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SHORT PERIODIC CHANGES
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The monthly investigations carried out in the years of 1966—1968 in
five standard sections of Lake Balaton throw light on the complexity of
seasonal changes occurring in the quantity of bactrioplankton. In thevery
same year in various sections, or in different years for the same section the
seasonal dynamics rather varied. These data called the attention to the fact
that in order to be acquainted with the seasonal dynamics of the quantity
of bacterioplankton and with the factors exerting influence on it in the case
of shallow waters of vast extension, as is the case in Lake Balaton, we must
carry out short periodic investigations (OrLAm, 1969a, b).

On the basis of these conclusions we carried out short periodic investiga-
tions in the years of 1968 —1969 at some points of the open water of Lake
Balaton. During these seasonal investigations we carried out a series of mea-
surements which noted the daily changes in the quantity of saprophytic and
total microbial plankton, in wind condition, in Secchi-transparency in tem-
perature and in COD. Besides surveying the quantity of bacterioplankton we
paid due attention to the quantity of phyto- and zooplankton as well during
our winter and early spring investigations, the former were taken under
the ice cover.

Material and method

Our short periodic investigations were carried out in the open water,
some 500 metres from the shoreline beside a buoy in front of our Research
Institute. On the 8th—27th September, 1968, 5th—13th February, 1969,
8th—12th April, 28th April to 7th May and between 13th and 16th August
generally on every day, in some cases with a few days interval. Between
5th and 13th February, 1969 we carried out parallel investigations with the
open water examination in the reedery in front of Research Institute. Besides
the sites enumerated above, in front of our Institute, we made two surveis
in Keszthely-Bay, between the 24th Juny and 4th July, and between the 8th
27th September, on every day, on the standard G section (TAamAs, 1967) at
some 500 metres from the shoreline:

To determine the quantity of the total microbial plankton we made
good use of Ramuzov’s (1932) direct method, while the determination of
phytoplankton quantity was made by De Novernes’s (1968) method. The
vertical distribution of the quantity of zooplankton was determined from the
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filtrates secured by a 90--100 u bronze sieve of 5—5 litre of water. To render
easy counting of the filtrate we used a mixture of dyes according to Dr
NovEerLLes made of analine blue and eosine Y. By this differential staining
the rotifers, and both young and mature crustaceans and their females with eggs
stained with the various hues of blue and red, and by the different colour
tones they could be easily distinguished. In counting saprophytic micro-
organisms we used the sodium-caseinate agar; and sealing-was made in the
following hour of sample taking. The saprophytes were counted in the section M
by using OPPENHEIMER’S (OPPENHEIMER an ZOBELL, 1952) medium. The che-
mical oxygen demand (COD) was determined by KMnO,.

Results and discussion

In section G, on the second day of our investigation of short period
changes, on the 19th September, 1968 a high wind disturbed the sediment
so much that Secchi transparency decreased to 12 em from 108 em (Fig. 1).
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Fig. 1. Short periodic investigations in section (G between 18th and 27th September,1968

Subsequent to this the Secchi gradually increased until the 25th September,
when again on the effect of gusts of wind it began to decrease. The COD of
of the water in the 10-days period of investigation displayed an invert-
ed value when compared to Secchi transparency values. On the 19th
September, at the same time when the sediment was disturbed the COD values
reached their peak, then as Secchi values increased they proportionately
decreased, and on the 24th, when Secchi transparency decreased COD values
again increased. The close relationship between the two factors seem to prove
that due to the disturbance of water from the sediment a large amount of
organic material passes into the water, especially at the site of investigation
where the lake is very shallow. The quantity of saprophytic microorganisms
is inversely proportional with Secchi transparency, while it is directly propor-
tional with the organic material content. During the time investigation the
quantity of total microbial plankton behaved similarly, only with the ex-
ception, that on the 22nd September we measured the highest of all, although
at this time, Secchi transparency did not decrease and the chemical oxygen
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demand did not increase either. All these facts apparently prove that with the
disturbance of sediment, besides the great organic material increase in the
water column, a significant quantity of bacteria passed from the sediment
into the water. Furthermore, on the effect of the increased quantity of organic
material content of the water column owing to the proliferation of bacteria
even after the lag-phase the bacterium content of the water increases.
Simultaneously with the short periodic investigation of section G we
carried out similar examinations in a site situated in front of our Researh
Institute. On the 19th September, as the result of a very high wind Secchi
values are extremely low here, too, but subsequently to this date they grad-
ually increase, and the repeated decrease which was observed in section G
from the 24th September, here, it was not observed (#ig. 2). Accordingly
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Fig. 2. Short periodie investigations in the open water in front of our Research Institute
between 5th and 13th February, 1969

the quantity of the total microbial plankton simultaneously decreases as Secchi
transparency increases, disregarding the slight increase which occured on the
26th September. However, the quantity of saprophytic microorganisms sub-
sequent to the storm reach its maximum only after a two-days lag-phase, which
is undoubtably the result of an intensive proliferation initiated by the agitation
of mud occuring in the water.

Between the 5th and 12th February, 1969 we carried out investigations
under the ice in front of our Research Institute. During the whole time of our
investigation Secchi transparency was very large (270 cm) of the respective
water column (Fig. 3). The quantity of phytoplankton in the different water
layers was rather significant 0.9—2.0 - 10*/ml, and this value suffered no
major changes. The stock of phytoplankton almost exclusively consisted of
45 u big Chlamydomonas, which stains blue with the DE NoyELLES method,
accompanied by a few Diatoms and other flagellates. The winter stock of
phytoplankton, secured from under the ice, whose larger part comprised
the tiny Chlamydomonas belong to p-algae (Ropug, 1955; LunND, 1961;
PENNAK, 1968). Tt is a well-known fact, that the u-algae especially in the
oligotrophic lakes are significant in the winter plankton (RopHE, 1955; PEN-
NAK, 1968). According to Luxp (1961) the more oligotrophic a lake the more
important is the role of p-algae in it. In the water examined by the above
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Fig. 3. Vertical short periodic investigations in the open water in front of our Research
Institute between 5th and 13th February, 1969

mentioned authors the quantity of u-algae was the largest during the time
of their development 11--14.5 - 10%1. In Lake Balaton, during the investigated
period the volume of the u-alga population in the surface layers (0—1.5 m)
11 - 108, while in the bottom water (2.5—3.5 m) 18 —18 - 10%1 yielded good
values. This particular, inverted stratification is also characteristic for the
-algae.

= The vertical distribution of the total microbial plankton was similar
to that of phytoplankton. In the bottom water, the values surpassing 2 - 10%/ml
during the whole period of investigation hardly ever changed. In the surface
layers the quantity of the total microbial plankton was 1-—-1.5 - 10¢/ml. The
majority of the stock comprised a coccus form whose size was below 1 u,
which did not develop on the applied sodium-caseinate agar. The fact, that
the distribution of this form was similar with the distribution of u-algae
refers to the relation of these two organisms. In spite of the large number
of p-algae and the great quantity of “the total microbial plankton biomass
the number of saprophytic organisms was low, and their vertical distribution
did not follow that of the former. Generally, it was in the surface and bottom
layers where maximum were reached.

The large biomass of nutritional organisms brought with it the formation
of a significant zooplankton stock, which mainly consisted of the cold-loving
Cyclops vicinus Urs. and Budiaptomus gracilis (G. O. SARs), accompanied
by a few examples of Daphnia hyalina var. galeata (G. O. SARS) species. The

majority of the stock comprised juvenile exemplars and females with eggs.
The zooplankton primarily concentrated in the warmer bottom water layers
rich in bacteria and p-algae.

All this indicates that during winter, in the water of Lake Balaton
covered by ice a stabile stratification occurs, thus, the role of short periodic
changes is smaller. The strikingly high number of winter total microbial plank-
ton in our opinion is connected with the mass proliferation of u-algae. The
great proliferation of u-algae observed during the time of investigation is quite
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unknown in Lake Balaton. This may be explained, partly by the lack of winter
examinations, and partly by the fact, that the membrane filter suitable for
the counting of u-algae was not in use in the algological investigations of
Lake Balaton. The generally used Utermohl technique and the microscope
are not suitable for the quantitative determination of u-algae (RopHE, 1955;

BERNHADR et al. 1967). Parallel with the open water investigations carried out
under the ice cover, we did short periodic examinations in the reedery in front
of our Research Institute (7Table 1).

TABLE 1
Time of investigation

‘ February, 5th | 6th 11th 1 12th ’ 13th

I ‘ S g e 40
e R e B WD SR e B . R Ly R T n
Phytoplankton 103 specimens/ml ... l 2.1 [ 2:2 2.8 2.1 1.9
Total microbial plankton, ]

10° specimens/ml ............... ‘ 1.19 1.18 1.05 098 | 1.05

Saprophytes 103 specimens/ml ..... | o3 2.4 1.5 1.9 2.4
Zooplankton specimens/ml ........ | 110 90 84 | 98 i 110

The mass proliferation of p-algae in the open water was completely
lacking from the reedery. The phytoplankton stock which is significantly
smaller than that of the open water consisted in Diatoms and spores with
thick cell walls, and cysts. The quantity of the total microbial plankton was
likewise smaller than in the open water, and the period under investigation
showed no significant quantitative difference. On the contrary, the number
of saprophytic microorganisms in the reedery was more than 10 times higher.
The coccus form, smaller than one micron, was dominant in the open water
was not found in the reedery, and the large-sized filament forms are dominant
in the plankton. At any rate, in -comparing the food supply of the open water
and the water in the reedery, the latter was worse, which is not favourable
for the formation of a large zooplankton stock in the shallow, cold-water
reedery.

The daily investigations carried out between the 8th and 12th April
showed no stabile vertical stratification as was observed in the winter under
the ice cover (Fig. 4). On the 9th April Secchi transparency decreased from
100 em to 60 cm and consequently, the vertical distribution in the examined
period continuously changed. During the investigation, the total microbial
plankton and phytoplankton quantity displayed no significant variation,
contrary to this, the quantity of saprophytic organisms increased in the total
water mass two days after the decrease in Secchi transparency. Pronounced
quantitative change occured with regard to the state in February, under the
ice cover. The quantity of phytoplankton decreased, from among the 4 -5 u
Chlamydomonas species only examplars existed, and the majority of algae
was represented by Diatoms. Like it happened with phytoplankton, the quan-
tity of the total microbial plankton decreased from 2 - 10%ml counted in
February to 0.1 - 10%ml. The quantity of saprophytes compared to the state
under ice, hardly changed.
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I'ig. 4. Vertical short periodic investigations in the open water in front of our Research
Institute between 8th and 12th April, 1969

Between the 28th April, 1969 and the 7th May with the increase in water
temperature during the examined short period the quantity of the total
microbial plankton increased more than four times of its initial value ( Fig. 5),
and taking the state observed between the 8th and 12th April as basis, this
change was ten times bigger. By the increase in temperature the number of
saprophytic organisms increased, too. Between the 13th and 16th August
(Fig. 5) with a high water temperature the quantity of the total microbial
plankton, during the whole period of investigation, was around 0.5 - 10%/ml,
the number of saprophytes also decreased (200/ml). No significant short
periodic change occured. These results indicate that on the effect of sediment
disturbance besides the changes occurring in Secchi transparency and COD,
the rapidly changing water temperature also may cause the significant short
periodic changes of the saprophytic and total microbial plankton.

Iig. 5. Short periodic investigations in the open water in front of our Research Institute
between 28th April and 16th August, 1969
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The short periodic investigations carried out between the 18th and 27th
September, 1969 on section G and in the open water stretching in front of our
Research Institute (Figs. 1 and 2), indicate that in the different basins of
Lake Balaton the order of magnitude of the short periodic changes is not
identical. In a section of Lake Balaton, which is the richest in nutritive ma-
terials, in Keszthely-Bay, our short periodic investigations also prove this
(Table 2).

TABLE 2

Time of wnvestigation

| 21st May 24th June 27th June 4th  July

T8 VT 1 e BB SRS K NS w1 9L W ol S T2 25 64 52
Total microbial plankton

105 specimens per ml ....vc000 5.2 6.7 9.2 6.8
Saprophytes 10% specimens per ml . 1.9 3.2 4.4 1.3
Water temperature °C ............ 16 21 22 24.5

On the 24th June as the result of a very high wind Secchi transparency
decreased to less than its half. The effect of the disturbance in the sediment
occurred only three days later with a significant measure. The number of the
saprophytic organisms is higher as the result of organic materials getting into
the water from the sediment, this number at times attained the hundred-
fold of its initial value. The organic material which was introduced into the
water medium was quickly consumed and by the 4th July the number of sapro-
phytes was again rather low. The very fast proliferation of the saprophytic
organisms and their rapid decrease in number prove that the sediment of
Keszthely-Bay contains a large quantity of organic material and that the water
possesses an intensive self-purifying capacity. All these emphasize that the
sediment of the lake, whose water is frequently disturbed, has a close relation-
ship with the water.

In comparing the data of the short periodic examinations with the in-
vestigational result obtained by recent monthly analysis (OLAH, 1969a, b),
it becomes clear that in the seasonal dynamics of the microbial plancton of
Lake Balaton the spring and summer maximum and the summer-late summer
minimum seem to be the most significant values, which besides Lake Balaton,
are also applicable to the snmlarlv shallow Velence Lake of large water area
(()L im and VASARHELYI, 1970). We need further data to generalize the signif-
icant maximum formed during winter time.

Summary

1. The short periodic changes of the saprophytic and total microbial
plancton varied according to seasons: (a) in winter, under the ice the short
periodic change was not significant; (b) in spring, with a temperature rise a
significant short periodic change was observed even without a decrease in
Secchi transparency (c¢) while in summer, with a decrease in Secchi transparency
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in Keszthely-Bay the number of saprophytes increased by several order of
magnitude, the, without a Secchi decrease we measured no significant short
periodic change; (d) in autumn, the sudden decrease in transparency brought
about pronounced short periodic changes. Consequently, we attached import-
ance in the short periodic changes to temperature and to the wind disturbing
the sediment.

2. In winter, under the ice we found a stabile stratification and in the
bottom layer the quantity of the total mikrobial plankton (2 - 10%ml) surpassed
the values measured in spring, summer and autumn. The high number of
bacteria bears a close connection with the winter formation of the u-algal
stock exceeding even 19 - 10%/1. All these conditions made possible the develop-
ment of a significant stock of zooplankton. The mass proliferation of u-algae
in the reedery was lacking and the quantity of the total microbial plankton
was likewise smaller, consequently, the number of zooplankton is also low.

3. The seasonal short periodic investigations, beside the first description
of high winter values, support the previously observed spring maximum an
summer-late summer minimum in the seasonal dynamics.
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ROVIDPERIODUSU VALTOZASOK N
A BALATON MIKROBIALIS PLANKTON MENNYISEGEBEN

Olah Janos

Osszefoglalas

1. A szaprofita és teljes mikrobidlis plankton révidperiédusu valtozdsai évszakon-
ként kiillonbozéek: a) télen, jég alatt nem mértiink jelentés rovidperiédusu valtozdst;
b) tavasszal a hémérséklet emelkedésével Secchi dtlatszosag véltozds nélkiil is jelentds
rovidperiodusi valtozds volt; ¢) nydron Secchi dtlitszosdg valtozdssal a Keszthelyi-
6bolben tébb nagysdgrenddel valtozott a szaprofitdk szdma Secchi véltozds nélkiil nem
mértiink jelentés révidperiddust védltozést; d) Gsszel az atldtszoésdg hirtelen véltozédsa
jelentds rovidperiédust véltozdsokat eredményezett. A rovidperiddusa valtozdsban a
hémérséklet és az iiledéket felkavar6 szél jatszanak fontos szerepet.

2. Télen, jég alatt stabil rétegezettséget taldltunk és az alzati rétegben a 2 - 10/
ml-t eléré teljes mikrobidlis plankton mennyiség a tavaszi, nyédri és 6szi értékeket is
meghaladta. A magas baktériumszdm a 19 - 10°/1-es nagysdgot is meghaladé u-alga
dllomény téli kifejlédésével kapesolatos. Mindez jelentés zooplankton dllomédny kiala-
kuldsét tette lehet6vé. Az p-algak tomeges elszaporoddsa a nddasban hidnyzott, és a
teljes mikrobidlis plankton mennyisége is kisebb, ennek megfelel6en a zooplankton szam
is alacsonyabb volt.

3. Az évszakonkénti rovidperiédusu vizsgilatok a magas téli értékek elsé leirdsa
mellett megerdsitik a szezonalis dinamikdban kordbban megfigyelt tavaszi maximumot
és a nydri-nydrvégi minimumot.

KOPOTKHME INEPUOANYECKME NSBMEHEHHWS B KOJIMYECTBE
MUKPOITJIAHKTOHA BAJIATOHA

. Oaax

1. KopoTkue repnourdeckie n3MeHeHnst carnpoGuTHOro U TOTaaAbHOT0 MUKPOOHOT0 TJIAHK=
TOHA TIPOSIBJISIIOT CE30HHYI0 U3MEHUUMBOCTB: @) B MO/UIEHBIX YCIOBUIX 3UMBI TEPHOJIH YeCKHe
H3MEHEHHsI He3HAYMTEJIbHBI; 6) C POCTOM TeMIIEPeTYPbl BECHOI OHH MPOSIBJISIIOT 3HAYHTE/IbHbIE
pasmepsl Jlayke B OTCYTCTBIE CHIDKEHUsT NoKasaTelist npospaunoctu Secchi; ¢) nerom, ojHoape-
MEHHO CO CHIMYKEHHEeM IoKasareJisli npospadyHocTH Secchi B Kecrxeiickom 3aJimBe, YMCJI0 CHIIPO-
(bMTOB VYBEJIMYMBACTCA HA HECKOJIBKO MOPsAAKOB, TOr/la KaK B OTCYTCTBHE CHIYKEHHWsI ITOKA3aTEeJIs1
Secchi mbI He Hal’JﬂlO;laJ]H 3dAMETHBLIX KOTOPKHX HEPHOANYECKNX llSMeHCHHﬁ; 2) 0CE€HbIO PE3KOE
CHH)KEHHE IIPO3PA3HOCTH HAXOAUTCST B CBSI3bI € BBIPAYKEHHBIMH KOPOTKMMH TEPHO/IMYECKHMI
H3MeHeHUsIMU. 17151 KOpOTKUX 11epHOIMYeCKIX H3MEeHEeHHIT MPe/ICTaBIsIIOTCS BAYKHBIMU TemIepa-
Typa ¥ BeTep, BLI3bIBAION{HIT B3MYUYHBAHUE 0CA/IKOB.

2. B nojuiéiHpx ycs10BUSIX 3UMBI 00HAPY)KHBAETCs yCTOiYMBas CTpaTH(HKALMS, KOTI/la B
IIPUJIOHHOM CJI0€ KOJIHYECTBO TOTAJbHOTO MHUKPOOHOTO IUIAHKTOHA (2,10%/Mn3) mpeBbimiaer
3HAUEeHHsI, OTMEUEHHBbIE BECHOM, JIeTOM M 0CeHbio. Bbicokoe uncio 0akTepHil KOppeaupyer ¢
pacrpesiesieHeM MeJIKIX XJIaMUHOMOHAL (pu-algae), KoJan4ecTBO KOTOPBIX 3UMOIT B MPHAOHHOM
cioe nipesbimaer 19.106 51, Bee 9TH yCJI0BUSI /1€71a10T BO3MOYKHBIM PasBUTHe 3HAUNTEILHBIX 3a-
11acoB 300TJIAHKTOHA. B TPOCTHHKOBBIX 3apOCIISIX MACCOBOT0 Pa3BUTHsI p-algae He HadJo1amm, 1,
COOTBETCTBEHHO, KOJMYECTBU TOTAJBHOI'0 MUKPOOHOT0 M 300IJIAHKTOHA ObIJI0 MEHbILE.

3. MccneioBanne KOPOTKHX MepHOAMYECKUX N3MEHEeHHl, a TaloKe repBoe ONMUcaHie Bbl-
COKMX 3MMHUX 3HAYeHWil, MOATBEPKIAIOT TNpPeKHUEe HAOMI0AeHUsT OTHOCHTEJIbHO BECEHHEro
U MaKCHMyMa JIETHOI'0-TIO3/JHeJIETHEr'0 MUHIMYMa B Ce30HHOIT JAHHAMUKE.
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