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‘Introduction"t

The investigation on. quantitative occurrence of phytoPlankton

of the southern Baltic started in- 1971. The results which &

vere based on investigation conducted during four years 'ff"
; allowed the author to detect a. close relation between jf*[;-'.
. the quantitative occurrence of phytoplankton and the “: ,
I environmental agents such as temperature, salinity. and nutrient

contents, especially “the. nitrate content. According to:great - §~
variablity of the Baltic environment the eutriphication {WIx.::f
processes in this .,ea are not t:ypical. s -

oor

Material and method of investigation o

. The material Was taken in three southern Balitc regions )
/the Arkona Sea, Bornholm Deep and Gdahsk Deep/ in the'_ff ;3
period from February 19?1 to November '19‘74.,.. o KRR,
This meterial was’ divided into seasonal groups the climatic .

: seasons being as follows~75 . R .
‘ February - March - winter season,
April - June N spring season,
: B July - October ‘= summer season, and
' : T “:ﬂfi3 ) September - November - autumn season.,»

Y ’I.'he elaboration of quantitative occurrence of species based
upon samples taken With 5-litre "Hydro-Bios" sampler, - "
; atOm; 0,) m; 5m; '75m- 10 m; 15mand 20mdepths..
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. per 1 m3 of water, was played by the group of ChloroPhyoeae,,

. R .
¢ s [ i

; The cell numbers of peiﬁculur species wero counted by ' : ~ %

means of a 100 ml-cylindric cells in.a reverso Utormdhl’s = ‘

- microecope. The cell coefficient Kx/ for the amples workod~ ‘ .
“on . amounted to 8 400. In each cell 20 fields of vision :

. ‘were counted.> ::-p ="' ' ' e : L ' i
Qualitative compoeition of phytoplenkton for the years _

‘under consideration has been presented in the contribution

. of M. Borysiak:_"Qualitative changes in the composition

- or the: phytoplankton ageinst the hydrological background

for 1971 - 1974 "o :

ffResults of investigatiOn‘f"
~The predOminat role as regards the number of plant Celln

b,though with respect to ‘the number of . sPecies it was not the .
Q}first of the ‘range’ as it counted only 27 species. The quantite-
. tive preponderance of . this group, however, was a substancial = -
. one, since one of the Chlorophyceae quCleu, namely Kirchne-

' friella obesa oocurred in mas. during all the four years

of ' obserVations in. all the areas investlgated. o :
‘The next place as. regards the" number of cells beloned to the '
group of Cyanophyceae. /20 species/: Microcvstis geruginosa .
beins the ‘species which occurred in mass in ceratin R
A'vegetation seasons.<. - - - - : o

: BecillariOphyceae were considered to be the third groups . '
’.’In this gronp, ~which was the richest in species /67 species/:b
. the: quantitatively pre«eiling species varied in respect ,: e

~ of number of - cells accordingly to region, vegetation season _'
and water depth. Here belonged. Sceletonema: costatum, ‘
Cvclotella meneghiniana, C, ®telligera, Thalassiosira
_ggiplggg nagtoceros wigham Actinocvclus ehrenberg_,

Coscinodiscus granii.;

radius of the field of the- cell

radius of the field of vision of the - . . .
- microscope /after K.Starmach, 1955/ - o

vx/ K R2 :.r2 where R
. ’ ; ’ I‘
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jDuantitative occurrence of Kirchneriella obesa &3 L

nguring the four year period of investigation two peaks A

fof occurrence of this species were. ‘noted to - take place in \

- the Arkona Sea /ngo 1/. The first of them was in March h

7f1971 when the number- of cells “of- thie plant amounted to more

pfthan 3 109/m3, the other peak fell on March - April R
. 1974, sxceeding the value of 7,5 x 10%/m..In. 1972 and, -
1973 Kirchnericlla obesa occurred in quantities expreseed
:"in numbers of “about 500-600 X 106 cells/m3. In the area :

2"of the ' Bornholm Deep /Fig. 2/ the number of the cells l*“

s of this species has: increased since 1972. In 1973 there ff',
f7_were peaks of quantity' one in Juné ‘with over 3.x 109 cellu/mz,:
'nlanother < in August with 1 7% ’|O9vcells/m5 In the '~ -

“meantime, i.e., in July, the number of, Kirchneriella obeea .

-~

'-_cells dropped to about 500 X< 10 /m .‘T'C“‘fff”"" SRR

i*The highest number of cells of this speciee in. the’ Bornholme :
- Deep, however ‘was noted in 4974. On turn of March the |
'-number of celle/m3 amounted to’ over 3 5 x 109, thus consti-f"
“tuing an. analogy in quantitative occurrence of this upeciee.ﬁ
between the- Arkona Sea and the Bornholm Deep in 1974,
ffoince ‘in" the same year and at the same time /i.e.. in March\

fo-and April/ in both of. these regions the higheet numbers. . .

: of Kirchneriella obesa cells .were found, though in the. A
" “Arkona Sea the number in question was about two times as -
.great as in the Bornholm Deep. In the . Gdansk Deep the -
above upOClQu reached a récord number of cells/m5 s .
-compared with the other “two regions during the four yearef “
';concercnd /Fige 3/. ' o

In 1971, during March dnd April “the’ number of Kirchneriella
obesa eello/m3 was relativcly small, amounting to" about "
4,5'x'406- in May 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 q09,~thus.constituing a record value in compa-



“: rison not only w1th the other speoies but also vith the
othern regions of occurrence all over the investigation

f};hperiOd of - four years.zr: . : oL
+ In July 4974 the cell number of Kirchneriella obesa in the

'Gdansk Deep exceeded 7 5 x 109/m3* ‘This- Value approximated .
" “the’ analogus one’ obtained for the Arkona Sea for the same . -
,year 4974 though the time of the year ‘was- not tho same in
" both’ the casesz “in the. Arkona Sea it war March - April, .
Af:whed%s in the Gdansk Deep the peak occurred in June'and July.
. .The. investigation revealed the very vegetation season

"l:/the season with maximum number of celle/mB/ for Kirchneriella’”
"fobesa to ‘e’ the: winter-spring season /i.e.,March, April and’

»iMay/ regardless on the region. In one case only another season]
of mass appearence of this species was noted, namely June 1974¢'
~din the Gdansk Deep. :‘1“"’ ' U S -

. The depth at which the most numerous occurrence of
. Klrchneriella obesa. was observed in perticulsr years difierend'.
from on’ region to anotner. u;L\‘,‘v‘_ R

Summarising the results of investigatlon on mass occurrence

;'of Klrchneriella obesa species in the southern Baltic form

" the sea surface.down- to 20 m- depth it nay be said that only -

in the Gdansk Deep the mass. occurrence Wau observed at the

. sea. surface whereas elsewhere the. depths of. mass occurrence

il;markedly differed ‘from year to year osoillating between
O5and20mdepth""‘ \ o SRR -

Qgsntitative occurrence of Mircocystis aeruginosa

la TRl Aﬂﬂﬁ—s&r—ﬁal*mr\o\ﬂahf PN e e e e

This species, ‘the -some as the. one discussed &bUVc, was charac~f

: terized by a mass and Systematic occurrence, especially in the'j
summer season. The presence o@ this - species was observed in
-all the investigated regions, C ’ o

: , Thus_in the Arkona:Sea the cell number por 4 nﬁ of this-
- species in” September- 1974 /Fis. 1/ /[the occurrence hue only
been observed since this mounth/ exceeded 450 b’ 106. :
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in Arkona Deep.
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In tho furn of July 197? 550 X 1OC cellu/m were found in

this region, In 19?3, also in. uummer, the value higheot of all
“was noted, amounting. to more than 1 x 409 cello/ma. In summer
‘1974 this number ¢iminis hed. Thus in the Arkona Sea the
numnner of cells/m5 oscilated between the least /450 b'd 40 /
and higheot Value /over 1000 b 10 /, the higheet being noted -
;1in 1973. ER R .»” : :

In the Bornholm Deep /Fig. 2/ in September 1971 400 x 10
colls or nicrocystis-aeruginosa per 1 m” were founds In 1972
there was a bsolute a quantity peak in July, when it reached :
. about Te 5 x 409. At the some time of 1973 the cell number
E was found to equal e .2 x°’109/m5; In 1974 - the minlmum of

- cell number was noted /about 300 x 106 cell/mB/ the same as in
A'Ethe Arkona Seds' T : S

‘The Deep Gdansk /Fig. 3/ was found to be the richeet
‘ in the Microcystis- aeruginosa species /the eame ‘as.in
‘ Kirchneriella obeea/of all. the regions invedtigated.‘
- The "mass~ occurrence’ of Microcyutis aeruginouwas noted”
~3without exception in Julv or August. In 1971 1 3 X 109 Cello/m?
\ were counted . there. In 1972 the cell number increased up to '
2,2 x 109/m3n A . . : , e
" In 1975 it amounted to 1,8 x 109 and in. 1974 it was relatively |
the lowest one as it equaled 1 25 x 409/m3 s :

f If the specles Microcvstis aeruginosa in concerned
"the summer season /strictly: July and” Auguot/ must be .
conSidexed a:period of nass’ development at least durlng the-
period of - 1974-1974, regardleso of region.

Microcystig aeruginosa is peculiar by itu eapaclty to.
muesdevelopment both”at’ th very sea surface and in deper
water layeru. ’ ’ ’ ‘




Ouantitativo occurrcnco of certain species from the group
- of Bacillariophyceae e e R e ' :

‘ This group was the mcst numerous ae rcgards the number of
species which amounted to- 69. ~ L

'Quantitative distribution of particular Species of thiS‘

' group . allows us to soy" that certain of them occurred in

‘mass and then disappeared according to. vegetation season,'
regicn of occurrence and depth of water being afterwards .
displaced by other plant sPecies. P :

Iﬂ TiSB- 4, 5 6 are. presented the quantitaties of ;11?
;»particular species which: ‘wexe dominating down to 20 n-
fudepth in regions investigated.;.fi’if L :

- * Thus in- the Arkona Sea the. general quantity of>diatoms}f
'during the period from 1971 do 1974 was decidedly less
'Jcempared with other phytoplankton species. The relatively V
" highest. quantity of diatoms was found in 1973, as their '.
" ‘number: then amounted to 450 x 40° cells/m3. This number
Fxreferred to Ovclotella meneghiniana. The next place as . ‘
- regards.the cell number-at~the same time belonged to TR
f,Rhizosolenia frggilissima /425 x 10 /m /. In 1974 the
fdiatom /chlctella stellisera/ were less’ numerous as’ the '
p;‘maximum cell number was only 400 X. 10 /m?. The years
‘119?1 and 49?2 wore in respect of quantivatiVe occurrence
- of dlatoms rather similar but” the time of their maximum
’foccurrence was differentz in 497ﬂ it was March and in"
1972 ~ July, thus in both the yeaxrs there were two -
"‘different species making up the maximc: in 1971 there
;;wés a- typically winter species Chastoceros wighemi and |
. in 1972 - a typically summer species chlotella meneghiniana.
In'the Arkona Sea the depth of the maximum occurrence 777
of diatoms differed’ in concecutive . years, ‘but all of the:uf
peaks appeared of depths which aia not exceed 10 m. s R
 may generally be. pald that in the winter period the greateet
‘idensity of plant dells was observed nearer Yo the sea

‘surface.
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'In‘thc“nogion of the Bornholm Deep the number of diatom cells
was notably higher /fig. 5/ as compared with that of tho Arkons
sca, though as compared with the other plankton plants of “the
Bornholm Deep this numbcr was loxer except for 1972. The
-maximum occurrence of diatomg in this region was noted in.

1972, when two quantitative peaks were rccorded° in March,<
 with Sceletonema costatum,1,3 x 109 cells/m and in agust

- w1th Cyclotella meneghiniana 1,6 X 409 ccll»/m

“In 1973 the numbcr of diaton cells in the Bornholm Decp

did not exceed 550 x 10 /m3 the concerned speciecs being
Gyclotella mcncphiniana in summer. In Agust 1974 iy was
Cyclotella ctelligera that reached the number of 1,4 x 409
cells/m . The ‘appearence of this species at this time in’ uUCh
a quantity proved that Cyclotella stelligera in 19?4 found
favourable conditions to thrive in’ the western regions of the
-gouthern Baltic Sea. ‘ : _ :
During the investigation time thc depths of- maximum occuxrrence
of diatoms in the Bornholm Doep ranged from 7,5 to 20 m.

" In the Gdansk Deep the diatons occuired in &reatest
quantitiec as” “compared with the other areas and all cver the
four year period under consideration.

, ; In April 1971 /Fig.6/ a mass occurrencc /about 4,5 x 107
'cells/mE of Thalassiosira decipiens was - observed. In 1972 the
number of diatonm cells did not-oxceed 650 x 106/m5
o species contributed to this values in May it was
- Diatoma elongata and in August -~ Cyeclotella mencghind ana.
In 1972 there was the highest number of diatom cells/mﬁ
;conparcd with the remaining three years of investigation.
- In April Sceletonema costatum was extromely numerous /6,6 x 109
bCllu/ms/. In 1974 ‘the quantitative peak of diatom occurrence
appeared in June with Sceletonema cosf;tum reaching
a valuec of 2,5 x 109 cells/m "In"August of the some year
a mass occurrence of Cyclotella stelligera was noted there
~as well as in'the other Baltic regions: The cell number
aounted then to 2 x 109/m3 hence a conclusion could be drown
thL the bloom of this. species took place also in the
- wastern part of the uO&o




1he depths at Wthh diatom ‘cells in the ‘Gdansk Deop
occurred most numerously differed according to vegetation .
 season. In spring the diatom maxima ocoured at depths from -
0 5 to 15 m, whereas in summer the diatoms were most numerous
at 10 m depth. a o N : o
- The epecies of the group of Bacillariophyceae showed following '
pattern of ocourrence: “the most numerous cpecies in-the Spring,_
in almost all the investigated areas, ‘'was Sceletonema’ co»tatum,“
in summer - it was Cyclotella meneghiniana,except for ﬂ974,
when this species was’ displaced by: chlotella stelligera.

~In autumn ‘the most . numerous specﬁ% were found to be Actino-
. eyclug ehrenbergit and Coscinodiscus granib. A
S Inc different regions the maxima of - occurrence of diatoms fell

'on different yeare.(Thus in. the Arkona Sea the quantity peaks<
wexre noted in 1973 and 1974..In the Bornholm Deep They happend
in’ 4972 ‘and 19?4, and in- the Gdansk Deep tne years most rich
in diatome were 4971 and 19?3.A-‘; | co '

;;'Discussion S

- The Tesults of quantitative analyeis of the phytoplankton S
7»occurrence in the regions which wore different in respect of
hydrologic conditions during the investigation time 1971~19?4
- allowed the author to draw oncemore a conclusion about a close';j
relation exieting between phytoplankton development and hydro— )
1ogic factors such as temperature, salinity end nutrient o
~ content of water /aepecielly the nitrate content/ at depths .
. undex considerationi All the quantity poaks attained by parti-

. cular species were found to.be due to propitiuus conditions of
- the environment. The’ maximum development as well. particular
species as of certain phytoplankton groups resulted from the
estually favourable conditions. ‘ » ~ ’
, In regions with relatively high water temepratures
"during the whole year, and there the salinity was relatively
low and the nutrient content hibher than elseuhere in the .



_Balticﬁuepeciallyddue'for oxample in. the Gdansk Decp a vcryke
large increase 1n quantity of fresh—water phytoplankton

upOCiQn was obs erved, whereas the gpeclies typical for brackish ,

«water did develop in 1esaer degree. .

The reverse happened in regions where the relatively u&lt§

water’ deriving fronm’ influxes of the Nort Sea entered the *
Baltic in the first place, i.e., in’ ‘the Arkona Sea'ond then ‘
'in the Bornholm Deep..These influxes thougn carryinf certaini
amounts of nutrients disturbed tho environment as regards"
’tempcrature and salinity, and the effect of this process was
quite negative for the phytoplankton development aspecially E
"that of the fresh-water speeies.- o o

B In connection With this Variability of the environment

“each region should separately be analysed since each of them .

exhibits its particular character.':>

_ Taking into consideration the hydrologic conditionsv S
/Fllarski 72,73, 74 Pastuszak 73,74, Giowihska 1975/ together
. with the periods of mass development of phytoplankton in -
the Arkona Sea in. 1971 it could be found that’ in spite of :u'
'surface temperature which. in March of that yeer was the
1owest during the whole period of investigation /amounting to
about 1%/ the phyt0plankton there was rather rich /rig.

“and 4/, This high number of phytoplankton oells/m3 was probably;i‘

,due great concentrations of nitrogen compounds. There are no .
data about nutrients for March ﬂ971 but the fact that as - 1ate
a8’ in summer, when the demund for nutrients by phytoplankton

| was covered, still remaind over a considerable amount’ of
nutrient - about e .8 ug-at N/1/. In winter months of 1971

" the maximum number of diatom cells/'m3 was found in the’ Arkona
"‘Sea. In April, with the growing temperature of ' surface water, )
a. species of Chloryphyceae, i.e., Kirchneriella obesa occurred\
in larbe quantity. In 49?2 a strong influx of “the North Sea
water into the Baltic took place bringing with a very low .




LemporaLULy, ‘hence n decrease Jn Lhe quanbity 01 Chlorophyceuo,
_ whereas the nunber of diatom ce lr/m roso in céfhrinon_

© o wiith 1971. In summex thore was obqerved un increase in

a:quantity of Cyanophyceao colls. In 1973 a ‘consplcuous N
'71ncroase in number of plankton cellb as compared with 1972

vias evident. The yoar 1973 enowed temperahures decidedly
j,highcr than prev1ouu years /the winter Lomperuhuro minimum ‘
giamounted to’ 3-400. ‘Also the nitrogon contenL of wuter wes high‘
fi‘/3 um-ut N/1 in February/. These favourable conditions of .
n"environment found thelr reflex in quuntitative oceurrence . of
“phytoplankton. In 1974 ‘the numbor: of Kirchneriella obesa .
cells/m in: the Arkona Sea- appearod to be  tho groatost as'i"
:;with preocding thereo years. In that year the. wator ‘Leupera- '
'jiture in early spring was, only by about A °g. 1ower than in -
© 1973 which was. the warmer in this roepoct. In 1974 the t0p

-fjwater layer of. the sea underwent . considernble though only

- local dieplacement reoulting in natable fertilization of the
,.environment previously impoveriehed. Thoee conditione brought

SR : maes occurrence of Kirchneriella obesa and also a- considera-

‘ﬂble dovelopment of diatoms. Because thore are. uncufficient
" hydrological data for: 1971, ‘the correlation between . ‘

'f“environmental conditions and- quantitative distribution

. of phytoplanhton in the Bornholm Deep will only be considered 1‘
\sinoe 1972. ' L - a

The influx of the North Sea water in 19?2 was extremely

“i,etrong. It caused an’ uplift of deep waters,rich in nutrients,'

. nearer to ‘the. surfaces The effect. of this uplift. in the

' Bornholm Deep area was a very. rich ‘occurrence of ell phyto-

;:plankton groups. BacillarioPhyceue, for exumple, revealed
“two quantitative peake in this year /Figs. 2 and 5/ In the

"7'relatiVOly Very warm year 19?2 the' surface salinity wae-;
:rather high. The nitrogen nutrient content of the top water‘“

1uyor did not exceed 2 ug-at /1, tho phosphate oontent there L




' amounted to about 0.5 ug—at P/1. The. rather nigh water

temperature iavoured quantitative development of phyto- _

c;plankton,-eSpecially that of Chlorophyceae and Cyenophyceae,
uivhereae the’ »mall nitrogen content. chocked the develoPment
ﬁtof diatom» in remarkable degree. In 1974, when during the"f
jfnpring smoe- bulk of eurface water with high nutrient : L
ﬁi-content unaerwent local movements along the stretch from
' Qheut to the Bornholm Decp, a notable quantltative increese U
ffnn phyt0p1ankton was observed, eupecially as the- 8pocies v
3" from' the. group of - ChlorOphyceae and Bacillariophyceae were B
:;;conc01ned. The Gdausk Deep region distinctly diffcred in
. respect: of phytoplankton quantities form the remaining -
'?ﬁresions of the eouthern Baltic. During the 4 year‘period
. the . greatest phyt0p1ankton quantities Were found to ocour : _
even nere /Figs.3 and’ 6/. This was. the result of the rola~-i;ie
_.rtively higheut surface temperature, lowest surface salinity .f
- and ‘highest’ nutrient contents of . waters /especially nitrate'f;
~“ content/  due to the river water-diucharge /Andrulewicz 74/.L1.,
i_jAccording to Polie ‘research on quantitative distribution of
_-fnitrete for 1971-1974, the amount’ of -this nutriont revealed'e.}
© o trend to-increase till 1974. Thé quantitative peak of - this,
’fiyear vias as high as 1, 08 ng/1s These increased amountu of- f”
1’Lnitrate as well as high temperature ©of : surfaco- water: in 497573':
. Tairly corre8ponded with amounts: of. phytoPlankton. A1l thefij;f
; ;ebroupe of . phyt0plankton reached: in that year eitremely high
','numbers of cells per 1 m2. - S g : :
Summing up the results obtained at quantitativc study of
- idletribution of the eouthern Balitc phytoplankton for the;

period 1971-ﬂ974 it may be ‘said that the. eutroPhicetion of "

7Jaters in the area concerend was not typical. The cause. of
thl» event should be” considered the above de»cribed varlability

oi nurine env1ronment.“
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