun
dance in the su1Jace water layer of the 
Baltic Sea 

BB - Bothnian Bay, BS - Bothnian Sea, AAS -
Aland and Archipelago Seas, NBP - Northern Baltic 
Proper, GoF • Gulf of Fi~land, WGB - Western 
Gotland Basin, EGB - Eastern Gotland Basin, GoA 
- Gulf of Riga, SBP - Southern Baltic Proper, BoG -
Gdansk Bight, S - Sound, BBS - Belt Sea, K -
Kattegat 

Monitoring periods: I - t 979-83, II - 1984-88, Ill -
1989-93 
Dominant species are pronounced by a frame, 
those contributing with >50 % are additionally in 
bold. 

l__ 

April-June 

20 -
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~-r---------------------------, 
October- December 
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BB MS GoF EGB SBP S K 
BS NBP WGB GoR BoG BBS 

Sea Area 

region of the Central Baltic Proper with 5-7 
psu. In the Northern Baltic Proper and Gulf of 
Finland, due to the above mentioned input of 
fresh water species, higher numbers, 16-34 
taxonomic groups, were reported. Exceptions 
to this rule are the Bothnian Bay and Bothnian 
Sea, where low species numbers (9-27) 
occurred. This is probably caused by the short
er production period. 

Summer is the best season for regional com
parisons of total zooplankton abundances. In 
summer, the average abundances in the 
Bothnian Sea, Aland and Archipelago Seas, 
Gulf of Finland and Northern Baltic Proper 
were higher than those in the other parts of the 
Baltic Proper. The highest abundance values 
were recorded, however, in the Gulf of Riga 
(Fig. I 0.2.3c). 

The mean abundance during winter and 
autumn is relatively low, and sometimes hard 
to separate from the noise in the surface layer 
data (Figs. 10.2.3a,d). The only exception with 
higher values was the relatively enclosed area 
of the Gulf of Riga. In the period from April to 
June, a latitudinal shift of the seasonal signal 
superimposes the regional differences (Fig. 
10.2.3b). Again, the highest abundance values 
were recorded for the Gulf of Riga. 

1 0.2.3. Long-term 
variations 
Phytoplankton - As in the long-term data 
series for phytoplankton [336,339,712], the 
phytoplankton species composition showed 
pronounced variations between different sam
pling occasions and consecutive years. 

OVERALL ASSESSMENT 

Fig. 10.2.2 Mean number of taxo
nomic groups of mesozooplcmktrm in 
the swface water /aye1; averaged by 
areas, seasons and monitoring peri
ods 
(black column - 1979-83, white col
wnn · 1984-88, grey column · 1989-
93; for acronyms of areas see 'J{IIJI<• 
10.2.1) 

However, when considering the means over 5 
year periods (Table 10.2.1 ), there were no 
remarkable differences in the species domi 
nance. For all periodic assessment periods and 
in all sea areas but the Kattegat, the bulk ol' thc 
algal biomass was formed by the same three to 
five dominating species. The Kattegat showed 
a pronounced variability in the averaged dom
inating species composition. It is suspected 
that this is due to the highly variable hydro
graphy, as well as to the heavy anthropogeni c; 
nutrient loading to that area. 

A decrease in the proportion of diatoms in the 
spring bloom, which benefited flagellates, was 
observed in the southern Gotland and 
Bornholm Basins since 1989/90, possibly due 
to mild winters or the exhaustion of silicates 
during the latter parts of the bloom. 

With the exception of the Gulf of Riga, coher
ent patterns of eutrophication could not be 
demonstrated in the plankton community. The 
only significant trend observed was an 
increase in chlorophyll a during summer in the 
Bothnian Sea. However, this could not be con
firmed by data on the phytoplankton biomass 
or carbon fixation from that area. This was in 
accordance with the lack of negative trends of 

I 
oxygen concentrations in the deep layers of the 
Bothnian Sea. The low sampling frequency 
and the high variance of pelagic variables 
resulted, however, in a low statistical power 
hampering the detection of trends. In the 
Western Gulf of Finland, an increase in the 
peak values during the vernal blooms were 
observed for a time series covering the period 
1968-88 [189, 190] . 

In some areas, changes in nutrient loading, 
caused mainly by the removal of phosphorus 
from sewage water, or by an increasing river
ine load, were reflected in the nutrient concen
trations and their ratios. As diazotrophic, nitro
gen fixing, cyanobacteria are mainly con
trolled by inorganic phosphorus [340], it could 
be expected that the major changes in the 
DIN/DIP ratio would be reflected in the inten
sity of the cyanobacterial blooms. In the 
Gdansk Bight, the DIN/DIP ratio in the bottom 
water increased due to river impact and 
favourable oxygen conditions. This is proba
bly the reason why intense blooms of dia-
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Fig. 10.2.3 Mean totalmesozooplank
ton abundance in the stoface water 
layer of the Baltic Sea, averaged by 
areas, seasons and monitoring periods 
(black column - 1979-83, white column 
- 1984-88, grey column- 1989-93) 
a) winter (January-March) 
b) spring (April-June) 
c) summer (July-September) 
d) autumn (October-December) 
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zotrophic cyanobacteria have not been report
ed for this area during the recent years. 
Opposite developments were observed in the 
Gulf of Riga, where a decrease of the nitrogen 
pool, due to a lower fresh water input and 
reductions in the use of fertilisers, was 
observed. This was probably reflected by dis
tinct cyanobacteria blooms which appeared in 
the 1990s. Due to the completely different 
cycling mechanisms of nitrogen and phospho
rus compounds, it has to be emphasised, how-

63 

63 

ever, that these observations do not support 
any 'cause-effect' speculations regarding the 
role of the removal of these nutrients from 
sewage water. The biogeochemical cycling of 
phosphorus is much more simple and contains 
only one major, oxygen controlled sink in the 
sediments. In contrast, nitrogen cycling 
includes sinks due to denitrification, which at 
present are poorly quanti fied, as well as a 
large, mainly unknown pool of organic nitro
gen compounds. 

T 

Mesozooplankton - During the first half of this 
century, the mesozooplankton was most 
numerous in the southwestern parts of the I 
Baltic Sea, decreasing successively to the 
north [174]. The eastern and northern regions 
were classified as ol igotrophic. During that 
time, the open ocean was considered to be the 
main nutrient source needed for a successful 
plankton development. The closer the area to 
the North Sea, the higher was the amount of 
plankton. These condi tions have changed sig
nificantly [553] . Contrary to the earl ier 
description [1 74], the previous assessments 
showed that the summer abundance of zoo
plankton in the surface water layer of the Gulf 
of Finland and Northern Baltic Proper were 
higher than the Baltic Sea average (Fig. 
l 0.2.3c). Additionally, during the 1980s, the 
Aland and Archipelago Seas showed increased 
zooplankton concentrations. For 1989-93 , 
there was now a coherent area with abun
dances above the average, includi,no . the 
Northern 'Baltic Poper, GuJ.f of Finland,lland 
and Archipelago Seas and Bothnian Sea. Here, 
the average concentrations exceeded those of 
the other regions by one third (Fig. l 0.2.3c). 

Eutrophication in the Gulf of Finland and in 
the Aland and Archipelago Seas was shown to 
exist at the beginning of the BMP. This fact is 
underlined by measurements on the abundance 
of the eutrophication indicating diatom 
Thalassiosira hyperborea var. pelagica, on the 
cladoceran Bosmina coregoni and on the car
bon content in dated sediments from the 
Southern Bothn ian Sea [586]. According to 
these results, the process of eutrophicatioq. 
started in the 1950s. In the following period, 
this process seems to have continued because 
both the average amount of zooplankton and I 
the affected areas have increased (Fig. 
l 0.2.3c). The highest zooplankton abundances 
were measured during summer and autumn in 
the Gulf of Riga (Fig. l0.2.3c,d). I 
Temporal changes of the mesozooplankton 
composition have been explained by fluctua
tions in salinity and temperature rather than by 
eutrophication [678] . Though not always sta
tistically significant, those changes were dis
tinct. The DarB Si ll is not only a faunistic 
boundary. The dynamics of salt water inflows 
also provide temporal changes in environmen
tal conditions west and east of this topograph
ic border. East of it, the previous long stagna
tion period led to a decreasing salinity, while 
west of it, several weak salt water inflows have 
occurred. The change in salini ty was mirrored 
by the zooplankton communi ty. West of the 
sill, the marine cyclopoid Oithona simi/is is 
dominant, which does not occur in noteworthy 
numbers in the other parts of the Baltic Sea. 
Due to a number of inflow events, Oithona 
simi/is became even more important during 
1989-93. 

Fig. 10.2.4 Mean 
abundance of 
Synchaeta spp. in 
spring, averaged by 
areas and periods 
(black column -
1979-83, white col-
1111111 - 1984-88, grey 
column- 1989-93) 
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East of the DarB Sill, from 1984-88 to 1989-
93, the stagnation period led to a shift in both 
the species numbers and in dominant species. 
The species number in the Northern Baltic 
Proper and Gulf of Finland increased (Fig. 
I 0.2.2). This was partly due to the introduction 
of euryhaline fresh water species, (e.g., 8 
species of the rotifer genus Keratel/a were 
observed in 1989-93, compared to only 3 in 
1984-88), or even of true fresh water species 
as the cladoceran species Bythotrepes longi
manus or the rotifers of the genus Polyarthra 
and Kellicollia /ongispina . The dominant 
plankton also changed. In the Central Baltic 
Proper, the dominant halophilic cold water 
species Pseudocalanus minutus elongatus 
decreased, and Acarlia spp. took its place. In 
the northern parts of the Baltic Proper, where 
Acartia spp. were dominant during 1984-88, 
they have been replaced by Eu1ytemora affi
nis, a more brackish water species. These suc
cessive substitutions are clearly induced by the 
salinity decline. In summer, however, they are 
masked in the Baltic Proper by the dominance 
of the cladoceran Bosmina coregoni maritima, 
and in spring during 1989-93 by rotifers of the 
~enus Synchaeta. 

The salinity-induced changes were accompa
nied by temp!'!rature effects. The disappear
ance of the I'arge cold-stenotherm copepod 
Limnaea/emus macrurus in the Bothnian Bay 
can be explained by increasing temperatures 
which led to the decline of the total mesozoo
plankton biomass in the northernmost parts of 
the Baltic Sea. This is also confirmed by the 
decreasing stocks of this species in the Gulf of 
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Riga since the beginning of the 1980s. Other 
species were favoured by the series of very 

I 
mild winters during 1989-93, particularly dur
ing spring (Fig. I 0.2.3b), and in the south
western parts during winter (Fig. I 0.2.3a). An 
example for an earlier seasonal scheduling is 
the appendicularian Fritillaria borealis. 
Regularly, this species was found to be abun
dant in the Northern Baltic Proper from Apri l 
to June. During the assessment period, it also 
became dominant during winter (Table 
I 0.2.2). An extreme example are the rotifers 
Synchaeta spp., which in 1989-93 increased in 
abundance by up to tenfold and dominated all 
over the Central Baltic Proper (Fig. I 0.2.4). 
The lowered salinity, together with the mild 
winters, are possibly the main reasons for such 
visible changes in the population of Synchaeta 
spp. 

On the other hand, the development of the 
rotifers may provide hints on eutrophication as 
well because with their rapid reproductive 
cycle, they can respond very quickly to 
increasing phytoplankton concentrations. 
Therefore, they have been considered as indi
cators for changes of the trophic state [586]. 

1 0.2.4 Alien 
species 
The phytoplankton species data do not allow a 
reliable evaluation of the possible introduction 
of new species into the Baltic Sea. A gradual 
intrusion of the potentially toxic Prorocentrum 
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1111111mwn was observed from the Southern 
Baltic Proper towards the nothern parts during 
the 1980s [1 51]. This was evidenced as well 
by the ship-of-opportunity plankton monitor
ing [409]. 

1 0.3 MICROBIAL FOOD WEB 

I Two alien mesozooplankton species are not~
worthy. The warm water copepod Acartta 

J. Kuparinenl (Convener), P. Bj¢msen, ~· Dakslw.' H. Giesenhagen , A. Hagstrom, G. lost, H. 
Kaas, K. Kiinnis, M. Maciejowska, A. Ts1ban, J. W1kner 

tonsa was introduced into the Baltic Sea dur-

\ 

ing the 1930s [106]. It has become more abun-
dant and has spread toward.s the eastern and • 1 in trend of the annual bacterioplankton 
northern parts, probably ass1sted by the latest 1 0.3.1 IntroduCtiOn r~wth was recorded during 1987-92, after 
period of higher temperatures. ~hich the values started to decrease. This 

. . . . 

1 

Bacterioplankton communities contribute an \ trend was correlated with the i nter-an.n~al vari- \ 
Since 1992, an mvaslon of the . cladowan important component of the secondary produc- ation of the phytoplankton productiVIty. The 
Cercopagis pengoi has taken pl~ce 111 the Gu.lfs tion level in the seas, by utilising dissolved subsequent decrease during 1992-94 was S l~
of Riga and Finland. This ~armvorous specieS oroanic matter in concentrations, not available ilar to the trend of chlorophyll a for that pen
originates from the Casp1an and. Black Sea to "'other levels of organization, and by degrad- od. Within each year, the bacterioplankton 
regions [511). It is very abunda~t 111 late sum- ing refractory dissolved and particulate orga~- show two intensive growth periods, in spring 
mer and has been found to be p1eye~ upon by ic matter. Bacterioplankton also part1c1pate 111 and summer. The peak values during both sea
herring. Therefore, it may play an Important the control of inorganic nutrient pools sons appear in a narrow temporal scale, and no 
role in the pelagic food web. [368, 739], and can thus channel effect~ of clear trend is evident for which of the two 

inoroanic nutrient loading from autotrophiC to growth periods contribute more to the yearly 
hete7-otrophic organisms. Thus, in the process production estimate. The yooled ~easonal 
of eutrophication, along with the prim~ry pro- chlorophyll a data show h1gher spnng .t~an l1 0.2.5 Summary 

. ducers, the bacterioplankton commumty con- summer averaoes at all measured locahlles. 
The phytopankton data do n~t reveal any dlas- \ tributes to the response at the base of the food \ However, this ~·end was not seen clearly in the 
tic changes in the open BaltiC .se~ ecosystem. chain. In a general sense, bacterioplankton bacterioplankton spring data. 
Pronounced effects of eutroph1c.a11on are mo.~t activity (production and biomass increase) !s 
evident in areas near to the maJOr local nutn- an integrated part of the dynamics of orgamc 
ent sources. In som.e areas, the changes of t~e and inorganic matter pools, and well reflects 
nutrient ratios, wh1ch are due to change~ m the state of the aquatic environment. In off
waste-water technologies, in the us~ of feruhs- shore areas, coupled phyto- and bacterioplank
ers, or in the riverine Io.ads, and the mter-annu- ton responses are expected from the input of 
al differences of the Wll1ter temperature? were inorganic nutrients. In coastal areas, the j 
refle~ted by the phytopl.ankton. as shi fts of responses may be uncoupled, as land-ba~ed 
domll1ance between funct~onal.giOups, such as particulate and dissolved products can gl.ve 
diazotrophic cyanobactena, dtatoms and fla- rise solely to bacterial production and biO-
gellates. mass. 

During the assessment period, the changes 
detected in the total abundance as well as the 
species composition of the m~sozoopl.ankton 
community, are probably explamed mamly by 
changes in salinity and temperat~re rather than 
by eutrophication. The increase 111 the number 
of the rotifers species and the Synchaeta spp. 
abundance can be interpreted as sign of a 
changing trophic state. On the other ha~d, 
these increases were also favoured by m1ld 
winters and decreasing salinity. 

In the first half of this century , the Northern 
Baltic Proper, Gulf of Finland, Aland and 
Archipelago Seas and Bothnian Sea we~e 
described as poor in zooplankton. Today, 111 
these areas higher abundance values are fou~d 
than those exhibited in the remaining Balt1c 
Sea. 

Despite the non-obligatory status of bact~rio
plankton measurements in the BMP, rehable 
data sets are avai lable from the Balt1c Sea due 
to local research (cf. Chapter 4.1.4.2) and 
monitorino activities [177). The main features 
of the sea~onal development of the bacterio
plankton can be described for the main basins 
of the Baltic Sea. This chapter presents some 
of the available data and tries to draw some 
conclusions about trends, although the number 
and quality of data are only suffi~ient for trend 
analysis at specific sites, such as 111 ~he Gulf _of 
Bothnia (cf. Chapter 4.1.4.2) and 111 the K1el 
and Mecklenburg Bights [177]. 

1 0.3.2 Temporal 
variations 

In an overall assessment, no pronounced 
increase was observed in organic production in 
the Bothnian Bay or Bothnian Sea until 1993. 
This was in accordance with the trends seen 
for bacterioplankton measures. The strongest 
predictor of the bacteri al speci fic g1_-o~th rate 
was the phytoplankton product1v1ty (cf. 
Chapter 4.1.4.2), which could be expected as 
bacteria obtain carbon and energy sources 
from phytoplankton process~s. Ho~ev:r, as 
pointed out by system-ecolog1cal s~ud1es 111 the 
Gulf of Bothnia [373], heterotrophic processes 
dominate the plankton community, especially 
in the Bothnian Bay, and bacteria obtain much 
of their carbon and energy sources from 
allochthonous matter, for which tight coupling 
of autotrophic and heterotrophic processes is 
not expected in the Gulf of Bothnia. I 
The pelagic measures showed no trends of the 
organic production during 1984-94, and t.hus 
no signs of eutrophication during that penod. 
The measurements showed, however, that 
intensive autotrophic and heterotrophic 
growth occurs on a relatively small temporal 
scale, and that annual estimates are sens111ve to 
both the overall sampling frequency, but par
ticularly the frequency around the 1~ost inten
sive growth periods. In the pelag1~ system, 
eutrophication is indicated by an 111cre.ased 
intensity and frequency of g1:owth ~ccas10ns, 

1 0 3 2 1 Gulf of Bothnia rather than by a linear trend 111 the mtegrated 
" " " annual values [189]. The data thus suggests 

' see ANNEX 1 1.3 for addresses of authors 

Seasonal bacterioplankton data are available that in future monitoring activit~ more empha
for the period 1984-94 from the Ore Estuary, I ~is sh~uld be placed .?n recor?mg short-term •. 
Bothnian Sea (cf. Chapter 4. 1.4.2). An increas- mtenslve growth pe110ds. ThiS, on the othel 

hand, calls for a more interactive monitoring 
programme, and the application of research 
strategies to trace short-term processes. 

1 0.3.2.2 Kiel and 
Mecklenburg Bights 

Clear seasonal trends on bacterioplankton 
variables are also available from measure
ments over a relatively long period, 1988 to 
1995, in the southwestern parts of the Baltic 
Sea, i.e., at Boknis Eck, Kiel Bight, Fehmarn 
Belt and Mecklenburg Bight, localities which 
represent a gradient from the inner fjords to 
the open sea [176,177]. A high seasonal vari
ability in bacterioplankton production, with 
maximum values during summer and/or 
autumn, was recorded at all localities [177]. 
Regression analysis between the rate variables 
of phyto- and bacterioplankton showed a ten
dency to an increasing correlat ion along a gra
dient from 'coastal to offshore stations, with a 
best fit at the open sea station Mecklenburg 
Bight [177]. The decoupling between phyto
and bacterioplankton at the coastal stations, 
and their coupling at the offshore stations, is 
conceptually self-evident, but this had not 
been previously demonstrated on a larger scale 
by field data. Inter-annual decoupling of 
phyto- and bacterioplankton at the coastal sta
tions of the Gulf of Bothnia (cf. Chapter 
4. 1.4.2) also suggests that bacterioplankton 
measures are not fu lly phytoplankton-depen
dent, and that bacterioplankton should be used 
in assessing the organic production of the 
Baltic Sea. 

In the open sea areas, the bacterioplankton is 
more dependent on the phytoplankton-carbon 
production, and thus may provide for monitor
ing purposes a methodologically independent 
estimate of the organic production in the 
trophic layer. However, due to the dynamic 
nature of the open sea plankton processes, bac
terioplankton-rate measurements, together 
with chlorophyll a measurements, also give 
early signals on the development of organic 
production (eutrophication) in the open sea 
areas. Furthermore, bacterioplankton growth 
may provide a rough estimate of the respira
tion in the aphotic zone. 

Table 10.3.2 Summwy statJS!tcs of 
measurements 011 5 Finnjet cruises, 
1995 
(average values underlined, 11 - sam-
pie Jtlllllber) 
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Table 10.3.1 Sea areas used 
for the analysis of bacteria- Area Name Longitude ('E) 

plankton and chlorophyll a 
0 data 

n - average number of obser- 1 
2 

vat ions for bacteria 3 
4 
5 

The trend analysis showed a declining trend 
for the bacterioplankton biomass over the 
whole investigation period, and a significant 
increase in bacterial abundance during 1990-
95. A declining trend in bacterial growth for 
Boknis Eck, but not for Fehmarn Bel t, was also 
demonstrated. The methodological inaccuracy 
in cell-volume estimates, which affects trend 
analyses on biomass and growth, has been 
thoroughly discussed in the regional assess
ment (cf. Chapter 4.5.4.3). 

Despite the lack of obvious trends in the state 
of the organic production in the investigated 
area, the changes in the environmental condi
tions have been well described (cf. Chapter 
4.5.4.3). The observations of the water column 
temperature, resulting in prolonged stagnation 
conditions during major growth seasons, and 
observations of the precipitation conditions, 
resulting in changes in bacterioplankton-sub
strate supply, clearly explain the observed 
trends during the 1990s and stress the need for 
a system-analytical approach in the assessment 
of changes in the environment. The decoupling 
of phytoplankton and bacterioplankton 

. processess in enclosed bights and at coastal 
sites, observed even at those sites which are 
eutrophic, support the conclusions obtained 
from the Gulf of Bothnia studies [708] that 
bacterioplankton-carbon production should be 
used in assessing organic production of the 
Baltic Sea. 

1 0.3.2.3 Other areas 

Several independent studies in the Southern 
and Northern Baltic Proper and in the Western 
Gulf of Finland were carried out during the 
assessment period (e.g., [412,435,649]). These 
studies are not suitable for trend analyses, 
since the sampling frequency over the growth 

Spring 

Chlorophyll a ill± 7.55 
(~g dm·lj (n=223) 

Leucine incorp. 3!.1 ± 24.6 
(pmol dm-3h·1) (n=219) 

Bacteria 1Q2 ±0.52 
(1 06 cells cm-3) (n=60) 

Mecklenburg Bight ·12.15 3 
Arkona Basin 12.15· 14.40 17 
Bornholm Basin 14.40 ·16.45 13 
Gotland Basin 16.45 . 19.45 (19.30) 27 
Northern Baltic Proper 19.45 (19.30). 23.25 32 
Western Gulf of Finland 23.25 . 25.00 10 

I 
season has fluctuated greatly and, with the 
exception of a few years, the studies did not 
cover the assessment period. However, the 
studies clearly revealed the seasonal develop
ment of phyto- and bacterioplankton variables 
[435,649]. 

1 0.3.3 Spatial vari· 
at ions 

10.3.3.1 
Bacterioplankton and 
chlorophyll a in the 
Baltic Proper 

The spatial variability of bacterioplankton and 
chlorophyll a was studied during 1993 with 
the automated measuring system installed on 
the passenger ferry Finnjet, supplemented 
with on-board laboratory measurements of 
bacterioplankton, i.e., including incubations 
for leucine incorporation and preservation of 
the samples for microscopy. The Finnjet route 
is given in the Figure 9.1.1. 

Bacterioplankton measurements, performed 
on subsamples in triplicate or duplicate, were 
run every 15 minutes, giving a spatial resolu
tion of I .3 to 2 km depending on the ships 
speed. Triplicate incubations were performed 
every full hour to check the inter-sample vari
ability. On other sampling occasions, measure
ments were based on duplicate incubations. 
Chlorophyll a, salinity and temperature mea
surements were taken with a spatial resolut ion 
of I 00-200 m. For correlation analysis 
between chlorophyll and bacterioplankton, 
chlorophyll a values were averaged over one 
mi le on each automatic sampling occasion for 

Summer Autumn All samples 

li2± 1.43 ~±0.80 5.U ±5.44 
(n=151) (n=92) (n=466) 

~±157.6 1QM±59.1 ~± 146.5 
(n= 145) (n=86) (n=4.50 

lli±1.12 ;Mll ±0.63 2..2Z ± t.45 
(n=38) (n=23) (n=l21) 
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bacterioplankton, whereby sea water flows 
into the bottle during one minute. Chlorophyll 
a data from the Finnjet from 1992 and 1993 
are presented in this assessment elsewhere (cf. 
Chapter 9.1 ). The division of sea areas used 
here is similar to that in Chapter 9.1, however, 
the divisions to Western and Northern 
Bornholm Sea (nos. 4 and 5, Fig. 9.1.5) were 
combined and the Mecklenburg Bight data 
(no. 2, Fig. 9.1.5) were omitted (Table I 0.3.1). 
During summer, the ship sailed along the east
ern side of Gotland, and during other seasons 
along the western and more sheltered side of 
the island. 

Five cruises were completed during 1993 to 
cover the major seasons (Fig. 10.3.1 ). Cruise 1 
was completed in 35 hours and the other cruis
es in 20-24 hours, which provided a synoptic 

Spring 

Cruise 1., 30.3.-1.4.93 

~:~ ~~~l:B 
12 14 16 18 20 22 24 26 

Longitude 

I- c hi mgm-3-Leu pMh-1 1 

Summer 

Cruise 3., 15.-16.6.93 

'~b!§ \f6 
12 14 16 18 20 22 24 26 

Longitude 

1- Chl mgm-3-Leu pMh-1 1 

Autumn 

Cruise 5., 28.9.93 

overview of the central basins of the Baltic 
Sea. Die! variability is included in the data, but 
its magnitude cannot be extracted from the 
present data. However, independent studies of 
die! variability suggest significant die! signals 
only on occasions when bacterioplankton is 
tightly coupled to phytoplankton and limited 
by phytoplankton-carbon supply. Since during 
the course of one transect, the ship crossed 
several sea areas and several plankton patches, 
which were in different successional stages, 
the die! signal is masked by the spatial vari
ability of the data. During the spring period 
(March-April), high values of chlorophyll a 
and low values of bacterioplankton-leucine 
incorporation were recorded (Fig. 10.3 .1). 
During the summer period (June-July), low 
chlorophyll a and high leucine-incorporation 
values were recorded throughout the central 

150 

100 

~ ..J 
50 

0 
12 

Cruise 2., 24.4.93 
40 

30 

20 t5 
10 

0 

14 16 18 20 22 24 26 
Longitude 

1- Chl mgm-3- Leu pMh-1 1 

Cruise 4. , 20.-22.7.93 

12 14 16 18 20 22 24 26 
Longitude 

1-chl mgm-3-Leu pMh-1 1 

'~l .... ~\f 6 
Fig. 10.3.1 Seasonal values of 
chlorophyll a and bacterioplank
ton-leucine inc01poration on a 
transect through the Baltic Sea, 
1993 

12 14 16 18 20 22 24 26 
Longitude 

1- Chi mgm-3- Leu pMh-11 

basins (Fig. 1 0.3.1 ). During autumn (Septem
ber-October), chlorophyll a and leucine-incor
poration rates were relatively on a 'similar 
level' as expressed in the units of Figure 
I 0.3.1. Summary statistics of the results of this 
study is given in Table I 0.3 .2. 

The high spring chlorophyll a values, i.e., the 
peak values, show a transfer from south to 
north according to the spring bloom develop
ment in the different basins. This movement of 
the peak values is described in more detail in 
Chapter 9.1. 

The spring values clearly point out the spatial 
and temporal decoupling of phyto- and bacte
rioplankton (R=0.058, df=217, p=0.396) as 
expressed with a state variable (phytoplankton 
chlorophyll a) and a rate variable (bacteria
plankton growth). During the spring period, 
patches of phytoplankton develop rapidly, sup
plying food and energy for the bacterioplank
ton growth, which follows the phytoplankton 
development with a time lag of a few days 
[367,370,388, 709] depending on the sea area. 
When the two state variables, bacterioplank
ton-cell counts and chlorophyll a, are com
pared wi th each other, the correlation 
improves considerably (R=0.679, df=59, 
p=O.OOO) . The decoupling of rate and state 
variables is also shown in Figure I 0.3.2, which 
describes bacterioplankton-cell numbers and 
leucine incorporation during cruises. 

During summer, when the inorganic nutrients 
limit the growth of phytoplankton (e.g., [333]) 
and bacterioplankton [368, 740] in the open 
sea, and the bacteria are primari ly dependent 
on the phytoplankton-carbon supply [368], the 
growth rate of bacteria and chlorophyll a are 
significantly correlated (R=0.762, df= 144, 
p=O.OOO) (Fig. 10.3.3). Also the state vari
ables, cell number of bacteria and chlorophyll 
a, correlate significantly (R=0.597, df=37, 
p=O.OOO). The coupling of phyto- and bacteri
oplankton is shown in Figure 10.3.1 for the 
transition zone from the Arkona Basin to the 
Bornholm Basin (longitude 14.25°E) during 
cruise 4, and by the peak values for the Eastern 
Gotland Sea (Fig. I 0.3.1 ). During both sum
mer cruises, a patch of high bacterioplankton 
production was recorded, which covered sev
eral ki lometers (Fig. 10.3.1). 

The extent of maximum values over the sea
sonal average and the frequency of high values 
in a specific sea area suggest that temporari ly 
and spatially restricted phyto-and bacteria
plankton patches have a pronounced effect on 
the open sea carbon production in summer. 
The spatial scales of peak values also imply 
that contemporary monitoring strategies, with 
a low number of fixed offshore stations and a 
low sampling frequency, produce data for the 
organic production, which cannot be extrapo
lated over a basin-wide scale. 

1 0.3.3.2 Microbial food 
web during late summer 

The joint multinational cruises into the open 
Baltic Sea were introduced by HELCOM in 
1987 due to the fact, that studies of any single 
component of the ecosystem alone with peri
odic sampling had been proved to be of little 
value in the analysis of the development of the 
state of the Baltic Sea, as it did not allow an 
analysis of the state of the planktonic system 
based on the dynamical transitions, e.g., from 
both bottom-up to top-down controls, within 
the food web. The working hypothesis for 
these joint summer cruises was, that during 
mid-summer, i.e., during a period of regenerat
ed production, the oligotrophic systems regen
erate nutrients within the community, which is 

Spring 

Cruise 1., 30.3.-1.4.93 
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dominated by small organisms, and leave very 
little excess matter for sedimentation. In 
eutrophic systems, however, basic elements 
are stored and accumulated into biomass of the 
community, which is dominated by large 
organisms, accumulating organic matter for 
sedimentation. In each sea area, nutrient
enrichment experiments were run at the sam
pling sites to evaluate the state of the commu
nity. This extensive task could not be carried 
out by any single Baltic Sea institute, and 
therefore, the efforts and expertise were gath
ered for joint multinational cruises. The initial 
aim was to organize joint cruises on an annual 
basis. However, this soon became a biannual 
attempt, and finally, only Germany (1988 and 
1994) and Finland (1 990) have provided ship 
time for so far three studies. 
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Fig. 10.3.2 Seasonal values of 
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Fig. 10.3.3 Correlation between the 
growth rate of bacteria (in pmol 
leucine inc. dnr3 lr1) and chlorophyll 
a (in mg nr3) during summer 
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During the cruise in 1990, five stations were 
visited in different basins of the Baltic Sea, 
i.e., in the Kattegat (R3), Arkona Basin (K4), 
Bornholm Basin (K2), Gotland Basin (Jl) and 
the Gulf of Finland (LLJJ). In 1994, cruises 
were made also to the Southern Gotland Basin 
(K1 ) and the Northern Gotland Basin (H2). 
During the 1990 cruise, low levels of N03-N 
and P04-P concentrations were recorded in all 
basins in the upper mixed layer (Fig. 1 0.3.4), 
and this represented the regenerating produc
tion period for the planktonic community, evi
dence for which was provided by the slightly 
elevated NH4-N concentrations (Fig. 10.3.4). 
During the 1994 cruise, the nutrient concentra
tions were slightly higher, especially the 
nitrate concentrations in the Bornholm Basin 
and Southern Gotland Basin (Fig. 10.3.5). 
Warm and calm days prevailed during the 
week of the 1990 cruise, creating a secondary 
thermocline below 5 m depth at all stations but 
LL11, which experienced wind mixing prior to 
the sampling date (Fig. 10.3.4). 

During the 1990 cruise, the phytoplankton
chlorophyll a maximum was recorded at the 
pycnocline (22 m) in the Kattegat, and above 
the thermocline ( 15 m) at all other stations. 
The vertical distribution of the planktonic vari
ables followed the distribution of the primary 
production with maximum values at 2-5 m. 
Heterotrophic nanoflagellates dominated over 
autotrophic nanoflagellates in numbers at all 
stations except LL11 . During the 1994 cmise, 
the pycnocline was at a much higher level (8 
m) in the Kattegat, whereas in the Baltic 
Proper, the water-column stratification and the 
chlorophyll a distribution were similar to those 
observed during the 1990 cruise. 

In 1990, the southernmost basin, the Arkona 
Basin, was most productive with a decreasing 
trend to the north (Fig. 10.3.6). More than 80 
% of the phytoplankton-carbon production at 
all sites was due to organisms <I 0 11 m. 
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Fig. 10.3.4 Temperature and nutrient 
concentration profiles at five stations, 
on a transect between the Kattegat 
and the Gulf of Finland, during the 
multinational cruise Joint-90, sum
mer 1990 

Fig. 10.3.5 Temperature, chlorophyll 
a and nutrient concentration profiles 
at five stations, on a transect between 
the Kattegat and the Gulf of Finland, 
during the multinational cruise Joint-
94, summer 1994 
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Fig. 10.3.7 Bacterioplankton 
and phytoplankton production in 
different size fractions in the 
mixed 25 m water column, at 
five stations during the multi
national cruise Joint-94, sum
mer 1994 
(numbers represent total values 
are given in mg C nr2 day 1 of 
carbonnet production) 
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Organisms in the size fraction 2-10 flm domi
nated the production at all other stations, but 
were practically absent in the Kattegat. When 
bacterioplankton production was included, 50 
% or more of the carbon production took place 
in the picoplankton ( <2 f1 m) size fraction (Fig. 
10.3.6). The near absence of the component 2-
10 f.Jm size fraction in the Kattegat ecosystem 
is an indication of an imbalanced system, 
which is subject to rapid changes, e.g., 
blooms, as the large (>I 0 flm) and the small 
(<2 flm) organisms are at different levels in 
resource competition (mineral nutrients) and 
under the control of predators. The other local
ities showed a more balanced system structure 
and functioning and thus, despite the higher 
level of primary productivity could remain in 
the recycling status leaving very little excess 
matter for sedimentation. 

In 1994, all stations were at a higher level of 
total carbon production, with a low contribu
tion of bacteria, except in the Southern 
Gotland Basin. Due to differences in the pore 
size of the fractionation filters used during the 
two cruises, 2 flm in 1990 and 3 flm in 1994, 
direct comparison was possible only for cer
tain size categories, i.e., for bacteria, for the 
0.2-1 0 f1 m fraction and for the >I 0 f1 m frac
tion. At all stations, the larger plankton had 
dramatically increased and bacteria had 
decreased, except at station K 1, where bacteria 
was present at a similar magnitude to that of 
the larger phytoplankton (Fig. 1 0.3.7). The 
dominance of larger phytoplankton (>I 0 f.Jm) 
over the pico- and lower nanoplankton (<I 0 
f.Jm) implies a higher nutrient status in 1994 
than in 1990. The difference between the two 
years may be explained by several factors, 
such as water-column stability, frequency of 
upwelling and atmospheric load, and may not 
be related to changes in the anthropogenic 
impact. 

1 0.3.4 Discussion 
Due to the short generation time of microbes, 
e.g., for bacterioplankton 1-2 days, even at 
temperatures so low as I ~. and the bi-direc
tional control of bacteria (bottom-up and top
down) in the food web, strict constraints are 
given to the acquirement of information, par
ticularly to the spatial and temporal coverage 
of sampling. Based on low-frequency sam
pling, it was stated [2/0] that bacterioplankton 
variations were connected more to the season
al characteristics of the community develop
ment than to the spatial scale of sampling, and 
that variations over the Central Baltic Proper 
were greater and more random in spring than 
in summer, suggesting that phytoplankton and 
bacterioplankton variation was closely linked 
in the open areas of the Baltic Sea [210]. The 
Finnjet study confirms this basic concept of 
close coupling of phyto- and bacterioplankton 

in the open Baltic Sea throughout summer, and 
the apparent decoupling during the intensive 
growth period in spring (Fig. 10.3.1). 

The basins of the Baltic Sea seem to have dif
ferent levels in annual phytoplankton and bac
terioplankton productivity (Table I 0.3.3), with 
increasing values towards south. The few 
available data cannot, however, reveal the cou
pling or decoupling of the two processes in an 
annual scale, nor clearly point out the differ
ences between coastal and offshore areas. 

The coupling of the phyto- and bacterioplank
ton production in the open sea areas is well 
illustrated in Figure I 0.3.1 and in the correla
tion coefficient from the summer cruises (Fig. 
10.3.3). The significance of this correlation 
coefficient is, however, relatively low. These 
relationships may suggest that bacterioplank
ton is bottom-up regulated during the summer 
period, and that pools of organic carbon from 
phytoplankton regulate the bacterioplankton 
development. However, inorganic nutrients 
may primarily limit bacterioplankton growth 
during summer [368,739]. The high overall 
DOC level in the Baltic Sea may support part 
of the bacterioplankton-carbon requirements, 
making them competitive over phytoplankton 
in oligotrophic, low nutrient regimes as exhib
ited in the Gulf of Bothnia (cf. Chapter 
4.1.4.2). Thus, during the regenerated summer 
period in the open parts of the Baltic Sea, bac
teria are the first to react to low-level nutrient 
spiking, e.g., from upwell ing, in the open 
pelagic systems. 

The second periodic assessment stated that, on 
the basis of the regional surveys, bacterio
plankton showed remarkable uniformity in the 
mixed surface layer in large areas of the Baltic 
Sea during late summer [220]. This is also in 
accordance with the observations from the 
Finnjet study in 1993 and [48], which point 
out that because of the bi-directional control of 
the bacterioplankton community, i.e., by graz
ing control from the top and by nutrient/carbon 
limitation from the bottom, cell counts may 
exhibit unexpected uniformity throughout the 
open-sea pelagic systems. 

The variability analysis for the Finnjet study 
resulted in the same main conclusions as those 
presented in [2/0]. Phytoplankton (chloro
phyll a) and bacterioplankton production, 
measured as leucine incorporation, had a total 
variance of 106 % and 107 %, respectively, 
with the main contribution from the spring 
variability. Bacterioplankton-cell number vari
ability was only 64 % for all cruises, and much 
lower than the production for spring (49 % vs. 
72 %) and summer (30 % vs. 55 %). The low 
annual and seasonal variability of the bacterio
plankton-cell numbers imply an efficient and 
stable top-down control by the predators and a 
dependency on bacterioplankton-carbon 

sources in the food web, as suggested in the 
regional assessment for the Gulf of Bothnia 
(cf. Chapter 4.1.4.2). 

The coupling of phyto- and bacterioplankton 
processes is disrupted in the coastal and gulf 
areas of the Baltic Sea, as pointed out by the 
correlation analysis from the southwestern 
parts of the Baltic Sea. As shown by the data 
from the Gulf of Bothnia, bacteria respond to 
organic loading from land, and secondary pro
duction from bacteria may well exceed that of 
zooplankton in areas rich in organic matter. A 
new concept, presented recently (/2], suggests 
that high-molecular weight dissolved organic 
matter (DOM) can be more bioreactive than 
the low-molecular weight DOM, which previ
ously has been considered as the main carbon 
source for bacterial growth. Pronounced nitro
gen release from humic substances has recent
ly been recorded [1 1 2], which supports that 
concept [ /2], for which further support has 
been obtained by studies from brown-water 
lakes. The views given for the Gulf of Bothnia 
that a high riverine DOC contribution, fuelling 
the marine food web with carbon, may support 
exceptional high bacterioplankton-secondary 
production [373, 708, 709] and thus, secondary
production measures should be examined in 
assessing the eutrophication status of the 
engulfed and coastal sea areas, rather than 
strictly focusing on phytoplankton as the key 
measure for eutrophication. 

The studies throughout the Baltic Sea point 
out, that the lower part of the microbial food 
web, the pico- and nanoplankton, dominate the 
carbon and energy flow during the late sum
mer season in the open parts of the Baltic Sea. 
The results suggest that, where eutrophication 
during summer periods has to be investigated 
in offshore areas, the main focus should be put 
on studies of the carbon flows from pico-, 
nano- and microplankton, since only in a 
developed eutrophic system, larger organisms 
will dominate to produce excess organic mate
rial for sedimentation. From this point of view, 
the basic concept given by the ad hoc Working 
Group on Microbiology in 1980 is still valid, 
i.e., that the size-fractionated production and 
the chlorophyll a measurements reflect the sta
tus of the open-sea pelagic system, and that the 
functional analysis of the system can be used 
to indicate early stages of eutrophication. 

10.4 BENTHIC BIOLOGY 
A.B. Josefson1 

1 0.4.1 
Macrozoobenthos 
This chapter is an extraction of general fea
tures from data presented in the sub-regional 
assessments. 

Spatial pattems - The distribution of mean 
total abundance in the assessment period 
shows similar values in the northern and east
ern gulfs and in the western area, Kattegat and 
the Belt Sea (Fig. I 0.4.1 ). Abundances in the 
Baltic Proper are generally much lower tran.in 
these gul f areas, except in t~~ Eastern Gotland 
Basin, where values are highly variable. 
Benthic biomass, on the other hand, shows a 
totally different picture, in that values in the 
northern and eastern gul fs are considerably 
lower than in the western area (Fig. I 0.4.2). 
This difference is likely to be even greater than 
shown in this figure, since the large-sized sea
urchins and Ocean Quahog, which do not 
occur in areas east and north of Arkona, are 
excluded from the biomass values. Since ben
thic biomass may be a good predictor of ben
thic secondary production [666], it is likely, 
that benthic production is higher in the 
Kattegat area. The difference may be attrib- i. 
uted to differential effects of eutrophication at 
present and in the past, and/or different degree 
of coupling between pelagic and benthic pro
duction. The low values of both abundance 
and biomass in the basins of the Baltic Proper 
certainly result from adverse oxygen condi
tions. 

Temporal changes - In general, there are few 
or no changes in the macrozoobenthos com
munities during the last assessment period, 
that can be related to deteriorating oxygen 
conditions in the bottom water. There are two 
examples of the opposite situation, in the Gulf 
of Finland and on the slope of the Eastern 
Gotland Basin, where macrofauna has 
colonised previously "dead" bottoms, appar
ently due to improved oxygen conditions. In 
other previously defaunated areas in the Baltic 
Proper, the situation is unchanged, with no or 
impoverished fauna present during the aSsess
ment period. 

In previously (before 1989) faunated areas, 
where permanent hypoxic conditions do not 
prevail, the total macrofauna! densities and 
biomasses do not show a general change com
pared to the previous assessment. These areas 
include the Kattegat, the Bothnian Sea, the 
0 see ANNEX 11.3 for addresses of authors 

Bothnian Bay and the Gul f of Riga. However, 
considering a longer time period, i.e., since the 
1970s, the trend of increasing biomass has lev
elled off. In the Kattegat, animal groups dom
inated by short-lived species, crustaceans and 
polychaetes, showed decreases in abundance. 

A conspicuous feature during the last 15 years, 
which occurred in the Kattegat, the Bothnian 
Sea, the Bothnian Bay and the Gulf of Riga, is 
a bimodal pattern of abundance, and to some 

Fig. 10.4.1 
Distribution of total 
macrofauna/ abun
dance among differ
em sub-areas in the 
Baltic Sea 

(height of bars denote maxi· 
mum value, and filled area 
lhe range in lhe period 
t989·94; 

Fig. 10.4.2 
Distribution of 
macrofauna biomass 
(thy-weight), 
excluding the large
sized sea-urchins 
(Echinoida) and 
Ocean Quahog 
(Arctica islandica), 
among sub-areas of 
the Baltic Sea, 
1989-94 (cf Fig. 
10.4.1) 
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extent biomass, in macrozoobenthos, in part ic
ular for crustaceans. A strong peak occurred in 
the beginning of the 1980s, which cont inued 
through to the middle of this decade. Another 
peak occurred in the late 1980s/early 1990s. 
The large scale of this pattern, together with 
the fact that the major actors (species) in this 
pattern are different in different areas, suggests 
the importance of external factors acting on a 
large scale, such as climate and eutrophication. 
This pattern resembles the pattern for land run-

I - - r'· , •.-I I I I I I I 
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off during the same period, which may suggest 
a causal link for the sequence nutrient input -
primary production - sedimentation. In the 
Kattegat, where the second peak for crus
taceans was much weaker than the first one, 
this pattern correlates positively with the 
diatom weight in the 0-10 m layer for the pre
vious year at most stations. Diatoms are con
sidered to be a very important link between 
pelagic and benthic production, mainly 
because they show high sinking rates and have 
high nutritional value. Since it is likely that the 
macrofauna! standing stock is often food lim
ited, one cannot exclude the possibility that the 
decreased abundance of crustaceans, and to 
some extent also polychaetes, in the 1980s and 
early 1990s, as well as the levelling off of bio
mass, may be related to a decreased sedimen
tation of phytoplankton to the bottom during 
that period. In support of this explanation is 
also the fact, that short-lived taxa, such as 
many crustaceans (having life spans ranging 
from I to 3 years) show a decrease, whereas 
long-lived taxa, such as echinoderms, do not. 
When food is Jess abundant, which may inhib
it recruitment, the latter forms simply stay 
longer on the bottom, because they have a long 
life span, e.g., for Amphiura filiformis >6-7 or 
even 10-25 years. 

Decreased sedimentation of phytoplankton, 
particularly diatoms, would be predicted from 
both decreased run-off, which may influence 
nutrient input to the sea, and also decreased 
concentrations of dissolved silica [121 ,558]. 
As in the central parts of the Baltic Sea [558], 
decreasing trends of dissolved silica also seem 
to be apparent in the Kattegat area during the 
same period. In the Kattegat, the diatom 
weights showed a dramatic decrease in spling 
during the 1980s, in particular in the end of the 
1980s, and similar changes have occurred in 
the Gotland and Bornholm Basins. In other 
areas, however, such changes have not yet 
been detected. It is at present premature to 
attribute faunal changes on the bottom to 
either of the two factors, decreased nutrient 
load or silica depletion. This should be a rele
vant topic for future work. Apparently, several 
of the benthic changes are in accordance with 
the hypothesis of decreased sedimentation of 
organic matter to the bottom during the last 
assessment period. 

1 0.4.2 Macrophyto
benthos 
Measurements of macrophytobenthos are not 
part of the HELCOM monitoring programme. 
Information from the previous assessment 
period is scattered and, therefore, precludes an 
assessment of changes since 1984-88. 
However, several data sets on benthic vegeta
tion exist, enabling comparisons to be made 

over longer time periods. 

In the Kattegat and the Belt Sea, two major 
changes were observed in this century, (a) a 
decreasing depth distribution of eelgrass 
(Zostera marina) and other perennial macroal
gae, and the disappearance of one Fucus 
species in some patts of the Belt Sea and the 
southern Kattegat, and (b) an increased cover
age by quick-growing epiphytic or drift ing 
algae which are favoured by nutrient enrich
ment. Both types of changes have been attrib
uted to increasing nutrient loads, and 
decreased light penetration as a consequence 
of increased primary productivity in case (a), 
and increased nutrient concentrations in case 
(b). 

In the Gulf of Bothnia, the major feature was a 
decreased coverage and depth distribution of 
the perennial bladder wrack (Fucus vesiculo
sus) and increased coverage of fast growing 
filamentous algae in the Archipelago Sea and 
the Aland Archipelago. These changes took 
place between the 1960s and the 1980s, and 
were attributed to increasing eutrophication. In 
the Gulf of Finland, great changes in the lit
toral systems on the Finnish coast were 
observed, and were attributed to a changing 
degree of eutrophication. The bladder wrack 
declined in the late 1970s and recovered in the 
late 1980s/early 1990s. The previously domi
nating littoral vegetation seems, to some 
extent, to have been replaced by drifting algal 
mats of filamentous algae like Cladophora 
spp. Similar changes were reported from the 
Estonian side of the Gulf. In the Gulf of Riga, 
a decrease in diversity was reported with the 
green algae Cladophora glomera/a, which has 
increased in importance over the last 30-70 
years. Finally, along the coasts of the Baltic 
Proper, especially in the Gdansk Bight and 
Greifswald Bodden, a general feature is a 
decreased depth distribution of the phytal zone 
in recent decades. In some of the southern and 
eastern parts of the Baltic Proper, the biomass 
of Fucus species and of Zostera marina was 
considerably reduced. Increased dominance of 
filamentous algae (Ectocwpus spp.) has been 
reported for the Polish coast. 

The information available on macrophytoben
thos strongly suggests, that general changes 
have taken place during the recent decades 
along the coasts of virtually the whole Baltic 
Sea Area. The depth distribution of perennial 
macrophytes attached to the bottom has 
decreased, and short-Jived filamentous or thin
bodied epiphytic or drifting algae have 
become increasingly important in recent time. 
These changes are most easily explained by a 
higher input of nutrients with increased prima
ry production as one consequence (eutrophica
tion) during this period. 

The consistency of the reports and the appar-

ent significance of the observed changes call 
for a serious consideration, as to whether or 
not macrophytes should be part of a future 
HELCOM monitoring programme. However, 
since most of the information so far is 'soft', in 
some cases even anecdotal , further work is 
needed to standardise methods, to make the 
observations more objective than they are 
today. 

ANNEXES 
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11.2 ACRONYMS 

MS Atomic absorption spectroscopy 

ACFM (ICES) Advisoy Committee on Fishery Management 

ACME (ICES) Advisory Committee on the Marine Environment 

ADCP Acoustic Doppler Current Profiler 

ASCOBANS Agreement on the Conservation of Small Cetaceans of the Baltic and 

North Seas 

AVHRR Advanced Very High Resolution Radiometer 

BBM Bacterial biomass 

BCF Biological concentration factor 

BETA Steering Group for the Coqrdination of the Third Periodic Assessment ... 
BMB Baltic Marine Biologists 

BMP Baltic Monitoring Programme 

Bq Becquerel (1 disintegration s·1) 

BSPA Baltic Sea Protected Areas 

BY (International) Baltic Year (1969/70) 

CB Chlorobiphenyl 

CCB Coalition Clean Baltic 

CFB Colony-forming bacteria 

COMBINE Cooperative Monitoring in the Baltic Marine Environment 

CTD Conductivity-Temperature-Depth (Density) record 

DOD Dichloro-diphenyl-dichloro-ethane 

DOE Dichloro-diphenyl-dichloro-ethylene 

DDT Dichloro-diphenyl-trichloro-ethane 

DNA Deoxyribonucleic acid 

DOC Dissolved organic carbon 

EGAP Group of Experts on Airborne Pollution of the Baltic Sea Area 

EMEP European Monitoring and Evaluation Programme 

GC Gas chromatography 

GC/MS Gas chromatography/Mass spectrometry 

HPLC High-performance (-pressure) liquid chromatography 

IAEA-MEL International Atomic Energy Agency - Marine Environmental 

Laboratory 

IBSFC International Baltic Sea Fishery Commission 

ICES International Council for the Exploration of the Sea 

ANN EX I 

lOW Baltic Sea Research Institute 

IUCN International Union for the Conservation of Nature 

IMO International Maritime Organization 

JCP Baltic Sea Joint Comprehensive Environmental Acl10111'11 1, 

kT Kilo-tons ( 1Q3 t) 

MORS Group of Experts on Monitoring of Radioactive Suh!,lilfl r 

Baltic Sea 

NOM (US) National Oceanic and Atmospheric Admimstrtttron 

NOx Nitrogen oxides 

OSPARCOM Oslo and Paris Commissions 

PAHs Polycyclic aromatic hydrocarbons 

PBq Peta-Becquerel (1015 Bq) 

PCBs Polychlorinated biphenyls 

PE Population Equivalent 

PITF Programme Implementation Task Force 

PLC Pollution Load Compilation 

POPs Persistent organic pollutants 

psu practical salinity unit 

RSD Relative standard deviation 

RTG Radionuclide thermoelectric generator 

s Salinity 

SCANS Survey of Cetaceans of the Atlantic North Sc.t 

so Standard deviation 

STUK Finnish Centre for Radiation and Nuclear Salt ty 

TBN Total bacterial number 

TBq Tera-Becquerel (1012 Bq) 

TCDD Tetra-chloro-dibenzo-dioxine 

TeBDE Tetra-bromo-diphenyl-ether 

roc Total organic carbon 

UNEP United Nations Environmental Programme 

UVF Ultraviolet fluorescence 

VPA Virtual population analysis 

WWF World Wide Fund for Nature 
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