
Copyright ©

Es gilt deutsches Urheberrecht.  
Die Schrift darf zum eigenen Gebrauch kostenfrei 
heruntergeladen, konsumiert, gespeichert oder ausgedruckt, 
aber nicht im Internet bereitgestellt oder an Außenstehende 
weitergegeben werden ohne die schriftliche Einwilligung des 
Urheberrechtsinhabers. Es ist nicht gestattet, Kopien oder 
gedruckte Fassungen der freien Onlineversion zu veräußern. 

German copyright law applies.  
The work or content may be downloaded, consumed, stored or 
printed for your own use but it may not be distributed via the 
internet or passed on to external parties without the formal 
permission of the copyright holders. It is prohibited to take 
money for copies or printed versions of the free online version. 



139 

Kieler Meeresforschungen Sonderheft 4 Kiel 1978 

Phytoplankton production in the Sound 

L. Edler

Dept. of Marine Botany, Univ. of Lund, Lund, Sweden 

Abstract 

Phytoplankton production was measured 19-25 times at three stations in the Sound 
du ring 1972 and 1973. The annual production in 1972 was about the same at all stations, 
70- 77 g C m-2 yr-1. In 1973 a considerable difference was obtained, 73, 148 and 183 g
C m-2 yr-1 for the three stations. The most obvious difference between the two years
was observed during spring and summer in the north and central part of the Sound.
The production in 1972 was about twice as high, and in 1973 4-5 times as high as
previously reported for the Sound. The increased production in the Sound is to a large
degree a result of eutrophication, but the natural changes in the unstable area must be
considered important. A comparison with production values from adjacent waters and
a discussion of factors controlling primary production in the Sound is presented.

Zusammenfassung 
Phytoplanktonproduktion im Öresund 

An drei Standorten im Öresund wurde während der Jahre 1972 und 197319-25 mal die 
Phytoplanktonproduktion gemessen. Die jährliche Produktion war 1972 mit 70 - 77 g 
C m-2 Jahr-1 an allen Stationen etwa gleich. 1973 ergaben sich an den drei Stationen
mit 73, 148 und 183 g C m-2 Jahr-1 beträchtliche Unterschiede. Die auffälligsten
Unterschiede zwischen den beiden Jahren traten im nördlichen und zentralen Teil des 
Öresundes im Frühjahr und im Sommer auf. 1972 war die Produktion im Öresund etwa 
doppelt so hoch und 1973 4-5 mal so hoch wie nach früheren Angaben. Die erhöhte 
Produktion im Öresund ist in hohem Maße das Ergebnis einer Eutrophi�rung, aber 
auch die natürlichen Veränderungen in dem instabilen Gebiet müssen als wichtig 
angesehen werden. Ein Vergleich mit Produktionswerten von angrenzenden Gebieten 
wird durchgeführt, ebenso eine Diskussion der Faktoren, die die Primärproduktion im 
Öresund steuern. 

lntroduction 

The Sound, extending in north-south di rection, is one of the three connections between 
the Baltic and the Kattegat. A considerable transport of water in both directions takes 
place in the Sound, with a northgoing net flow of about 120 km3 per year. Owing to its 
position in the center of an urban area with more than 2 million people, the Sound is 
functioning as a recipient for a large amount of domestic and industrial sewage which 
influences the nutrient conditions in the Sound. 
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Materials and Methods 

During 1972 and 1973 three stations were sampled, Svinbadan (19 times), Ven (21 
times) and Kalkgrundet (25 times) (Fig. 1). Salinity, phosphorus and primary produc
tion were measured at the surface, 2.5 m, 5 m, 10 m, 15 m and 20 m depths. At 
Kalkgrundet and Svinbadan the deepest sample was taken at 10 and 15 m respective
ly. Primary production was measured in situ with 4-hours incubation within 9 a.m. and 
3 p.m„ One light bottle was exposed at each depth and dark bottles at the surface and 
the bottom. The activity of the filters was measured on a Geiger-Müller counter. 
Transformation into daily production was performed by multiplying the values with a 
factor expressed by the relation daily insolation to insolation during incubation. 

Results 

Salinity 
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Characteristic for the Sound is the northgoing surface current of Baltic water and the 
southgoing bottom current of Kattegat water. The difference in density of the two water 
types results in a halocline at a depth of 9-12 m. In both the south and north entrances 
of the Sound, the salinity amplitude is about 26 °/oo (6-32 in the south and 9-35 in the 
north). 
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In 1972, six fluxes of high saline water were observed in the southern part of the Sound. 
An increase of the salinity from the normal of about 9 °/oo to values of more than 20 °/oo 
was then observed. In the north part, the same number of Baltic water fluxes were 
observed. In 1973, high saline fluxes in the southern part were much more frequent 
than in 1972. The Baltic water fluxes northwards showed the same picture as in 1972. 

Phosphorus 

Depending upon the large amount of phosphorus let out in the Sound (5700 tons per 
year), the water passing through the Sound will theoretically get an increase of the 
phosphorus content with approxi mately 10-13 :J.g per i iter. 

The phosphate concentration ranged between 3 and 80:J.g·r1 during the period 
investigated. Mostly the phosphate was evenly distributed in the water column, but 
when not, maximum values were observed either near the surface or at the halocline. 
A tendency of seasonal variation with lowest values during summer and autumn was 
observed. 

Primary Production 

The integrated daily production for the three stations is shown in Fig. 2. During the 
period November-January, irrespective of insolation and amount of biomass, the 
production did not exceed 120 mg C·m-2·d-1 and only twice exceeded 60 mg. Insolation
during this period was always less than 100 mWh·cm-2·d-1. In February 1972 a
production of 166 mg C·m-2·d-1 was measured at Ven, though the insolation was still of
low intensity. The same value was obtained at Svinbadan in February 1973. A large 
diatom population in the surface layer caused this occasional increase in both cases. 

The vernal maximum in early April 1972 was observed at the northern station only, with 
360 mg C·m-2·d-1. In 1973 the vernal peak was obtained in the end of March, also this
year with the highest value at the northern station - 1710 mg C·m-2·d-1. This was the
highest production measured during the investigation. On the same day, the central 
station, Ven, showed only 230 mg C·m-2·d-1. The difference in species composition
between the two stations was probably the determining factor, as no other parameters 
showed any differences. 

The most obvious difference in production between 1972 and 1973 was observed 
du ring the summer period. About half the amount was produced in 1972 compared to 
1973, at all stations. In 1972 the production during this period ranged from 300 to 
500 mg C·m-2·d-1, occasionally even lower. In 1973 the production ranged between 500
and about 1200 mg C·m-2·d-1. At Kalkgrundet a value within these limits was obtained
in July only (1158 mg C·m-2·d-1).

In both 1972 and 1973 a marked autumnal maximum was evident. In 1972 it was 
observed at Kalkgrundet and Svinbadan in the beginning of October with 395 and 
523 mg C·m-2·d-1 respectively. At Ven, however, the bloom was not observed in the

. production values, but the biomass in the end of October was the largest during the 
period (EDLER, 1977). In October 1973 the inverse relationship was at hand - an 
autumnal peak at Ven (1170 mg C·m-2·d-1), while Kalkgrundet and Svinbadan had a low
production. 

Discussion 

The calculated annual production in the Sound is presented in Tab. 1. The uniformity at 
the three stations in 1972 is as striking as the differences obtained in 1973. 
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Table 1 

Annual primary procuction in the Sound (g C.m-2·yr-1).

STATION 
Svinb&dan 
Ven 
Kalkgrund et 

1972 
77 
70 
75 

1973 
183 
148 

73 
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In 1972 the lowest production was obtained at Ven, the only station where the 
measurements were carried out down to 20 m depth. To get a better comparison of the 
stations, the annual production from the surface to 10 m depth was calculated, as 
Kalkgrundet was measured down to this depth only. At both Ven and Svinb&dan, a 
value of 60 g C·m-2·yr-1 was then obtained compared to 75 g at Kalkgrundet. The parts
produced below 10 m at Ven and Svinb&dan were 14 and 24 % respectively. In 1973 the 
corresponding values were 19 and 22 %. As the influence of the richer Kattegat-flora is 
more pronounced in the north and central parts of the Sound, it is not likely that an 
addition of about 20 % to the value of Kalkgrundet would reveal the true production of 
the whole extrapolated euphotic zone here. 15 % is a likely addition and would 
give Kalkgrundet a production of 86 g C·m-2·yr-1 in 1972.

In 1973 a considerably higher production was measured at-Ven and Svinb&dan. A part 
of this increase may be explained by the increased irradiation compared with 1972 
(9 %), but most of it was probably due to the enhanced supply of organisms from the 
Kattegat. At Kalkgrundet about the same amount was produced in 1973 as compared 
with 1972, despite a slightly higher irradiation (4 %) and more frequent fluxes of 
Kattegat water. 

Previously made investigations of primary production in the Sound are reported by 
STEEMANN NIELSEN (1937) and STEEMANN NIELSEN and HANSEN (1961). The 
annual production of 30-39 g C·m-2·yr-1 obtained then was characterized as extremely
low and was explained by the outflow of inproductive Baltic water. The annual 
production in 1972 (70-77 g C·m-2·yr-1) agrees weil with values reported from adjacent
waters. STEEMANN NIELSEN (1964) reported 85 g c-m-2·yr-1 as a mean value for
1953-57 in the Great Belt and a value of 97 g (1954-60) for the central part of the 
Kattegat. In the Arkona Sea, RENK et al. (1974) and SCHULZ and KAISER (1974) 
independently reported 64 and 64.5 g C·m-2·yr-1 for the periods 1966-73 and 1967-72,
respectively. ,In 1972 KAISER and SCHULZ (1975) obtained 70.8 g in the Arkona Sea 
and RENK et al. (1975) 68.8 g in the Gdansk Deep. 

In 1973, when the great differences were obtained in the Sound, the annual production 
at Kai kg rundet (73 g C·m-2) was lower than the production reported by ACKEFORS and 
LINDAHL (1975) from the Hanö Bight in the Baltic (105 g). In the Kiel Bight, von 
BODUNGEN (1976) obtained a value of 158 g for 1973 which is in good agreement with 
the production at Ven (148 g). He did not consider the high production in the Kiel Bight a 
result of eutrophication. 

The values from 1972-73 are 2-5 times higher than those reported by STEEMANN 
NIELSEN (1937) and STEEMANN NIELSEN and HANSEN (1961) for 1933 and 1959. An 
increase in primary production in the Sound du ring the last decades is undoubtedly 
due to eutrophication processes. STEEMANN NIELSEN et al. (1976) are of the same 
opinion, but mention that a natural variation with a factor of 2 is fully possible. 
However, it is unlikely that the measurements in 1933 and 1959 would have revealed 
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the lower limit at the same time as the values of 1972 revealed the upper limit. The 

differences between 1972 and 1973 are more likely a result of natural variation. 

No direct relation between production and light intensity was observed in this 

investigation. However, a certain connection between the two parameters at the 

commencement of the vernal bloom was apparent. As shown by SVERDRUP (1953), the 

light intensity and the depth of the mixed layer are the determining factors for initiating 

the vernal bloom. In the Sound with its marked salinity stratification however, the depth 

of the mixed layer is of no importance. On the contrary, it prevents the !arge amounts of 

phytoplankton in the deep layer to reach the surface, where they can develop further. 

The increasing light intensity, on the other hand, seems to play a decisive role and 

from the twelve measurements made just before or du ring the vernal blooms, a critical 

range was possible to confirm. Production rates exceeding 200 mg C·m-2·d-1 were

obtained only when the irradiation reached values of more than 150 mWh·cm-2·d-1 
- a

value obtained in the middle of March. About the same values were observed by 

ACKEFORS and LINDAHL (1975) in the Baltic. To get a further increase of the 

production, they showed that the temperature had to exceed 2.5° C., when the water 

column starts to be stabilized. No such temperature effect was obtained in the Sound, 

as a result of the already existing salinity stratification . 
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The relation between the production maximum in the water column and the irradiation 

is shown in Fig. 3 (observations left of the hatched line are omitted). The formation of 

the plots along four curves indicates that one or more factors, other than light, are 

involved in the regulation of the production. As the amount of biomass had only a slight 

effect on the position of the plots a factor(s) instantaneously influencing the production 

rate (e.g. nutrients, inhibitors, temperature, salinity) must be the responsible. Values of 

different parameters, obtained at the same depth as the maximal production, were 

correlated with the curves. The mean values of temerature and salinity did not show 

any connection with the curves. Mean values of phosphate concentrations (shown in 
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the fig), however, showed a decreasing tendency with decreasing production. lt must 
be emphasized, however, that the mean values did not show significant differences 
between adjacent curves, when treated statistically, Even the lowest mean value _of 
phosphate is considerably higher, than those reported to slow down the growth rate of 
phytoplankton (McALLISTER et al; 1964). However, the possibility that a negative effect 
on growth rate, due to the rapid salinity fluctuations in the Sound, may result in higher 
limiting concentrations of nutrients, must not be omitted. In the Sound the load of 
nutrients is considerable and - providing no other factor is limiting. - the nutrient 
concentrations may well account for a higher production. One can also speculate on 
regulation of the production by factors other than phosphorus, but with a similar 
variation in the water. GARGAS (1972) suggested that nitrogen is limiting, if the N/P 
ratio is less than 7. In 1973 the ratio of the waste water let out in the Sound was 3 which 
means that nitrogen may limit the production. This has also shown to be the case 
(GRANELI, personal cummunication). 

In the Sound with a constant supply of water, originating from areas with a great 
difference in salinity, the influence of salinity is important. The considerably higher 
production at Ven and Svinb&dan in 1973, compared with 1972 was probably an effect 
of the more frequent fluxes of plankton-rich Kattegat water into the Sound this year. 

Upwelling situations are repeatedly occurring in the southern and central parts of the 
Sound, when the southgoing bottom current is forced to the surface by the Limhamm 
threshold and the island of Ven. Although they are mostly of short duration, they seem 
to be of great importance. Addition of water from deep layers, normally influences the 
primary production by the nutrient supply to the euphotic zone (RAYMONT, 1967; 
CUSHING, 1975). In the Sound this was seldom the case, where large supply of waste 
water gives a rather even vertical distribution of nutrients. The importance of 
upwelling is rather that it supplies phytoplankton to the surface layer. As a 
consequence of this addition from the Kattegat, the character of the planktonflora of the 
Sound shows a close resemblance with that of the Kattegat, although the net flow 
through the Sound is northgoing. 
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