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Abstract

Nitrogen fixation measurements carried out in 1974 and 1975 in the Baltic Sea
showed that one heterocyst fixed nitrogen c. 3.5 pg (2h)~"'. According to our pre-
liminary calculations the amount of nitrogen fixed in 1974 in the northern and central
Baltic proper was c. 100000 tons.

Zusammenfassung

Stickstoff-Fixierung durch Blaualgen in der Ostsee

Messungen der Stickstoff-Fixierung in den Jahren 1974 und 1975 ergaben, daB eine
Heterocyste etwa 3,5 pg (2h)~" Stickstoff bindet. Nach unseren vorlaufigen Berech-
nungen betrug die 1974 in der nordlichen und zentralen Ostsee gebundene Stick-
stoff-Menge etwa 100000 Tonnen.

Introduction

The blooms of nitrogen-fixing blue-green algae evidently play an important role
in the nitrogen budget of the Baltic Sea. The dominant nitrogen-fixing blue-green
algae seem to be favoured by upwelling of Baltic deep water rich in phosphorus
and by the phosphorus load discharged from the coast, which contribute to lower
the N: P ratio (cf. TARKIAINEN et al., 1975). The aim of the present study was to
obtain information about the blooms of blue-green algae, the intensity of nitrogen
fixation and the influence of environmental conditions.

Material and methods

The investigations of this project, ‘MERININNI"’, were performed onboard R/V
Aranda. Preliminary measurements were carried out in August 1974 in the Baltic
proper. In 1975 several areas, including a transect extending from the east of the
Gulf of Finland to the Gotland deep, were studied in early August (Fig. 1). During
this cruise the weather was sunny, calm and exceptionally warm (surface water
> 19 °C). Blue-green algal blooms of varying intensity were observed throughout
the study area. The sampling was performed during the light part of the day (4.00
a. m.—4.30 p. m.).
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The chemical analyses were made on board by the chemical staff of the Institute
of Marine Research (KOROLEFF, 1976). Primary production ability was measured
in vitro (LASSIG and NIEMI, 1972). Nitrogen fixation was measured by the acetylene
reduction method, according to BURRIS (1972) and VUORIO (1977). The samples
were concentrated to about 100/1 with a 25 um plankton net. Subsamples of 5 ml
were injected into serum bottles of 12 ml. Three parallel subsamples were prepared.

Fig.t STUDY AREA AND SAMPLING
STATIONS
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® 1974 and 1975

OPEN SEA
1 Gulf of Finland 9
2 Northarn Baltic proper
3 Central Baltic proper
4 Aland Sea
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8 Uusikaupunki archipelago
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Figure 1
Areas studied and sampling stations

The acetylene concentration was 20% and the incubation time 2 h (18°C, 5000 Ix).
After that the reaction was stopped by adding Lugol's solution. The ethylene con-
centration was measured using a Carlo Erba Fractovap gas chromatograph.
One mole of ethylene produced corresponds to 2/3 mole of NH; produced (KLUCAS,
1969). The phytoplankton was analysed on both water samples and net samples,
which were preserved with Keefe’'s solution and counted by Utermdhl’s technique
(for details, see MELVASALO et al., 1973). From the net samples taken for the acety-
lene reduction measurements only the heterocystic blue-greens and the heterocysts
were counted.

Environmental conditions

From late June 1975the surface temperature ofthe northern Baltic Sea (Ut6) gradual-
ly increased, reaching a maximum (23°C) in early August (Fig. 2). By then stable
thermal stratification had developed - throughout the areas studied (Fig. 3). The
15°C isotherm was found at c. 15 m in the Gulf of Finland and somewhat deeper
in the northern Baltic proper. Cold winter water occurred between c. 40 and 60 m.
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Surface water temperature at 2.00 p.m. in June—August 1975 at the Utd station, area 2 (Bar
= cruise 1975)
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Temperature on transect XV-5 — F 81 in 1975
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The surface salinity (Fig. 4) showed a gradual increase from the Gulf of Finland
(< 4°/q station XV-5) to the central Baltic proper (> 7% F 81). The permanent
halocline occurred at a depth of c. 60—70 m. At the entrance of the Gulf of Finland
the isohalines were depressed downwards (stat. LL 9). A tendency to upwelling
(F 80) was also revealed by the isotherms and isohalines. On the transect across
the eastern Gotland Basin (stat. IV b 1 — IV b 7) the stratification was uniform. The
levels of total phosphorus (< 10 ng I-') and total nitrogen (c. 300-400 ;g I-') and
the low concentrations of inorganic phosphorus and nitrogen (< 6 ug |- PO+—P,
3-1 ug I7" NOs—N, 10 pg I=" NHs—N) in the surface water can be considered typical
and normal for this stage of production in late summer in the northern Baltic Sea
(Figs. 5 and 6).
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Results

In the northern Baltic proper and the Gulf of Finland, the dominant blue-green algae
were the nitrogen-fixing species Aphanizomenon flos-aquae (L.) RALFS, Nodularia
spumigena MERT. and Anabaena lemmermannii P. RICHT, the last-named being
abundant only in the Gulf of Finland (Fig. 7).
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Figure 7

The abuandance of Aphanizomenon flos-aquae, Nodularia spumigena and Anabaena lemmer-
mannii in net samples from 15-0 m (25 ».m) on transect XV-5 — F 81 and at Orrengrund and Ajax
in 1975
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The results of the nitrogen fixation studies of the surface water at stat. XV 5-F 81
are given in Fig. 8. The ethylene production rate was highest at stat. LL 5-LL 17
(6.0-23.5 pM CzH. (2 h)~' m—2), where the biomass of heterocystic blue-greens and
the number of heterocysts were also highest (191-387 mg m—® and 15.8-65.3 x 10°
heterocysts m—2, respectively). A dense Nodufaria bloom was visually observed
near LL 9. The ethylene production rate, the biomass of heterocystic blue-greens
and the number of heterocysts in this bloom were about ten times as high as in the
other areas studied. However, the heterocystic activity (acetylene reduction/
heterocyst) and primary production ability were of the same order of magnitude
as at the other stations.
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Figure 8

Ethylene production and related data of surface water on transect XV-5 - F 81 in 1975

At LL 19-F 81 the ethylene production rate (0.4-0.9 pM C:Hs (2h)~" m—?) as well
as the biomass of heterocystic blue-greens and the number of heterocysts (19-93 mg
m~—2and 1.2-5.8 X 10° heterocysts m—?, respectively) were low. The highest hetero-
cystic activity was found in the eastern part of the Gulf of Finland, the lowest valuesin
the area LL 9-F 80.

At stat. LL 11 the measurements were carried out twice, on 6.8. and 14.8. (Table 1).
On August 14 the Nodularia bloom had disappeared and the ethylene production
rate was only 14% of that of August 6. The biomass of heterocystic blue-greens
on August 14 was about 60%, but the number of heterocysts only 11% of the value
found on August 6. However, the primary production ability (6.8: 14,9 mg C (4 h)'1m"3,
14.8 : 40.1 mgC (4 h)‘1m“3) had increased about 2.5 times during these 6 days.
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Table 1

Ethylene production, primary production ability, biomass of blue-greens, number
of heterocysts and heterocystic activity at stat. LL 11 and Teili 1 in 1975.

Station Unit LL 11 LL 11 Teili 1
Date 6. 8. 14. 8. 14. 8.
Ethylene prod. wM CzHs (2h)="m~—° 16.4 2.3 1.8
Primary production ability mgCass.(4h)~-"m—2 14.9 401 25.5
Biomass
Aphanizomenon mg m—2 92 183 171
Nodularia mg m—2 218 3.9 14.2
Total mg m—2 310 187 185
No. of heterocysts
Aphanizomenon 10°m-3 3.5 6.3 5.1
Nodularia 10°m-3 61.8 0.8 2.9
Total 10°m—2 65.3 7.1 6.0
Heterocystic activity pM CzH4 (2 h het.)—! 0.251 0.331 0.225
Table 2

Vertical distribution of ethylene production and heterocystic activity at Sts. LL 17,
F 81, Teili 1 and LL 11 in 1975.

Depth Ethylene production Heterocystic activity

m eM CzH4 (2h)=" m—2 pM CzH, (2h heterocysts)—*
LL 17 F 81 Teili1 LL 11 LL 17 F 81 Teili 1 LL 11

0 11.4 0.39 1.78 2.33 0.22 0.33 0.23 0.33

10 6.0 3.4 1.29 2.33 0.27 0.23 0.22 0.39

20 0.66 0.47 0.64 0.74 0.12 0.30 0.14 0.23

The vertical distribution of ethylene production was studied at stations LL 17, F 81,
Teili 1 and LL 11 (Table 2). The ethylene production was obviously less intense at
a depth of 20 m than in the euphotic layer. At 0 and 10 m the heterocystic activity
was almost the same, but at 20 m the activity was c. 70% (on average) of that in the
euphotic layer. Although the ethylene production rate followed the abundance
of blue-green algae, the relative decrease in ethylene production from 0 to 20 m
was greater than that in the amount of blue-green algae.

Measurements of ethylene production made in the study areas in 1974 and 1975
are given in Table 3. The means of the areas varied between 0.6 and 28 .M C:H,
(2h)=* m—2. The highest mean was found in the central Baltic proper in 1974, the
lowest mean in the same area in 1975. In the northern Baltic proper the mean of the
ethylene production was also much higher in 1974 than 1975. In both these areas
the means of the N: P ratio were higher in 1975 than in 1974.
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The means of the heterocystic activity varied between 0.23 and 0.74 pM C;H, (he-
terocyst)-" in two hours, the highest means occurring in the eastern Gulf of Fin-
land and in the central Baltic proper (1974). A high mean value was also found
in the Uusikaupunki archipelago (area 8, Fig. 1). In the surface water samples,
the correlation between ethylene production and the number of heterocysts was
very significant (correlation coefficient of logarithms = 0.938, n = 45), and, if
ethylene production is y (pM CzH4 (2h)~' m~2) and the number of heterocysts is x
(108 per m®), the equation is:

y = 0.38 x99,
So one heterocyst produced about 0.38 pM C.H4 (2h)~", which corresponds to
nitrogen fixation of 3.5 pg N (2h)~'. This is somewhat smaller than values obtained
in the Helsinki (VUORIO, 1977) and Stockholm archipelagoes (BRATTBERG, 1975).

Observations made by Ilkka RINNE and Hanna VUORIO (unpublished) have shown
that measurements of nitrogen fixation in standard conditions are fairly comparable
to measurements carried out using incubation bottles in situ.

In our calculations we have assumed that

— the seasonal succession of nitrogen-fixing blue-green algae and the diurnal
and vertical variation in nitrogen-fixing activity in our study areas are similar
to those found in the sea area outside Helsinki (VUORIO, 1977)

— ¢. 2% of the nitrogen fixed during June—August is fixed during one day in early
August

—— Y
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Figure 9

Calculated nitrogen fixation (kg km~2 (3 months)~') by planktonic algae in the areas studied in
1974 and 1975. (The values from the Helsinki area according to Rinne, 1976 and Vuorio, 1977.)



|. Rinne et al.: Nitrogen fixation in the Baltic 187

— the surface fixation is c. 12% of that in the whole water column

— the fixation in one hour in early August corresponds to 2—7% of the daily fixation
(the rate depends on which time of the day the measurements are made)

The estimates are presented in Fig. 9. According to our preliminary calculations
the amount of nitrogen fixed in 1974 in the northern and central Baltic proper was
c. 100000 tons.
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