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TIntroduction

The investigation on quantitative occurrence of, phyt0plankton

_ of the- southern Baltic started in 1971.‘ The . results -which .
were based on. investigation conducted during four years i
. allowed the author to. detect a cloee relation between y»"i"
'the quantitative occurrence “of. phytoplankton ‘and the |
"environmental agents such as. temperature, salinity and nutrient;
'*;contents, especially the- nitrate content. According to great
' variablity of the Baltic environment the eutriphication o ;;f
n.’processes in this sea are not typical.p“"} T o .

;ffMaterial and method of investigation ;;;ﬂf,~«""

1f,The material was taken in. three southern Balitc regions

" /the Arkona Sea, Bornholm Deep . ‘and Gdansk Deep/ in the
,:?period from February 1971 to. November 1974. e :
-fThis meterial was divided into seasonal groups the climatic
‘ {seasons being as. followez? CoL : - B

February - March - w:mter season,
April - June A*=4 spring eeason,
July - October .=, summer ‘season, . and
September - November < autumn season.’

f“The elaboration of quantitative occurrence of species based
upon samplee ‘taken with 5-1itre “Hydro~Bios" sampler, '
“at O m; O,) m; 5 m; 7 5 m; 10 m;’45 m and a0 m depths..
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.Coscinodiscus granii.

"The cell numbers of paiﬁcular epecies wero counted by

means of a 100 ml-oylindric colls in a revereo UtermBhl‘e o

i‘microecope. The cell’ coefficlient Kx ‘for the semples worked .

on amounted to 8 400. In each cell 20 fields of vieion

 were counted..’ww

Qualitative composition of phytoplankton for the years

*under consideration has been presented in the contribution

of My Borysiak: "Qualitative changes in the: composition
~or the: phytoplankton against the hydrological background
‘for 1971 = 1974 "o SRR | .

'fResults of investlgation B

fThe predominat role as regards the number of plant cells -
t’per 1 m5 of Water, was played by the group of Chlorophyceae,
~though with respect to the number -of . species it was not the .
;.first of the ‘range’ as it counted only 27 species. The quantita-
A*tive preponderance of this sroup, however, was a substancial
- one, since one of the Chlorophyceae spe01es, namely Kirchne--
‘riella obesa oocurred in mas:during all the four. years .
of obserVations in all the areas investigated.cn
.‘;The next place as. regards the’ number of cells beloned to the
~group of Oyanophyceae /20 species/ Microcvstis aeruginosa

being the: species which occurred in mass in ceratin )
vegetation seasons. ‘

. Becillariophyceae were considered to be the third groupe

" In-this sroup, which was the richest in speciee /67 species/
- the’ quantitatively pre¢ailing Species varied in respect-
‘ of number of cells accordingly to region, vegetation seeson e

and’ water depth. Here belonged. Sceletonena costatum, L
Gyclotella meneghiniana, Cs @relliggra, Thalassiosira
de gip;ggg Chaetoceros: Wighami Actino clus ehrenbergi,

\

‘:x/ K 2 'rzpjwhere‘R'= radius of the field of the cell
. . ¢ . x» = radius of the field of vision of the
' . ..microscope /after K.Starmach, 1955/




jguantltative occurrence of Klrchnerlella obeua _‘:‘

‘juDurlng the four yeer perlod of investigation two peaks

of occurrence of- thls species were. noted to take place 1n 1
~ the "Arkona Sea /llg. 1/. The first of them was in March -
”f1971 when the ' number- of Cello(Of this plant amounted to more -,
" then 3 %! 107/, the . other peak fell on March — April =

,{g1974,.oxceeding the value of 7, 5 x 10 /m3, In 1972 and }fgi‘u o

1973, Kirchneriella obesa occurred in quantities expreseed

. in’nunbers of “about 500=600:x 10° cells/n®. In the.area

. of 'the: Bornholm Deep /Fig. 2/ the number of the cells j-gh
" of thlS SpeCleS has: increased eince 1972. In 1973 therel '

f'luere peaks of quantltyz one in "June ‘with over 3 x 109 celle/m 'y
o another»- in August with Ty 7 X 109 cells/m3 ‘In the f;%f

'meantlme, 1.e., in July, the number of Kirchneriella obesa .fj
“cells dropped to about 500 i A08/m3 T
.iaThe highest number of . cells of this species in the Bornholm"
,pevDeep, however was noted ink1974. On turn of March the 'V*;»~7
. number of cells/m3 amounted to over 3 5 x 409, thus conetl—f!
"tu1ng an ‘analogy’ in quantltetive occurrence of this species -

between the Arkona Sea and - the Bornholm Deep in 1974,W;

,eince in’ the same- year and- at the same time . /i.e., in Marchil

~;rand April/ .in both of. ‘these regions the higheet numbers - :

. of Kirchneriella obesa cells were found,. though in the

~ Arkona Sea the. number in question was | about two timee‘as
bgreat as in the Bornholm Deep. In the Gdansk Deep the

above cp001ee reached a ‘récord. number of cells/m as.

. compared with the other two regions during the four yeare
;conccrend /Fige. 3/.

In 1971, during March dnd April the number of Kirchnerlelld

“obesa c<.11o/mj vias relatively emall, amountlng to about "

4,5 'x% 106. in lay 1972 it was not higher than 1,7 %X 109~

in April 1973 the number in'question\was “already as high

as over 15 x ﬂ09,vfhus‘constiﬁuing‘e record value in compa-



'all the investigated regions.'

';.’rieon not only w1th the other species but also with thev“_
~_othern. regions of occurrence all over : the investigation
‘period ‘of ‘four years..:a R e
In July 1974 the ce11 number of. Kirchneriella obesa in thof
. Gdaask. Deep exceeded 7 5 x 109/m3' "This- Value approximatedf

”T}the analogus one obtained for "the Arkona Sea for the sane ,Ti
year. 4974 though the time of" the year was " not the same in o

~ both’ the. casest- in the. Arkona ‘Sea it’ wer March = fpril,

,L‘whed%s in: the. Gdansk Deep the peak occurred in June: and July.

hgn"The investigation revealed the very vegetation seeson F"'

*-h/the season with maximum number of cells/m3/ for Kirchneriella

ffgobesa to bethe. Winter-spring season /i.e.,March, ‘April and:

:. ‘May/ regardless on ‘thé. region. In. one case only another seaeon o )

' 1j~of ma s appearence of this species was noted, namely June ﬂ974 f;p‘

',.;;m the ‘Gdansk. Deep. ,;“_-r“ | | a , -

The depth at which the most numerous occurrence of

,’Klrchneriella obesa. was observed in. particular years differend N
‘~1vfrom on region to anotner. 95“1‘5‘0 by : o

Summarising the results of investigatlon on nass occurrence

ﬂlof Klrchneriella obesa species in the southern Baltic for
" the sea surface down %o 20 m’ depth it. may be sald that only
“in the Gdansk Deep the mess ‘occurrence was observed at. “the
nu"sea surface whereas elsewhere the depths of mass occurrence:_”
__markedly ‘differed from year to year oscillatlng between B
" O 5 and 20 n deptHJ7 ; SR : . A

Qpantitative occurrence of ercocystis aeruginosu

ket A—nn—\u\n.«-, \P-rsl\ﬂf\,ﬂ\f\:-hr —.,——,;—.ﬂﬂnnn.««~4

”,Thl species, ‘the 'some as the one dlscussed &bDVb,:Wao Chafan:
'_terized by a mass and systematlc occurrence, especially in the"

summexr season. The presence o{ this _apecies was observed in-
Thus in the Arkona:Sea the cell number per 1 m5 of‘this ‘
species in” September- 1974 /Flg. 1/ /the occurrence hdu ox1v

-been observed since this mounth/ exceeded 450 x 10”
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‘:'ln 1973.

R Ve .

In. thc furn of JuLy 197? %)O x 40( cellm/m wcre found in

Lh1n~roglon. In 19?3, alao in uummer, the value hlgheet of all
was.noted, amountlng to more than 1 409 celle/ma. In cummer'
‘]974 thio number 61m1n10hed. Thus in ‘the Arkona uea the
numner of cello/m3 oecllated between the least /450 x “0 /
and, hlgheot value /over 4000 x 10 /, the hlgheut bexng noted
" 'In the Bornholm Deep /Fig. 2/ in September 1971 40Q X 106
'cells ot Microcysbis aeruginoea per 1 m3 were found. In 1972

1'there was a bsolute a quantity ‘peak in July, when 1t reached :

. about’ 1. 5 X 109. At the same time of 49?3 the cell number
-was found to equal 1.2 x 109/m3: In 1974 ~ the mlnimum cf
.cell” number was noted /about 300 X 406 cell/m / the same as in
g the Arkona Sea.- S : N

, ‘The Deep Gdansk /Fig. 3/ was found to be the richeet

in the ‘Microcystis- aeruginoea 5pecies /the samé as. in-

‘Kirchneriella obasa/of all the reglons 1nveetlgated._

~* The mass~ occurrence’ of Microcystis aeruginoxwas noted’
‘- without exception in July or August.cln 1971 1, 3 x 109 cells/m3
: were counted there. In 4972 the cell number 1ncreased up tO"‘
2,2 x 109/m3s. . ' -
' In 1973 it amounted. to 1,8 x 109 and in 1974 1t was relatively |

:the lowest one ' as 1t equaled 1. 25 x 10 /m3

. If the. species Microcystis aeruglnosa in concerned
“the summer season /strictly: July’ and~ August/ must be -
"con31dexed a: period of mass’ development at least durlng the
period of - 1971-1974, regardlese of region.,‘

Mlcrocystis aeruginosa is peculiar by itn eapacity to:
maasdeveIOpment voth” at ﬁhé very sea surface: and in deﬁer
water layere. . S




‘Quantitativo occurrcnco of certain cpecies from the group
of Bacillariophyceae IR ’ T o

" This- sroup was ‘the’ most numerous as regards the number of
spocies which amounted to. 69. e g i
Quantitative distribution of particular speoie of this~

:f group allows us to say that, certain of themn occurred in f‘

" mass end then disappeared according to- vegetation season,'
'region of. occurrence and depth of water being afterWarde .
'dicplaced.by other plant epeoies.: EHEER o

. In Pigs. 4 5 6 are. presented the quantitatiee of -
;particular epeciee which: wexe dominating down to 20 m th
1‘depth in regione inveetigated.ir'l‘I* : = Lo

- Thue in- ‘the Arkona-Sea the general quentity of>diatoms,
‘ during the period from’ 1971 do 1974 vas. decldedly less

';oemparod with other phytoplankton epeciee. The relatively t;

:thisheet quentity of. diatome wes’ found in 1973, as their w:.
~ number then amounted to 450 x 106 oelle/m3. This number X

"freferred ‘to Oyolotella meneghiniane. Thé next place as’ ;

X regerde the coll’ number at” the eame time: belonged to»‘

. Bhizosolenia fremilissima /425 x 10°/m>/i- In 1974 the. |-
“"diatom” /Cyclotella stelligere/ were less numerous as theff
f‘meximum oe11 number wae only 400 x, 10 /m3. The yeare o
‘11971 and 4972 wore in reapect of quantitati?a occurrence'f

- of alatoms rather similar but’ the time of their maximum'i' |
',ocourrenco wae differentx in 1971 it wes March ‘and. in -

'.i71972 - July, thue in both the years ‘there wore two. . . Lo
“different species making up the maxima: in 4971 there s

‘iwée 8 typioally winter species Chastioceros ‘wighemi ‘and -

!.in 1972 - a typioelly summer speciee Oyclotella’ meneghiniana.l

In the Arkona Sea, the depth of the maximum occurrence -

of . dietoms differed in conoeoutive yeare, but all of the
peekc eppeared of’ deptha whioh did not exceed 10 m. It

. may generally be sald’ that in the winter period the greateet

'v‘density of plent cells wae obeerved nearer to the seamf-‘«
'eurface.;n..iv~. : )
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In the ropion of the Bornholm Deep the number of diatom cells
was notably higher /fig. 5/ as compared with that of the Arkons.
504, though as conpared with the other plankton plantu of “the
Bornholm Deep this nunber was lower except for 1972. The
maximum occurrence of diatoms in this region was noted in

1972, when twio quantitative peaks were recorded: in March,
with Scelebtonema costatum,1,3 x 107 cells/m’ and in aAgust

- = with Cyclotella mcneghinlana 1,6 x 109 cella/m .

V, In 1973 the numbor of diatom cells in the Bornholm Deep
diad not exceed 550 x 10 /m3 the concerned Sp€Cieu ‘being”
Cyclotella meneghiniana in summer. In Agust 1974 it was
Gyclotella utelligera that reached the numbexr of 1,4 % 109
'cells/m3. The appoarence of this species at this time in such
a quantity proved that Cyclotella stelligera in 1974 found
favourable condltlon» to thrive in the western regions of the
southorn Baltic Sea. .
.Durlng the investigation “time tho depths of maximum occurronce

“f of diatoms in the Bornholm Doep ranged from 7s 5 to 20 m.

o In the Gdanisk Doep the diatonms occu*red in greatest
~quantitieu as”compared with the other areas and all cver the
four year period under consideration. '

In Aprll 1974 /Fig.G/ a mass occurrence /about 0,5 x ﬂ09
cells/’m3 of Thalassiosira decipiens was. -obs erved. In 1972 the
‘number of diaton cells did not~exceed 650 x 10 /m . o
"o species contributed to thls value: in May it was
Diatoma elongata’and in'August'-'Gvclotellé'meneghinjdna;’

In 1973 there was the highest number of diatom cells/m5
_compared with the remaining threo years of invebtigatlon.

In April Sceletonema costatum was extremely numerous /6,6 x 109
bellu/ma/. In 1974 the quantitative peak of diatonm occurrence
appeared in June with Sceletonema costatun reachlng

a value of 2,5 x 109 cells/m In" Auguut of the some year

8 mass occurrence of Cyclotella stelligera was noted there

as well as in'the other Baltic regions.: The cell number
anounted thcn'to 2 x 109/m3 hence a conclusion’cou1d7be drown
that the bloom of this spocies took place also in the

cautcrn part of the soa.




‘ ihe depths at which diatem celle in -the Gd&nok Deep
"occurred most numerously differed according to vegetation o
season. In spring the diatom ‘maxina occured at depthe fron ;'
0,5 to 15 m, whereas in summer the diatoms were nost numeroue
.at’lOmdepth. : - s :
The BPGCieo of the group of Baeillariophyceae showed following
pattern of - ocourrences . the most numerous epecies in-the spring,
in almost all the invéstigated areae, ‘was Sceletonema costatum,

when thie speciee was displaced by Ovclotella stelligera.

In autumn ‘the most numerous specﬁ% were found to be Aetino-

_ eyclue ehrenbergi* and Coscinodiscue granip,., IR
In’ different regiOns the ‘maxima’ of occurrence of - diatoms fell
on different years. Thus in the Arkona Sea the quantity peaka
were noted in 1973 and 4974. In’ the Bornholm Deep They happend

' in 1972 and 1974, and in. the Gdansk Deep tne years moet rich

f_ in diatoms were 1971 and 1973. - : -

Discussion U ; e 0 o
The results of quentitative analyeie of the phytoplankton‘:J"
_ocourrence in ‘the regione which were different in respect of

}, o : hydrologic conditione during ‘the. inveetigation time 1974—19?4

| -allowed the euthor to draw oncemore & conclusion sbout a close o
| ' relation existing between: phytoplankton development and hydro- T

o 1ogic factors such as temperature, ealinity and nutrient ‘
-content of water /aepecielly the nitrate content/ at depths

- under consideration. All the quantity peaks attained by parti-

. cular species were found to be due %o propitiuas conditions of
. the environment. The' maximum development as well particular
species ao of certain phytoplankton groupe resulted from the -
aetually favourable conditions, . - : R
! ‘In regions with relatively hish wat%r temepraturee
during the whole yeor, and there the salinity was relativaly
10"1 and the nutr:l.ent content hig,her than olsewhere in the ‘

in summer - it was Czclotella meneghinignn,except for’ 19?4, .”1

«7




Bllblc nnpeclully duo for oxumple in’ tho hdannk Deep a v(ry N
large increase in quantity of freeh—watcr phytoplankton k
“species was observed, whereas the species typical for brackish
-~ water, did develop 1n 1esner degree.-~ c ’ .

» The reverse happened in reglon whero the relatlvely salt
_water deriving from'influxes of the Nort Sea entored the
Baltic ‘in the firat place, i.e., in the Arkona Sea and then ?\ 
11n the Bornholm Deep. .These influxes: thougn carrylnf certain' 
‘ amounts of nutrients disturbed the environment as regards
temperature and salinity, and the effect of this process was
Aquite negutlve for the phytoplankton development aspecially -
-‘that of the fresh-water upeeies.~ R :

_ In connection with this. Variability of the environment
~ gach region should separately be . analysed sinoe each of them,
:exhibits its particular character. ' : .

» Taking into consideration the hydrologic condltions‘ RE
/Filarski 72 73 74 Pastuszak 73, 74 Glowineka 1975/ together
with the periods of mass development of phytoplankton in .

the Arkona Sea in.1971 it could be found that in spite of
surface temperature ‘which in March of that year was the

'lowest during the whole period of inveutigation /amounting to
about 1°G/ the phytoplankton there ‘was rather rioh /Fig.

and 4/. This high number of phytoplankton oells/m was probably.
due great concentrations of nitrogen compounds. There are no .

' data about nutrients for, Harch 1971 but the fact that as late

as: in summer, when’ the demand for nutrients by phytoPlankton
was covered, still remaind over a oon91derab1e amount of .
nutrient - about 1.8 ug-at N/1/. In winter months of 4971

the maximum number of diaton cells/m3 was found in the Arkonu
Sea. In- April, ‘with the growing temperature of - surface water,l

~a specles of Chloryphyceae, i.0., Kirchneriella obesa - occurred
in large . quantity. In 4972 a strong influx of “the North Sea

watexr into the Baltic took place bringing w1th a very low '
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tcmperatuxy, honce ) decrouse in the quantity of Chlorophyceue,r

, whereus the nunmber of diabom-cel lt/m5 rose in. cé?hrison -
{with 19Y1. " In supmer there was observed an increace in
';quantity of Cyanophyceae collﬂ. In ﬂ973 a conspicuous _
-increase in number of plankton cells as compared with 1972
wias eVident. The yoar 1973 snowed temperatures decidedly
“.highor than prev:Louu years /the winter temperuture minimum ‘
_kamounted to 34 a. ‘Also the nitroben content of wuber vies hibh‘
/3 un-at /1 in February/. These favourable conditions of . |

environment found their reflex in’ quuntitative occurrence of

i‘phytOplunkton. In 19?4 the number or Kirchneriella obesa =
'cells/ma in: the Arkona oea appearod to be tho groatest as .
;}with procoding theree years. In that year. the wator tempera—
- ture in. early cpring was ‘only by about,qoc lower than in
‘,1973 which was the warmer in this reapoct. In 1974 the top
fjwuter luyer of the sea underwent. considcruble though only
‘locaul displacement reculting in natable. fertilization of the -
‘i‘environment previously impoveriehed.'mhose conditione brought
\fﬂa mass occurrence of Kirchneriella obesa and also a considere~
" ble dovelopment of diatoms: Besause ‘there are uneufficient
‘ lhydrologicul data for 1971, the correlation between
f'environmental conditions and quantitative dietribution ~
e of phytoplenhton in the Bornholm Deep will only be considered
}'sinoe i9?2. ,.7“.‘A o '- ‘ S o ﬂ:‘l '

The influx. of the North &ea water in 1972 was extremely

fstrong. It caused an’ uplift of deep Watere,rich in nutrients,‘
" 'nearer to the suiface. The effect of this uplift in the -
‘3Bornholm Deep area was e very rich occurrence of all phyto—"
‘plunkton groups. Bacillariophyceae, for exumple, revealed :
‘two quantitative peaks in this year /Figs.2 and 5/. In the

relatchly very’ warm year 1992 the eurface ealinity was

‘rather hibh. The nitrogen nutrient content of the top water o
eluyor did not exceed 2. ug~at /1y the phoephate content there




’amounted to about O.) ug-at P/1. The . rather nigh water ;
temperature favoured quantitative dovelopment of phyto— -
:’plunkton, eSpec1ally that of Chlorophyceae and Cyanophyceae,
:f whercas’ the small nitrogen content checked the development

of diatomu in remarkable dogree. In 1974, when ~during the B
'ffeprlng Smoe bulk of - uurface water with high nutrient
;‘content unaerwent local movements elong the stretch from
'.jheet tn the Bornholm Deep,_a notable quantltative increase -
in phytOplankton was ob»orved,~03p901ally as- the spocies ”f
" Trom the group “of GhlorOphyceae and Bacillariophyceae were'

~ concorneds The Gdaiisk Deep reglon distinctly differed’ in -
J;resnect of phytoplankton quantities. form the remaining :
_’?regions of the southern Baltic. During the - L3 year period :f"“
_.~the greatest phytoplankton quantities wore found Lo occur’
"even nere- /Figs.} ‘and’ 6/, This was the result of the rola- :
.'tively hlgheet surface temperature, lowent surface ealinlty»j: .
- and ‘highest’ nutrient contents of waters /especiallJ nltratef;'f
' content/ due to the river water—discharge /Andrulevicz 74/.{}3”
'uiAccording to Polie .research on quantitative distribution of
. nitrate for 1971-1974, the amount of this nutrient rovealed .
.o trend to increaee till 4974. The quantitative peak. of thio' .

“ijear was’ as high as 1,08 mg/1. These increased amount ‘of -

nitrate as well as, high temperature of surface water in 1975

~n~iairly corr65ponded with amounts of phytoplankton. All the

.'.broups of phytoplankton reached in that year extremely high

'f’numbors of cells pexr 1 m5." : - SRR

. .. .Summing up the results obtained at quantitetive study of
:dletributlon of the southern Belitc phytoplankton for: the o
-perlod 1971-1974 it may be sald. that ‘the. eutrophicatlon of :

fnatere in the area concerend was not typical. The cause . of B
' this event. should be’ considered the above de cribed varlability_f
of narine env;ronment.. - ~ T
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