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The study of bacillariophytic mass vegetation (G. ExTz and SEBESTY EN
1946, SzemEs 1948, FELrorpy 1958, 1961) which develops on the stony shores
of Lake Balaton in early spring and late autumn months is important in two
respects.

Its importance is due partly to the significance of the organic matter
production by autotrophic organisms constituting coverings on different
surfaces, especially in lakes with small phytoplankton productivity (Assmax
1951), and partly because the experiences obtained in the course of quanti-
tative investigations into the attached communities of periphyton can be well-
applied to the study of the heterogeneous assemblages of phytoplankton.

In 1957 (FELFOLDY 1958, 334) the assessment of biological productivity
of this living covering was performed on the basis of the light-dark bottle
method. In this paper results of the chlorophyll estimations are given and
production measurements on this basis are briefly summarized.

Materials and methods

In late March and in the first days of April in 1960 there was a well-
developed diatom girdle on the stony shores of Lake Balaton, near water
surface, in which four physiognomically different girdles were discernible.
The most conspicuous and with naked eye easily distinguishable was the thin,
little mucilageous, bright yellow belt, consisting almost exclusively of Diatoma
elongatum var. tenuwis (Diatoma-zone).

A dark brown, laciniated-racemose mass vegetation was attached in
some places to the upper part of this belt, consisting mainly of Gomphonema
olivaceum. This Gomphonema-zone located above the water surface developed
only sporadically, mostly behind sheltered jutting corners not directly ex-
posed to waves.

Beneath the pure diatom girdles a thick, light-brown spotted, dirtysandy
girdle (sandy-zone) was situated to the yellow Diatoma-belt attached with a
’transition zone” (cf. FELFOLDY 1958, 332—333). In our present paper investi-
gations carried out only on the Gomphonema- and Diatomazones are discussed.

The samples for dry-matter determination and for estimation of pigment
content were collected from a known area of stone surfaces. Dry-matter con-
tent was determined by drying the samples to constant weight in electric
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oven at 105°C. Samples for chlorophyll determinations were collected on
filter paper pieces. Thereafter they were kept for some minutes into hot water
vapour, and were left to stand in aqueous acetone (90%) for 12—15 hours.
After extraction the solutions were carefully filtered and filled up to known
volume. Their transmittancies were measured at wave lengths 665, 645, 630,
510 and 480 mu, by a Beckmax D. U. spectrophotometer. For the ecalcula-
tion of the individual pigments equations of RicHARD and THOMPSON were
used (BArNES 1959, 242—244). The values were converted into 100 em?
surface area.

Photosynthetic measurements were performed in the late morning
hours on the 29th March, 1960. A known mass of diatoms was washed from
the stones with a soft brush and was suspended into partly desoxigenized
Balaton-water (FELFOLDY and KALKG 1958). The measurement was made
by the usual light-dark bottle method, as it is reported in detail in the paper
mentioned previously (FELFOLDY 1958, 334).

In order to calculate the assimilation number of the diatom population
the chlorophyll @ content in an aliquot part of the experimental suspension
was determined. The assimilation number (AZ) = carbon dioxide in grammes
per hour: chlorophyll content in grammes.

Results and discussion

From the substances listed in 7able 1, the dry matter content taken
from a unit area, is not suitable basis to express the quantity of photo-
synthetically active organisms, because the mass of dry matter depends
greatly on the quantity of inorganic impurities and of dead detritus present.
The dry matter content of covering ranges between 1,37—2,26 g/100 cm?
and 0,53—1,99 g/100 cm? respectively. The great spread of chlorophyll a
content in per cent of dry matter (0,09—3,829%, in the Diatoma-zone), also
proves that the amount of dry residue is inadequate to assess productivity.

Total N-content (determined by the semi-micro KsrrLpAHL method in
aliquots of oven-dried samples) is greatly influenced by the protein content
of animal bodies always present in the Aufwuchs’ of algae, consequently
no conclusion can be drawn from these figures as to the photosynthesizing
living material.

The chlorophylls are special componentsof autotrophic organisms. The
relationship between chlorophyll and total organic matter content is very
variable in different organisms, therefore chlorophyll estimation should be
used with caution as a measure of quantity of autotrophic organisms. If the
plant population (phytoplankton or periphyton) is very mixed, conversion
of pigment values to other parameters can be only approximate. If, however,
the photosynthetic power of the unit quantity of chiorophyll @ present in
autotrophic organisms of some natural populations is determined, this value
can be used as a measure of productive capacity of producents in the popu-
lation in question. For that purpose photosynthesis in suspensions with known
chlorophyll @ content was measured and the assimilation number (AZ) of
the bacillariophytic covering was assessed on this basis. The assimilation
number expresses the quantity of carbon dioxide assimilated by a unit quan-
tity of chlorophyll @ in one hour.



Table 1 — 1. lablazat
Dry-matter and pigment content in 100 em? surfaces of different parts of diatom mass

vegetation
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A kovamoszat 6v kiilonbozd részeinek szérazanyag- és pigment tartalma 100 cm? felii-
letre szdémitva

Sample | Drymatter Tl Ohlorophylla | Chlorophylls | Chlorophyllc | . Chlorophylla

lﬁ!‘]’{'a g zgggzoaix;:g 8‘;2/7 1_(;? em? mg/100 cm* mg/[100 em® m8PU[100 cm? éoz .’i?a(zig;.l;tg/e:
7 ! 1,83 3,86 15,4 3,4 4,0 0,84
21 | 22 2,04 6,0 3,5 3.0 0,26
101 | 1,37 1,52 6,6 2,9 2,3 0,48

|

8 | 1,08 0,90 23 0,0 0,8 0,22
66 | 0,74 0,85 2.8 0,0 1,6 3,82
e B T L 2,9 0,4 2,6 0,16
102 1045 24bs £ ety 2,6 0.8 0,9 0,25
102/a | s 3 =F ; 2,9 0,9 0.9 0,28
1081 | 058 | 076 | 2,5 0,0 0,5 0,47
108/2 a2 ‘ o 2,2 0,0 [ e 7
108/3 - ‘ o 1 2,1 0,0 0,55 7 7] 5.20:40
115 10 R R 1,9 0,0 0,5 0,09
115/1 e 2,0 0,0 0,4 0,10
115/2 | L | = 1,8 0,0 0,4 0,09

Notes. 7, 27 and 101: Samples from the dark brown coloured girdle in which Gomphonema
olivaceum dominates. The other samples originate from the yellow Diatoma elongatum
girdle. In samples No. 68 and 102 green algal filaments. mSPU = the thousandth part
of so called specified pigment units representing a specific but indetermined weight of
pigment which should be about 1 g (BarNEs 1959, 244).

The results of photosynthetic experiments are summarized in Table 2.
One litre of the experimental suspension (500 cells/ul) contains 5,1 mg chloro-
phyll @, and the average amount of eliberated oxygen is 3,83 mg per one hour
in 1 litre of suspension, which is equal to 5,26 mg carbon dioxide/litre/hour.
From this the assimilation number, AZ = 5,26 : 5,10 = 1,03.

This value is unusually low. To our present knowledge, referring to
natural phytoplankton populations or to cultures of planktonic organisms, the
values of assimilation number range between 5—14 (GESSNER 1959, 619—625).

For controlling the order of magnitude of this low value, the assimila-
tion number was calculated in another way too. When working with a diatom
suspension collected in like manner, but measuring photosynthesis under
artificial circumstances by the usual manometric WARBURG method, it was
found that one mg of chlorophyll a produced 408 ul oxygen at 15° C and e.
7000 lux illumination. The weight of 408 ul oxygen is 0,58 mg, and the photo-
synthetic force expressed in mgs of carbon dioxide is 0,71 mg CO,/hour.
From this AZ = 0,71. The results of the two experiments accomplished by
two different methods and at different illumination closely conform with
each other. A

The organic matter production of photosynthesis can be expressed also

by the amount of glucose produced during carboy assimilation. One mg

oxygen evolved is equal to 0,937 mg glucose. Our results expressed in glucose
units are summed up in 7Table 3.

3
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Table 2 — 2. tabldzat

Rate of photosynthesis in a 500 cells/ul suspension exposed in natural habitat on stony
shores under 30 cm from the water surface (c. 15000 lux, 9,8°C)

’

500 sejt/ul stirliségli szuszpenzi6 fotoszintézise (1960. mércius 29-én a természetes termé-
helyen 30 em vizmélységben; c¢. 15 000 lux, 9,8 C°)

mg|/litre KXiI;éal;: e
O,-content in the starting suspension
A kiindulési szuszpenzi6 O,-tartalma 5,28 5,28 5,28 5,28 5,28
O,-content after 3 hours, in light 7
O,-tartalom 3 6ra mulva, fényben 17,75 17,90 18,08 17,62 17,89
O,-content after 3 hours, in darkness
O,-tartalom 3 éra mulva, sotétben 1,07 1,20 1,10 1,09 1L
Assimilated O, per 3 hours
3 ora alatt keletkezett O, | 11,40 11,42 11,70 11,25 11,50
Assimilated O, per one hour [
Egy éra alatt keletkezett O, 3,80 3,80 3,50 3,75 3,83

Table 3 — 3. tdbldzat

Organic matter production of periphytic diatom communities expressed in glucose units
A kovamoszat bevonat szervesanyag termelése glukéz-egységben

Sample

No. mg O,/hour mg glucose/hour

Minta \ 100 cm? 100 cm®
i NS T SRS I
1 j 11,5 ’. 10,8
27 | 4,6 | 43
101 r 5 ‘ 48
35 ? 12 \ 1,6
= 3 2,1 | 2,0
68 | 2, 2.1
102 ‘ 2,0 ’ 1.9
108 | 1,9 1,8
115 [ 1,4 13
\

A |

In April 1957 the productivity of the diatom covering was determined
as 1,7 mg oxygen and 1,62 mg glucose per 100 cm? sturface during one hour.
Comparing the results of these two series of experiments performed in a three-
year interval, it is seen, that the values obtained by the chlorophyll method
is a little higher, obviously because it measures the chlorophyll content of
other algal species too, which fell otherwise victim to the wet combustion by
sulphuric acid, preceding diatom cell count.

‘The previous assumption, therefore, that the diatom belt is able to
reproduce daily its organic content matter in favourable weather, may be
regarded correct.

The quantitative data reported here were computed only for the mass
vegetation of Diatoma glongatum constituting a characteristic coherent zone,
whereas in the case of éomphonema-zone a similar calculation did not seem
reasonable because it grows in discontinuous little patches.
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It has been pointed out already by GrssNErR that the quantitative study
of periphyton is not an easy task because of the so called ’microbiotopes™
characteristic for such mosaic-like habitats.

Nevertheless the difference existing between the two zones of different
character is well illustrated by chlorophyll estimation (7able 1). The more
luxuriant vegetation of Gomphonema zone contains more photosynthetically
active pigments (samples No. 7, 27, 101). The chlorophyll b content of the
bacillariophyte covering reveals the presence of other algae (mostly Chloro-
phyceae) which are caught and held always in the racemose Gomphonema
tangle.

i Appreciation is extended to Mrs. Zsvzsa F. Kauko for her able assistance
in research work and for the English translation.

Summary

The chlorophyll content was measured and computed to unit surfaces
in two characteristic zones (Diatoma elongatum- and Gomphonema oilvaceum-
zones) of periphytic diatom mass vegetation developing seasonally on stony
shores of Lake Balaton exposed to wave action.

The quantity of chlorophyll @ is higher in the Gomphonema-zone (6,0—
15,4 mg/100 em?), whereas in the Diatoma-zone it is lower (1,8—2,9 mg/100
cm?). Very little assimilation number was obtained either by the light-dark
bettle method (1,03) or by the manometric method of WarBURG (0,71). The
value of glucose content computed on the basis of the assimilation number
(1,3—2,1 mg glucose/100 em?/hour) falls very near to the value obtained four
years ago (1,6 mg/100 cm?/hour) which was calculated on the basis of the
number of diatom frustules in the covering. It can be stated also on the basis
of new estimations that in advantageous weather the diatom belt is able
to reproduce itself daily (24,6 kg dry matter on a 1 km long section of shore).
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A BALATON KOVES PARTJAIN ELO KOVAMOSZAT BEVONAT KLOROFILL-
TARTALMAROL ES BIOLOGIAT PRODUKCIOJAROL

Felfoldy Lajos
Osszefoglalés

A Balaton hulldimjérta koves partjain, a vizfelszin kézvetlen kozelében késd 6sz-
szel és kora tavasszal dis kovamoszat tomegvegetdcié szokott kialakulni. Az 1960. évi
maércius végén és aprilis elején igen szépen kifejlédott sav két killonbozé egytittesében
(Diatoma elongatum var. tenuis és Gomphonema olivaceum zbéndk) méréseket és kisér-
leteket végeztink a szervesanyag-termelés titemének megbecsiilésére. A bevonat dltal
fedett feliilet egységére (100 em?) vonatkoztatva meghatdroztuk az é16 bevonat szdraz-
anyag tartalmdt, a benne taldlhaté 6ssz-nitrogén (KseLpaurn-N) és klorofill mennyiségét
(1. Tabldzat).

Az autotr6f novények mennyiségére sem a szdrazanyag-, sem az Ossz-nitrogén
tartalombol nem lehet kovetkeztetni, mert az elsé tulajdonsdg a bevonatban levé szer-
vetlen szennyezdédés, a mésodik pedig a mindig jelenlevd dllatok testében levé anyagok
okozta hibdval terhelt. A klorofill (kiilonosen az a-klorofill) tartalom jol jellemzi a két
zéna kozti kialonbséget, s6t — tekintve, hogy a kovamoszatokban nines b-klorofill —
annak jelenléte az idegen algdk (els6sorban Chlorophycea-k) nagyobb mennyiségét is
jelzi (7, 27, 101, illetve 68 és 102 sz. mintdk az 1. 7'dbldzat-ban).

Fotoszintézis kisérletekkel (WiNkLER-f. O,-médszer) meghatéroztuk a kovamoszat
6vben levo a-klorofill hatdsfokat, kiszdmitva, hogy 1 mg a-klorofill a termdhelyen ural-
kodé kornyezettani adottsdgok kozott 1,03 mg széndioxidot asszimildl egy ora alatt.
Ez az asszimildeié szdm rendkiviil kiesi, a fitoplanktonra és névényi plankton szervezetek-
re vonatkozé irodalmi adatoknak csaknem egytized része. Ellendrzésként WARBURG
manometrids mddszerével is végeztink asszimildcié szdm meghatérozdsokat mesterséges
kornyezetben. A kovamoszat populdcié asszimildcié széménak alacsony voltdt ezek is |
igazoltdak: 0,71 mg CO,/1 mg a-klorofill/l1 éra. 7

Més szamitdssal a klorofill tartalombél a fotoszintézis alatt keletkezé glukéz
értékét kalkuldltuk ki (1 mg a-klorofill 0,75 mg O,-t termel 6rénként a termdhelyen
uralkodd kériilmények kozott, 1 mg O, felszabaduldsdval 0,937 mg glukéz keletkezik).
Az eredmények a 3. Tdbldzat-ban ldthatok.

rdemes megemliteniink, hogy 1957 dprilisiban a bevonat egységnyi feliiletén
talalt sejtszdm felhaszndldsdval szdmitottuk ki a kovamoszat év termelékenységét. Az
Osszefiiggd sédvot alkoté Diatoma-zéndban ez étlagosan 1,7 mg oxigén, illetve 1,62 mg
glukéz/100 cm?/6ra értéknek addédott. A kétféle médszer eredményei nagysdgrendileg
J6l egyeznek (1960. évi vizsgdlataink szerint a klorofill médszerrel 1,4—2,2 mg O, és
1,3—2,1 mg glukéz/100 em?/6ra eredményt adtak). 1957 évben tett megédllapitdsunkat
tehdt, hogy ti. kedvezd id6ben a kovamoszat 6v naponta képes tijratermelni sajét szerves-
anyag mennyiségét, helyesnek fogadhatjuk el.
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