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Abstract

The plankton material was sampled in August 1939¥mfrthe Gulf of Gdansk. The
CyanobacteriunNodularia spumigenatrain (NSG 0897) was isolated from the sampleg Th
effect of salinity on the growth dflodularia spumigenavas studied in the laboratory. Salinity
had a significant effect on the number of cellstiagh density, concentration of chlorophwgl
dry mass and growth rate. Th®dularia spumigenatrain grew well in salinities 4-16 PSU. A
salinity of 8 PSU is the best for the growth ostktrain.

INTRODUCTION

Nodularia spumigenaviertens belongs to the filamentous cyanobacteria
(blue-green algae), which are able to fix dissolvadlecular nitrogen and
occasionally produce hepatotoxin. Blooms of thiecégs, occurring in the late
summer have been observed for several years aguar@henomenon in the
Baltic Sea. Such blooms, in whitlodularia spumigenglays an important role
have been noticed since the beginning of the némétecentury in the Baltic
waters. They occur in the coastal zone as wellnathe open sea (Kononen
1992). The Bothnian Bay is the only exception wheeeblooms are very rare
because of a lower temperature and different hydpigc conditions (Kharet
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al. 1994). In the North Sea and in Elesmere (thekishdake) blooms of this
species have been noticed (Nehring 198@)dularia spumigenaccurs also in
Australian waters. It blooms very often in numer@ssuaries and bays along
the southern and western coasts of Australia and Realand. Many of them
are mentioned as toxic (Blackburn 1996). Howeve first reference to a toxic
strain ofNodularia spumigenaomes from Australia (Carmichael 1994).

Single blooms ofNodularia spumigenaand mixed blooms in which this
species plays a codominant role are very oftenct@®lackburnet al 1996,
Seller 1997). The toxicity is caused by nodularithe five amino-acid, one of
the hepatotoxins. They damage the liver and kilinafs by causing blood to
pool in the liver. It damages liver cells, detailsod in the liver and within a
few hours causes death as a result of a shock anidsafficiency of the
circulatory system ( Carmichael 1994). The distengdehe liver function and
also the appearance of cancer tumours can be caogedven lower
concentrations of this toxin. The toxin is presantells of toxic strains (it
doesn't occur in non-toxic strains) and it gets e water (or medium) when
the cells are broken ( Lehtiméaitial 1994).

There have been many investigations on defining hf@ogical and
environmental parameters responsible N@dularia spumigendlooms which
are a serious threat to natural waters. The blosgpmwf water can not be
explained only by the biological features of theaps but this phenomenon is
induced by many environmental factors which playiraportant limiting and
controlling role (Kononen 1992 ). Among the maimtolling factors are the
trophic parameters.g phosphorus and nitrogen supply and the N:P ratie.
limiting factors are: temperature ( for the Balstrains of this species the
temperature optimum ranges between 20-25 °C), l{gtltere are different
optima given by many authors depending on the iddal features of the
treated strain, ranging from 40-8@nol m?s?) as well as salinity. There are
many authors who consider salinity to be a limitfagtor causing blooms and
having influence on the distribution of this spec{&ononen 1992, Lehtimaki
et al1994).

Therefore the aim of this paper is to define thénapm of salinity when
the growth and biological production dfodularia spumigenare the most
effective.

MATERIAL AND METHODS

The strain oNodularia spumigenased for investigation is stored with the
culture collection of the Laboratory of Marine Rid&tology of the University
of Gdaisk (number collection NSG 0897 ). The plankton maktevas sampled
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from the Gulf of Gdansk at a station situated closthe promenade boulevard
in Gdynia (Fig. 1). The sample was taken in Audi@87 during an earlier stage
of the bloom when the temperature of water was(38salinity - 7,4 PSU and
weather was sunny and windless.
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Fig. 1. Location of the sampling station (P,).
I solation

Single filaments ofNodularia spumigenghave been isolated from the
plankton material under the binocular microscopgagithe micropipette for the
spiral filaments and the preparatory needle fomitve-spiral ones. The isolated
filaments were out on Petri dishes with mineralsstedum ( medium MN of.
Waterbury and Stanier ) condensed with 0,5 % aagar. The material was
placed in the culture chamber and a temperatur@00fC , incubation of
40 pmol m?s* and photoperiod of 16 h of light and 8 h of dar&revused.
Microscopic examinations were performed every 3a§sd The symptoms of
visible growth have been observed after about 3ksveé examinations. The
colonies free of other algae were placed along witimall piece of agar, with a
sterile scalpel onto new dishes and incubatedviar weeks under the same
conditions. When the growth ®fodulariawas distinctly visible, the purity of
colonies was examined using an inverted microsd@peause there were some
troubles with the transfer from agar to the ligurgedium, the semi-liquid
medium was used during 6 weeks. Such a semi-liq@dium contains only 0,1
% of agar with a little amount of a liquid mediwtdded every three days. After
this period the strain started to grow in a norgnétiuid medium. The strain
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isolated in the described way is stored in nonaxeunltures in mineral media:
MN and 0,5 ASN IlI .

Growth testing

Sea water with a salinity of 37 PSU was dilutechgsieionised water for
getting the following salinities 4, 8, 12, 16, 28, 35 PSU. Every salinity was
completed by mineral components of medium BG liefc&Btanier 1971). The
0 PSU was made using only deionized water.

The experiment was carried out at a temperatur®f°C, which is
contained in the range of the termal optimum coos for Baltic strains
(Sivonenet al. 1989, Lehtimakiet al1994 ). The light intensity of 70 pumol'm
“s™ and photoperiod of 16 h of light and 8 h of dadrevchosen because these
parameters are optimal for Baltic strains (Lehtimgikat. 1994) and are very
similar to light conditions during the blooms. Cadhite florescent tubes of the
Sylwania 40W type were used. Light intensity wasasuged with the LI Cor
indicator, model LI-189s.

The acclimatization of cultures to the chosen #gliwas done in the
experiment conditions in a period of two weeks.eBrheyer flasks with a
volume of 250 ml, containing 100 ml of the liquicedia were used. For every
combination 3 repetitions were done. The injectw@ume of inoculum
contained approximatelyI0° cells in 1 ml. The experiment lasted 15 days.
The growth was examined every 5 days.

The material was filtered out by the Whatman GH&3g fiber, then dried
to a constant weight at a temperature of 60 °C2#bh and weighed with an
accuracy of 0,1 mg. 50 ml of the liquid materialswitered to get a dry mass.
The optical density of cultures was measured uiegspectrophotometer UV-
VIS 1202 with a wavelength of 750 nm and a one- giass cuvette. The
extraction of chlorophyll was done according tacktand and Parson methods
(Strickland, Parson 1972).

The concentration of chlorophydl has been calculated after Jeffrey and
Humphrey’s equation (Jeffrey, Humphrey 1975). Meanigr filters (Millipore
HAWG 047 00) were used for counting the cells aftelmes’ method (Holmes
1954). The growth rate per day was calculated as

k'=In (NZ/N]_) / (tg'tl)
where N is the number of cells at time 2,()tand N is the number of cells at

time 1 (t ). The growth rate was calculated over days 5atl¢h corresponded
to the logarithmic-phase stage of growth (Blackbetral. 1996).
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Fig. 2. The effect of salinity (PSU) on cell density of the Nodularia spumigena
strain from the Baltic Sea.
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g. 3. The effect of salinity (PSU) on optical density (extinction) of Nodularia
spumigena strain from Baltic Sea.

RESULTS AND DISCUSSION

A salinity of 8 PSU is the best for the growth bétstrain ofNodularia
spumigenadsolated from the Gulf of Gdansk under the condgiof light and
temperature in which the experiment had been chroet. This feature is
typical of all investigated parameters: the numbercells (Fig. 2), optical
density (Fig. 3), the concentration of chloroptg/li(Fig. 4) and dry mass (Fig.
5). A sufficient growth was observed in a salinify4 PSU, 12 PSU and 16
PSU as well.
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Fig. 4. The effect of salinity (PSU) on concentration of chlorophyll a of Nodularia
spumigena strain from the Baltic Sea.
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Fig. 5. The effect of salinity (PSU) on dry mass of Nodularia spumigena strain
from the Baltic Sea.

A significantly worse growth was observed in arggliof 24 PSU and very
weak - in 30 PSU. A growth of 35 PSU was not natiite, living cells were not
noticed on the 5th day of cultivation. On the cantr in the fresh water
medium the investigated strain grew well on thetffew days. Although the
number of cells on the 5th day of cultivation waghler than in inoculum, on
the following days its number decreased. On thh @&y of the observation the
filaments had very few living cells. Changes in t@ygpearance of filaments
were observed in high salinity as well. They wenmaturally short, strongly
bended and tangled. It is especially charactersfithe culture of 30 PSU,
where such a deformation makes it difficult to coine cells.
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The growth rate like the other investigated paramseis also the best in a
salinity of 8 PSU and is 0.247'dIn a 12 PSU salinity the growth rate was high
as well — 0.227 4 A somewhat lower value of this rate was noticedai
salinity of 4 PSU and 16 PSU - 0.131 and 0.177 d respectively. The lowest
rate was observed for a high salinigyg 0.106 d for 24 PSU and 0.01dfor
30 PSU.

The obtained results show that the strain isolateh the Gulf of Gdask
grows well in a range of salinity between 4 and A2U. It confirms the
ecological adaptation of this species to naturabmns. Blooms oNodularia
spumigenaoccur very frequently in the southern and centeat pf the Baltic
Sea, where salinity is similar to that mentionedvah However, in the Gulf of
Finland where salinity is bellow 4 PSU and in th@ni3h Straits with a salinity
of 13-17 PSU this species occurs very rarely (lne&ki et al. 1994, Kahruet
al. 1994). The result obtained by us corresponds ¢o data published by
Lehtimaki et al. (1994) for two Baltic strains dflodularia spumigenaThey
grow very well in a salinity of 5-11 PSU althoughet growth rate was
significantly lower (0.16 d) than in the case of our examined strain. The
medium composition could probably explain this eliince. Lehtimaket al.
(1994) did not use nitrogen in the medium. A vengiesting data was obtained
for the strains from Australian waters. They growllwin a wide range of
salinity from O to 35 PSU (Blackburat al. 1996). Under freshwater
conditions the results of cell division and thewgtto rate were somewhat lower
than in saline water. It means that the Balticisrare less tolerant to salinity
than those from Australian waters.
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