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HArGrAVE (1969) and HickmaN (1971) have provided evidence on the
importance of microphytobenthos in the organic matter production of shallow
lakes. The high chlorophyll content of the turbulent water in Lake Balaton
(FELFOLDY, 1963) and the large numbers of algae on the sediment surface
(TamAs, 1971) indicate the important role of microphytobenthos in the primary
production of Lake Balaton.

There are no data in the literature on the pigment content of the sedi-
ment of Lake Balaton. Besides information on the chlorophyll content and
environmental factors, the knowledge on the physiological condition of pig-
ments is also essential in the study of organic matter production by photo-
synthesis. Besides these questions, the rate of decomposition of plant pigments

was also examined in the aerobic and semi-anaerobic sediments of Lake
Balaton and Lake Belsd.

Materials and methods

The examinations were carried out at four points of the transversal sec-
tion between Balatonfiired and Zaméardi (for a detailed description of the trans-
versal section see OLAH, 1969) in April, 1970 and June, 1971. The depth of
water at the sampling stations in the open water (1., 2.) was 370—380 cm, at
the sandy southern shore (3.) 35 cm, and at the northern shore at 50 m distance
off the reeds (4.) 200 cm. At the sampling stations in the centre of Lake Belso
(1., 2.) the depth of water was 430 and 440 cm. The samples were taken by
means of an intact core sampler and an Eckman dredge.

Extraction was started in the first hour following collection. For extrac-
tion 30 ml 90 per cent acetone solution was added to 5 g mud (wet weight)
sample and this mixture was kept in darkness for 1416 hrs at 44°C and
shaken repeatedly. The extraction of pigments was repeated twice by using
10 ml solvent on each occasion. Because of the high carbonate content of the
sediment addition of MgCO, was not necessary. Following extraction the
extract was either filtered or centrifuged. The values obtained at 750 nm wave-
length did not show any difference between the two processes. The absorp-
tion spectra were measured with a “Sepctromom 360" spectrophotometer.
Having established the original spectra, the destruction of the pigments follow-
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ed by the addition of 3 drops of N HCI solution (Moss, 1967) and the reading
was repeated.

Amounts of chlorophylls and plant carotenoids were estimated by the
equation of PARSONS-STRICKLAND (STRICKLAND and Parsons, 1968) (later
referred to as PS-chlorophyll and PS-carotenoids). Relative amounts of the
destruction products of chlorophylls, i.e. the phaeo-pigments were determined
by the ratios proposed by Moss (1967) and TieTsEN (1970) and their absolute
amounts by using the equation recommended by LoreENzZEN (1967). The esti-
mates of pigments are given in pg/wet mud g unit. In the samples examined
1 g wet mud is equivalent to 0,344-0,11 g dry matter.

Results

Pigment content

High values for chlorophyll-a were obtained on the mud surface in the
open water along the Balatonfiired-Zamérdi transversal section (Table 1).

TABLE 1.

PS-chlorophyll-a content at 0—2 cm (4), 2—5 em (B) and §—12 em (C) depths of mud in the
open water of Lake Balaton and Lake Belsé (ugly wet weight)

s "S53 2

| sampling stations

| ‘No.1 | We.zll|T Wefn | inorg i iNe i RNl
1 -

Lake Balaton: 1 [
August 10, 1970 2.97 | 3.41 1.90 | 2.11 0.41 0.47
June 3, 1971 4.99 | 7.14 2.13 2.24 l 0.48 0.46
June 17, 1971 4.99 | 5.80 2.09 | 2.16 0.51 0.47

Lake Belso: i f
April 2, 1970 6.64 8:16 547 | 5.86 l 5.10 5.14

The value of 29—71 mg/m? obtained is as high as that for chlorophyll-a in
eutrophized ponds (HickmaN, 1971). In Lake Balaton the diatoms are the
dominating elements of the microphytobenthos (TamA4s, 1971). During May,
i.e. the period of maximum growth of diatoms (TAmAs, 1968) the values for
pigment content may be even higher in the areas examined. In the highly
eutrophic Lake Bels6 the chlorophyll-a content of the superficial layer of mud
was as high as 66 mg/m?. The vertical distribution of the pigments in the mud
of the two lakes was different. In Lake Balaton the pigment content of the
mud rapidly decreased with depth as opposed to Lake Bels6 where there was
no considerable decrease even at a depth of 8 —12 cm.

The high value of chllorophyll-c compared to those of chlorophyll-a and
-b in both lakes well illustrate the important role of diatoms (7'able 2).

The vertical distribution in the mud of carotenoids is similar to that of
chlorophyll-a (7Table 3). The differences in the pigment content of deeper
layers between the two lakes are considerably higher.
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TABLE II.

PS-chlorophyll-a, -b, and -c content on the mud surface in the open water of Lake Balaton and Lake
Belsd (uglg wet weight)

|
[ { \
Lake Balaton: [ t
June 3, 1971 4.99 3 0.90 | 1.40
June 17, 1971 4.99 ‘ 1.03 ‘ 2.44
Lake Bels6: [ |
April 2, 1970 ‘ 6.64 1.28 } 4,44

TABLE III.

Amounts of PS-plant carotenoids at 0—2 cm (A), 2—& em (B) and §—12 em (C) depths of mud
in the open water of Lake Balaton and Lake Belsé (uglg wet weight)

| |
[ A | B ! 0

sampling stations

o ] No.2 | No.l No.2 | No.1 | No. 2
Lake Balaton: : | [

April 10, 1970 [ 5.2 5.0 3.6 3.8 2.0 | 1.8
June 3, 1971 | 7T 9.7 4.6 5.3 2.19 2.36
June 17, 1971 ‘ 7.4 ‘ 8.0 4.2 4.8 2.24 I 2.29

Lake BelsG: f
April 2, 1970 ’ 14.9 ’ 14.8 11.6 11.9 10.2 ) 9.8

Amounts of carotenoids and chlorophyll-a (T'able 4) are much higher
near the shore than in the open water of the Balatonfiired—Zamérdi transversal
section, which conforms to the spatial distribution of microphytobenthos
(TamA4s, 1971).

TABLE 1IV.

Amounts of PS-plant carotenoids and chlorophyll-a on the mud surface in the open water (sampling
stations No. 1 and 2), at the southern shore (sampling station No. 3) and at the northern shore
(sampling station No. 4).(uglg wet weight)

Sampling places: 1 l 2 3 | 4

April 10, 1970
carotenoids 5.2 5.0 7.9 8.5
chlorophyll-a 2.9 3.4 5.7 6.1

Condition of pigments

In the two lakes the condition of the pigments in the surface layer of the
bottom deposit may be determined on the basis of their absorption spectra.
The absorption spectra characterizing the examined mud samples clearly
show that in Lake BelsS, unlike in Lake Balaton, the pigments on the mud
surface consist mainly of chlorophyll destruction products (Fig. 1).
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The relative amounts of phaeo-pigments on the mud surface are estimated
on the basis of the ratio recommended by Moss (430 : 410 nm, 1967). With
extracts originating from the mud surface of Lake Balaton the values for this
ratio are generally more than 1 (1,04—1,12) and decrease to 0,78 following
acidification. In the case of extracts from the mud surface of Lake Bels6 the

Fig. 1. Adsorption spectra of acetone extracts from the sediment of Lake Balaton
and Lake Bels6

value for the same ratio was 0,86 even before acidification. It is seen from the
above that in Lake Bels6 most of the pigments on the mud surface are de-
structed, while in Lake Balaton there is a dominating majority of active pig-
ments capable of photosynthesis in the upper layer of the sediment. Similar
condition of pigments on the mud surface in the two lakes is indicated by the
ratios of TIETIEN (7T'able 5). The higher absorption values at 502, 532 and 414
nm in the case of Lake Bels6 are indicative of the presence of destructed pig-
ments. ORR and GrapY (1957), GorHAM (1960) and TieTJsEN (1970) have
observed high absorption at these wavelengths in different conditions of
destruction of pigments. As shown by the equations of LORENZEN (1967) the
absolute amounts of phaeo-pigments and photosynthesizing chlorophyll-a are
very different in the two lakes. On the mud surface in Lake Balaton the amount
of chlorophyll-a was 4,2 ug/g, while that of phaeo-pigments only 3,2 ug/g,
and at 2—5 cm depth of mud these values were 1,3 and 4,5 ug/g respectively.
The amount of phaeo-pigments in the superficial layer of the mud in Lake
Bels6 was 8,9 ug/g, whereas that of chlorophyll-a only 1,3 ug /g. At a depth of



TABLE V.

Tietjen-ratios at 0—2 cm (A) and 2—5 cm (B) depths of mud in Lake Balaton and Lake Belsd
1 532/580 502/580 4341414 4340474

Lake Balaton:

April 10, 1970 A 1.40 2.46 1.04 1.69
B 1.50 2.85 1.04 1.45
Lake Bels6:
April 2, 1970 A 2.18 4.56 0.86 1.36
B 211 4.29 0.87 131

2—5 c¢cm of mud the amounts of pigments did not change considerably:
phaeo-pigments = 7,7 pg/g, chlorophyll-a = 1,1 pg/g. As the chlorophyll-a
and phaeo-pigment determinations show the pigments occur for the most part
in destructed condition on the mud surface in Lake Belsd, while in Lake Bala-
tgc? thbel proportion of active chlorophyll-a on the mud surface was also con-
siderable.

Discussion

Entz (1954) and Tamas (1966, 1967, 1968, 1971) were the first to call
attention to the high quantity of diatoms on the mud surface in Lake Balaton.
The pigment content analyses carried out by Fei1fs1ay (1963) have shown that
the total chlorophyll content of a 3,5 m deep water column below 1 m2 of
water surface in the lake is never higher than 50 mg when the lake is calm and
its impurities settled. A value of 140 mg was obtained when the water was
heavily agitated and stirred to the bottom. These data provide evidence for
the important role of benthic diatoms in Lake Balaton. According to the data
obtained the total chlorophyll content for 1 m2surface of mud was 85 mg. This
value may even increase during periods of maximum growth of diatoms. The
above show that besides macrophytes and phytoplankton also the micro-
phytobenthos may play an important role in the primary production.

The oxidized sediment surface in Lake Balaton (o1an, 1971) and the
high degree of oxygen saturation are due to the constant oxygen supply from
the atmosphere and the oxygen production ofthe photosynthesizing “diatom
carpet”. At high redox potentials the complete decomposition of chlorophylls
and carotenoids takes place at a higher rate (Fogg and Beicher, 1961) and
consequently the accumulation of destruction products in deeper layers of
the sediment is not considerable. Because of that the amounts of phaeo-pig-
ments, as estimated by using the equation of Lorenzen, On the mud surface
in Lake Balaton may be related besides the rapid destruction of pigments also
to the destruction products of the chlorophyll in the alimentary canals of
zoobenthic organisms. Phaeo-pigment production under bad light conditions
must also be considered with pure algal cultures and natural algal populations
(Yentsch, 1965).

In the superficial layer of mud in Lake Bels6 the amount of ﬁhotosynthe-
tically active chlorophyll is low because of lack of light. The high amounts of
phaeopigments are suggested to originate from the phytoplankton. Owing
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to low redox potential (Oran, 1971) light and oxygen deficiency, the process
of the complete destruction of pigments slows down. This contributes to the
high content of destruction products of chlorophyll in the deeper sediment
layers.

Summary

1 In the examination period the chlorophyll-a content of the mud sur-
face in Lake Balaton was 29 -71 mg/m2 The Moss and Tietjen ratios as well
as the absorption spectra and the phaeo-pigment content computed by using
the equation of Lorenzen showed that a large proportion of the pigments was
in an active condition. These results suggest that the contribution of the micro-
phytobenthos to the primary production of the lake is considerable.

2. The chlorophyll-a content of the superficial layer of the mud in the
highly eutrophic Lake Bels6 was 66 mg/m2, with a highest proportion of phaeo-
pigments. In the upper 12 cm layer of mud the pigments were of homogeneous
distribution. The phaeo-pigments are suggested to originate from the rich
phytoplankton, and their destruction is retarded by the semi-anaerobic con-
dition of the watersediment interface.
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ADATOK A BALATON ES BELSO-TO ULEDEKENEK
FOTOSZINTETIKUS PIGMENT TARTALMAHOZ ES LEBOMLASAHOZ

Olah Janos
0sszefoglalas

1. A vizsgalt periédusban a Balaton iszapfelszinén a klorofill-a tartalom 29—
71 mg/m2volt. A Moss és Tietjen aranyok, az abszorpcié spektrumok és a Lorenzen
képlettel szam itott feo-pigment tartalom alapjan a pigmentek nagy része aktiv allapot-
ban van. Ez arra utal, hogy a mikrofitobentosz elsédleges termelése jelentés a téban.

2. Az er6sen eutr6f Belsd-t6 iszapfelszine 66 mg/m2 pigmentet tartalmazott,
amelynek dont6 tobbségét feo-pigmentek alkottak. Az iszap fels6 12 cm-e a pigmentek
szempontjabdl homogén volt. A feo-pigment a gazdag fitoplanktonbél szdrmazhat és
lebomlasat a viz-lledék hatar szemi-anaerob &llapota lassitja.
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