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Abstract.
Phytoplankton biomass and composition were determined on the

basis of samples, which were collected in the period from
21.01.1987 to 19.08.1988 (every two weeks in 1987 and monthly in
1988) at three different stations situated in the Gdansk Basin.

The phytoplankton shows characteristic seasonal succession.
Five phases may be distinguished inthe annual cycle at the
inshore, shallow station protected from the open sea as well as
at the deep station situated offshore. Jhe first phase is the
spring diatom culmination in the middle of April, composed of:
Thalassiosira levanderil Thalassiosira spp... Chaetoceros spp...

Achnanthes taeniata in 1987 and Skeletonema costatuml

Chaetoceros spp... Thalassiosira levanderi in 1988. The 1ate
spring dinoflagellate maximum - the second stage - was dominated
by Peridinella catenata (Gonyaulax catenata) and Scripsiella
sp.. The third, summer phase of the phytoplankton succession
consisted mainlyof blue-green algae and also of dinoflagellates
Prorocentrum balticum and Heterocapsa triQuetra. The autumn peak
of the phytoplankton biomass was composed of big (80-200 um
diameter) diatom Coscinodiscus gran i i and autotroph i c ci 1 i ate
Nesodinium rubru~ whereas the fifth phase of the winter
dormancy consisted of different resting stages.
The maximum biomass values in the whole annual cycle were
reached at the station situated inside the Gulf of Gdansk in the
middle of July 1987 (715 ugC/l) and in, the beginning of June in
1988 (950 ugC/l).

Introduction.
The cycl ic seasonal fluctuations of the phytoplankton biomass

and composition is a well known phenomenon, characteristic for
the sea waters of the temperate zone. It is in general connected
with seasonal changes of sun irradiance affecting water
temperature, thermocl ine forming and - as a consequence of this

nutrients concentration (Thurman 1982). The·Gdansk Basin as a
part of the Baltic Sea, which belongs to the temperate zone is
directed by the same rules. Also, former investigations of the
phytoplankton in the Gdansk Basin (Rumek 1950, Halewicz et al.
1974, Ringer 1976, Borysiak 1977, Pl inski et al. 1982, 1985,
1986, Witek 1986) and in the other parts of the Baltic Sea
(Niemi 1975, Edler 1977, Smetacek et al.' 1984, Smetacek 1985,
Elmgren 1984, Larson et al. 1986, Kahru 1991) as well as in the
other temperate areas (Gieskes & Kraay 1975) pointtothis.
However, a comparison of the data recorded in different seasons
from 1947 (Rumek 1950) till now in the Gdansk Basin allows to
observe some changes in composition and quantity of the
phytoplankton. It may suggest that some other environmental
factors, as local hydrography, increase of pollutants inflow,
interactions between phytoplankton and other organisms in the
ecosystem, play important role in the population development.
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objeet oeeurred in nature was
whole eolonies of diatoms,
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Therefore, the aim of this'paper was to obtain some data about
the seasonal ehanges in biomass and speeies eomposition of the
phytoplan~ton in relation to major faetors influeneing this
sueeession.

Materials and Methods.

Research for this study too~ plaee in the period from 21
January 1981 to 19 August 1988 at three stations situated in the
Gdans~ Basin (Fig.1). The samples were ta~en approximately every
two wee~s during 1981 and monthly during 1988 with a van Dorn

~water sampler from the integrated layers: 0-5-10-15m,
15-20-25-30m, 30-40-50-60m, 60-10-80-90m, 90-100m-above the
bottom, and preserved with Lugol's solution (Edler 1919). 50 ml
subsamples were analysed in an inverted mieroseope (Utermohl
1958) .

Phytoplan~ton analysis eonsisted in the identifieation of the
organisms to the higher taxonomie units and their volume
elassifieation. Whole phytoplan~ton speetrum eontained organisms
of a size range 32 to 1_106um3 (i.e. 4-125 um as an equivalent
of the sphere diameter), divided into 15 volume elasses formed
in a 10garithmie seale. A width of a volume elass was equal to
0.3 10910' whieh almost eorresponded to a width of 1 10g2 and
meant a volume two times greater in elass n+1 than in elass n
(Wite~ et al in press). The formulae for the volume of single
geometrie figures' were 'used for the determination of the
specimens volume. Counting proeedure was eontinued until
reeording 500 objeets and at least 10 objeets in eaeh volume
el ass.

The form in whieh a given
assumed asone speeimen (e.g.
blue-green algaeor green algae).

This study is eoneentrated on the phytoplan~ton understood as
a group· of ·the autotrophie organisms, so some dinoflagellates
(all Protoperidiniuml Amphidiniuml Oxytoxum spee i es and most of
Gymnodinium and· Gyrodinium) and Ebria tripartita are exeluded
beeause oftheir heterotrophie nutriation. On the other hand, an
obl igatory autotrophi~ eil iate - ffesodinium rubrum is ineluded.

Results;
~ Hydrologieal eonditions.
Eaeh 'of . the sampled stations (Fig.1) represents different

environmental eireumstanees (Wite~ et al in press). Stations R6
and 92A are about 35 m deep, situated'at the eoastal area.
However; station 92A is situated in the area protected from the
open sea (Gulf of Gdans~), where seasonal summer stratifieation

and good mixing due to the wind aetivity during the rest of the
year is observed. On the other hand, station R6 represents
highly unstable environment, whcire intensive mixing in the whole
water eolumn takes plaee. The third 105 m deep station (G2)' is
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situated in the Gdansk Deep and characterized by permanent
picoc1ineat about 50 m.• mixing of the surface 1ayer and
stagnation of the bottom water. where there is an oxygen
deficit. Figure 2 shows tempe~ature changes during 1987 at all
stations under discussion. Changes in the inorganic phosphorus.
nitrogen and silicium concentrations in the water co1umn at
respective stations. are shown in figures 3 - 5.
~ Qual itative analysis.
All identified taxons are recorded in Tab1e 1. In some·cases

the identification to a species level was impossible with regard
for preserved and long stored material. as we11 as for a
taxonomic . uncertainty. For that reason some organisms were
combined into bigger groups (as Nicrocystis/ Aphanothece group.
Dinophysis group. naked dinof1age11ates. Thalassiosira looking
1ike. etc.) to insure accuracy and certainty of the
identification.

J.:.. Seasonal changes of the most important phqtop1ankton
groups.

Diatoms. dinoflage1lates and Nesodinium rubrumhad the
biggest contribution to the phytoplankton biomass (Fig.5).
Diatoms formed the first peak of biomass during the vegetation

. season in the midd1e of April 1981 at all stations. although.
at the coastal area the biomass va1ue was greater than at

station G2. ßesides that· phase of the phytoplankton growth
lasted longer at the station protected from the open sea (92A)
than in the open area (R6). It is difficult to compare the
spring seasons in 1981 and 1988 due to the lack of the samp1es
from March and beginning of April 1988. but the considerab1e
values of diatoms at the end of April indicated the final stage

/

of the spring diatoms deve1opment.
When the diatoms were decaying. a sensible amount of
dinoflagel1ates appeared in the water column and in the end of
May. 1981 built up the second peak of the phytoplankton biomass .
.In 1988 development ~f this maximum was shifted towards
beginningof May. At the stationssituated in.the open sea there
was on1y one dinof1age11ate peak during vegetation season.
whereas in the Gu1f area.another outburst of dinof1age11ates
took p1ace in the midd1e of Ju1y 1981. and in the beginning of
June 1988.
In the summer the phytoplankton· biomass remained at a very low
level (50-10 ugC/1. maximum va1ue of 130 ugC/1 was recorded at
the Gu 1f of Gdansk),: espec i all y at the Gdansk Deep. Summer
phytoplankton consisted of blue-green and green a1gae and also
of smal1 f1age11ates
The last peak of the phytoplankton biomass was observed in the
midd1e of October (1987; inshore station) and November (1981;
offshorestation). It was formed by diatoms and. particu1ar1y in
the coastal area. by Nesodinium rubru~

Deve10pment of the 1atter proceeded in the course of the
vegetation season with two clearmaxima: late spring
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accompanying dinoflagellates, and autumn - accompanying diatoms,
at the, inshore stations, while in the open area fairly clear was
only the spring,peak .

.~ . Changes lnthe.diatom compositionduri~g the period under
- discussion.

Each of thetwo diatom culminations was.characterized by
different species composition (Fig.7). Thalassiosiralevanderi

was the most .important component in t~e early s~ring" especially
in 1~87. Elesides, Achnanthesta'eniata and .Chaetoceros group
(consisted chiefly of,small-c'ell . species as: Ch. siplexl · Ch.
soc ia leI Ch. holsaticuml Ch.. wighamii) reached.maximum values of
their biomass in t~is period, butabout two weeks later than ~

. levanderi. Cons i derab 1e contr i but i on of, T. levanderi in the
spring of 1988 took place only inthe Gdansk Deep, whereas at
the inshore· stat ions I higher. concentrat ions of·' Ske letonema

costatum and Chaetoceros spp. were reached. Autumn max i mum was
bui lt of big diatoms Coscinodiscus gran i i and Actinocyclus

oe tonarius. Moreover, appreciable amou~t of·Skeletonema costatum
appeared in the middle. of June and July 1987 at·the Gulf
stat i 0":". In the .summer" uncons i derab 1e number of Chaetoceros
spp. (consist mainly of bigger-cell species as: Ch. densuml Ch.

boreale in. opposite, to spring Chaetoceros'group), Cyclotella

sP/? and other non def. _Centra 1es was also not i ced at the reg i.on
under discussion (Table 1).
~ Changes ln !the dinoflagellate· composition ,during the

:.period.under discussion.
Seasonal; biomass changes of the main taxa belonging to

dinoflagellates are shown in Figure.8.· Peridinella catenata was
absolutely dominant ',during late spring ,maximum in both
vegetation seasons,. although at station RB (1987) it was
replaced by· Scripsiellasp. Two additional peaks of

.dinoflagellate biomass in the protected area were caused by
Prorocentrum. balticum in 1987 and Heterocapsa. triquetra.in -1988.
Moreover, small ~oncentrations of Dinophysis spp. were observed
during summer .

. ~Changes,lnthe,compositionof other phytoplankton groups .
Ellue-green algae appeared in the summer (Table .1). and

consisted', above' all, of tficrocystis' reinboldii.. Aphanothece

clathrata and Gomphosphaeria spp. However, theystarted to
develop .their biomass two months earl ier (June/July) in 1988
than '. ~n 1987 ,(August ~,October); The contributionof Nost06ales
(Aphan i zomenon· r I os-aquael Nodu I ar i a spum i genal Anabaena sP.)

was :greater ,in 1988: The phenomenon ofdouble season vegetation
was· observed in,·the, case . of:,Aphanizomenon rlos-aquae,' which
appeared in the· spring and summer.'. It was also observed by
Elorys i ak (1977) . .The d i fference ,between ., two popu 1at ions
consisted .·in~ the heterocysta~ producing. First one did not

.prod';lce:any heterocysts; while .the second did.
G,reen al gae, . represented by. many spec i es, actua1 1y d i d .not
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create a' blg crop. The~ bul1t thelr -blomas~ ,In summer and
partlcu1ar1y In the Gu1f area, where' the Inf10w of rlver waters
becomes pronounced.
Just before and dur Ing d Iatoms cu 1mInat Ions,' Eug1 enophyceae
appeared deve10plng hlgher concentratlons In the protected area
than In·the open sea (Tab1e 1) .

. L Size structure ana1qsls;
Resu1ts of the slze structure analysis a~e shown In Figure 9,

where I t becomes not Iceab 1'e that" at the beg Inn Ing , of the
'vegetation season there was amlxture' of' sma11 (I.e.:
Thalassiosira levanderi 125-2000 um3 - 6.3-16 um ESD,
Chaetoceros spp. 32-500 um3 = 4-10'- um ESD) "and blg
organ Isms ( i . e.: ,Thalassiosira' baltica - '16_103-250_103 um3 =
32-80 um ESD, Achnanthes taeniata chaln formlng ~ 103- 500_103

um3 = 13-125 um· ESD) whlch was rep1aced In the'summer bythe
communlty conslsted of sma11 ce11s. The autumn phase was
domlnatedby blg organisms (80-200 um ESD) .

.§..... Vertlca1dlstrlbutlon.
,Changes 'In the vertlca1 distribution of the phytoplankton

biomass are presented In ·FIgure 10. The decrease:of
phytop 1ankton biomass wIth depth was not i ceab1e.' At the stat i on
protected from the open sea the ear1y spring and autumn peaks
appeared wIth some de 1ay , In the bottom 1ayer, Ind Icat Ing
sedimentation of the diatoms. During the rest 'of the year
f1uctuatlons of the'biomass In the bottom1ayer did not ref1ect
the changes in the surface. At the,station situated inshore, but
characterised by unstab1e hydro10gica1 conditions eR6),
(permanent mlxlng) the respective peaks cf biomass'were"present
at 'the' same time In the both 1ayers. At the deep water station
situated in the Gda~skDeep, ~here the transparency was the
highest, the phytop1ankton'blomass in the lower 1ayer (15-30 m.)'
~xceeded this in the surfaceat the beginningof 1ate spring and
duringautumn phases.

Discussion.
The phytop1anktoncommunity In the Southern Ba1tic undergoes

some notlceab1e changes Inthespecles composltlon, a1though the
numbe~,of·the taxa'remalns more or 1ess r at the same level (265 ­
Rumek 1948, ',210 P1 i~ski et a1. 1982, 206 - P1 i~ski et a1.
1985, 156 In the present·· study). In the 'presentstudy there' have
not ascertalned 'any 'speclmens be10nglngto waters of fu11
sa1 inlty, as Rhizosolenia~ Ditylum, Ceratium genera, 'wh ich were
recorded by .a11 prevlous·authors. Thls may be an~effect of the
lack of the North.Sea water inf10w since 1983'(Wojew6dzki 1991).
On the other hand, both Ringer (1916) and P1 i~ski et'a1~ (1985,
1986) under1 Ined the importance of freshwater green'a1gae in the
phytoplankton of the Gu1f of Gda~sk';in the summer season.
Whereas. . In the 1 ight of the present resu1ts, It appeared. that
the contrlbutlonof green a1gae'·in the phytop1ankton'biomass'was
inconsiderab1e. In spite of-re1ative1ybig variety'of species
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and high number of Oocyst:is and Nonoraphidium ee11s in the
per iod Ju1y Deeember 1987. their biomass never exeeeded 70
ugC/1 (mean range: 0.2-2.5ugC/1).
The b1ue-green a1gae mass oeeuranees in the summer are fami1.iar
phenomena in the Centra1 Ba1tie (Niemi 1975) and are eaused
eh i ef1 y by Aphanizomenon f'los-aquae.. Nodularia spumigena and
Anabaena f'los-aQuae Simi1ar events,were reeorded byP1 inski et
~1. (1985. 1986) Borysiak (1977) and Ringer (1973. 1976) in the
Southern Ba1tie and the Gu1f of Gdans~. However. in·1987. the
eontribution of Nostoea1es amorig b1ue-greena1gae was
surprising1y 10w . in eomparison' to Chrooeoeea1es: Aphanothece

clathrata, Nicrocystis reinboldi i and Gomphosphaeria spp.·

Re1ative1y 10w temperatures in 1987 might have eaused sueh a
sma11 amount of Nostoea1es 'in summer eommunity. (Aeeording to

. Edler (1977). 17-180C had to be reaehed befor heavy b100ms of
b1ue-green'a1gae ean oeeur. whi1e the maximum temperature of'the
surfaeewater in 1987 mere1y reaehed 15-160C (Fig.2).) In the
warmer 1988 summer. the proportion' between Nostoea1es and
Chrooeoeea1~s was turned out to Nostgea1es advantage. In
general. however. the Southern Ba1tie blue-greena1gae eommunity
seems to eonsist main1y of Chrooeoeea1es. whieh,are eontinuous1y
present. from year' to year. whi1e Nostoea1es bui1ds up high
biomass on1y oeeasiona11y. (After 1988. more eonsiderable
appearanee of Nostoeales took plaee in 1991. when surfaee water
temperature reaehed 200 C and Aphanizomenon f'los-aQuae biomass
grew up to 12_106 ugC/l, whereas,Nodularia spumigena - 10_106

ugC/1 (unpubl i shed data».
P1 i nsk i et al. (1985) not ieed the deerease in the number of
dinof1age11ate speeles in theGulf of Gdansk during last.40
years. The present study ean not eonfirm this tendeney. Sueh
spee ies as Katodinium rotundat:um.. Scripsiella sp... Gyrodinium'

aureolum, Gymnodinium simplex and other autotrophie naked
dinoflagellates were not reported before from this area.
Moreover. the first mass oecurenee of Heterocapsa triquetra in
the eoastal area of the Gu1f of Gdansk was reeorded in 1977
(P1 inski et a1.1985). According to the author's unpubl ished
observations Het:erocapsa. t:riquet:ra forms rapid (lasting only a
few days) b100ms every year. somewhen between June and July (at'
least in the per iod 1988-1992) in the eoastal region. When
oeeuring, it ehanges the water eo10ur to red and eauses enormous
morta1 ity. of Salmo gairdneri in the fie1d eultures (J.Wiktor
personal information). Beeause of'such arapid outburst of'the
population and.Jts immediate dee1 ine. it might have been-missed
in 1987. On ·the other hand, Prorocent:rum 'balt:icum appeared at
the Gu 1f stat i on dur i ng the time when H.. t:riQuet:ra had ·Used to
grow. The b100m of H. t:riQuet:ra was observedin the beginning of
June 1988.lts biomass.va1ue reaehed 642 ugC/l (Fig.8) at the
Gu 1f stat i·on.
'It· may be well worth adding, ~hat the sueeeeding ehange in the

Southern Baltie phytoplankton composition eoneerns the
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Euglenophyceae group. The number of species increased in
,comparison with previous data (Rumek 1948. 1950. Ringer 1976.
Borysiak 1977. Pl inski 1985). Eutreptiella gymnastica~ Eutreptia

spp.' and Trachelomonas spp. appeared last time.
Apart Trom the long-term changes . in the presence of some

phytoplankton components in the ecosystem of,the Gdansk Basin.
'cycl ic seasonal fluctuations of the algae biomass and species
composition were observed.
Rumek (1950) in 1947 had already took first steps in order to
differentiate certain groups of the phytoplankton taxa•. which
occured one by one in following seasons in the course of the
year in the area under discussion. Next. that pattern was
conrirmed and studied in more detai.l by other investigators of
this region (Ringer 1976. Borysiak 1977. Pl inski et al. 1982.
1985.1986. Witek 1986). Ringer (19T3. 1976) and Borysiak (1977)
were concerned with characterising of the 4 cl imatic seasons in
their phytoplankton observations. while Pl inski (1982) and Witek
(1986) paied attentionto respective algae group succession in
the course of the year.
Results obtained, during this study led to distinguishing
following phases of the phytoplankton species succession in the
annual cycle (Fig.10): 1- the early'spring diatom cu1mination.

2- the 1ate spring peak of the
dinoflagel1ate biomass;
3- the 'summer stratification connected
with blue-green algae and small
flagellate growth.
4- the autumn maximum of big diatoms and
tlesodinium rubrum.

5- the winter-dormancy.
The first phase began at the end of March and lasted until the
middle of May with culmination in the midd1e of Apri 1. It was
characterized by a massive outburst of sma11 diatoms. which was
probably possib1e thanks to favourab1e conditions 1eading toa
rapid bui1d-up of the biomass. i.e.: maximum va1ues of the

,nutrients concentrations (Fig.3.4.5). sufficient temperature •
. calm·weather conditions. stable water column. The decl ine of the
spring bloom was brought about by nutrient depletion. increasing
of the temperature and rapid sedimentation.. According to
Smetacek (1985) • in the Ki e 1 Bi ght more than ha 1f of the tota 1
production sediments out· of the water column after the,spring
maximum. whi le Elmgren, (1984) and Larsson et ,al. (1986)
estimated sedimentation of the organic carbon, in the Baltic Sea
at 30-401.. Changes in the inorganic si1 icium concentrations
(Fig.5) in the water column may·indicate occurence of the diatom
sedimentation process in the Gdansk Basin. When the diatom
biomass was developing. the amount of. sil icium was rapidly
depleted in the surface layer. whereas very high concentrations
or sil icium appeared.at the bottom about one and a halr months
later. This crop· of silicium at the bottom might come from
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sed i mented 'spr i ng diatoms. When .... the, diatom cu 1minat i on had
pas~ed, there was no nitrateleftin the euphotic layer, while
phosphate and sil icium remained continuosly, although .in lower
concentration (Fig.3, 4, 5). This might suggest that the lack of
nitrate 1 imited the' duration of the diatom existence in the

.water column. Simi1ar observations made Niemi (1915);
The second stage began in the middle of May and extended to the
middle of June 1981, whi1e in 1988 it started about two weeks
earl ier. Higher temperature in 1988 might have affected this
slight shift. Thanks to their locomotive ability, Peridinella
catenata and Scripsiella sp. bas i c components of the 1ate
spring community - could utilize the nutrients which occurred in
the deeper 1ayer in higher concentrations than at the surface,
where the diatoms had used them up. Sesides, Peridinella
catenata and Scripsiella sp. as dino(lagellatesl requ i re h i gher
light. intensity and temperature than diatoms. It is another
reason for their success in competing with diatoms and creating
such a big biomass. High activity of the protozoop1ankton (Witek
et a1. in press) may' -. at 1east part 1y i nfl uence the
disapperance of this phytoplankton group.
In the some parts of the Sa1tic Sea two stages of the
phytoplankton succession mentioned above; are combined in one
phase (Northern Saltic Proper - Larsson et a1. (1986), Tvarminne
area Niemi (1915», whereas in Kiel Bight (Smetacek1985),
Sound (Edler 1911) and Gda~sk8asin (Wite~ 1986, present study)
they may be c1early separate.
The summer phase of the phytoplankton succession in the Gda~sk

Sasin began in the middle' of June and lasted to the end of
September 1981. Also in this case a shift in the time of about
two weeks appeared in 1988. This part of the vegetation season
100ked different in the protected area in comparison with the
open sea. The former region was characterised by massivegrowth
of dinoflage11ate Heterocapsa triQuetra in .1.983 (Witek 1986).
Prorocentrum balticum in 1981, H. triQuetra in 1988 at"the
beginning, ·whereafter mu1tispecies community of a very'low
biomass." In the'open sea the summer dinof1age11ate peakdid not
occur. Summer phytoplankton community deve10ped· when, the
phosphate and nitrate concentrations were at the lowest, and
water thermal stratification made the inflow of nutrient supp1y
impossible.' A probable explanation. of. this was, presumab1y, the
ability of b1ue-green a1gae main component ofthe
phytoplankton "at that time to accumulate phosphorusand

·n i trate in the ir cel1 s (Edl er 1911). In compar i son to rel at i vel y
low phytoplankton biomass quite. high values of primary
production were. noticed at that time (Witek et al. in press)
indicating the high assimilation· coefficient (Niemi 1915).
Phytoplankton su~~er popu1ationvanished probably as a result of
sedimentatio~ on ,the one 'hand (Niemi ,1915, Smetacek 1985) and
grazing by vigorous1y developed metazooplankton (Witek et al. in
press) ori the other hand.
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The autumn stage of phytoplankton succession wa~ initiated at
the end of September and ended at the beginning of December.
Just before the autumn peak of big diatom biomass had been
reached. nutrient concentrations inthe surface layer increased.
This was connected with the break-down of the summer
stratification resulting in upward mixing of nutrients from
stagnating bottom layers.The fate of this culmination was
partially similar to that of the spring one. which means. apart
of the autumn diatoms sedimented. However. nutrient depletion
was not the factor trigging sedimentation but rather worse
weather conditions at the end of this per iod. Considerable
amount of Coscinodiscus gran i i cell s rema i ned in the water
column during winter.
The phase of the' winter dormancy started at the beginning of
December. The phytoplankton population was probably sparse over
winter and consisted of different restingstages. algae which
remained in the state of restricted vegetation and small
fl age 11 ate (eh i efl y Cryptophyceae).

Seasonal succession becomes pronounced in the phytoplankton size
structure.· Observations made by Witek (1986) and Kahru (1991)
are in agreement with results presented above (Fig.10) and
indicate that phytoplankton population consists at the beginning
of vegetation season of the different sizes mixture replaced
in the summer by small cell fraction and finally in the autumn ­
by bigg organisms. This tendency together with changes in
nutrient concentrations may affect the different ability of
carbon assimilation by respective phytoplankton communities in
the course of the year.
The comparison of available data concerning phytoplankton
succession in the Baltic Sea explains that differences are only
connected with species composition and ·duration 'of the
respective culminations. This is dependent onthe geographical
situation and the weather eonditions. Figure 11. for exampler.
shows the time of spring maxima in thedifferent parts of the
Baltic Sea in different years. Following from west to east and
farther north to the Gulf of Finland. it is easy to find that
maximum values of the spring diatoms biomass shifted from March
to May ..
It is evident from all above considerations that the
phytoplankton community undergoes continuous changes in species
compos i,t i on and biomass in the course of a year and that
environmental factors.play an important role in the development
of these populations. The 'phases of the succession distinguished
here correspond to fundamental changes in the functioning of the
ecosystem (Witek et al. in press) and thus also of ,the food web
of which the phytoplankton is only apart
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TABLE 1. Maximal concentrations of the respective taxons recorded at the lnvestigatect stations and separate layers (number of units-")

TAXON o-15m
1987

Station 92A
15-30m o-15m
1987 1988

o-15m
1987

Station Re
15-30m o-15m
1987 1968

o-15m
1987

15-30m
1987

Station G2
3O-BOm BD-90m
1987 1967

OOm-bot.
1987

o-15m
1988

JI 3.BE+02 Ap 1.4E+03 JI
0 1.0E+03 0 3.6E+02 Au 2.4E+02 Au 1.4E+04 JI

JI 1.1E+04 Au 7.3E+04 Jn 1.0E+04 JI l.4E+04 Au 5.2E+04 JI

Au 5.BE+04 Au

Au 4.0E+Ol Au 1.BE+03 JI 3.2E+02 JI B.OE+Ol JI 1.9E+03 JI
4.6E+04 JI

1.2E+02 JI
3.4E+02 0

JI 9.6E+04 5
F 6.BE+03 5 1.9E+05 JI

2.7E+06 JI

4.9E+03 0
Au 6.9E+04 Au
Au 4.2E+05 5

1.BE+04 Au 3.4E+05 JI

5.1E+03 Au

5.1E+03 JI

1.3E+03 Mr
Au 1.7E+05 5

4.0E+Ol 5

4.7E+05 Au 2.9E+05 Au 1.3E+06 JI 3.9E+05 Au I.BE+05 Au 1.9E+04 Au 2.6E+04 0 1.6E+04 0 1.7E+05 JI

B.7E+03 Au

2.9E+04 JI 3.3E+04 Au 4.7E+04 Jn 3.5E+04 5 4.5E+03 Au 1.3E+03 5 1.6E+03 0 B.3E+03 JI
B.3E+04 JI 3.0E+04 JI 1.5E+04 JI 2.3E+03 Au 9.BE+02 0 2.9E+02 0 3.0E+03 JI

2.BE+03 5.5E+04 Jn 4.5E+03 0 1.3E+05 Au 1.4E+04 N 9.BE+Ol M 7.2E+03 0 B.1E+03 Ap

2.5E+02 Jn B.3E+03 N 1.9E+03 Au 2.3E+03 0 2.6E+03 0

7.3E+02 M
1.4E+02 Mr 1.BE+02 Mr 2.9E+04 Au 5.1E+04 5 1.3E+04 5 2.1E+03 J B.3E+02 5
2.5E+05 Au 1.BE+05 5 3.BE+04 Au 3.0E+04 S 4.BE+03 F B.9E+03 M 3.3E+03 F
B.4E+04 5 B.OE+03 0 2.0E+04 5 1.2E+04 0 7.3E+03 0
B.1E+04 5 3.0E+04 5 9.5E+04 JI 1.7E+05 5 1.1E+04 0 3.4E+03 Au 4.5E+03 0 1.9E+04 0 B.7E+04 JI

1.3E+03 F

1.4E+03 F

9.2E+02 F 7.4E+03 5 1.3E+02 JI
1.2E+05 Au 2.3E+04 Au 9.BE+04 5 2.7E+03 5 1.BE+03 Au 2.5E+02 Au

2.2E+04 0 3.9E+02 Au
1.3E+02 F B.4E+03 0

1.BE+03 N
5.5E+03 5 1.3E+03 Au 4.0E+03 0

3.4E+03 0 1.4E+04 5 3.BE+03 S 5.1E+03 0 4.5E+03 0 5.2E+02 JI
2.BE+05 Au 7.2E+03 F

4.5E+02 Au
9.3E+04 5 2.3E+05 Au 3.0E+04 5 9.0E+03 0 1.3E+05 0 1.3E+05 Au

9.2E+Ol JI
4.4E+02 Au B.2E+02 Au 2.0E+Ol Au 2.7E+02 JI 6.0E+02 JI

4.3E+04 Au 9.5E+03 N 2.7E+03 Ap 4.BE+03 F 3.5E+03 0 3.BE+03 Au
2.1E+02 5

4.BE+03 5 3.2E+02 Mr

4.4E+02 Au 3.0E+02 5 4.0E+Ol Au 1.4E+02 N 1.2E+02 JI
7.9E+02 N 3.7E+02 Au 4.0E+03 0 2.9E+03 5

4.0E+01 Ap
2.0E+Ol

6.4E+02 JI
B.1E+02 0 7.9E+02 N 1.7E+02 Mr B.2E+02 M 2.BE+03 0 5.2E+02 JI

5.1E+05 JI

2.1E+04 Jn

2.6E+03 Au

2.BE+04 0 1.3E+04 0 2.5E+03 Jn

2.1E+04 Au

CYANOPHYCEAE
CHAOOCOCCALES
Microcystis I Aphanothece group consist 01:
AphanothececlathrataW. etG.S.West 1906 1.BE+06 JI B.3E+05 Au 1.1E+03 Ap
A. sax!cola/ A. castagnel
Nagell 1849/ (Kutzing 1B46) Rabenhorst 1865
Mlcrocyslls aeruglnasa (Kutzing 1B33b)
Kutzlng I B45-48

M. grevillef (Hassal) Elenkin
M. relnbald!1 (Richter in Reinb. 1889b)
Forti In Oe Toni 1907 3.0E+02

M. vlridls (A.Braun In Rbh. 1862) Lammermann 1903b 2.0E+Ol
Microcystis relnboldii I Aphanothece clathrata
Microcystis sp. Kutzing 1833
ex lemmermann 1907 7.8E+02 JI 2.6E+03 Ap 8.6E+03 Jn

Gomphosphaeria group conslst 01:
Gomphosphaeria compacta (Lammermann 1900b)
Strom 1923

G. lacustrls Chodat 19B9 5.1 E+04
G. pusilla Ivan Goor 1924) Komarek lB58 4.5E+05
G. pusilla/lacustrls
Gomphosphaeria sp. Kutzing 1838

Chroococcus Iimneticus Lemmermann 1898&
(syn.:Gleocapsa IImnetica (Lemm.1B9Ba)
Hollemach)

Ch. turgldus (Kutzing lB45-48) Nagell lB48
(syn.:Gleocapsa turglda (Kutzing) Hollemach)
Gleocapea crepldlum (Thuret lB54)
Bornet et Thuret 1876

G. minima (Kels.le~ Hollerbach ? 4.0E+05
G. mlnuta IKutzing) Hollerbach
Gleocapsa sp. (Kutzing) Hollemach 193B
Merlsmopedla glauca (Ehrenb. I e:;e)
Nageli 1849

M. punctata Moyon 1839 1.0E+04 Au 1.2E+04 5
M. warmlngiana lagern. 1883b
(syn,:Merismopedia tenuissima Lemmermann 1898a) 8.2E+04 Au 2.7E+04 S 2.9E+04 JI
SynechocY$tls saUna Wislouch ?
Synechococcus sp. Nagell 1849 ?
Chroococcal.. non de!. 2.2E +05 JI 2.5E +05 JI
NOSTOCALES
Anabaena flos-aquae (lyngb. I BI 9) Breb.ln Breb.
et Goday lB35 ex Bornet ot Flahou~ 1868 2.3E+03
Anabaena sp. Bory 1823 ex Bornet et Flahoutt 1888 2.6E+03
Aphanlzomonon flos-aqua. (L 1753)
Aals ex Bornet el Flahou~ lBBB B.BE+04

Lyngbla contorta Lemmermann 1989c
L Jimnetica Lemmermann 1898a 5.1 E+03
Nodularia spumlgena Mertens in Jurgens 1822
ex BornetetFlahoult 1886 4.0E+01

Oscillatoria limnetica Lemmermann 1900b ?
O.chlorlna (Kutzing lB43b) Gomont lB92
O. splendida Grev. 1824 ex Gamont 1892
O. subtillsslma Kutzing 1845-48
ex Gomont lB92 2.2E+05 JI

OSCltlatoria $P, Vaucher 1803 ex Gomont 1892 1.0E+03 0 2.1E+05 JI
Spirulina sp. Turpin 8X Gamont 1892
emend. Gardner lB17 1.7E+03 0



TAßLE ,. conUnuallon
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Station 92A Station AB Station G2
TAXON 0-15m 15-3Om ()'15m 0-1 Sm 15-30m 0-15m o-lSm l5-3Om 3lHlOm Bo-llOm llOm·bol 0-15m

1987 1987 1988 1987 1987 1988 1987 1987 1987 1987 1987 1988

.......................................,.......................................................................... .........................................................................,.........................................
BAClUARIQPHYCEAE
CENTRAlES
eh_ros group consll1 (probabIy) 01:
Chutoceros boreale BaJley 1854 4.5E+02 S
C. curvlsetum Cieve 1889 1.6E+02 Ap
C. danicum Cleve 1889? 9.0E+Ol F 1.8E+02 JI 2.1E+03 0 3.6E+03 Ap
C. densum Cfeve 1901 3.8E+02 0 1.0E+04 Au 3.2E+03 Au 7.2E+02 Au 3.9E+Ol Mr
C. densum I boreale 1.8E+02 Mr 9.4E+02 JI 3.6E+03 Au 3.1E+03 S 3.0E+02 Au 9.0E+02 S 4.0E+Ol N 2.9E+02 S 8.E+02 Au
C. graclle Schutt 189Sb 1.7E+04 JI S.8E+04 Ap 1.9E+05 M S.8E+05 M
C. holsatlcum Schutt 189S 2.1E+04 Ap 4.8E+OS Ap 4.SE+05 M 9.0E+04 Ap 1.5E+05 Ap 1.0E+05 Ap
C. pseudocrinitum Ostenfeld lS01. S.3E+05 M 8.SE+05 M 1.0E+04 M 1.8E+05 M I.SE+04 Ap
C. septentrionale/ ceratosporum
Oestrup 1895/ Ostenfeld 1910 2.8E+08 Ap 4.2E+05 Ap 1.5E+05 Ap l.E+08 M 2.7E+OS Ap 2.3E+05 Ap 4.4E+04 Ap 3.9E+04 M 1.8E+04 Ap

C. simplex Ostenfeld lSOI. 2.7E+04 M 3.7E+04 M
C. soclale Lauder 1884 4.1E+04 Ap 2.9E+03 Mr 9.7E+04 Ap 7.1E+04 Ap 3.3E+04 Ap S.9E+04 M 5.8E+04 Ap
C. subtile Cleve 1898 9.0E+02 2.6E+04 M 1.0E+03 1.5E+OS M 9.2E+04 M l.lE+05 Ap 3.2E+04 Ap UE+03 M 8.SE+03 Ap I.SE+03 Ap 1.8E+03 Ap
C. w1ghamil Brlghtw. 1858 1.IE+05 M 2.4E+05 M 2.0E+05 M I.E+OS Ap S.2E+04 M 2.2E+03 M 9.9E+03 Ap 2.8E+03 Ap
C. w1ghamll/ holsatlcum 1.8E+05 Mr 2.0E+05 M
Chuloceros sp. Ehrenberg 1844 4.2E+08 Ap 2.5E+05 Ap 3.0E+06 Ap S.9E+05 M 3.5E+05 Ap 1.2E+08 Ap 1.3E+03 3.7E+03 N l.lE+03 M 4.5E+03 Mr 4.0E+04 M 2.0E+08 Ap

Group 01 blg diatoms tonaist 01:
AcUnocycluo octonarlus Ehrenberg 1838 3.8E+03 Ap 4.0E+03 0 8.0E+Ol M 1.8E+03 0 1.8E+03 0 1.8E+03 Au 3.3E+03 0 3.8E+03 N 3.2E+03 0 8.8E+02 0 2.E+03 0 3.2E+02 Au
Coscinodlscuo granli Gough 1905 S.OE+03 0 4.1E+03 0 I.SE+03 N 1.9E+03 N 4.0E+Ol Au 1.5E+02 S I.SE+04 N 2.9E+03 0 7.E+02 N 3.0E+03 0
Coscinodlscus ap. Ehrenberg 1844 1.5E+03 S 3.0E+03 S 7.8E+02 Ap 3.8E+02 Ap 8.0E+Ol Au 3.7E+03 0 6.8E+02 0 1.0E+02 0 8.0E+Ol S 4.0E+Ol FJI
Coscinodiscul/ ActInocyclus 1.5E+03 Au

Cyclolell. lMtosirold.. (KJrchne~

Lamm_rmann 1900 1.2E+03 0 2.8E+03 Au 4.0E+04 Ap
C. meneghinian. Kuttlng 1844 4.E+04 0 2.5E+04 0 2.4E+04 M 1.5E+04 M 2.0E+04 Au
C. stelligera Cieve et Grunow 1881 2.2E+05 S I.E+05 S 1.0E+OS S 4.7E+05 Au 1.9E+05 S 4.8E+04 S
C. glornerata Bachmann 1911 1.1E+05 Au 8.7E+03 N
C. striala (Kutzlng 1844) Grunow
In Cleve et Gnmow 1880 1.2E+03 Mr 2.0E+Ol Mr 3.8E+02 Ap 8.7E+01 M

Cyclotell. ap. Kutzlng 1ll33a S.IE+OS Ap 4.7E+03 Ap I.E.03 JI 2.0E+Ol 3.8E+02 S 2.0E+03 Ap S.IE+03 N l.SE+03 J 4.2E+02 N
Melosira amica (Ehrenberg 1854)
Dlckie In Prhchard 1881 1.3E+04 Ap 1.3E+04 Ap 1.8E+02 Ap 7.SE+Ol Ap B.8E+02 M I.E+02 Ap

M. granulata (Ehrenberg 1843)
RaIfs in Pritchard 1881 3.0E+03 JI 2.8E+02 J88

M. ltallca (Ehrenberg 1838) Kuttlng 1844 1.0E+03 0
M. monllrlormia (O.F.Muiler 1783)
CAAgardh 1824 2.0E+Ol Au
Melosira ap. CAAgardh 1824 1.2E+OS Ap 2.8E+04 Ap 4.0E+01 F 1.2E+04 M 1.2E+02 Ap 2.7E+02 N 2.0E+03 M l.lE+03 Ap
Skeletonem. costatum (Grov. 1888) Cleve 1878 3.8E+08 Jn 3.3E+OS Jn 2.E+06 M 1.8E+04 S 1.8E+OS M 8.4E+05 M 8.0E+04 Ap 1.0E+04 Ap S.9E+03 M 3.1E+03 M 2.7E+02 M 3.7E+04 Ap
Thalassioslra looking IIke group:

Thalassloslra baJtica (Grunow In
Cleve et Grunow 1880) Oslenfeld lS01. 1.IE+03 Ap 1.IE+04 Ap 6.1E+03 Ap 8.1E+03 M 2.9E+03 M 2.8E+03 M 3.SE+03 Ap 8.8E+03 M 1.4E+03 M 8.3E+02 M I.E+02 M 1.0E+04 Ap

T. deolplens (Grunow in v.H. 1880-85)
Joergensen 1905 8.E+04 Ap 4.1E+04 M S.3E+04 Ap 4.8E+05 Ap 3.0E+04 M 1.7E+04 M S.4E+04 Ap 3.0E+04 M S.8E+04 Ap 9.SE+03 Ap 1.6E+04 Ap 1.2E+OS Ap

T. Iovanderi v.Goor 1924 S.SE+08 Ap 1.8E+06 Ap 6.3E+04 Ap 8.8E+08 Ap S.OE+OS Ap 1.6E+OS Ap 2.0E+06 Ap 2.3E+06 Ap I.SE+06 Ap 9.9E+05 Ap 1.8E+06 Ap 1.0E+05 Ap
Thalassiosira nana I Cyclotella strlata
Lohmann 1906/ (Kuttlng 1844) Grunow 1880 1.0E+OS Au 1.9E+04 S 2.SE+03 S S.OE+03 S

GentraJes non def. 1.7E+05 Au l.4E+OS Au 1.8E+OS JI 7.3E+03 F 1.4E+04 F 2.6E+05 JI S.9E+03 F 1.8E+03 J S.8E+02 0 8.0E+03 N 1.IE+04 0 4.0E+04 JI
diatom cysta 8.0E+02 J8 1.0E+03 M 3.3E+04 Ap S.OE+04 M 1.4E+OS M 1.4E+04 M 2.7E+03 Ap 7.9E+02 N 1.7E+02 Ap 4.1E+03 M 1.9E+04 N 2.1E+04 Ap
PENNALES
Achnanthes taeniata Grunow In eleve
et Grunow 1880 4.0E+04 Ap S.SE+04 Ap 3.8E+04 Ap 9.2E+04 M 2.9E+04 M 1.0E+04 M 1.8E+04 Ap 3.2E+04 M 4.9E+04 M 2.2E+04 M 8.7E+04 Ap

Achnanthes sp. Bory 1822 S.OE+02 F 6.3E+02 J 5.6E+02 0
Amphiprora sp. Ehrenberg 1843 4.0E+01 4.0E+Ol S
Amphora O'allo (Kuttlng 1933) Kuttlng 1844 4.0E+Ol Ap
Asterionella formosa Hass. 1850 9.1E+03 JI 1.4E+03 0
Asterlonella sp. Hass. 1850 2.8E+OS Ap S.8E+02 M 2.0E+04 M 2.1E+02 N

•



TABLE 1. continuatlon

TAXON O·15m
1987

Station 92A
15-3Om D-15m
1967 1988

D-15m
1967

Station R6
15-3Om
1987

o-15m
1988

0-15m
1987

15-3Om
1987

station G2
3O-6Om 6Q.90m
1987 1987

9Om·bol.
1967

o-15m
1988

DIatoma elongallJm (Lyngb. 1819)
C.A.Agardh 1824
DIpionei. Interrupta (Kutzlng 1844)
Cleve 1894
Fragllaria tabulata (C.A.Agardh 1830·32)
Lange-8ertaJot 1990b (syn. :Synedra tabulata
(C.A.Ag. 1830-32) Kutz.l844)
F. ulna (Nit2sch 1817) Lange-8ertalot 198Db
(syn. :Synedra ulna Kutzing 1844)
Fragilariasp. Lyngb. 1819
Navicula sp. 80fy de SlVincent 1824
Ni1zschla clos1erium (Ehrenberg 1840)
W.Smlth 1853
N. longls.lma IBreb. ex Kutzing 1849)
RaIfs in Prltchlld 1881

Nltzschla sp. Has•. 1845
non def. Pennates

1.0E+03 D

5.1E+02 D 8.0E+01 Au

5.1E+03 M

1.0E+03 D

1.5E+04 Ap 5.1E+02

1.5E+04 Jn 5.1E+03 JnJl

6.2E+03 Jn
1.0E+04 JI 7.4E+02 F

3.5E+04 JI 1.7E+03 Jn 3.0E+03 M

1.8E+02 F 1.0E+04 M

5.1E+03 M

3.1E+02 J 1.7E+03 J 3.7E+03 Jn

2.3E+Ol Au 4.0E+Ol J

7.9E+02 N 2.5E+02 3.8E+02 Ap

5.5E+Ol Ap 1.5E+02 N

1.9E+03 M 8.3E+02 N
1.3E+04 Au 6.3E+03 N 1.9E+03 D 2.4E+02 M 4.8E+02 S 1.1E+04 Ap

2.4E+04 M

7.4E+04 M 1.9E+03 M 2.6E+05 M

3.0E+03 JI 1.0E+03 JI 1.0E+03 Jn

3.3E+04 JI 1.5E+04 S 1.2E+04 JI 3.7E+03 JI

6.3E+04 Ap

4.0E+Ol JuJlAu

1.8E+04 Mr
6.6E+02 S
6.9E+Ol F 9.4E+Ol Ap
8.0E+01 Mr 2.4E+02 Au

5.4E+02 N 4.2E+02 0 2.2E+02 Ap

4.0E+03 M 5.0E+02 J
1.5E+02 Au

6.3E +05 M 2.5E +05 M 2.4E +04 M 2.0E +04 M

1.4E+03 JI 2.0E+02 JI 5.5E+Ol 0 1.6E+02 S

3.8E+02 Jn

3.0E+03 Ap
3.5E+04 JI 4.1E+04 JI 6.4E+03 Ap 3.1E+03 M 2.1E+04 Ap

8.6E+Ol 0
1.4E+03 M 7.9E+02 N 1.2E+02 Ap

3.8E+02 Jn 1.4E+02 Jn
4.0E+Ol ON

6.7E+04 Au 4.0E+04 M 5.2E+04 M 2.6E+04 M
1.lE+04 Ap 9.9E+03 S 6.0E+03 JI

8.8E+Ol F
3.0E+04 Ap 1.6E+04 Ap 7.7E+03 M 1.5E+02 N

4.7E+03 Ap 3.3E+04 M 2.5E+02 J 5.9E+03 M
5.2E+04 0 2.7E+03 J 1.9E+02 Au 3.4E+02 Mr 5.0E+03 JI
2.1E+02 Mr 3.6E+03 M 2.2E+02 N 6.3E+02 Mr 2.2E+03 Ap 7.5E+02 Jn

9.8E+02 M 1.5E+02 M 5.5E+02 0 3.4E+02 Au 4.0E+Ol

3.9E+05 M 3.9E+04 N 2.4E+03 M 2.2E+03 Mr 1.3E+04 Ap 3.5E+04 Ap

7.7E+02 Jn
1.2E+02 JI

2.4E+05 M 1.0E+05 M 4.9E+04 M

6.0E+03 Jn
4.1E+03 0 3.1E+04 JI 2.4E+03 Au

2.0E+Ol JM 1.5E+02 JI 1.2E+02 Ap

4.9E+02 S
1.1E+03 M 7.6E+Ol N 1.5E+03 Jn

4.2E+05 M 2.2E+05 M 5.6E+02 Ap
6.7E+03 M 3.6E+03 M
3.0E+03 M 2.1E+03 S 4.0E+02 Ap

1.3E+02 M

4.0E+Ol M
4.9E+04 JN

7.2E +04 Au 3.0E +04 M 1.3E+04 Ap
5.0E+02 F 5.1E+03 Ap

4.0E+Ol S
2.0E+04 Jn 1.5E+03 Jn 3.9E+03 Jn

3.1E+03 Jn

2.7E+04 Jn
4.7E+04 Ap 7.2E+03 0 2.1E+04 JI

3.4E+04 JI

2.4E+02 M

4.1E+04 Jn 6.6E+03 Jn 7.1E+05 Jn

6.8E+03 JI 9.8E+02 JI 1.2E+02 JI

1.4E+05 JI 3.3E+04 Ap 4.4E+03 Jn
3.1E+04 Jn 1.2E+05 M
1.0E+03 D 2.2E+03 Jn 1.9E+03 M

1.4E+06 JI 2.3E+05 JI 2.6E+03 JI

7.6E+02 JI 7.5E+02 M 5.4E+03 Jn

2.3E+05 M 5.1E+04 Jn 2.4E+04 Ap

3.1E+05 JI 3.6E+05 M
2.3E+05 Ap 2.4E+02 Jn

4.9E+05 M 2.2E+04 M 6.0E+04 Ap

DINOPHYCEAE (autolrophle only)
Oinophysis group consist 01:

Olnophysls acuminata (group) Claparede
et Lachmann 1858/59

D. acuta Ehrenberg 1839
D. IlctJca Mereschkowsky 1879
D. baltica (Paul..n 1908) Kofold
O. norvegica (group) Claparede
et Lachmmann 1858/59
Dinophysls sp. Ehrenberg 1839

Olssodlnlum pseudofunula
Swlft ex Elbrechter et Drebes 1978

Gonyaulax ttiaca.ntha Jorgensen 1900
Gymnodlnium simplex (Lohmann 1908)
Kofold et Swezy 1921

Gymnodinlum sp. Stein 1878
Gyrodlnlum aureolum Hulburt 1957
Heterocapsa trlquetra stein 1883
Katodlnlum rotundatum (lohmann 1908)
Loebllch 111 1985
Naked Dlnopllyceae IGymnodlnium /
/ Gyrodlnlum malniy)
Peridlnella catenata (Levander 1894)
BaJech 1977 (syn.:Gonyaulax catenata
(Levander 1994) Kofold 1911b)

Prorocentrum beltk:um (Lohmann 1908)
Loebllch 111 1970
P. micans Ehrenberg 1835
P. minimum (Pavillard 1916) SChiller 1933
Prorocentrum sp. Ehrenberg 1835
SCripsiella .p. BaJech 1959 ex
ex Loebllch 111 1965 ?
Oinophyceae non def
dinoftagellate cysta

CHLOAOPHYCEAE
VOLVOCALES
Chlamydomonas Ehrenberg 1837
VoIvaK. aureu, Ehrenberg 1830 4.0E+Ol S 4.0E+Ol S 4.0E+Ol S

1.6E+03 Mr
.'

, .



TABLE 1. continuation

TAXON D-15m
1987

Station 92A
15-3Om D-15m
1967 1988

D-15m
1987

Station AB
15-3Om D-15m
1987 1988

D-15m
1987

15-3Om
1987

Slation G2
3O-6Om 6O-90m
1987 1987

BOm-bol
1987

D-15m
1988

1.lE+04 JI 5.1E+02 0

2.6E+03 Au
1.7E+04 JI 1.1E+05 Jn 7.3E+04 Jn

1.0E+03 D 2.1E+03 J 8.7E+03 Au
1.5E+03 JI 3.1E+03 0 4.9E+03 Jn 2.8E+03 Jn
8.6E+02 0 6.3E+02 Mr 2.4E+03 N 1.2E+03 N
1.0E+05 JI 5.1E+03 S 3.0E+02 JI
7.01:+04 JI 2.1E+03 0 9.4E+02 JI

7.0E+04 JI 3.8E+03 S 1.0E+03 0
1.7E+03 M 2.1E+04 JI

1.7E+04 JI 1.9E+03 JI 5.1E+03 Au

5.2E+04 JI 5.1E+03 Au
1.5E+04 S 1.5E+04 AuS

3.1E+04 0 2.1E+04 S 8.1E+03 Jn

3.6E+04 Au 3.9E+04 S 1.3E+04 Au

CHLOAOCOCCALES
Actinastrum hantzschil Lagerhelm 1883a
Ankisltodesmus faJcalu. (Corda 1835)
Aalfs 1848

Ankistrodesmus sp. Corda 1838
Bottyococcus braunii Kutzing 1849?
Chlorella sp. Beilerlnck 1890 ?
Coelastrum mlcroporum Nageli in Kutzing 1849
C. reticulatum (Dangeard 1889) senn 1899
Cruclgenia quadrata Monen 1830
C.letrapedla (Kirchner 1880) W. etG.S.Wesll902
Cruclgenla sp. Morren 1830
Cruclgenlelia rectangularis (Nageli In litt.
1849) Komarek 1974

Dictyosphaerium ehrenbergianum Nagelll849
D. pulchelium Wood 1874
Dlclyosphaerlum sp. Nagelll849?
Kirchneriella lunarls (Kirchner 1878)
M08blu. 1894

K. obesa rNWest 1892) Schmidle 1893
Kirchnerlella sp. Schmldle 1893
Monoraphldlum convofutum I contortum
(Corda 1838) Kom.-Legn. 1969/
I (Thuret In Breb.1856) Kom.-Legn. 1969
N.phrochlamys subsolitaria (G.S.West 1908)
Kors.1953 (syn.:Kirchneriella subsolitarla
G.S.West 1908)
Docystis borgel Snow 1903
O. lacu.trIs Chodat 1897
O. Novae-Semliae Wille
O. pelaglca Lemmermann 1901 b
O.lOIltarla Wiltrock In Wiltrock et NOldstedt 1879
0, submarina Lagerhelm 1886a
O. submarina Ilacustrls
Docystis sp. Nageli in A.Br. 1855
Pedlasltum boryanum [Turpln 1828)
Meneghlnll840

P. duplex Meyen 1829
P. kawralskyi Schmldle 1897b
P. tetras (Ehrenberg 1838) Reifs 1844
Pedlaslrum sp. Mey.n 1829
Scenedesmus acumlnatus (l.egerhelm 1883a)
Chodall902

S. &rcualus (Lemmenmann 1898aj
lemmermann 1899
S. blcaudalus (Hansg. 1890) Chodal1929
S. denticulalu. Lagerh.lm 1893a
S. <corni. (Ehrenberg 1835) Chodat 1928
S. opoliensls P.Rlchter 1896
S. quadrlcauda [Turpln 1820)
Br.blsson et Goday 1835
8cenedesmus ap. Meyen 1829
'lchroederia seligera (Schroder 18970)
Lemm.1898b (syn.:Ankistrodesmus seligerus
(Schrod8f 18970) G.S.West 1907)

Tetraedron caudatum (Cord. 1839)
Hanaglrg 1888a

T. minimum (ABraun 1855) Hansglrg 1888a
T.lrigonum (Nageli 1849) Hansgirg 1888a

2.3E+05 JI 1.5E+04 Au 1.lE+05 JI

5.2E+04 JI
2.6E+03 0 1.0E+03 0

5.1E+03 Au 1.2E+02 S
4.0E+Ol S
1.7E+03 Au

8.7E+04 JI 1.0E+04 JD 1.7E+04 Jn

3.8E+04 S 2.1E+04 M 5.2E+04 JI

8.6E+02 0 2.6E+03 Jn 4.0E+Ol JI
1.7E+04 JI 7.5E+02 M

4.0E+Ol Jn
8.0E+Ol JI
1.9E+02 F

8.7E+04 JI 5.1E+03 0 2.6E+04 JI

2.3E+03 JI 3.1E+03 0
1.7E+04 JI 1.0E+03 D

7.7E+03 Jn
1.0E+03 F
4.5E+03 JI 2.8E+02 JI

3.5E+04 JI 9.7E+03 D 3.5E+04 JI
6.3E+02 F 3.6E+04 JI 3.4E+04 Jn

1.7E+03 N

9.4E+02 JI

•

2.2E+03 M

4.9E+05 0

1.0E+03 N

2.8E+04 0 3.8E+02

2.0E+01

1.3E+02 M

2.0E+Ol

1.3E+02 F

1.3E+02 F
1.0E+03 Au

2.6E+03 JI 2.8E+03
9.4E+02 J 6.3E+02

8.6E+03 Jn

3.1E+04 Jn

4.8E+02

4.5E+03 Jn

5.7E+02 M

1.7E+04 Jn
1.7E+04 F

7.2E+Ol F
8.4E+02 Au 7.1E+03 N 1.4E+03 A.. 7.4E+02 Au
2-7E+02 J
1.6E+03 S 1.9E+03 Au 3.8E+02 Ap
1.2E+03 Mr 6.3E+03 N 4.8E+02 Au

4.7E+03 S 3.2E+03 N 5.4E+02 0 3.0E+02 JI

3.2E+02 Mr

1.4E+02 Ap
7.4E+04 Au 3.8E+04 Au 3.1E+02 S

1.lE+03 S 2.7E+03 S 1.7E+03 0

2_9E+03 M 3.9E+03 0 1.3E+03 S 1.9E+03 N l.lE+03 Ap

2.2E+03 S 9.7E+03 Au 1.9E+03 Au 2.0E+02 0
6.5E+03 S 1.2E+04 S
2.2E+03 S 7.0E+03 0 4.0E+Ol S

1.1E+03 0
3.8E+04 Au 2.4E+04 S 5.2E+02 0 7.6E+03 0 8.3E+03 0 4.5E+03 Au

1.5E+03 S
3.0E+04 S 1.lE+04 0 4.5E+03 N 1.3E+04 0 1.3E+04 JI

2.4E+Ol Jn 8.4E+Ol Mr 2.0E+Ol Ap 2.0E+Ol JI 1.4E+02 M 4.0E+Ol JIAu

2.4E+03 Mr 1.6E+03 N 3.1E+02 N 6.3E+02 N 5.1E+03 JI

4.2E+03 Ap 3.2E+03 N 9.0E+02 Mr 4.2E+02 N 7.3E+02 JI
3.2E+03 S 3.0E+03 S 3.7E+02 Ap

4.4E+03 Au 1.6E+03 N 2.5E+03 F 6.2E+02 N 8.8E+02 S 4.7E+03 JI
1.1E+03 0 5.6E+02 0 1.1E+03 N 1.1E+03 Au 2.6E+03 0 1.5E+02 F

1.6E+02 N

2.1E+02 N
1.7E+02 Mr
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TA8LE 1. continuation
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TAXON D-15m
1987

S1ation 92A
15-30m D-15m
1987 1988

D-15m
1987

S1ation A6
15·30m
1987

O·15m
1988

D-15m
1987

15-30m

1987

S1ation G2
3Q-6Om 8o-90m

1987 1987
9Om·bol.

1987
D-15m
1988

ULOTRlCHALES
Blnuc\earla lauterbornil (Schmldl. 1903)
Proschkina-Lavrenko 1966 1.4E+04 JI 5.1E+02 F 1.2E+03 JI B.BE+03 S 1.1E+04 0 1.0E+04 S 3.1E+03 0 4.9E+03 0 5.9E+02 JI

Ulothrlx sp. Kutzing 1833a 7.BE+02 JI 6.BE+03 S

DESMIDIALES
Cosmarlum I.... Rbh. 1B88 5.1E+03 Ap

S1aurastrum g.."lI. RaIfs 1845.x Ralfs 1848 2.0E+Ol Mr

Chlorophyc.a. non de!. 1.3E+05 JI 1.0E+03 0 1.9E+05 JI 2.6E+03 S 3.1E+04 Ap 3.5E+04 JI 7.0E+03 0 7.7E+03 JI 1.1E+04 N B.2E+03 Ap 9.1E+03 N 2.1E+04 JI

EUGLENOPHYCEAE
Euglena acU$ Ehrenberg 1830 I.4E+05 Ap 2.8E+03 Ap 9.5E+03 Ap 7.3E+02 Mr

Euglenl ,p. Ehr.nberg 1830 2.2E+03 S 4.0E+02 F 1.3E+04 Ap 1.4E+03 Ap 2.3E+04 Ap 1.9E+04 Ap 6.2E+02 M

Eutr.ptia virldl, Perty lB52 3.2E+04 Ap B.6E+03 Ap 4.BE+03 Ap 3.2E+03 Ap 9.6E+02 Ap 3.9E+02 Ap 7.0E+02 Ap 5.0E+02 Ap

E. lanowil Steuer 1904 2.6E+05 Au 5.6E+04 Au 1.4E+04 0 5.BE+04 S 2.0E+04 S 1.5E+02 Ap

Eutr.ptil ,p. Perty 1B52 6.BE+03 Ap B.7E+03 F 3.3E+04 S 6.1E+03 Ap 6.2E+03 Mr 2.9E+04 S 1.3E+03 0 8.BE+02 S

Eutrepti.lla gymnastica Throndsen 1969 2.6E+04 Jn 3.9E+04 Ap 2.2E+04 S 4.2E+02 Mr 1.2E+04 Ap

Trachelomonas cf. schewiakoffil Skvortzov 1925 2.5E+02 Ap 1.2E+03 Ap 3.9E+02 Ap 3.2E+03 Ap 2.9E+03 Ap 2.3E+03 Ap 4.0E+03 Ap

T. YOlvocina Ehrenberg 1833 1.2E+02 JI

Trachelomonas sp. Ehrenberg 1833
ernend. Deftandre 1928 4.0E+Ol Ap

Eugl.nophyceae non dflf. 1.7E+04 JI 1.5E+04 S 1.9E+03 F B.3E+03 N 2.5E+03 F 5.0E+02 F 2.BE+03 0

OTHER PHYTOPLANKTON ORGANISMS
CHRYSOPHYCEAE 5.1E+03 Jn 1.0E+03 Jn 2.0E+04 JI 5.2E+03 Au 1.5E+04 JI 1.2E+04 M 2.7E+03 M 3.0E+03 Jn 6.4E+03 Jn B.5E+03 Ap

Pedlnellaceae Pascher 1916 4.1E+05 Jn 1.3E+05 Jn

Uroglena sp. Ehrenberg 1838 2.0E+02 5.1E+03 S 2.BE+03 S

Dinobryon beItIcum (Schutt 1B98l
Lemmermann 1900 B.BE+03 M 7.BE+03 M 2.8E+03 M 2.2E+03 0 1.1E+04 0

Dinobryon ,p. Ehr.nberg 1632a 2.4E+03 Jn 9.4E+02

CRYPTOPHYCEAE 7.1E+05 Au 3.6E+05 S 3.ZE+06 JI 3.7E+05 S 6.1E+05 Au 3.7E+05 Au 3.2E+05 S 2.3E+05 S 4.9E+04 S 1.0E+04 Ap I.BE+04 0 1.2E+06 Au

PRASINOPHYCEAE
f'yramimonas 'p. Schmarda 1B50 4.BE+05 Au 1.4E+05 Au B.1E+05 JI 1.5E+05 S 1.IE+05 S 2.0E+05 JI 1.5E+05 S B.5E+04 Au 4.9E+03 4.3E+03 Ap 2.5E+03 Au 1.9E+05 Au

Flag.llala non de!. 5.0E+06 Jn 1.0E+06 Jn 1.2E+06 JI 3.9E+06 JI 2.0E+06 Au 7.1E+05 JI 2.0E+05 Ap 1.0E+05 1.3E+05 Ap 4.6E+04 Ap 2.5E+04 N 9.3E+04 Au

ethers non def. 1.0E+04 M 1.5E+06 JI B.OE+02 Au 7.4E+05 JI 1.7E+04 S 7.5E+02 N 1.8E+04 M 2.1E+05 Au

cysts 5.1E+02 0 2.6E+03 M 6.3E+04 Jn 1.0E+04 M 3.9E+03 B.3E+03 JI 6.0E+03 M 9.7E+03 Au 3.5E+03 Au 6.0E+04 M 6.5E+03 J 1.9E+03 JI

AUTOTROPHIC BUT NOT PHYTOPLANKTON ORGANISMS
Mesodlnlum rubrum (!..ohmIOn 1908)
Hamburger et Budd.nbrock 1911 B.5E+04 0 5.0E+04 0 2.7E+05 Jn 5.2E+04 JI 6.4E+04 M 7.2E+04 Jn 7.7E+04 M 7.3E+04 N 9.2E+03 N B.4E+03 Jn 1.9E+04 Jn 2.2E+04 Au

J • January, F· F.bru.ry, Mr· March, Ap • April, M· May, Jn • Jun., JI • July, Au • August, S • Septsmber, 0 • Oelober, N • November, 0 • December

? determination af the taxon ~ uncertaln
• un~ = cell or colony/cenoblum In the case 01 soma Cyanophyceae, Beclllariophyceae IOd Chlorophyceae



FIG.1 - CHART WITH THE STATIONS DISTRIBUTION.
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FIG.2a - TEMPERATURE CHANGES DURING 198T AT THE STATION 92A.
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FIG.2b - TEMPERATURE CHANGES DURING 1987 AT THE STATiON R6.
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FIG.2c - TEMPERATURE CHANGES DURING 1981 AT THE STATION G2.



FIG.3a - CHANGES IN THE CONCENTRATION OF THE INORGANIC NITROGEN
IN THE WATER COLUMN. STATION P104 (SITUATED NEAR 92A).
(DATA ACCORDING TO INSTITUTE OF METEOROLOGY AND WATER
MANAGEMENT) .
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FIG.3b - CHANGES IN THE CONCENTRATION OF THE INORGANIC NITROGEN
IN THE WATER COLUMN. STATION G2 (DATA ACCORDING TO INSTITUTE
OF METEOROLOGY AND WATER MANAGEMENT).
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FIG.4a - CHANGES IN THE CONCENTRATION OF PHOSPHATE (P04 ) IN THE
WATER COLUMN IN 1987. STATION 92A.
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FIG.4b - CHANGES IN THE CONCENTRATION OF PHOSPHATE (P04 ) IN THE
WATER COLUMN IN 1987. STATION R6.
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FIG.4c - CHANGES IN THE CONCENTRATION OF PHOSPHATE (P04 ) IN THE
WATER COLUMN IN 1987. STATION G2 .
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FIG.5a - CHANGES IN THE CONCENTRATION OF INORGANIC SILICIUM
IN THE WATER COLUMN IN 1987. STATION P104 (SITUATED NEAR

92A). (DATA ACCORDING TO INSTITUTE or METEOROLOGY AND WATER
MANAGEMENT) .
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FIG.5b - CHANGES IN THE CONCENTRATION OF INORGANIC SILICIUM
IN THE WATER COLUMN IN 198T. STATION G2. (DATA ACCORDING TO
INSTITUTE OF METEOROLOGY AND WATER MANAGEMENT).



FIG.6a - CHANGES OF THE PHYTOPLANKTON BIOMASS IN THE UPPER LAYER
CO-15M) TAKING INTO CONSIDERATION THE CONTRIBUTION OF THE
MOST IMPORTANT GROUPS OF ORGANISMS. STATION 92A .
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FIG.6b - CHANGES OF THE PHYTOPLANKTON BIOMASS IN THE UPPER LAYER
(O-15M) TAKING INTO CONSIDERATION THE CONTRIBUTION OF THE
MOST IMPORTANT GROUPS OF ORGANISMS. STATION R6.
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FIG.6c - CHANGES OF THE PHYTOPLANKTON BIOMASS IN THE UPPER LAYER
CO-15M) TAKING INTO CONSIDERATION THE CONTRIBUTION OF THE
MOST IMPORTANT GROUPS OF ORGANISMS. STATION 62.
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FIG.7a - CHANGES OF THE DIATOM BIOMASS IN THE UPPER LAYER
CO-15M) TAKING INTO CONSIDERATION THE CONTRIBUTION OF THE
MOST IMPORTANT TAXA. STATION 92A.
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F IG.7b - CHANGES OF THE DIATOM BIOMASS IN THE UPPER LAYER
(O-15M) TAKING INTO CONSIDERATION THE CONTRIBUTION OF THE
MOST IMPORTANT TAXA. STATION R6.
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FIG.7c - CHANGES OF THE DIATOM BIOMASS IN THE UPPER LAYER
(O-15M) TAKING INTO CONSIDERATION THE CONTRIBUTION OF THE
MOST IMPORTANT TAXA. STATION G2.
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FIG.8a - CHANGES OF THE DINOFLAGELLATE BIOMASS IN THE UPPER
LAYER (O-15M) TAKING INTO CONSIDERATION THE CONTRIBUTION OF
THE MOST IMPORTANT TAXA. STATION 92A.
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FIG.8b - CHANGES OF THE DINOFLAGELLATE BIOMASS IN THE UPPER
LAYER (O-15M) TAKING INTO CONSIDERATION THE CONTRIBUTION OF
THE MOST IMPORTANT TAXA. STATION R6.
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FIG.8c - CHANGES OF THE DINOFLAGELLATE BIOMASS IN THE UPPER
LAYER (O-15M) TAKING INTO CONSIDERATION THE CONTRIBUTION OF
THE MOST IMPORTANT TAXA. STATION G2.
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