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Abstract

The article presents the results of chlorophyll a distribution measurements carried
out in the Southern Baltic in the years 1979-1983. Open sea water of the South-
ern Baltic contained on average 1-3 mg-m-3 of chlorophyll a, after the spring
phytoplankton bloom which usually takes place in April or May. In the Gulf of
Gdansk and in the Pomeranian Bay the chlorophyll a concentrations were consid-
erably higher and increased towards the estuaries of Vistula and Odra Rivers. As
regards the long term analysis of the chlorophyll a concentration in the Gdansk
Deep, a noticeable increasing trend was been observed.

1. Introduction

The measurement of chlorophyll a concentration in sea water consti-
tutes one of the elements, besides the rate and magnitude of the primary
production, the quantitative and quality composition of phytoplankton and
the phytoplankton biomass, of phytoplankton analysis. Chlorophyll a can
be used as a simplified indicator of the phytoplankton biomass distribution
in the examined basins. Despite significant temporal fluctuations in chloro-
phyll concentration (Renk et al., 1983; Sournia, 1974) and despite the fact

* The investigations were carried out under the research programme CPBP 03.10, co-
ordinated by the Institute of Oceanology of the Polish Academy of Sciences.



that the ratio of chlorophyll a to the ccU carbon is not constant and depends
on environmental conditions, the simplicity of chlorophyll a determination
makes it a very useful indicator of phytoplankton biomass distribution (Stee-
mann Nielsen, 1963; Steemann Nielsen and j Orgensen, 1962).

The results presented here are considered from this point of view. In
general, the presented analysis of chlorophyll a distribution gives initial
material for further development of the Baltic Monitoring Programme, es-
pecially as regards the analyses of chlorophyll a fluctuations and in view of
a trend towards increasing chlorophyll a concentration observed in the pre-
liminary stage of the Programme in the Gdansk Deep which may be caused
by the Baltic eutrophication (Renk et al., 1985b).

2. Materials and methods

The location of the measurement stations is presented in Figure 1. The
experimental material was collected during research cruises in the Polish
zone of the Baltic classified into two categories:

* Baltic Monitoring Programme cruises, organised by the Institute of
Meteorology and W ater Management, Maritime Branch, Gdynia. In
the years 1979-1980 these cruises contributed 142 samples from the
Pomeranian Bay and open sea Stations (P I, P40, P5) and 230 samples
in the years 1980-1983 from the Pomeranian Bay, open sea zone (P,

Fig. 1. Location of chlorophyll a sampling stations
O established stations of chlorophyll and primary production measurements,
° stations of r/v ‘Profesor Siedlecki’ expeditions



P40, P39, P3, P2, P63) and the Gulf of Gdansk. The measurements
of chlorophyll a concentration in the years 1979-1980 were performed
by a team from the Institute of Oceanology of the Polish Academy of
Sciences, Sopot (Dera et ai, 1980, 1981) and later by the Institute of
Environment Protection, Gdansk Branch.

» Oceanographic cruises of the Sea Fisheris Institute including routine
oceanographic measurements at the following Stations: P1, P5, P40,
P3, P2, B4, “U\ ZP, J, “2°’. These cruises contributed 800 determi-
nations of chlorophyll a.

e Three expeditions aboard the r/v ‘Profesor Siedlecki ’in the spring-
summer seasons of 1981, 1983 and 1985 with complex oceanographic
analyses at over 100 stations. Chlorophyll @concentration was mea-
sured at the standard depths of 0, 5 m and 10 m during these expedi-
tions, while during the remaining cruises it was additionally analysed
at depths of 3, 15 and 20 m .

W ater samples collected with Nansen bottles were immediately filtered
through Whatman GF/C filters. Frozen (-10°C) filters were stored for fur-
ther analysis on land. Chlorophyll a was extracted with 90% acetone and its
concentration was measured spectrophotometrically (BMEPC, 1980; Edler,
1979). The calculations were carried out using the Jeffrey and Humphrey
(1975) equations. In general, chlorophyll a concentrations are given as mean
values for the 0-10 m water layer in mg m~3.

3. Results

3.1. Spatial distribution of chlorophyll a

Spatial distribution of chlorophyll ain the 0-10 m water layer from 9—29
July 1981 is shown in Figure 2. The results of the measurements conducted
at over 100 stations during the cruise of the r/v ‘Profesor Siedlecki ’ served
to prepare this chart. Chlorophyll a measurements were carried out simul-
taneously in the coastal zone aboard the fishing boat ‘Dr Lubecki Similar
expeditions aboard the r/v ‘Profesor Siedlecki *were undertaken in the sum-
mers of 1983 and 1985 and the results of the chlorophyll a measurements
were used to calculate the mean values for the summer season. Distribution

of the mean chlorophyll a concentration in the summer seasons 1981, 1983
and 1985 are shown in Figure 3.

It is clear that the open water of the Southern Baltic contained less
chlorophyll a than the water of the bays. Particularly high amounts of
chlorophyll a were recorded in the estuaries of the Vistula and Odra Rivers.



Fig. 2. Distribution of mean chlorophyll a concentrations in the 0-10 m water
layer, 9-29 July 1981:
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Fig. 3. Distribution of mean chlorophyll a concentrations in the 0-10 m water
layer in summer season (mean values for the three summer seasons 1981, 1983 and
1985):
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Fig. 4. Distribution of mean chlorophyll a concentrations in the cross-sections of
the Gulf of Gdansk - a and the Pomeranian Bay - b (mean values for the summer

season 1982 and 1983):
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Figure 4 presents the distribution of chlorophyll ain the summer seasons
of 1982 and 1983. The impact of both rivers on the chlorophyll a concen-
tration can be clearly seen. The extent of this influence was greater in the
Vistula than in the Odra estuary. Generally, in the Gulf of Gdansk higher
chlorophyll a concentrations were noticed than in the Pomeranian Bay, run-
ning up to the open sea zone. Therefore the concentrations determined in
the Gdansk Deep region were higher than those for the Stupsk Furrow or in
the Bornholm Deep.

3.2. Seasonal fluctuations of the chlorophyll a concentration in
the Gdansk Deep

I he measurements of chlorophyll a concentrations during a single year
and even in the period 1979-1983 (i.e. following the Baltic Monitoring



Fig. 5. Mean chlorophyll a concentrations in the 0-10 m water layer of the Gdarsk
Deep in 1970-1983 (according to the Institute data). The curve corresponds to the
averaged seasonal changes of the chlorophyll concentration

Programme) did not yield a clear picture of its seasonal fluctuations, and
for this reason the analysis was carried out using data from long-term obser-
vations in the Gdarnisk Deep, especially measurements at Station Pl where
they were the most numerous. Figure 5 presents the mean chlorophyll a
concentration in the 0-10 m water layer recorded at P in 1970-1983. It is
worth noticing that quite a number of the experimental points in Figure 5
represent values of several measurements taken in a day. The curve repre-



sents the average seasonal fluctuations of chlorophyll a concentration in the
Gdansk Deep.

The spring phytoplankton bloom usually occured in April, when the
temperature of the surface water layer exceeded 3°C. During the bloom the
chlorophyll a concentrations in the euphotic zone reached high levels - even
over 20 mg per 1 m3. After the spring bloom, from May to October, chloro-
phyll concentration in the Gdansk Deep oscillated between 2to 3 mg -m*“3,
with a generally increasing trend during the summer. From November a de-
crease in chlorophyll a concentrations was observed, lasting till February of
the following year.

The presented here general view of chlorophyll a seasonal fluctuations
leads to a conclusion that a comparative analysis of the chlorophyll concen-
tration in the particular years can be carried out only for the post-bloom
period, i.e. from June to October. If not the high concentrations encoun-
tered during the bloom would muddle the analysis by inclusion of the mean
values for the spring season that carried considerabe errors resulting from
accidental measurements of various stages of the bloom.

Seasonal fluctuations of chlorophyll a concentration at other stations of
the Southern Baltic were similar. The main differences were in the date of
the spring phytoplankton bloom - appearing earlier in shallow regions and
later in the Gotland Deep. In addition, the level of the mean chlorophyll a
concentration varied depending on the station, as shown in Figure 3.

3.3. Chlorophyll a concentration fluctuations in subsequent years

1he comparison of the chlorophyll a content in subsequent years turned
out to be difficult taking into account the ‘monitoring measurements ’ be-
cause the data were scarce and also the frequency of sampling was insuf-
ficient as regards the time variability of the parameter. Because the span
of the phytoplankton bloom was usually shorter than the interval between
the cruises, the bloom was not always observed at its peak. The elevated
chlorophyll a concentrations recorded (the most probable evidence of the
bloom at the particular stations) are listed in Table 1.

It was found that maximal concentrations of chlorophyll a appeared in
the open Baltic water when the surface water temperature reached about
C, i.e. when the thermocline started to form in the euphotic zone The
most distinct picture of the phytoplankton bloom was observed in April
1981 at P1 when a considerable increase in chlorophyll a concentration was
recorded, accompanied by considerable primary production, a gradual de-



Table 1. Maximal concentrations of chlorophyll a recorded in spring

Data Station  Chlorophyll a Primary n Water
production temperature
[mgm-3] [mgC m-3 md-1] [°C]
1979.03.22 B12 4.89 720 9.14
1979.04.10 ZP 6.82 359 3.59 3.4
1979.05.09 PI 5.45 1059 14.24
1979.05.23 B3 4.02 1264 17.89 6.3
1980.05.09 PI 6.04 771 12.69 3.4
1981.04.06 Pl 6.36 1050 11.55 3.1
1981.04.10 Pl 6.45 1185 13.45 2.7
1981.04.11 PI 17.50 1983 7.58 3.3
1981.04.16 J 16.03 1343 10.27 3.9
1982.04.16 PI 4.68 646 15.77 2.6
1982.04.25 B2 5.15 688 7.17 3.7
1982.04.26 Pl 6.28 595 10.52 3.6

crease in the relative photosynthesis energy efficiency 771 and a gradual de-
crease in nutrient concentration.

For these reasons the probable periods of phytoplankton blooms were
excluded from the comparative analysis. The analysis was carried out for
the mean values of measurement from June to October in the particular

Table 2. Mean chlorophyll a concentration in the euphotic zone from June to
October (summer seasons) of the successive years [mgm -3]

Region Year
1979 1980 1981 1982 1983
Gdansk Deep 2.8 2.7 3.0 24 2.8

Open sea zone of

the Southern Baltic 2.1 2.1 24 2.3 2.2
Gulf of Gdansk 6.8 5.9 9.0
Pomeranian Bay 4.7 41 127

year. The mean concentrations of chlorophyll a calculated accordingly are
presented in Table 2. The highest concentrations in the open sea zone were
recorded in 1982. In the summer of 1983 the water of the open Baltic
contained less chlorophyll a than in 1981. On the other hand, in the period

1The relative coefficient of the photosynthesis energy efficiency I describes the ratio
between the primary production per 1 m* and the mean chlorophyll a concentration in
the euphotic zone and the radiation energy per 1 m3 of the sea surface (Platt, 1969).



of analysis the chlorophyll o distribution in the coastal region, particularly
in the bays, was reversed. The Gulf of Gdansk and the Pomeranian Bay
contained more chlorophyll a in 1983 than in 1981. In the remaining years
of the studied period the number of observations was consierably limited,
therefore the respective mean values are less reliable.

4. Discussion

The presented distributions of chlorophyll a concentration and its sea-
sonal fluctuations do not include the daily and short-term oscillations of
the chlorophyll concentration. Short-term fluctuations in particular have
recently gained a lot of research attention (Renk et al., 1983, 1984, 1985a;
Sournia, 1974). It has been established that chlorophyll a concentration
oscillates dally according to the daily rhythm of phytoplankton produc-
tion and zooplankton grazing on phytoplankton, and random oscillations of
chlorophyll a also take place. At certain moments a considerable amount
of chlorophyll a is derived from algae of very small cells with generation
periods of a few hours: chlorophyll a concentration can increase by as much
as two-fold in several hourS. Long-term observations (Renk et al., 1985)
point out that average amplitudes of the daily chlorophyll oscillations were
of 20% magnitude. Taking into account all these facts it is evident that
spatial distributions of chlorophyll a concentration determined on a basis
of discrete measurements might include considerable errors resulting from
random short-time fluctuations of chlorophyll.

The analysis presented in this article is based on the data on mean
chlorophyll a concentrations calculated from several measurements during
a day, though there were a number of single measurements data as well.
For this reason the chlorophyll distribution picture should not be treated
as definite, constant in time, but rather as a picture with isolinies dimmed
due to short-time fluctuations.

In spite of these shortcomings, the presented analysis still enables the
determination of the most eutrophied regions with the application of chloro-
phyll a as the eutrophication indicator. This conclusion seems to be fairly
justified because of the proportionality between the inorganic nitrogen con-
tent and the chlorophyll a concentration observed in the river estuaries and
in the bays. The highest amounts of chlorophyll a were recorded in the
areas around the estuaries of the Vistula and Odra Rivers (Fig. 4). These
regions also revealed elevated concentrations of nutrients. The distribu-
tion of chlorophyll a and nutrient concentration along the distance from the
river estuaries in the Pomeranian Bay and in the Gulf of Gdansk is illus-
trated in Figure 6. Such a situation has become typical in these regions, as
the phenomenon is observed since 1971 (Renk et al., 1976). Figure 7 shows
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Fig. 6. Chlorophyll a and biogenic salts concentration changes versus the distance
from the river mouth, a - Pomeranian Bay, Odra River, b - Gulf of Gdansk,
Vistula River (mean values for the years 1982-1983).

+ Chi a (mg- m~3), o N (/ig at-1-1), o PO4 (/ig at 1-1)

the distribution of chlorophyll a in the Gulf of Gdansk cross-section in July
1971. Similar levels of chlorophyll a concentration were observed by Latala
(1985) in this region in 1981.
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Table 3. Chlorophyll a concentration in the eutrophied regions [mg-m-3]

Region Chlorophyll a Source
concentrations
in summer
maximal  mean
Kiel Bight 60 2.1-3.5 von Bodungen et al, 1975;
Krey, 1974
Gulf of Liibeck 9 2-4 Rohde and Schulz, 1973
Pomeranian Bay 14 2-6 Renk, 1973; Renk et al., 1974
Gulf of Gdansk 30 2-12 Renk et al., 1974, 1976;
Latata, 1982, 1985
Gulf of Riga 49 1-5 Yourkovsky and Bramane, 1974,
1975; Yourkovsky et al., 1976
Region of Tvarminne 22 1-7 Niemi, 1972, 1973
Pojoviken
(Gulf of Finland) 20 10-18  Lassig and Niemi, 1973, 1975
Region of Stockholm 50 10-30  Engstrom, 1973

The eutrophying impact of the Vistula and Odra Rivers diminishes in
the direction of the open sea zone, though it was sometimes still clearly
noticeable in the adjacent open sea areas, e.g. in the Gdansk Deep region.

At the moment, the relation between chlorophyll a and nutrient concen-
trations in the eutrophied areas is not well marked; in the period between
1971-1974 there was a clear relation between chlorophyll a and inorganic
nitrogen contents (Renk, 1972,1973; Renk et al., 1974). Simultaneously the
ratio of inorgranic nitrogen to inorganic phosphorus, in the spring-summer
term, exceeded 15:1, and diminished from the river estuaries’ vicinity to
the open sea zone to the value of 4:1 and even lower (Majewski et al., 1974,
1976; Renk et al., 1976). In the following years significant fluctuations of the
JN:P ratio were observed, probably caused by the fluctuations of the phos-
phorus and nitrogen inflow with the river water. These inflow fluctuations,
in turn, were probably resulted from the technology of mineral fertilization
applied in agriculture and the drainage of fertilizers from the soil with rain.
According to Trzosifnska (in press) the N :P ratio manifested a considerable
increase in the water of the Southern Baltic due to the inflow of nutrients
with river water (Larsson et al., 1985; Zmudzinski, 1986).

High chlorophyll a concentrations were also observed in other Baltic
bays similar to the Gulf of Gdansk and the Pomeranian Bay (Bagge and
Lehmusluoto, 1971; von Bodungen et al., 1975; Krey, 1974; .Rohde and
Schulz, 1973; Waern and Hubinette, 1973) as shown in Table 3.



Fig. 8. Mean chlorophyll a concentrations in the 0-10 m water layer in summer
seasons of 1968-1984 in the Gdansk Deep

The prolonged inflow of biogenic salts to the Baltic Sea resulted in eu-
trophication of this basin and in consequently in an increase in the mean
chlorophyll a concentration. Although chlorophyll a concentrations oscil-
late in a relatively wide range and the mean values for the particular years
were erroneous to a certain extent, the general and noticeable trend is the
increase in chlorophyll a concentration in the Gdansk Deep (Renk et al.,
1985b, 1988). This increase reached a level of about 2% per year over sev-
eral years relative to the mean value (see Fig. 8). A 2% increase in the

annual primary production was also observed in the Gdansk Deep (Renk et
al., 1988).
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