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TOXIC CYANOBACTERIA IN FINNISH LAKES

Tore Lindholm, Department of Biology, Abo Akademi University,
SF-20500 Abo, Finland

Abstract

Blooms of toxic cyanobacteria were frequently observed in
eutrophic lakes and reservoirs in Finland in the 1980s. Both
neurotoxic and hepatotoxic species were documented and
sometimes suspected as the cause of mortality among fish and
domestic animals. Neurotoxicity usually occurred in association
with blooms of Anabaena flos-aquae and A. circinalis. Important
hepatotoxic species were Anabaena spp., Microcystis aeruginosa
and Oscillatoria agardhii. Hepatotoxic blooms of Nodularia
spumigena were observed in the Baltic Sea.
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Introduction

Many species of planktonic cyanobacteria produce toxic
substances, such as neurotoxic alkaloids and hepatotoxic peptides
(Carmichael 1988). Toxic cyanobacteria, which form extensive
blooms in eutrophic lakes and reservoirs, have' caused great
concern in many countries (Skulberg et al. 1984, Carmichael et al.
1985, Gorham and Carmichael 1988). Blooms of toxic
cyanobacteria Were frequently observed in eutrophic lakes and
coastal waters in Finland, especially in the years 1984 -1985.
There were also some reports on fish and bird kills (Eriksson et al.
1986) and mortality among domestic animals (Persson et al. 1984
and Sivonen 1990). Therefore, several studies concerning toxic
cyanobacteria (occurrence, toxicity, toxin structures and effects,
etc.) were initiated. This resulted in several doctoral theses
(Eriksson 1990, Meriluoto 1980, Sivonen 1990) and many other
publications and reports.

Toxic cyanobacteria species

Toxic cyanobacteria have been observed in lakes in most parts of
Finland (Fig. 1) but toxic blooms are more common in Southern
Finland where there are more eutrophication problems. An
extensive survey of "suspected" lakes in Finland showed that
almost 50 % of the blooms are associated with toxicity (Sivonen
et al. 1990). Both neurotoxic and hepatotoxic species were
observed. Important species were Anabaena flos-aquae, A.
lemmermannii, A. circinalis, Microcystis aeruginosa, and
Oscillatoria agardhii. Neurotoxicity was usually associated with
Anabaena spp., which produce anatoxin-a (Sivonen et al. 1989a).
Although toxic strains of Aphanizomenon flos-aquae have been
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observed, this species is mostly non-toxic (Sivonen et al. 1990).
Hepatoxic peptides are produced by many genera, e.g. Anabaen,
Microcystis, Nostoc and many strains of Oscillatoria agardhii
(Sivonen et al. 1990, Sivonen 1990).

Toxic cyanobacteria and drinking water

Various strains of Oscillatoria agardhii occur in many lakes
which serve aé drinking water supplies (Eriksson et al. 19886,
Lindholm et al. 1989, Sivonen et al. 1990). Several lakes have been
closed for shorter or longer periods. Special studies have been
made to find treatment procedures to ensure safe drinking water
(Keijola et al. 1988, Himberg et al. 1989). The water companies
have also invested much wmoney in improved purification
techniques.

Studies of toxins and their effects

The knowledge concerning toxin analysis and types and structure
of toxins of cyanobacteria occurring in Finnish lakes has increased
greatly during the 1980s (e.g. Meriluoto & Eriksson 1988, Sivonen
et al. 1989a, Sivonen 1990, Meriluoto et al. 1989, Meriluoto 1990).
There are detailed studies of the effects of toxins at the cellular
level (Eriksson et al.1989a, Eriksson 1990). There are also studies
which show that peptide hepatotoxins accumulate in the food chain
(Eriksson et al. 1986, 1989b, Lindholm et al. 1989). Although there
are some quantitative data concerning toxin distribution (Fig. 2),
the knowledge on the dynafnics of blooms and toxin production in
nature has not increased very much. We still know relatively little
about the overall ecological effects and the fate of toxins in
natural waters.
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Fig. 1. Geographical distribution of cyanobacterlal bloom samples
revceived during a survey conducted in Finland in 1985 and 1986.
Type ol toxicity or non-loxicily indicated by ditlerent symbols.
Reprinted, with permission, from K. Sivonen et al. 1990 *Toxic
cyanobacteria {blue-groen algae) in Finnish fresh and coastal
waters™, Hydrobiologia 180, 267-275. Copyright Cluwer
Academic Publish Belgi 1890,
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Fig. 2. a and b. Vertical distribution of chlorophyll a and
Oscillatoria agardhii toxin in Lake Ostra Kyrksundet (Aland, SW
Finland) on 13 August and on 27 August 1987. Reprinted, with
permission, from T, Lindholm et al. 1989 "Toxic cyanobacteria and
waler quality problems - examples from a eutrophic lake on
Mand, SW Finland”. Water Research 23, 481-486. Copyright
Pergamon Press PLC, Oxford, UK, 1989.



69

Toxic cyanobacteria in the Baltic Sea

The Baltic Sea is a strongly stratified brackish inland sea where
blooms of cyanobacteria often occur in high summer. The dominant
species are Nodularia spumigena, Anabaena lemmermannii and
Aphanizomenon flos-aquae. Toxicity of blooms in the Baltic Sea is
usually linked to Nodularia, which produces a hepatotoxic
pentapeptide called nodularin (Eriksson et al. 1988, Sivonen et al.
1988b). Several,cases of mortality among dogs due to ingestion of
toxic Nodular/"a‘ have been reported (references in Eriksson et al.
1988).

Increased eutrophication of lakes and coastal waters also lead to
an increased risks for problems caused by blooms of toxic
cyanobacteria. Thus, it is essential to be aware of the risks and to

develop monitoring programs, especially for important water
supplies.
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