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The paper presents resulis of long-term investigations on

primary production and chlorophyll @ concentrations at two
stations in the Southern Baltic (in the Gdafisk Deep and in the
Bornholm Deep). The data show increasing trends in the annual
primary production and mean chlorophyll ¢ contents. A mean
increase in the annual primary production within the recent
years is estimated at 1=2% per year.

INTRODUCTION

Long-term studies on hydrobiological parameters provide data allowing o estimate
changes occurring in the sea water. Sampling frequency in such studies has not
always been adequate; however, it is interesting to follow trends of changes in order
to predict the course of numerous processes and work out their mathematical models.
Long-term changes of different hydrochemical parameters were discussed by Fon-
selius (1969, 1980), Nehring (1982), and Nehring et al. (1984).

Anincrease in concentration of nutrients leads to increasing phytoplankton biomass.
Increasing trends in primary production were observed in different regions of the Baltic
Sea and described by Aertebjerg Nielsen et al. (1981), Gargas et al. (1978), Schulz et
al, (1982), Stemann Nielsen (1965a), and Wulif et al. (1986).

Our studies in the Gdansk Deep have also demonstrated an increasing trend in
chlorophyll concentration. Increases in primary production and chlorophyll contents
were accompanied by simultaneous increases in zooplankton biomass(Ciszewski 1985;
Kurzyk et al. 1983; Mankowski 1978; Renk et al. 1985).

Increasing irends in chlorophyll concentration and phytoplankton production at
two sampling sites situated in the open part of the Baltic Sea are described in the
present paper.
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MATERIALS AND METHODS

The paper is based on data collected by the authors at two stations: P1(Gdansk Deep:
54°50" N, 19°20" E) and P5 (Bornholm Deep: 55°15  N) during long-term studies on
primary production and chlorophyll a concentration within 1970-1988. Some results
of those studies were already published by Renk (1975, 1983) and Nakonieczny et al.
(1989).

Primary production was measured by the !#C methods (Anonymus 1981: Gargas 1975;
Steemann Nielsen 1952, 1965b). The annual primary production was calculated as in
our previous work (Renk et al. 1988).

The chlorophyll @ concentration was estimated spectrophotometrically. Until 1980,
chlorophyll @ contents were calculated according to the SCOR-UNESCO formulae
(Anonymus 1966); later on, the calculations followed Jeffrey and Humphrey (1975).

The mean chlorophyll concentration in the euphotic layer was calculated from
three measurements taken at 0, 5, and 10 m. To calculate trends in chlorophyll
changes, chlorophyll a contents in the summer months (June — September) were used.

RESULTS AND DISCUSSION

Chlorophyll a concentration in the euphotic layer were observed to fluctuate
considerably in time (Renk et al. 1983, 1985). These fluctuations as well as a low

frequency of chlorophyll measurements make it difficult to estimate the mean chloro-
phyll ¢ content in a given year. Estimation of long-term changes in chlorophyll con-
centrations is not easy either.

As in our previous paper (Nakonieczny et al. 1989), here, too, we disregarded data
on chlorophyll @ content collected during spring phytoplankton blooms.

Figs 1 and 2 show mean chlorophyll contents in the euphotic layer at two statioas
visited in this study. The plots shown demonstrate significant increasing irends in the
chlorophyll concentrations. The relevant trend equations are as follows:

chl (P1) = 1.670 + 0.082 (t — 1970)

chl (P5)=1.172 + 0.0709 (t - 1970)

The figures show also that the chlorophyll concentrations in the Gdansk Deep are
higher than those in the Bornholm Basin. Phytoplankton biomass in the Gdansk Deep
and in the Bornholm Basin increases annually by 4.9 and 6%, respectively.

Similarly to the increasing trends in chlorophyll ¢ concentrations, increasing
trends in annual primary production can be observed as well. Figs 3 and 4 illustrate
changes in the annual primary production in the Gdaask and Bornholm Deeps. The
regression lines describing the annual primary production trends are expressed by the
following equations:
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Fig. 1. Mean chlorophyll concentrations in 0—10 m layer in summer (June — September ) in the Gdafisk Deep
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Fig. 2. Mean chlorophyll concentrations in 0=10 m layer in summer (June - September) in the Bornholm Basin
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Fig. 3. Annual primary production in the Gdansk Deep
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Fig. 4. Annual primary production in the Bornholm Deep
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P (P1)=115.98 + 1.38 (t = 1970)

P(P5)= 84.06+1.21(t-1970)

As we decided to disregard the years with data obtained less frequently than 6 times
a year, mean production values are not shown, in some cases, in Figs 3 and 4, although
measurements were taken every year.

Phytoplankton production in the Gdansk Deep and in the Bornholm Basin increased
each year by, on the average, 1.2 and 1.4%, respectively.

Regardless of the considerable variability of the annual primary production in
individual years, significant increasing trends in phytoplankton production and chlo-
rophyll concentration are observed. Increasing trends in primary production have
also been observed by other authors (Aertebjerg Nielsen et al. 1981; Gargas et al. 1978;
Schulz et al. 1982;Steemann Nielsen 1965a; Wulff et al. 1986). A distinct increasing
trend in zooplankton biomass was observed in the Baltic as well (Ciszewski 1985).

The increase in summer phytoplankton production coincides with increasing con-
centrations of inorganic nitrogen within the same period, which was observed by
Nehring et al. (1984) and Wulff et al. (1986).

REFERENCES

Aertebjerg Nielsen G., T.S. Jacobsen, E. Gargas, E. Buch, 1981: The Belt Project. Evaluation of physical,
chemical and biological measurements. Nat. Agency Environ. Prot., Denmark, 122 pp.

Anonymus, 1966: SCOR-UNESCO Report Working Group 17. Determination of photosynthetic pigments.
Monogr. Oceanogr. Method., Paris.

Anonymus, 1981: Report of working group on the methodology of primary production, including guidelines
for the measurements of primary production in the ICES area. ICES Biol. Oceanogr. Cttee, C.M. 1981/L:
46: 31 pp.

Ciszewski P., 1985: Long-term trends in mesozooplankion biomass development in the Southern Baltic.
Oceanologia, 22: 63—170.

Fonselius S., 1969: Hydrography of the Baltic deep basins. III. Fish. Bd. Sweden, Ser. Hydrogr., 23;: 5-=97.

Fonselius S., 1980: On long time variations of phosphorus in Baltic surface waters. ICES C.M. 1980/C: 36.

Gargas E., 1975: A manual for primary production studies in the Baltic, BMB Publ. 2, 88 pp.

Gargas E., C. Nielsen, S. Mortensen, 1978: Phytoplankton production, chlorophyll-a and nutrients in the open
Danish waters, 1975=1977. The Belt Project, Horsholm, Charlottenlund: 13—65.

Jeffrey S.W., G.F. Humphrey, 1975: New spectrophotometric equations for determining chlorophylls a, b and ¢
in higher plants, algae and natural phytoplankton. Biochem. Physiol. Pflanzen, 167 pp.

Kurzyk S., J. Nakonieczny, S. Ochocki, H. Renk, 1983: Application of trigonometric polynomial in the des-
cription of periodic changes in hydrobiological parameters. Pol. Ecol. Stud., 373=385.

Matikowski W., 1978: Zooplankion Baltyku i jego produktywnosc. In: Produktywno$¢ ekosystemu Morza
Battyckiego. Ossolineum, Wroctaws 113—134,

Nakonieczny J., S. Ochocki, H. Renk, 1989: Long-term changes in primary production and chlorophyll con-
centrations in the Gdansk Deep, Southern Baltic. In: Klekowski R.Z., Styczynska-Jurewicz E., Falkow-
ski L. (eds.): Proceedings of the Twenty First European Marine Biology Symposium. Ossolineum, Wroctaw:
349-354,

Nehring D., 1982: Langzeittrends des Phosphat — und Nitratgehaltsin der Ostsee. Beitr. Meeresk., 47: 61-86.



152 J. Nakonieczny, 8. Ochocki, H. Renk

Nehring D., S. Schultz, W. Kaiser, 1984: Long-term phosphate and nitrate trends in the Baltic Proper and some
biological consequences: A contribution to the discussion concerning the eutrophication of these waters.
Rapp. P. — v. Réun. Cons. int. Explor. Mer, 183: 193-203.

Renk H., 1975: Hydrology and primary production of the Baltic Sea. Pol. Arch. Hydrobiol., 22: 377-397.

Renk H., 1983: Light conditions, chlorophyll distribution and primary production in the southern Baltic. Pol.
Ecol. Stud., 9: 311=329.

Renk H., M. Borysiak, J. Nakonieczny, S. Ochocki, 1985: Dobowe fluktuacje biomasy fitoplanktonu. Stud.
Mat. Oceanolog., 46: 150—180.

Renk H., J. Nakonieczny S. Ochocki, 1988: Primary production in the Southern Baltic in 1985 and 1986 com-
pared with long-term mean seasonal variation. Kieler Meeresforsch., Sonderh. 6: 203—209.

Renk H., S. Ochocki, H. Pytel, 1983: Short-term variations of primary production and chlorophyll in the
Gdanisk Deep. Pol. Ecol. Stud., 9: 341-=359.

Schulz S., W. Kaiser, G. Breuel, 1982: Results on long-term observations of production and biological para-
meters in the Arkona Sea. Proc. 13th Conf. Baltic Oceanogr., Helsinki.

Steemann Nielsen E., 1952: The use of radiocarbon C-14 for measuring organic production in the sea. J. Cons.
int. Explor. Mer, 18: 117=140.

Steemann Nielsen E., 1965a: Investigation on the rate of primary production at two Danish light-ships in the
Transition Area between the North Sea and the Baltic. Meddel. Dann. Fiskeri-Havunder., 4: 31=77.

Steemann Nielsen E., 1965b: On the determination of the activity in 14C-ampoules for measuring primary
production. Limnol. Oceanogr., 10 oSuppl.: R247-R252.

Wulff F., G. Aertebjerg, G. Nicolaus, A. Niemi, P. Ciszewski, S. Schulz, W. Kaiser, 1986: The changing pelagic
ecosystem of the Baltic Sea. Ophelia, Suppl. 4: 299=319.

Author’s address:

Sea Fisheries Institute
Koitgtaja 1

81-345 Gdynia

Poland





