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Nitrogen (C2H4)-fixation in planktic heterocystous blue-green algae was measured in 
the Askö area throughout the summer 1976. -Temporal variations in total number of 
heterocysts, heterocyst frequency, heterocyst activity, acetylene reduction and 
primary production are discussed. - The amount of nitrogen fixed is estimated to 
0.6 g N / m2 x year. 

Zusammenfassung 

Zur Stickstoff-Fixierung in einem Küstenbereich der nördlichen Ostsee 

Im Askö-Gebiet wurde während des Sommers 1976 die Stickstoff (C2H4)-Fixierung 
durch Heterocysten planktischer Blaualgen untersucht. Die zeitlichen Variationen der 
Gesamtzahl der Heterocysten, der Heterocysten-Häufigkeit,derHeterocysten
Aktivität, der Acetylen-Reduktion und der Primärproduktion werden diskutiert. Die 
fixierte Stickstoffmenge wird auf 0,6 g N/m2 x Jahr geschätzt. 

lntroduction 

In the summer months, when the trophogenic layer is poor in nutrients, nitrogen-fixing 
bl ue-green algae constitute a characteristic feature of the phytoplankton popu lation of 
the Baltic. Results from the Stockholm Archipelago (BRATTBERG, 1977) show that 
nitrogen-fixing blue-green algae are of increasing importance when moving outwards 
to less polluted areas of the archipelago. VUORIO (1976) has obtained similar results 
from the Helsinki Archipelago. During the summer 1976 nitrogen fixation in planktic 
heterocystous blue-green algae was investigated in the Askö area, a coastal area 
bordering the open Baltic Sea. 

The aim of the investigation was to study the dynamics of nitrogen fixation of the blue
green algae during their main vegetation period and to quantify the total amount of 
nitrogen fixed in the pelagial. 

Methods 

Nitrogen fixation was measured with the acetylene reduction technique (STEWART et 
al., 1967; GRANHALL and LUNDGREN, 1971) at station „Bojen", oft the Askö 
Laboratory (Fig. 1) from late June until early September. Measurements were carried 
out on 14 occasions. 

Plankton were sampled with a plastic tube, the length of which corresponds to the 
thickness of the trophogenic layer. 
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Figure 1 
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The investigation area. Station "Bojen", oft the Askö Laboratory is marked with an asterisk 

Acetylene reduction was measured in 30 ml test bottles. 15 ml of a plankton suspen

sion, concentrated about 13 times, was used. The test bottles were incubated in situ at 

standard depths for 4 hours around noon. The results are corrected according to 

FLETT et al. (1975). 

As the nitrogen fixation is shown to occur in the heterocysts under aerobic conditions 
(FA Y et al., 1968; STEWART et al., 1969), the nitrogen-fixing blue-green algae were 

quantified as total number of heterocysts. Further, the heterocyst frequencies (number 

of heterocysts per mm filament) and the heterocyst activity (amount of acetylene 

reduced per heterocyst and hour) were determined on all sampling occasions. 

The amount of nitrogen fixed was obtained from the acetylene reduction by using the 

molar ratio 4:1 (cf. PETERSON and BURRIS, 1976). The factor 3.55 (BRA TTBERG, 1977) 

was used for the conversion of short term values into daily values. 

The temporal variations of chemical, hydrographic and biological parameters at 

station "Bojen" during 1976 are described by HOBRO et al. (1977). 
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Results and discussion 

The nitrogen-fixing species occurring at station "Bojen", Aphanizomenon flos-aquae, 

Nodu/aria spumigena and Anabaena spp, are common in unpolluted areas of the 

Baltic (NIEMI, 1972). Their temporal variation is shown in Fig. 2. 
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Percentage distribution of total number of heterocysts in the trophogenic layer among the 

nitrogen-fixing species. 

APH: Aphanizomenon flos-aquae 

AN :Anabaena spp. 

NOD: Nodularia spumigena 
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Figure 3 
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Heterocyst frequency, expressed as number of heterocysts per mm filament, of the dominating 

species Aphanizomenon flos-aquae. The filament length is measured with an estimated err�r of 

± 30 % 

The heterocyst frequency of the dominating species A. f/os-aquae (Fig. 3) decreased 

significantly during the period studied. OGAWA and CARR (1969) have shown that 

available mineralized nitrogen inhibits heterocyst formation, while it is stimulated by 

available phosphate (cf. STEWART and ALEXANDER, 1971). Consequently, the 

decreasing heterocyst frequency indicates an increasing supply in the water of 
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assimilable nitrogen relative to assimilable phosphate. This is supported by results 

from the Stockholm Archipelago (BRATTBERG, unpubl.) where a decrease in 

heterocyst frequency to half the value was found after phosphate reduction of sewage 

from Stockholm. 
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Figure 4 

Temporal variations of heterocyst number, heterocyst activity and acetylene reduction in 
integrated samples (0-20 m) of nitrogen-fixing blue-green algae. 
A. Total number of heterocysts per m2 

( ± 30 % ), broken line: Aphanizomenon flos-aquae. 

B. The heterocyst activity expressed as the amount of acetylene reduced per heterocyst and hour. 
The variation between parallel samples ( ± 10: %) and the error in heterocyst countings are
taken into account.
C. The total amount of acetylene reduced per m2 during the incubation period
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The number of heterocysts (Fig. 4 A) was at a minimum in late July- early August. This 
minimum, as weil as the disappearance of blue-green algae in early September, 
coincided in time with upwelling of bottom water in the area (HOBRO et al., 1977). 

The heterocyst activity (Fig. 4 B) expresses the nitrogen fixing activity of the 
population. As in the case of number of heterocysts, the activity decreased in the 
middle of the period, which may be due to a shift of the blue-green algal population to a 
less active one. Some days after the maximum in number of heterocysts, there was an 
increase in the heterocyst activity. This agrees with results of KULASOORIYA et al. 
(1972) showing that heterocyst formation precedes nitrogen-fixing activity. 

The acetylene reduction (Fig. 4 C) is a function of heterocyst activity and number of 
heterocysts. As the number of heterocysts varied to a greater extent than the 
heterocyst activity (cf. Fig. 4 A and B) the acetylene reduction is principally determined 
by the actual number of heterocysts. Studies on the daily variations in nitrogen fixation 
(BRATTBERG et al., in prep.) gave similar results. 
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Figure 5 

The variation in the daily primary production in the trophogenic layer (from HOBRO et al., 1977) 

The primary production (Fig. 5) showed the same principal variation as the acetylene 
reduction (Fig. 4 C) although its maxima occurred some days later (cf. GRANHALL and 
LUNDGREN, 1971 ). According to JONES and STEWART (1969) part of the nitrogen fixed 
is released directly into. the water, and is thus available to other algae. In this way a 
high nitrogen fixation can be followed by an increased primary production, provided 
that nitrogen is a limiting factor. At station "Bojen" other algal groups, especially 
monads, were dominating over the blue-green algae as regards biomass (HOBRO et 
al., 1977). 

On the other hand, high primary production coincides with high heterocyst activity (cf. 
Fig. 4 B and 5), This agrees with earlier results from the Stockholm Archipelago 
(BRATTBERG 1977; BRATTBERG et al., in prep.). lt is possible that the coincidence is a 
result of a total increase in physiological activity. A correlation between rate of 
nitrogen fixation and carbon assimilation has been shown by FOGG and THAN-TUN 
(1960) in experiments with Anabaena cylindrica. KULASOORIYA et al. (1972) sugge
sted that this correlation is due to both processes being determined by the cellular C :N 
balance of the algae. 

Nitrogen fixation du ring the period was estimated to 0.6 g N / m2
, with the variation 

limits 0.3-1.1. This value is of same order of magnitude as those obtained by RINNE et 
al. (1978) in the Baltic during 1974 and 1975. 
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The primary production during the period was 62 g C / m2 (HOBRO et al., 1977). 
Assuming that phytoplankton assimilate carbon and nitrogen in the proportion 5.9 :1 
(cf. AHLGREN, 1973), the corresponding nitrogen requirement will be 10.5 g NI m2

. 

Thus the nitrogen fixation contributed at the most 10 % of the nitrogen required for 
· primary production.

Acknowledgements

This investigation was financed by the Swedish Environment Protection Board (SNV
7-74/76). We thank Prof. B-0. JANSSON and the whole staff of the Askö Laboratory,
especially R. HOBRO and U. LARSSON, for skillful help and valuable discussions. We
also thank M. EKDAHL, F. HELLSTRÖM and A. NORDGREN, Institute of Ecological
Botany, Uppsala, for technical assistance in preparing the manuscript.

References 

AHLGREN, 1.: Limnologiska studier av sJon Norrviken III. Avlastningens effekter. 
(Limnological studies of Lake Norrviken III: Effects of the unloading) (in Swedish). 
50 pp. Scripta Limnologica Upsaliensis 333 (1973) 
BRATTBERG, G.: Nitrogen fixation in a polluted brackish water archipelago. Ambio, 
Special Report 5, 27-42 (1977) 
BRATTBERG G., G. LINDAHL and K. WALLSTRÖM: On daily variations in nitrogen 
fixation in a coastal area of the Baltic. (Manuscript in preparation) 
FAY, P., W.D.P. STEWART, A.E. WALSBY and G.E. FOGG: ls the heterocyst the site of 
nitrogen fixation in blue-green algae. Nature 220, 810-812 (1968) 
FLETT, R.J., R.D. HAMIL TON and N.E.R. CAMPBELL: Nitrogen fixation in aquatic 
environments - a critical study of the acetylene reduction assay. Verh. Intern. Verein. 
Limnol. 19, 2664-2668 (1975) 
FOGG, G.E. and THAN-TUN: lnterrelations of photosynthesis and assimilation of 
elementary nitrogen in a blue-green alga. Proc. Roy. Soc. B 153, 111-126 (1960) 
GRANHALL, U. and A. LUNDGREN: Nitrogen fixation in Lake Erken. Limnol. Oceanogr. 
16, 711-719 (1971) 
HOBRO, R., U. LARSSON and Ä. HAGSTRÖM: Forskningsrapport 1, Pelagialpegeln (in 
Swedish). In: Östersjöundersökningen. Bilaga till ansökan till SNV, jan. 1977. Askö 
Lab., Sweden (mimeogr.) (1977) 
JONES, K. and W.D.P. STEWART: Nitrogen turnover in marine and brackish habitats. IV 
Uptake of the extracellular products of the nitrogen-fixing alga Ca/othrix scopu/orum.

J. Mar. biol. Ass. U.K. 49, 701-716 (1969)
KULASOORIY A, S.A., N.J. LANG and P. FAY: The heterocysts of blue-green algae 111 
Differentiation and nitrogenase activity. Proc. Roy. Soc. Lond. B. 181, 199-209 (1972) 
NIEMI, Ä: Observations on phytoplankton in eutrophied and noneutrophied archipela
go waters of the southern coast of Finland. Memoranda Soc. Fauna Flora Fennica 48,

63-74 (1972)

OGAWA, R.E. and J.F. CARR: The influence of nitrogen on heterocyst production in 
blue-green algae. Limnol. Oceanogr. 14, 342-351 (1969) 
PETERSON, R.B. and R.H. BURRIS: Conversion of acetylene reduction rates to 
nitrogen fixation rates in natural populations of blue-green algae. Anal. Biochem. 73, 
404-410 (1976)



G. Lindahl et al.: Nitrogen fixation in the northern Baltic 177 

RINNE, 1., T. MELVASALO, Ä. NIEMI and L. NIEMISTÖ: Nitrogen fixation by blue-green 
algae in the Ba!tic Sea. Kieler Meeresforsch., Sonderh. 4, 178-187 (1978) 

STEWART, W.D.P. and G. ALEXANDER: Phosphorus availability and nitrogenase 
activity in aquatic blue-green algae. Freshw. Biol. 1, 389-404 (1971) 
STEWART, W.D.P., G.P. FITZGERALD and R.H. BURRIS: In situ studies on Nrfixation 
using the acetylene reduction technique. Proc. natn. Acad. Sei. U.S.A. 58, 2071-2078 
(1967) 
STEWART, W.D.P., A. HAYSTEAD and H.W. PEARSON: Nitrogenase Activity in 
Heterocysts in Blue-Green Algae. Nature 224, 226-228 (1969) 
VUORIO, H.: Planktisten syanobakteerien ilmakehän typensidonta Helsingin meri
alueella v. 1974. (Molecular nitrogen fixation by planctonic cyanobakteria in Helsinki 
sea area in 1974) (in Finnish), 53 pp. Helsinki Univ., Inst. of Gen. Microbiol. (mimeogr.) 
(1976) 




