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Вислинский  залив  –  крупная  прибрежная  солоноватоводная  лагуна  Балтийского
моря. В последние десятилетия актуальной задачей исследований залива является проблема
вселения и натурализации чужеродных видов в его экосистему. Потенциально токсичный
вид динофлагеллят Prorocentrum minimum – один из вселенцев, известный в этом водоеме с
1997 г.  Для описания сезонной и межгодовой динамики количественного развития этого
вида в Вислинском заливе в 2002–2010 гг. пробы фитопланктона отбирали ежемесячно с
апреля по ноябрь на 5–6 станциях. В результате было установлено, что чаще всего этот вид
отмечался в составе фитопланктонных сообществ на всех станциях залива осенью. Весной и
летом  P.  minimum встречался  на  отдельных  станциях  гораздо  реже.  Высокие  значения
численности вселенца наблюдались в весенний период (542 тыс. кл/л), к лету численность
снижалась и была минимальной (80 тыс. кл/л), а к осени снова возрастала (202 тыс. кл/л).
Биомасса P. minimum была максимальной осенью за счет высокой численности водорослей
с  большими размерами клеток,  по  сравнению с  весной и  летом.  Установлено,  что  наи-
большего обилия P. minimum достигал при температуре не выше 11°С и солености не менее
5 ‰. В весенние месяцы увеличению численности, по-видимому, способствовали высокие
концентрации аммонийного, нитратного и нитритного азота в воде.
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Prorocentrum minimum
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The Vistula Lagoon is a large coastal brackish-water lagoon of the Baltic Sea. In recent
decades, a live issue for research of lagoon is the problem of introducing and naturalizing alien
species  into  its  ecosystem.  One  of  the  invaders,  known in  this  water  body  since  1997,  is  a
potentially toxic species of dinoflagellate  Prorocentrum minimum. To describe the seasonal and
inter–annual  dynamics  of  quantitative  development  of  this  species  in  the  Vistula  Lagoon,
phytoplankton samples were taken monthly from April to November 2002–2010 at 5–6 stations in
Russian part of the Vistula Lagoon. As a result, it was found that more often this species was
observed  in  the  composition  of  phytoplankton  communities  at  all  stations  of  Lagoon  in  the
autumn. In the spring and summer  P. minimum was observed only at some stations and it was
more rare. High abundance of the invader were detected in the spring (542 thous. cells/liter), by
the summer the number was decreasing and was minimal (80 thous. cells/liter), and by autumn it
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increased again (202 thous. cells/liter). The P. minimum biomass of was the highest in autumn due
to the development of large sizes cells, compared to spring and summer. It was found that the
maximum abundance  of  P.  minimum reached at  a  temperature  of  no  higher  than  110С and a
salinity of at least 5 ‰. In the spring months, the increase in abundance was apparently due to high
concentrations of ammonium, nitrate and nitrite nitrogen in water. 

Key words:  Vistula Lagoon,  phytoplankton, alien species, dinoflagellate,  Prorocentrum
minimum

Introduction

Prorocentrum minimum (Pavillard) Schiller (Dinophyceae) is euryhaline and eutythermal,
potentially toxic dinoflagellate that has a global distribution and it has caused a “red” tides in
different regions of the World [Grzebyk et al., 1997; Heil et al., 2005]. P. minimum is commonly
found in  Atlantic  Ocean  along  the  west  coast  of  the  USA,  Japan,  Gulf  of  Mexico,  Caspian,
Adriatic, Mediterranean and Black Seas, and Scandinavian waters often in large numbers. 

It was found in Oslo Fiord for first time in  1974 [Tangen, 1980; Dodge, 1982; Tangen,
1983; Marasovic et. al., 1990; Janson, 1994]. In the Baltic Sea it may be defined as an invasive
species [Hajdu et al., 2000; Olenina et al., 2010]. This species has shown increase in abundance
and distribution  range and could  have  arrived  in  the  Baltic  Sea  by means  of  a  natural  range
expansion from the North Sea [Hajdu et al., 2000] where this species has been known since the
early XXs century [Pertola, 2006] or by human-mediated transport was first recorded in the North
Sea in 1976 [Smayda et al., 1992]. It was found in the south-eastern Baltic in 1992. In the current
period,  it  is  the  dominant  species  of  autumn  phytoplankton  communities  [Olenina,  2007].
«Blooms» of P. minimum was observed in the region of removal of the Curonian Lagoon waters of
the Baltic  Sea in October–November in the Lithuanian part  of the Curonian Lagoon [Olenina,
2004].  P. minimum was first recorded in Kattegat in 1981 and in the Baltic Proper in 1983, and
today it is also present in the Skagerrak [Jansson, 1994]. The single species assemblages have
begun to appear in the Gulf of Gdañsk and the Pomeranian Bay and are most frequent in the
coastal area and usually consist of one of the dinoflagellate species  Prorocentrum minimum and
are  often  associated  with  the  mass  algal  occurrences.  In  the  Gulf  of  Gdañsk  late  summer
assemblages dominated by dinoflagellate  P. minimum [Ochocki et al., 1995; Hajdu et al., 2000;
Witek,  Pliñski,  2000]. In the 1990s, such an assemblage (with dominated by dinoflagellate  P.
minimum) was observed between August and September in both the Gulf of Gdañsk [Hajdu et al.,
2000; Witek, Pliñski, 2000], and the Pomeranian Bay [Ochocki et al., 1995; Gromisz et al., 1999]. 

According to the summary characteristic from data-base of alien species, this species has
negative  ecological  impact  on  water  ecosystem,  on  aquaculture  and  human  health  because  it
species  of  phytoplankton  is  toxicity  [Olenin,  2007].  It  can  produce  two  kinds  of  toxins:
hepatotoxic and diarrhetic shellfish toxin [White, 1988; Grzebyk et al., 1997]. It is responsible for
the death of fish and shellfish [Steidinger, 1993]. 

The Vistula Lagoon is a large coastal brackish-water lagoon of the Baltic Sea. Despite the
fact that for the Baltic Sea the long–term dynamics, distribution, and ecology of P. minimum are
well  researched, in the Vistula Lagoon characteristics  of this species is  less investigated. This
species was noted only in the Russian part of the Vistula Lagoon [Ecology…, 2008; Semenova,
Smyslov, 2009]. The aim of this paper is to describe own data that were obtained in 2000-2010 on
the occurrence and seasonal dynamic of P. minimum in the Russian part of the Vistula Lagoon.

Material and methods

The area of investigation was the Vistula lagoon, which located in the though-eastern part
of  the  Baltic.  The  phytoplankton  samples  were  usually  taken  once  a  month  from April  until
October 2002–2010 at 5-6 stations (Fig. 1). Integrated water samples were collected at each station
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and preserved with Lugol solution. The analysis under an inverted microscope «Olympus» was
performed  in  accordance  with  HELCOM  recommendation  [HELCOM,  1997].  In  total,  386
samples of phytoplankton were analyzed. Biomass was calculated by multiplying the cell number
with the individual cell volume, received from the measurements of cell size.

The hydrochemical parameters such as dissolved oxygen, BOD5, ammonium nitrogen, nitrate
nitrogen, mineral phosphorus, total nitrogen and phosphorus, and water salinity, that were performed
by standard methods were determined On each station [Methods ..., 1978; Manual..., 2003].

Fig. 1. Schematic map of the Vistula Lagoon (the Baltic Sea). Numbers indicate sampling stations
Рис. 1. Схематическая карта Куршского залива (Балтийское море). Цифрами указаны станции отбора проб

Results

The conducted studies showed, that  P. minimum was found at all of stations of Vistula
Lagoon in 2002–2010. This species occurred irregularly between years. In some years it was more
abundant and in 2004 it was absent in phytoplankton community. As a resuls of the of seasonal
changes investigation of the abundance of the  P. minimum  in the Lagoon in 20022010, it was
found that this species was a more common in autumn phytoplankton but it was rare in the spring
and summer months (Fig.2). 

The invader abundance of the varied throughout the seasons and was on the average higher
(541 thous. cells/liter) in the spring than in the summer (80 thous. cells/liter) and in the autumn
(202 thous. cells/liter). Due to the fact that the size of the cells of this species in autumn was larger
(length 20.6 μm; width 15 μm) than in spring (length 15.7 μm; width 13.7 μm) – the biomass of
this species in autumn was higher – 0.35 mg/l, than in spring – 0.27 mg/l (Fig. 2, 3). The average
value of the total abundance in the period when P. minimum was observed in the phytoplankton,
varied from 32.56 thous. cells/liter, up to 44.97 thous. cells/liter (Table1). 

The P. minimum share in the total abundance was small and varied from 0.25% to 1.21%.
The  average  values  of  the  total  biomass  of  phytoplankton  during  the  development  of  the  P.
minimum ranged from 12.3 mg/l to 17.1 mg/l. The P. minimum share in the total biomass was also
small and varied from 0.23 % to 2.85 % (Table 1).

The  abiotic  parameters  of  the  aquatic  environment  in  the  Vistula  Lagoon  in  the  P.
minimum vegetation period were characterized by seasonal variability. In the spring and autumn
period, the average temperature didn’t exceed 10°C. In summer, the average water temperature
was above 21.4°C. Transparency changed slightly 0.6–0.8. The content of nitrogen forms in water
was characterized by considerable variability. The concentration of ammonium, nitrate and nitrite
nitrogen  was  a  maximal  in  spring.  In  the  summer  and  autumn,  the  values  of  these  biogenic
substances  were declined.  The concentration of mineral  and total  phosphorus has a maximum
values in summer (Table 1).
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Discussion

The potentially toxic P. minimum is a widespread, bloom-forming dinoflagellate
found in many coastal waters and estuaries around the World [Heil, 2005]. This
species has successfully established in the Baltic Sea in the last two decades.
From 1993 to 2002 P. minimum was a regular component of the summer and
autumn  plankton  flora  of  the  Baltic  Sea  proper  and  the  Gulf  of  Finland.
According  to  the  Alg@line  monitoring  data  the  main  growth  period  of  P.
minimum was from July to October in the Bay of Mecklenburg, from August to
October in the southern Baltic proper, and from September to October in the
central and northern Baltic proper and the Gulf of Finland. Sparse P. minimum
populations were occasionally recorded from March to June and in November.
Its  abundance  varied  considerably inter–annually  and didn’t  show any clear
trends during the period. The  P. minimum abundance of the  was significantly
higher in the nutrient–enriched Bay of Mecklenburg on the German coast and
the southern Baltic proper than in the central and northern Baltic proper and the
Gulf of Finland where its abundance was mostly sparse [Hajdu et al., 2005]. The
successful spread of P. minimum to the Baltic Sea is most likely a reflection of
several  characteristics  of  this  species.  P.  minimum is  able  to  adapt  to  wide
ranges  of  temperatures  and  salinities,  it  utilizes  both  inorganic  and  organic
nutrients  and it  can switch between autotrophic  and heterotrophic  modes  of
feeding. Nutrient enrichment and ability to survive under temporarily adverse
conditions have also likely enhanced the dispersal of this species [Heil et al.,
2005]. According to the literature data, the abundance of the Baltic P. minimum
was generally  not related  to salinity or temperature.  It  could be a  dominant
species at both high and low salinity (over 15 and 4.8 PSU), and temperature
range was broad (from 2.7°C to 26.4°C). However, dense populations usually
occurred from July to October at temperature above 10°C, and the lower limit of
salinity under which this species should be found, is 0.7 PSU [Hajdu et al.,
2005]. The P. minimum was found in the Russian part of the Vistula lagoon in
1997 firstly in summer-autumn season [Semenova, Smyslov, 2009]. 
As a result  of our studies it  was found that the quantitative characteristics,
seasonal and inter–annual variability of distribution and ecological features of
P.  minimum in  the  Vistula  Lagoon  were  consistent  with  the  previously
identified patterns for this species in the Baltic Sea. In the spring months, the
species was rarely observed and only at individual stations, but its abundance
was high that may be due to the increased content of nitrogen (ammonium,
nitrate and nitrate forms) in water. According to literary data, there appears to
be a positive correlation between the successes of  P. minimum in the Baltic
Sea and high concentrations of total phosphorous and nitrogen [Hajdu et al.,
2005]. Probably, the low salinity values prevented the spread and development
of  this  species  in  the  spring  months  in  our  observations  in  2002–2010.
Although a combination of low temperatures below 10ºC and salinities less
than 15 psu  are  unfavourable  to  some  P.  minimum clones  [Tyler,  Seliger,
1981]. Different clones of the same species can have dissimilar temperature–
and salinity–dependent growth rates [Wood, Leatham, 1992]. The Baltic may
be inhabited by clones that are especially well adapted to low temperature and
salinity [Grzebyk,  Berland,  1996].  Abundance  and biomass  of  P. minimum
were minimal for the period under our study in summer 2002–2010 despite the
high concentrations of mineral  and total  forms of phosphorus in the water.
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Perhaps the lower (in compared to the spring) concentration of nitrogen forms in water and the
water temperature above 20°C were not favorable for the development of this species in the
summer. In the autumn months when the P. minimum was found in phytoplankton communities
and  was  more  abundant,  the  salinity  was  5‰ and  the  water  temperature  was  110С.  The
combination of these factors, apparently, was favorable for the development of this species in the
Vistula Lagoon in the autumn.

Conclusions

As a result of the studies it was established that the potentially toxic species P. minimum
was a constant component of the autumn phytoplankton communities of the Vistula Lagoon in
2002–2010. The abundance of this species had varied from 80 thous. cells/liter (in summer) to
542  thous.  cells/liter  (in  spring).  In  autumn,  the  abundance  was  in  averaged  –  202  thous.
cells/liter. Biomass of P. minimum was the highest in autumn (an average of 0.35 mg/l) due to
the development large cell sizes (an average of length 20.6 μm; width 15 μm). In the spring, the
biomass value in averaged was – 0.27 mg/l and the biomass was comparable to the value of
autumn biomass – 0.35 mg/l due to the fact that the species in this period was abundant, despite
the fact that the cell sizes in spring were smaller in averaged – length 15.7 μm; width 13.7 μm in
compared the autumn in averaged – length 20.0 μm; width 15.0. In summer the biomass of the
alien species was minimal, in averaged – 0.04 mg/l, it is explained by the fact that the species
had  a  low  abundance  in  the  samples,  although  the  cell  sizes  were  comparable  with  those
recorded in the spring of length 17.9; width 13.6 μm.

The  environmental  conditions  under  which  the  species  reached  its  maximum
development  were  comparable  with  those  known for  other  areas  of  the  Baltic  Sea.  The  P.
minimum maximum abundance in Vistula Lagoon reached at a temperature of no higher than
110С and a salinity of at least 5 ‰. In the spring, the increase in abundance was apparently due
to high concentrations of ammonium, nitrate and nitrite nitrogen in water.

Acknowledgements

I  express  my  acknowledgement to  N.E.  Trenina  and  S.A.  Vakhrusheva  for  the
preparation of hydrochemical  data  of  the water  environment  of the Vistula  Lagoon.  For  the
assistance in the processing of samples I express my thankfulness to T.A. Kostikova and V.S.
Semenova.

References

Dodge J.D. Marine dinoflagellates of the British Isles. Her Majesty's Stationary Office,
London, 1982. 303 p. 

Ecology  of  Baltic  Coastal  Waters  (ed.  Ulrich  Schiewer)  //  Springer–Verlag,  Berlin
Heidelberg, 2008. 430 p.

Grzebyk D., Berland B. Influences of temperature, salinity and irradiance on growth of
Prorocentrum minimum (Dinophyceae) from the Mediterranean Sea // J. Plankton Res, 1996.
№ 18. P. 1837–1849.

Grzebyk  D.  [et  al.]. Evidence  of  a  new  toxin  in  the  red–tide  dinoflagellate
Prorocentrum minimum / Grzebyk D., Denardou A., Berland B., Pouchus Y.F. // J. Plankton
Res, 1997. № 19. P. 1111–1124. 

Gromisz S., Witek Z., Mackiewicz T. The impact of the River Odra on the phytoplankton
composition and biomass in the Pomeranian Bay // Oceanologia, 1999. № 41 (3). P. 403–427. 

Hajdu S., Pertola, S., Kuosa H. Prorocentrum minimum (Dinophyceae) in the Baltic Sea:
morphology, occurrence – a review // Harmful Algae, 2005. № 4. P. 471–480.

6

https://www.researchgate.net/scientific-contributions/2136096761_Ulrich_Schiewer?_sg=s18hrfTkXAQ0wrUOVUNO9aU5qBmpabnIzqx264W4LndRhpqaJMvCVikM3cB6Ct01hB3edo4.QA8xIaN4IyLLwtB5VlS4LGIQSs6d7itlKcs6it9BqzrnBn15w_e61UpuU41vYFxEc2jZ6yHglYs6WAEb4f7urw


Hajdu  S. [et  al.].  Spreading  and  estblishment  of  potentially  toxic  dinoflagellatae
Prorocentrum minimum / Hajdu S., Edler L., Olenina I., Witek B. // Internat. Rev. Hydrobiol.,
2000. Vol. 85 (5-6). P. 557571.

Heil C.A., Glibert P.M., Fan C. Prorocentrum minimum (Pavillard) Schiller A review
of a harmful algal bloom species of growing worldwide importance // Harmful Algae, 2005. №
4. P. 49–470.

Heil C.A. Influence of humic, fulvic and hydrophilic acids on the growth, photosynthesis
and  respiration  of  the  dinoflagellate  Prorocentrum  minimum (Pavillard)  Schiller  //  Harmful
Algae, 2005. № 4. P. 603–618.

HELCOM  Draft  manual  for  marine  monitoring  in  the  Combined  Programme  of
HELCOM, Baltic Mar. Envirom. Protect. Commiss // Helsinki Commis. EC MON 2/97, 12/1.
Annex C–6, 1997. P. 1–9.

Jansson K. Alien species in the marine environment. Introductions to the Baltic Sea and
the Swedish West coast // Swedish Environmental Protection Agency, 1994. Report 4357. P. 1–
67. 

Methods of hydrochemical studies of the ocean. Moscow: Nauka, 1978. P. 272 (In Russian).
Manual for the chemical analysis of marine and fresh water in the environmental monito-

ring of fishery water bodies and promising for the fishing areas of the World Ocean. Moscow:
VNIRO, 2003. 202 p (In Russian).

Marasovic  I.,  Pucher-Petkovi  T.,    Petrova-Karadjova V. Prorocentrum  minimum
(Dinophyceae) in the Adriatic and Black Sea // Journal of the Marine Biological Association of
the UK, 1990. Vol. 70 (02). P. 473–476.

Ochocki S. [et al.]. Primary production, chlorophyll, and qualitative and quantitative compo-
sition of phytoplankton in the Pomeranian Bay (Southern Baltic)  / Ochocki S.,  Mackiewicz T.,
Nakonieczny J., Zalewski M. // Bulletin of the Sea Fisheries Institute, 1995. № 3 (136). P. 33–42.

Olenin  S.,  Leppakoski  E.,  Daunys  D. Baltic  Sea  Alien  Species  Database,  2007.
http:www.corpi.ru.it/nemo/mainnemo.html

Olenina I. Abiotic factors controlling abundance of the invasive dinoflagellate Prorocent-
rum minimum (Pavillard) Schiller in the coastal waters of Lithuania, Baltic sea // Baltic – the sea
of aliens, Gdynia, Poland 25–27.08.2004. Abstr. P. 3940. 

Olenina I.A. Results of the phytoplankton studies in the south – eastern Baltic and Curo-
nian Lagoon //  Scientific  proceedings  of Kazan State University.  Series of Natural  Sciences,
2007. Vol. 149 (3). P. 237–241 (In Russian).

Olenina I. [et al.].  Assessing impacts of invasive phytoplankton. The Baltic Sea case /
Olenina I., Wasmund N., Hajdu S., Jurgensone I., Gromisz S., Kownacka J, Toming K., Vaiciūtėa
D., Olenin S. // Marine Pollution Bulletin, 2010.Vol. 60. Issue 10. P. 16911700.

Pertola S. Diffusive and ship-mediated spread of dinoflagellates in the Baltic Sea with
Prorocentrum minimum as a special case // Finnish Institute Of Marine Research. Contributions,
2006. № 11. P. 33.

Semenova S.N.,  Smyslov V.A. Peculiarities  of the state  of phytoplankton in the Baltic
Sea’s Vistula Lagoon at the turn of 21st century // Inland Water Biology, 2009. Vol. 2. Issue 4.
P. 305–311 (In Russian).

Smayda T.J. [et al.]. Global epidemic of noxious phytoplankton blooms and food chain
consequences in large ecosystems / Smayda T. J., Sherman K., Alexander L. M., Gold B. D. //
Food chains, models and management of large marine ecosystems.  San Francisco: Westview
Press, 1992. P. 275–307.

Steidinger K.A. Some taxonomic and biological aspects of toxic dinoflagellates // Algal
toxins in seafood and drinking water, 1993. New York: Academic Press. P. 1–28. 

Tyler M.A., Seliger H.H. Selection for a red tide organism: physiological responses to the
physical environment // Limnol. Oceanogr., 1981. № 26. P. 310–324.

7

https://link.springer.com/journal/12212/2/4/page/1
https://link.springer.com/journal/12212
https://www.researchgate.net/scientific-contributions/2001032254_Vyara_Petrova-Karadjova?_sg=soQYEsxKz5FSozGYRL7fxwmvBc22dtXbCLAMUat24BuFFZxWodm5mSB5SUI9XKTMjEEVI18.aOv9RYg5LmLQHo5R-NqNV_4TH6BbwQRKn-K9DLQxE8Y1FL7_paJoKwIqzffoFdVs-mSyXHNrwp6mt1gYuYiyBQ
https://www.researchgate.net/scientific-contributions/82792295_T_Pucher-Petkovic?_sg=soQYEsxKz5FSozGYRL7fxwmvBc22dtXbCLAMUat24BuFFZxWodm5mSB5SUI9XKTMjEEVI18.aOv9RYg5LmLQHo5R-NqNV_4TH6BbwQRKn-K9DLQxE8Y1FL7_paJoKwIqzffoFdVs-mSyXHNrwp6mt1gYuYiyBQ


Tangen  K. Brunt  vann  I  Oslofjorden  I  September  1979,  forarsaket  av  den  toksiske
Prorocentrum minimum og andre dinoflagellater // Blyttia, 1980. Vol. 38. P.145–158.

Tangen K. Shellfish poisoning and the occurrence of potentially toxic dinoflagellates in
Norwegian waters // Sarsia, 1983. Vol. 68. P. 1–7. 

White A.W. Blooms of toxic algae worldwide: Their effects on fish farming and shellfish
resources // Proc. Int. Conf. Impacts of Toxic Algae on Mariculture. Trondheim: Aqua-Nor '87
International Fish Farming Exhibition, 1988. P. 9–14.

Witek B., Pliñski M. The first  recorded bloom of  Prorocentrum minimum (Pavillard)
Schiller in the coastal zone of the Gulf of Gdañsk // Oceanol., 2000. № 42 (1). P. 29–36.

Wood A.M.,  Leatham T. The  species  concept  in  phytoplankton  ecology //  J.  Phycol.,
1992. № 28. P. 723–729.

8


