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Abstract. During the expedition to the eastern part of the Gulf of Finland in November

1990 and 1991, the data on the temperature, salinity, content of nutrients and chloro-

phyll a, phytoplankton species composition, number of cells and biomass of phyto-
plankton were collected. The concentration of nutrients was the highest т the inner

part of the Neva Estuary. The difference in the content of nitrogen compounds
between eastern and western part of the study area was greater than the difference

in the content of phosphorus compounds. There were 55 taxa determined in the

phytoplankton of the eastern part of the Gulf of Finland. The biomass was distributed

quite evenly and was considerably higher only at one — the easternmost — sampling
station. The blue-green alga Aphanizomenon flos-aguae was the dominant species at

almost all sampling stations. The blue-green algae formed about 60% of the biomass
in the inner part of the Neva Estuary.

Key words: phytoplankton, chlorophyll a, nutrients, the blue-green algae, eutrophication,
the Gulf of Finland.

MATERIAL AND METHODS .

During the expedition of the research vessel “Livonia” on the 07—08
of November 1990, 3 sampling stations and on the 20—25 November 1991,
13 sampling stations situated in the eastern part of the Gulf of Finland,
were visited (Fig. 1). Data on the water temperature, salinity, content
of nutrients, content of chlorophyll a, phytoplankton species composition,
number of phytoplankton cells and biomass, were gathered (Table 1).
The temperature of water and salinity were determined with the aid
of Neil-Brown CTD-sound. The nutrients were analysed according to

Koroleff (1976) оп board of the research vessel, using the autoanalyser
“Akea”. The content of chlorophyll a was determined according to the
method approved by BMB (Guidelines... 11, 1984). The phytoplankton
samples were gathered from the surface layer (o—l m). The phyto-
plankton species were determined, using the microscope “Amplival”,
and the cells of algae were counted by the Utermdhl (1958) technique,
using the inverted microscope “Diavert”. Cell numbers were converted
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to biomass by the formulas described by Melvasalo et al. (1973) and
Edler (1979). The list of the species of phytoplankton was composed
according to the Christensen’s nomenclature (Edler et al., 1984) (Table
2). The changes in the nomenclature accepted during recent years (Tik-
kanen, Willen, 1992) are given in the brackets.

RESULTS

The temperature of the water varied from 3.l°C in the easternmost

part of the study area near Kotlin island to 7.O°C in the open sea in
Narva region (Table 1). The lowest salinity, 0.5%0, was also registered
in the easternmost part of the study area and it increased gradually to
4.8%0 (in 1990 4.1—5.3%¢) in Narva region (Table 1). The salinity at
the 13th sampling station is under the strong influence of the fresh
water from the River Neva. It is worth mentioning that the eastern part
of the Gulf of Finland is very shallow (Table 1). The content of the
nutrients was the highest at the stations of the inner part of the Neva

Estuary. The difference in the content of nitrogen compounds between
the eastern part and the western part of the study area was greater
than the difference in the content of phosphorus compounds in 1991. The
water was mixed up, there was no remarkable difference in the tempera-
ture of water, its salinity, content of inorganic nitrogen and phosphorus
and in the content of total nitrogen and phosphorus between both the
surface and the bottom layer in the investigated area. The N:P-ratio

was higher (10—13) in the eastern part and lower (4—6) in the south-
western part of the area. The content of chlorophyll a varied from 0.8

10 2.4 pg/l (Fig. 2). The lowest values of chlorophyll @ were in Vyborg
region. Higher chlorophyll a values were registered at the open sea

(2.2 and 2.4 pg/l) and in the eastern part of the area near Kotlin
Island (1.8 and 1.9 pg/l). .

Fig. 1. The sampling stations in the eastern part of the Guli of Finland.
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Temperature,
Station ‘ Coordinates lDe&th’I °C \

$ l b |

1¢

29 60°07” 27°29’ 53 5.1 3,9 5
30 59°55’ 27°39’ 50 4,9 3,9 5,
28 60°06’ 28°48’ 34 4,5 5,2 4,

1

9 60°12’ 27°29’ 60 6,7 7,1 4,

20 60°05" 27°32’ 60 6,7 4,9 4,

50 59°46" 27°49’ 20 6,1 6,1 4,

10 60°15" 27°60” 32 7,0 6,8 3,

19 60°07” 28°04’ 50 6,0 6,2 4,

17 59°45" 28°14’ 23 5,6 5,6 4,

11 60°23" 28°15’ 37 6,6 7,0 3,

18 60°06" 28°48’ 37 5,8 6,3 3,

16 59°52" 28°42’ 27 6,1 6,2 3,

15 59°52’ 28°53’ 18 5,8 — 3,
12 60°04’ 29°08’ 30 4,8 6,8 1,

14 60°04’ 29°23” 23 4,4 6,3 1,

13 60°06’ 29°44” 14 3,1 3,2 0,
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Taxon I 1990| 1991

1 | 2 | з

Ph. CYANOPHYTA

Cl. Nostocophyceae :

O. Chroococcales
‚

1. Gomphosphaeria lacustris var. compacta Lemmermann (Woronichi-
nia compacta (Lemmermann) Komarek & Hindak) j . + +

2. Merismopedia warmingiana Lagerheim + +

3. Microcystis reinboldii (Richter) Forti — +

O. Nostocales

4. Anabaena cf. flos-aquae (Lyngbye) Brébisson — +

5. Aphanizomenon flos-aguae (L.) Ralfs ex Bornet & Flahault + +

6. Lyngbya limnetica Lemmermann (Planctolyngbya subtilis (W.
WEST) Anagnostidis & Komarek)

‚

— +

7. Nodularia spumigena Mertens ex Bornet & Flahault — +

8. Oscillatoria limnetica Lemmermann (Pseudanabaena limnetica (Lem-

mermann) Komarek) — +

9. O. planctonica Woloszynska (Limnothrix planctonica (Woloszyfiska) — +

Meifert)
10. O. tenuis C. A. Agardh ex Gomont + +

Ph. CRYPTOPHYTA

Cl. Cryptophyceae :

O. Cryptomonadales

I1. Cryptomonas cf. erosa Ehrenberg + +

12. Cryptomonas sp. (L=25u; l==8u) + +

13. Cryptomonas sp. (L=6—8u; 1=4) — +

Ph. DINOPHYTA :

Cl. Dinophycea e

O. Dinophysiales

14. Dinophysis acuminata Claparéde & Lachmann + +

O. Gymnodiniales

15. Gymnodinium lantzschii Utermohl — +

16. Gymnodinium sp. (L=20—24p, 1=8) + +
17. Katodinium rotundatum (Lohmann) Fott — +

O. Peridiniales

18. Gonyaulax catenata (Levander) Kofoid (Peridiniella catenata (Le-
vander) Balech) — +

Tabel 2

The list of species of phytoplankton of the eastern part of the Gulf

of Finland in November 1990 and 1991
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1 | 2 | 3

Q. Ebriales

19. Ebria tripartita (Schumann) Lemmermann + +

Ph. CHRYSOPHYTA

Cl. Diatomophyceae (Bacillariophyceae)

O. Eupodiscales

20. Chaetoceros holsaticus Schiitt — +

21. C. subtilis Cleve + +

22. C. wighamii Brightwell + +

23. Coscinodiscus granii Gough + +

24. Cyclotella sp. (2 20p) ” + +

25. Melosira arctica (Ehrenberg) Dickie + +

26. M. islandica var. helvetica O. Miiller — +

27. M. nummuloides (Dillwyn) C. A. Agardh — +

28. M. varians C. A. Agardh — +

29. Melosira $р. . + —

30. Skeletonema costatum (Greville) Cleve + +

31. Thalasssiosira baltica (Grunow) Ostenfeld + +

32. T. levanderi Van Goor
‚

O. Bacillariales

33. Achnanthes taeniata Grunow — +

34. Asterionella formosa Hassal — +
35. Diatoma elongatum (Lyngbye) C. A. Agardh (Diatoma tenuis

Agardh) + —

36. Nitzschia acicularis W. Smith — +
37. Rhoicosphenia abbreviata (C. A. Agardh) Lange-Bertalot — +

Ph. EUGLENOPHYTA _

Cl. Euglenophyceae

O. Euglenales

38. Eutreptiella sp. | — +

Ph. CHLOROPHYTA j .

Cl. Prasinophyceae

O. Pyramimonadales

39. Pyramimonas sp. + +

CI. Chlorophyceae

O. Chlorococcales

40. Ankistrodesmus falcatus (Corda) Ralfs + +

41. Botryococcus braunii Kützing — T

42. Coelastrum astroideum De Notaris — +

43. C. microporum Nägeli — +

44. Monoraphidium contortum (Thuret) Komäkovä—Legnerova + +

45. Qocystis borgei Snow — +
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There were 55 taxa determined in the phytoplankton of the eastern

part of the Gulf of Finland. The phytoplankton species list is built up
of 10 taxa from phylum Cyanophyta, 3 taxa from Cryptophyta, 6 taxa
from Dinophyta, 18 taxa from Chrysophyta, 1 taxon from Euglenophyta
and 17 taxa from Chlorophyta (Table 2). The biomass of the phyto-
plankton was distributed quite evenly and varied from 0.12—0.15 mg/l
at most of the sampling stations (Fig. 2). A noticeably higher biomass
of the phytoplankton, 0.29 mg/l, was registered at the easternmost

sampling station situated north of the Kotlin Island. In Koporje Bay
the biomass of the phytoplankton was 0.07—0.08 mg/l which is some-

what lower than the general level. The number of the phytoplankton
cells ranged from 110000 to 260000 cells/l. Lower values were registered
at the open sea. In 1990 the biomass and the number of cells of the

phytoplankton were 0.20 mg/l and 0.23 cells/L.

Fig. 2. The number of cells, the biomass of the phytoplankton and the content of chloro

phyll a in the eastern part of the Gulf of Finland.

1 | 2]| 3

46. O. lacustris Chodat + +
47. Pediastrum boryanum (Turpin) Meneghini — +
48. P. duplex Meyen — +
49. P. tetras (Ehrenberg) Ralfs — +

50. Scenedesmus acuminatus (Lagerheim) Chodat — +

51. S. communis Hegewald (S. quadricauda) (Turpin) Brébisson) — +
52. S. opoliensis P. Richter + +
53. Shroederia setigera (Schröder) Lemmermann — +

54. Tetraedron minimum (A, Braun) Hansgirg + —

O. Zygnematales .

55. Mougeotia sp. (1=5—10p) N — +
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Fig. 3. The share of different taxonomical groups as percentage of the phytoplankton
biomass in 1990 (station 28) and in 1991.

Fig. 4. The number of dominant taxa commonto the sample pairs.
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The blue-green alga Aphanizomenon flos-aquae was the dominant
species in the phytoplankton at most of the investigated stations in
1991. As a rule, the blue-green algae formed 60—65% of the total bio-
mass, but they formed 20—30% of the total phytoplankton biomass at
the sampling stations of Koporje Bay and in some cases at the open
sea. In addition to the dominant species the blue-green algae Lyngbya
limnetica, Anabaena flos-aquae, Gomphosphaeria lacustris, Oscillatoria
tenuis and O. planctonica were found (Fig. 3). In 1990 the share of
the blue-green algae at one investigated station was 159 of the phyto-
plankton biomass in the open sea in the region near Koporje Bay where
the dominant species was Gymnodinium sp. from the phylum Dinophyta.
That year the most substantial was the share of the phylum Chryso-
phyta, which formed 34% of the biomass. In 1991 the green algae had
a leading role in Koporje Bay, forming 329% of the total biomass. Mono-

raphidium contortum was the dominant species there. The role of dia-
toms was quite high, the maximum was 469 of the total biomass in the
open sea area. The lowest share of diatoms, only 2—49% of the total
biomass, was in the eastern part of the study area. Small flagellates
(Ph. Cryptophyta) formed 10—209% of the phytoplankton biomass а{
all sampling stations. ‘The diversity index (Ky3abmun, 1975) and the
modified Levandovsky index (Kuosa, 1986) were used for estimation of
the spatial changes of the phytoplankton species composition. The

diversity index varied from 2.2—3.5 (Table 1). It was the lowest in

the inner part of the Neva Estuary. The modified Levandovsky index
enabled to show the difference of the phytoplankton species composition
between the inner part of the Neva Estuary and the open sea area

(Fig. 4). -

DISCUSSION

The hydrochemical and hydrobiological data are widely used and
combined for estimation of the state of the water-body.

The phytoplankton of the Neva Bay bordering on our study area

had been studied already at the beginning of the century. In 1911 and
1912 the Neva Bay was studied at the request of the Town Council of
St. Petersburg. In 1914 the owners of summer cottages and landowners
ordered the investigation in connection with the construction and build-

ing of the sewerage system of the town. It appears that the blue-green
algae were abundant in the phytoplankton already at that time, and

Aphanizomenon flos-aquae was common among them (Bucaoyx, 1913,
1921).

During the years 1920 and 1921, the phytoplankton of the Neva Bay
and the area west of Kronstadt were studied (Kucenes, 1924). The data
from the profile of the Old Peterhoff—Sea Channel are available from
the years 1935—1937 (Киселева, 1949; Соколова, 1949). Тпе Ыше-ртееп
algae appeared in the phytoplankton at the beginning of June and were

at maximum amount in October.
On the basis of the material collected in 1982—1984, V. Nikulina

(Hukynuna, 1987) states that the phytoplankton of the Neva Bay (the
region east of Kronstadt) is heavily influenced by the phytoplankton of

the Lake Ladoga. The dominant species of the blue-green algae belonged
to the genus Oscillatoria. In September began the decrease of the phyto-
plankton species diversity as well as of the number of cells of the

phytoplankton in all algal groups. The unification of the phytoplankton
biomass to the level of 0.6 mg/l took place all over the whole Neva Bay.
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The blue-green algae formed a considerable part, even up 10 50% of the
biomass. The number of species occurring in massive quantities has

grown during the last 50—60 years. The main dominating species of
Lake Ladoga have still kept their predominance. The blue-green alga
Aphanizomenon flos-aquae was also among them.

As to our study area, according to the @а{а о М. Balode (Banoze,
1990) collected at the end of October, 1980, the phytoplankton biomass
was 0.02 mg/l at two stations in the eastern part of the Gulf of Finland.
The blue-green algae made up 7.6 ап 19.2% of the total biomass, res-
pectively. The complex of euryhaline brackishwater species had the

leading role in the phytoplankton, and its main representatives were

Aphanizomenon flos-aquae and Nodularia spumigena. The quantitative
data were close to our results, only Nodularia spumigena @@ not
dominate in our samples. .

The bloom of the blue-green algae is considered as a typical feature
of the phytoplankton development-in late summer stage (Niemi, 1975).
The appearance of diatoms indicates the beginning of the autumn stage.
However, some scientists, as for instance U. Horstman (Niemi, 1975),
have referred to the frequency of the blooms of blue-green algae as

a sign of the eutrophication of the Baltic Sea. The investigations at

the end of the 1980 s have shown that the eutrophication is on the highest
level in Finnish coastal waters in the eastern part of the Gulf of Fin-
land. Troublesome blue-green algal blooms have been observed oc-

casionally, especially during late summers and autumns. The primary and
immediate eutrophying effects of the heavily loaded Neva-Leningrad
(St. Petersburg) region seemed to cover the waters east of the Island
Seskar (Pitkdnen et al, 1991).

In late summer of 1989 (Pitkdnen et al., manuscript) 809 of the

high biomass, 3.5 g/m3 in maximum was caused by the blue-green algae
in the easternmost part of the Gulf of Finland. The dominant species was

Oscillatoria agardhii, but in addition to it Aphanizomenon flos-aquae,
Anabaena lemmermannii, Comphosphaeria lacustris and G. compacta
were represented as well.

In our investigation area the average biomass of the phytoplankton
was 0.13 mg/l and the maximum biomass was 0.29 mg/l (at one, the
easternmost sampling station). Consequently, in some cases the bio-
mass of the phytoplankton was higher than the level typical to the
autumn stage of the phytoplankton in an unpolluted area. According to
Niemi (1975, it is <<o.lo mg/l. However, the total autumn phytoplankton
biomass values remarkably varied between years in the Gulf of Fin-

land. In the open sea no clear trends of any kind were demonstrated,
although the biomass of the phytoplankton about 0.4 mg/l was regis-
tered in the central part of the Gulf of Finland in the autumn of 1988.
The trends and changes were observed in phytoplankton long-term
studies carried out by Ilus, Keskitalo and Viljamaa in the coastal areas

exposed to thermal or municipal load (Baltic..., 1990).
Non-parametric Spearman rank correlation method was used for the

analysis of the data. There was a strong correlation between the
number of cells and the content of total nitrogen in the surface layer
(r=0.76, a<<o.os). A strong correlation also existed between the content
of dissolved inorganic phosphorus and nitrogen compounds in the
surface layer as well as in the bottom layer (r=o.Bß and r=0.79).

A quite abundant occurrence of the blue-green algae in the phyto-
plankton community of the study area is noteworthy.
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FUTOPLANKTON SOOME LAHE IDAOSAS 1990. JA 1991.

AASTA NOVEMBRIS

Aime RANDVEER, Malle VIIK

Ekspeditsioonidel Soome lahe idaossa 1990. ja 1991. aasta novemb-
ris tehti uurimistéid 13 proovipunktis. Andmeid koguti vee temperatuuri,
soolsuse, biogeenide ja klorofiill a sisalduse ning fiitoplanktoni liigilise
koosseisu, arvukuse ja biomassi kohta. Vee biogeenidesisaldus oli kdige
suurem Neeva lahe siseosas. Ilmnes, et uuritud ala lddne- ja idaosa erine-
sid rohkem vee lammastikuiihendite sisalduse poolest kui fosforiiihendite
sisalduse poolest. Soome lahe idaosa fiitoplanktonist maarati 55 liiki.

Fiitoplanktoni biomass oli jaotunud kiillaltki {ihtlaselt varieerudes
vahemikus 0,12—0,15 mg/l. Tunduvalt suurem (0,29 mg/l) oli biomass
vaid koige idapoolsemas, Neeva lahe siseosas asuvas proovipunktis. Pea-

aegu koigis proovipunktides domineeris sinivetikas Aphanizomenon
flos-aquae. Sinivetikad moodustasid Neeva lahe siseosas ligikaudu 609%
fiitoplanktoni biomassist. ;

ФИТОПЛАНКТОН ВОСТОЧНОЙ ЧАСТИ ФИНСКОГО ЗАЛИВА
В НОЯБРЕ 1990 И 1991 ГОДОВ

Айме РАНДВЕЭР, Малле ВИЙК

Во время экспедиций 1990 и 1991 годов были проведены исследо-

вания на 13 станциях, расположенных в восточной части Финского

залива. Были получены данные о температуре воды, солености, содер-
жании биогенов и хлорофилле а, а также о видовом составе, числен-

ности и биомассе фитопланктона. Выяснилось, что западная и восточ-

ная части изучаемого региона MO содержанию соединений азота

различались больше, чем по содержанию соединений фосфора.
Фитопланктон восточной части Финского залива состоял H3 55

видов. Биомасса фитопланктона распределялась довольно ровно, варьи-
руя от 0,12 до 0,15 мг/л. Только на самой восточной станции, нахо-

дившейся в Невском заливе, биомасса фитопланктона была гораздо
выше — 0,29 мг/л. Синезеленая водоросль Арйатготепоп [lO5-адиае
доминировала почти на всех станциях. В центральной части Невского

залива синезеленые водоросли составляли около 60% общей био-

массы.
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