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B. Zévyoumr called attention on the frequent occurrence of both Pedi-
astrum and diatom remains in the sediments of Lake Balaton (ZéLyomr 1952,
527, 1953, 405). In the course of initial studies on cladoceran remains in the
Balaton sediments it became evident, that with some additional effort both
Pediastrum and Cladocera remains could be counted onthesame quantitative
slides and the data might be used as a basis for paleolimnological interpretation.

Preliminary investigations were made on cores Il (Szigliget — Balaton-
fenyves) and, on A 1 (off Akali [SEBESTYEN 1965]). Later ona representative
core, B 28 (Boglar— Révfiilop in the middle of the profile, 1964) was recom-
mended by Prof. ZéLyomr because no trace of transgression could be establish-
ed in the course of his palynological studies when comparing the pollenspectra
of a series of cores. (Fig. 1)

The organic matter of the samples was recovered by the following
methods: ZéLyomr 1952, 493 494, 1953, 370371 (samples 111, 25, 36 of
core III), FreEY 1951, 1955 (one sample of core I A), FREY 1961 and personal
communication (3 —4 samples, of core I A, 9 samples of core B 28, and one
sample, of core B 24). To eliminate minute particles the sediment was rinsed
through a stainless steel screen of a 400 mesh (37 u/mesh) fitted in a Clarke —
Bumpus Bucket (FREY 1961 and personal communication, GOULDEN, personal
communication). Because the sample No 140, B 28 included quite an amount
of coarse plant debris, a sieve of coarser mesh was also applied.

For the mounting of the slides polyvinil lactophenol lignin pink, chlora-
zole, and glycerinegelatine-gentiana violet was used with good success.
Glycerine-picric acid (vax Douwe 1925) proved convenient also, being, how-
ever, less satisfactory for permanent slides. Material of both plant and animal
origin stained well with lignin pink. Chlorazole makes also fine preparates.
Gentiana violet* stains plant fragments, in general, distinctly. However, all
these methods proved to be convenient for quantitative investigation.

* Most of the remains of the P. species found in the samples of core B 28 assumed a
bright blue color with gentiana-violet, with the exception of P. duplex. Remains of this
species assumed a faded blue shade sometimes with a pale brownish tint. There were
specimens the presence of which could only be established by the distinct refraction at
the contact of the inner cells and at the tips of the processes of the marginal cells. In"the

material recovered by Zoérvomr’s ZnCl, method (core ITI) P. duplex also assumed an
intensive blue shade.
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70 years ago from Lake Balaton proper the following Pediastrum species
were mentioned: P. simplex (Meyen)Lemmermann and few varieties of P.
duplex Meyen (Istvantri 1897, 1898). The same author noted P. boryanum
(Turpin) Meneghini, P. angulOSUm (Ehrenberg) Meneghini and P. tetras
(Enrenberg) Ralfs in ancient bays of Lake Balaton (berek, pl. berkek) and
from Kis-Balaton, formerly a part of the lake. Three decades later P. clathra-

Figure 1. Sketch of Lake Balaton showingthe sitesofthe borings mentioned in the text

1. dbra. A Balaton vizrajzanak vazlata, a szévegben emlitett furatok helyének
megjeldlésévei

tm (Schroeter), P. boryanum Lemmermann and some of its varieties were
noted (scherfrer 1930). Both P. biradiatum Mmeyen and P. tetras were found
in the lake off Boglar respectively off Fonydd (Hortobagyi 1952, 1953),
P. tetras was found recently also in the Keszthelyi-6bél at the SW corner of
the lake in the neighborhood of the inflow of the river Zala (Tamas, personal
communication). In the meantime other varieties of the species mentioned
were noted (Kor 1938, Tamas 1959).

From Bigeard’s 8 Pediastrum species-groups enumerated from Europe
(Bigeard 1933) 5 occur in Lake Balaton: Pediastrum simplex Meyen, Pedi-
astrum duplex Meyen, P. boryanum (Turpin) Meneghini, P. biradiatum Meyen
and P. tetras (Ehrenberg) Ralfs. In the subfossil material with the exception

of P. biradiatum and P. tetras the other three species-groups were recovered
(see p. 207). {M. ph. 8—13)
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In addition remains of P. kawraiskyi Schmidie were also found (identi-
fiedby G. Uherkovich) (M.ph. 1—7.) This speciesis noted from Hungary rather
recently in the upper reaches of the river Tisza, and in the Keleti-F&csatorna
(Eastern-Main-canal) connecting the rivers Tisza and Berettyd (Uherkovich
1966, 1966a). It is considered in these habitats as a cenoxene element of the
plankton. The biota of both these waters are enriched by specimens of species
from northern habitats (Uherkovich, personal communication).

*

Figure 2. Sketches of Pediastrum kawraiskyi remains
a—b = marginal cells of cenobium No. 752. (See microphoto No. 1.); ¢ = Cenobium No.
823, sample B 28, 100. Cell wall granulated. Diameter of the cenobium (---) 102 it. —
Picric acid — glycerine; d — Detail of the cenobium 407b (see microphoto No. 2.)

2. abra. Vazlatok a Pediastrum kawraiskyirol
—b = a 752. sz. példany peremsejtjei (v6. 1. sz. mikrofelvétellel); ¢ = 823. sz. példany
a B 28, 100. sz. mintabdl. Granulalt sejtfal. A cenobium atmérdje (--) 102 y. —Pikrinsav —
glicerin, d = 467b sz. példany részlete (vd. 2. sz. mikrofelvétellel)

Camera lucida sketches (comp. oc. 6, obj. 7a) with the exception of Fig. 2b, which is
drawn by free hand. For further details see explanation of the microphotos
Rajzolokésziilék-vazlatok (comp. oc. 6, obj. 7a) a 2b sz. abra kivételével, mely szabadkézi
vazlat. Tovabbi adatok a megfelel6 mikrofelvételek magyarazataban
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The rate of sedimentation in Lake Balaton amounts to 0.4 mm/year
(Zovyomi, p.c.) and not to more than 0.5—1.0 mm/year (SZESZTAY 1965).
At the location of core B 28 the thickness of the lacustrine sediments amounts
to 410 cm: 300 em silt + 90 cm sand 4 20 ¢cm peat (ZOLyoMmr 1965).

In Fig. 45 data of the percentage distribution of remains of Pediastrum
species found in nine samples of core B 28 are given. P. kawraiskyi remains
were found in five samples in a section of 290—123 cm depth. (4-8000—
+ 1000 year b. p., Z6Lyomr.) Data of both earlier and later samples are negative
(see p. 207). Fig. 4 and Table 1 show further that P. kawraiskyi is associated
with P. simplex, duplex and boryanum in the Balaton sediments.

The occurrence of the remains of P. kawraiskyi only in one section of the
core investigated as well as the fact that at present it does not belong to the
biota of our lake, call our attention toward this species.

Pediastrum kawraiskyi Schmidle 1897
(Fig. 2a—d, microphotos (M. ph.) 1—7)

The species was found first by W. ScamipLe (1897) in material from
a Caucasian lake at high altitude. In the system he placed it between P. sim-
plex and P. braunii (WARTMANN). BIGEARD in his thorough study on the P.
species in Europe (1933) enlisted it between P. simplex and P. boryanum
(p. 102.). This species resembles somewhat P. boryanwm by having solid (not
clathrate) colonies. The inner cells are 5—6 sided. Granules in the cell wall are
either present or absent, depending on the age of the cenobium (BicearD, 171.).
Its most significant characteristic is that the processes of the marginal cells
are not situated in the same level (Fig. 2a -b). Neither the compactness of
the inner cells and the irregular margin nor the uneven surface of the cenobia
suggest adaptation to the pelagic mode of life (BicearD 1933, 155) (M. ph. 2.).
PRrRESCOTT’s note that this species is eu- and tychoplanktonic supports this idea
(PrEscorT 1962, 225). In BiGEARD's material most of the cenobia consist
of 16 cells, those having 8 or 32 cells are rather infrequent. In the subfossil
Balaton material the marginal cells in most of the specimens resembles to
Fig. 30 in BicearD’s work (p. 10), and have 16 or 32 cells. There occur how-
ever few specimens resembling P. kawraiskyi v. brevicorne LLEMMERMANN,
which, in BIGEARD’s opinion, are benthic or aged specimens (1933, 103).

The distribution of this species is limited like that of both P. angolusom
and P. braunii (BIcEARD p. 153). Main centers of its distribution in Eurasia
are the Baltic region and Middle-Asia. BieearDp gives a detailed list of its
occurrence (p. 150—151). Three lakes are mentioned in Sweden by SKUJA
(1948, 129 and 1956, 167) and another one by FLORIN (1957). (T'able 2)}1t is
common in lakes of both Michigan and Wisconsin, USA (PrEscoTT 1962, 225).
It inhabits two lakes in the Baikal region: Lake Kotokel and Sor Possolsky
(KorpE 1966, 24 -31).. (Table 2) It seems that with the exception of the
habitats in North America, most of the sites mentioned from Kurasia are
situated north from the Lake Balaton.* In Prof. B. Fort’s (p. ¢.) consideration

* In this paper data in the list of the Polish PAN Biological algotheca have not
been taken into consideration.

14 Tihanyi Evkonyv
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Remains of Pediastrum kawraiskyi Schmidie from the sediments of Lake Balaton

Pediastrum kawraiskyi maradvanyok balatoni Gledékekbdl

M. ph. 1. — Specimen'752. from sample B 28, 120. Cell wall with granules. Some cells with
pyrite (?) crystalls. Size, inner cells 11—13 p, marginal cells £ 16 + 5.5 p. The specimen
is flattened under the cover slip. Polyvinil lactophenol-lignin pink. (See Fig. 2.a—b.)

1. B 28, 120. minta, 752.sz. példany. Granulalt sejtfal, egyes sejtekben pirit (?) krista-
lyok. Bels6 sejtek mérete = 11—13 p, peremsejtek £+ 16 + 5.5 p. A példanyt a fed6lemez
ellapitotta. V6. 2a, b abraval

M .ph2. — Specimen 467b from sample, B 28, 80. Cellwall notgranulated. Size, inner cells
+ 16.2 p, marginal cells with processes i> 21.6 p. The specimen is not flattened under
the cover slip. Glycerine gelatine-gentiana violet. (See Fig. Id.)

2. B 28, 80. sz. minta 467b példanyszam. Sejtfal nem granulalt. Bels6 sejtek = + 16.2
p, peremsejtek, nydlvannyal > 21.6 fi. A cenobium nincs ellapitva. V6. Id abraval



M. ph. 3. — Specimen from sample B 28, 120.

Diameter 124 u. Some cells with pyrite (?)

crystals and granules. Granulated cell wall.
Polyvinil lactophenol-lignin pink

3. B 28, 120. minta. Atmérs 124 u. Egyes
sejtekben pirit (7). Granuldlt sejtfal

M. ph. 5. — Specimen from sample
111, 25. Diameter 140 x. Glycerine

5. 111, 25. minta. Atmérs 140 u

14*
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M. ph. 4.—Specimen from sample B
28, 120. Diameter 102 u. Polyvinil
lactophenol-lignin pink

4. B 28, 120. u minta. Atméré
102

M. ph. 6.—Specimen 1260, sample TTT
6. Diameter 43.7 u. Size, inner cells 5.5
. Glycerine gelatine-gentiana violet

_6. TIT 36. minta, 1260. példdny.
Atmérs 43.7 u. Belss sejtek = 5.5 p

]

M. ph. 7. — Specimen 1249., sample
ITT, 36. Diameter 64.8 w. Glycerine
gelatine-gentiana violet

7. 111, 36. sz. minta. Atmérs 67.8 u
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itiSa northern form. IN Kolkwitz’s Systeme (1950) P. K. is considered as an
oligosaprobic form together with P. duplex, P. tetras and P. rotula (Enren-
berg) A. Braun.

Let us call in mind the part of K orde’s paper (1966) mentioned above,
with reference to Lake Kotokéi and Sor Possolsky. Both the recent and sub-
fossil occurrences of P. k. in the Baikal region might give aid for the inter-
pretation of the subfossil occurrence of P. k. in the sediments of Lake Balaton.

Recent and subfossil occurrences of P. kawraiskyi
in Lake Kotokéi and Sor Possolsky (Korde 1966, 24—31)

The altitude of Lake Kotokéi is 12 m higher than that of Lake Baikal (453 + 12 m)
from which it was separated by the change of the water-level. The temperature of its
soft water may attain 25.8 °C in summer. Its algal community, differin% from that of
L. Baikal exhibits affinities to the littoral plankton communities of both the Baikal’s
shallow bays and that of the ,,Sor”-s (shallow bays of L. Baikal running more or less far
into the adjacent land and being separated from the main lake by sand banks). Such
communities (,,Sibirische Artenkomplexe”) are characteristic ofshallow riversand standing
water-bodies in the Asian part of the Soviet Union.

In an August sample of Lake Kotokéi blue-greens, Protococcales — including
P. kawraiskyi — and, diatoms were noted. P. K. is mentioned also from Sor Possolsky
with many blue-greens, Protococcales, including several Pediastrum species and, diatom s.
Such community develops abundantly in its shallow waterwhich warmsup wellin summer.

In the sediments of L. Kotokéi two main parts could be distinguished. The border
between them is situated in £ 500 cm depth. The deepest layer represents the initial age
of the lake, a warm phase with blue-greens in the dominancy, Protococcales, including
P. kawraiskyi and other members of the Pediastrum genus. Some Chrysomonads and
diatoms are also associated. All the species the remains of which were found here are
members of the recent littoral plankton community of this lake as well as the bays and
Sor-s of Lake Baikal.

Layer rich in algae, mentioned but especially in Desmids and Chrysomonads are
found immediately underneath the border (at + 500 cm), with Drepanocladus aduncus f.
capillifolia in abundance. Such assembly indicates rather cold climate and shallow water
situation.

In the section between the border and the layer situated about 60 cm below the
surface of the sediments blue-greens, Protococcales, Chrysomonads and diatoms are
constantly present, with the varying dominance of various species. The Protococcales
group attains dominancy only in the layer near to the upmost part of the sediment.

Changes in the percentage distribution of these algal-assemblies correspond the
changes taking place in both the climate and the water level, as they are interpreted by
the pollenspectra. Within such major changes finer details may also be established, reflect-
ing, very likely, the repeatedly occurring seasonal variations in the structure of the
plankton community.

With reference to the reconstruction of the limnological past of Lake
Balaton the following facts may have a special value:

1. Following the transitory IV. phase, initiated at the 317 cm deep layer
of Lake Kotokéithe Pinusage (V. phase) iscontinuously prevailing in the Baikal
region (Korde 1966, 30).

2. The development of a dense algal flora in the well warmed up littoral
waters during a supposedly short summer is reflected in the sediments.

A seasonal rise of the temperature in water bodies situated in the region
of cold climate or high altitude, very likely, takes place in our time as well.
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Discussion

In the literature we find indications that the microfossil-assemblies
recovered from the various layers of the sediments, do not reflect completely
the structure of the biota-series corresponding to the age of the sedimentation.
Beside the various elements of lacustrine origin allochthonous forms may also
be present (FREY 1958, 210, 1964, 1). From the various factors affecting the
structure of the microfossil-assemblies the followings are mentioned:

a) the nature of the various substances of the morphological remains,

b) the environmental conditions offered by the lake as an ecosysteme,
including some individual properties of the habitat in question,

c¢) the effects of the various techniques applied in the preparation of
the material for microscopical analysis, and

d) the ,ease of the recognition” of the remains (FreEy 1958, 210).

1. In the recovery of the organic parts of the samples various methods
were used (see p. 203), all resulting in the case of Pediastrum remains a con-
dition suitable for identification at the species level. Hence the rate of percent-
age distribution of the few P. species found may mirror fairly well the true
situation. In most cases the remains were present in quantities sufficient for
percentage evaluation. (T'able 1, Fig. 4)

2. There are three kinds of data, relating to the occurrence of Pediastrum
ks

a) only recent occurrence (see p. 209, Table 2),

b) both recent and subfossil occurrence (Lake Kotokel, KorDE),

c¢) only fossil occurrence (Lake Balaton, in this study). (7able 2)

It seems that all the positive data either recent or subfossil, relate to
the active phase of the life cycle. No data were found in the literature on the
cyst (aplanospore) of P. k. with the exception of the possibility of cyst forma-
tion concluded from the distinct morphology of some cells in the cenobium
(Braearp 1933, 99, 102).

Data onrecent occurrences suitable to our aim should include time of samp-
ling, length of the period of occurrences in both the active and resting states.

The section of core B 28, containing remains of P. k. relates to the
vegetation phases (FirBas) III-1V, V, VI, VII, VIIIL. This is the period from
the border of the Pleistocene and Holocene (younger tundre age and early
postglacial Pinus-Betula phase, 4 8000 b. p.) until the subboreal (the begin-
ning of the New Holocene Fagus phase, 4+ 1000 b. p.). In this period changes
in the climate and the water level took place: the Holocen maximal water
level, and brief periods of low water levels (SEBESTYEN 1968b).

No remains could be recovered in the two Pleistocene samples (Nos 160,
and 140, in core B 28), representing partly high water situations partly low
water level. However the extremely scarce occurrence of Pediastrum remains
in these samples leaves the possibility for the presence of P. k. still open.
The analysis of two samples from layers of two other cores corresponding the
samples 140, B 28 brought positive data for Pediastrum kawraiskyi. These
samples as suggested by Prof. ZoLyowmr (in litt.) are samples 145, core B 24 (N
part of the Keszthelyi-6bol, in 300 m distance off the littoral Phragmitetum
at Gyenesdias) from the same series of borings (1965) as core B 28 and sample
36 of core III (in the middle of the profile Szigligeti-6bo6l bay — Balatonfeny -
ves), an earlier set of borings (1948). (Fig. 1)
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Pediastrum remains from the sediments of Lake Balaton
Pediastrum maradvanyok balatoni ledékekbdl

M. ph. 8. — Pediastrum simplex clathratum. M. ph. 9. — Pediastrum boryanum from
Specimen 493, from sample B 28, 80. Size sample 1A, 4. Diameter 118.9
of the cenobium 153.45x133.6 p. Polivi- Glycerine gelatine-gentiana violet

nil lactophenol—lignin pink . o
9. P. boryanum, IA, 4. minta. Atmé-
8. P. simplex clathratum. B 28, 80.sz. r6 118.9 p
minta, 493. sz. példany, cenobium =

153.45x133.6 p

M. ph. 10. Pediastrum duplex? Specimen 1142. from sample B 28, 140. length 140 p. Poly-
vinil lactophenol-lignin pink

10. P. duplex (?) B 28, 140. minta, hosszméret 140 p. 1142.pl.



M. ph.11.— Pediastrum simplex radians
from sample B 28, 80. Diameter of
cenobium 75 u.Glycerine gelatine-
gentiana violet

11. P. simplex radians B 28, 80. minta,
atmérd 75 u

215

M. ph. 12.— Pediastrum bidentulum AL.
BrAUN v. ornatum NOrDSTEDT (in
BIGEARD’s consideration it is a variety
of P. boryanum). Length of cenobium
92 u. Size of the marginal cell with py-
rite (?) crystal, 21.6 x16.7 u. Polyvinil
lactophenol-lignin pink

12. Pediastrum bidentulum AL. BRAUN
v. ornatum NORDSTEDT (BIGEARD szerint
a P. boryanum varietdsa). Hosszméret 92.

M. ph. 13. — Pediastrum boryanum from sample I1I, 36. Diameter of cenobium, 70.26 wu.
Glycerine gelatine-gentiana violet

13. P. boryanwm III 36. sz. minta. Atmérs 70.26 u
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The presence of the remains of Pediastrum k. in the sediment of Lake
Kotokel from the Subatlantic b (phase Ib, KorpE 1966, Table 1X) supports
the possibility of the existence of P. k. in the biota of Lake Balaton in the
Pleistocene (Table 1, microphoto 6—7).

,,There is a peat layer above the layer represented by the sample 36. in
core I1I. similarly to the situation of 140. B 28. The palynological investiga-
tions extended to 560 cm below the peat (315—350 cm). The layer represented
by sample 140 B 28 here, regrettably, is thinner and more sandy, however it
is without doubt identical with that of 140. B 28.” (Zéryowmr, in litt. 2. XII.
1966.)

Yet their microfossil assemblies others than pollen exhibit interesting
differences. We have to keep in mind, that in the recovery of the organic part
of the samples of these two cores different methods were applied (p. 203).

a) In the course of quantitative investigations of sample 36. of core I11.
no cladoceran remains were found. Samples 111, 25. of the same core were
also reduced in such remains (SEBESTYEN 1965, 218). In sample 140, B28
Cladocera remains were frequent (SEBESTYEN 1968b).

b) The organic part of III. 36. shows a fine concentration of both pollens
and Pediastrum remains. Pediastrum remains in B 28, 140. were very scarce
(Table 1, Fig. 4).

¢) The Pediastrum assembly in its systematic construction is different,
although the scarce occurrence of these algae in B 28, 140 has also to be con-
sidered.

d) Cenobia of P. k. having 32 cells are more frequent in III. 36. than
in B 28, 120, where this species was frequent also (T'able 1). Cenobia (32 cells)
with very small size of cells were also found (microphoto 6-—7).

e) In III 36 spicules of Spongillidae, among them that of Trochospon-
gilla horrida were frequent, diatoms present. In B 28, 140 both spicules and
diatoms were found scarce.

On the ground of these differences we are attempted to draw the con-
clusion that at the late Pleistocene the limnological characteristics in the SW
part of the lake, situated S from the Tihany peninsula, were not uniform in
that sense that the profile Révfiilop—Boglar differed considerably from the
profile Szigliget— Balatonfenyves and that these two parts represented by the
profiles mentioned were probably separated from each other. (See Loczy 1916,
p. 585, Fig. 274.)

The first datum of the occurrence of P. k. in core B 28 (sample 120)
marks at the same time the maximal value of its percentage distribution.
With the appearance of thermophylous deciduous tree a gradual decrease (?)
seems to be taking place in the population of this species, lasting — probably

— for 4 7000 or more years. Its ecological requirements could be somewhat
satisfied as yet at the beginning of the New Holocene Fagus phase (sample
No 40).

No traces of its presence could however be established in the subatlantic
present (No 20). This sample was the only one in which P. duplex was also
absent. The palynological data suggest a sudden decrease of the water level
and, following fluctuations on a smaller scale, a stabilization. From the Clado-
cera Pediastrum ratio and the dominance of the clathrate varieties of P. sim-
plex (v. radians, v. duodenarium and v. clathratum, 99%,]) open water situ-
ations (high water level?) might be concluded (Fig. 4—5).
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The problem arose what could the reason be for the absence of this species
in the biota of this lake for the last 4+ 2500 years? Could it be that because
of the ageing of the lake, through the accumulation of the sediments the thick-
ness of the water column decreased, resulting in the elongation of the warm
water season? Such situation may effect the development of the population
of this species unfavourably (see p. 213).

If we attempt to interpret the occurrence of P. k. remains only in one
portion of this core we need informations on the followings:

a—b) ecology of both P. k. and the concurrent P. species,

¢) nature of the related algal assemblies,

d) geographical position, morphometry and environmental conditions
of the habitat, including the water climate ete,

e) ecology of the watershed (climate, pollenspectra, hydrography),

f) ecology of concurrent species others than Pediastrum, the remains
of which were simultaneously present.

a) There is hardly any direct information in the literature on the ecology
of P. k. However, the fact that it is the only P. taxon enlisted in ,stenotopic
species indicative of eutrophic conditions”, in a thorough study on ten lakes
in Sweden, of which only Lake Masnaren inhabits the ,rather demanding’
P. k. (FLorin 1957, 48, 67) seems to have the meaning that it is the rarest
taxon in the P. genus and its distribution is sporadic (BIGEARD 1933, 99, 147,
151). It has been reported from three other lakes in Sweden (SkuJsA 1948, 1956).
Only one lake is mentioned from that part of France where BIcEARD’s material
for his monographic study originated from (99, 150). All these data suggest
stenotopy, and are valuable from both ecological and paleolimnological stand-
points.

b) It has been established that remains of P. k. in Lake Balaton are
associated with the remains of all the three P. species which inhabit our lake
at the present. (Both P. biradiatum and P. tetras, as small water forms, could
hardly be considered as members of the typical algal flora of Lake Balaton.
They are, very likely, carried into the territory of the lake by waters of the
draining canals from the adjacent swamps [berek, berkek], former shallow bays
of the lake and become planktoxene elements here).

Lake Masnaren inhabits 16 taxa of the Pediastrum genus, including P. k.
(FLorin 1957, 110). (Table 2)

It could be established that P. boryanwm is always present in the habitats
where P. k. is noted from. This is true of both recent and subfossil condition.
The maxima of the percentage distribution of the remains of these two taxa
were found in the same sample (No 120) in this study (see Fig. 4, T'able 1).

Nevertheless, because the very resistant, plastic and polymorphic P.
boryanum has an eurytopic and eurythermic nature (BicEarp, 149), such
concurrency may come about by coincidence, hence it does not give any clue
for the ecological valence of P. k.

We are, however, in the position to say as much that the ecological
valence of P. k. is restricted in comparison with the other three species-groups:
P. simplex, P. duplex and P. boryanum, the remains of which were recovered

multaneously from the sediments of lake Balaton and which belong to our
lake’s biota continuously from the late Pleistocene till present. These findings
seem to be in consent with the Swedish authors’ view that P. kawraiskyi is
a stenotopic form.
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Table 1.

Percentage distribution of the remains of Pediastrum species (—groups) in samples of
cores B 28, TIT, B 24. and in quantitative plankton samples from four dephts, off Tihany
in 1944. XTI — 1945 — 1947 — 1949 — 1951 — 1952 I.) 41 months, 136 1 water)

From TamAs’ data, 1954, Tables 1—4

-+ = present in qualitative samples
— = not present
figures in brackets are included in the figures above

core | B 28
N° of sample 1 \ 20 ' 40 ' 60 80 100
Pediastrum | depth em | 0—3 ’ 60 | 123 170 208 250
Firbas et [ xS T VII VII v
kawraiskyi | — 1 — + | 033 0.22 0.97
simplex | 80.94 \ 99.78 40.73 \ 91.61 50.37 75.03
(v. clathratum,) 1 (58.03) ‘ (61.13) | (25.92) | (74.86) | (32.95) | (60.39)
4 | r
duplex | 4.99 - 3.71 | 8.85: “rRTH28 0.97
boryanum (biduntulum | ‘
ornatum,) | 14.04 | 0.12 | 55.54 | 418 £ 72512 23.01
| | | | o
N© of specimens \ 547 ’ 826 ’ 54 J 907 l 1322 } T1%
| | 1

* Total of mean values per sample

¢) The algal communities of the two lakes in the Baikal region (Extent
ot L. Kotokel 15x6 km %6 m, altitude 465 m) having positive data for the
occurrence of P. k. resemble to the ,,Sibirische Artenkomplexe” (KORDE 24 —
25). The phytoplankton of Lake Masnaren (extent 110 ha, depth +3 m,
altitude 27,5 m, FrLoriN, 46) includes Chlorococcales with P. k., Chrysophyts
and diatoms, the dominant and subdominant members being usually blue-
greens. ,,Consequently Mdsnaren resembles eutrophic lakes containing a ‘ Baltic
plankton formation’ characterised by Cyanophyceae water-blooms” (TEILING 1918,
quoted by M. B.—FrorIN, p. 67). It seems that both views suggest Northern
affinities.

d) Most part of Lake Balaton in situated N of 47° N. Lat. Lake Baikal
in the neighborhood of which Lake Kotokel is situated lays in its entire extent
N from the 50° Lat. The Pinus age is prevalent there continuously since the
transitory IV. phase. P. k. was sampled here in August, in the shallow littoral
warm water. Lake Masnaren is situated N of the 60° N Lat. P. k. was collected
there in V—IX. (M. B.—FLoRIN 1957, 52, 67). Both these details and the dis-
tribution of P. k. in general (see p. 209), suggest that P. k. is a northern form.
We may add that it has, perhaps, rather a demand for high temperature in
a brief (?) period of time, than a tolerance against it.



1. tablazat

Pediastrum fajok maradvdnyainak szdzalékos megoszldsa a B 28., II1. és B. 24. furatok

mintdiban, valamint Pediastrum fajok szdzalékos gyakorisdga Tihany el6tti vizekben

gy (ijtott mennyiségi planktonmintdkban (4 m mélység, dsszesen 136 1. viz, 1944, XIT.—

1945 — 1947 — 1949 — 1951 — 1952. 1. évek 41 honapjdban). TamAs 1954. 1—4. tdb-
lazat adataibdl szdmitva

-+ = mindségi mintdkbol

— = negativ adat

A zéréjelben el6fordulsd szdmok az e szdmadatok folottiekben bennfoglaltaknak.

| : 7171;7” s ) ; 7@ 3 [ : plz\;;l:ton
120 140 = [ g 25 36 145 | Tihany
290 330 | . 370 200—295 350—370 318—320° 4 depih
TIT—Iv 1b \ la II—Iv Ib Ib
o | L | ; 3 (A
6,29 =B e 11.08 |  10.729% i ' i
| |
8.82 4 - 2 ‘ 9.91 | All other P. = | 30.51
(4.88) (3) (1) ‘ species etc. | } (30.51)
| |
9.49 - 31.13 89.279% 1 o | (v. ret)
» ‘ l 45.28
75.37 (22) ' 1 [0, 47:87 (+) = i 24,19
M | |
|
1064 ORI 424 452 ] 4827%
|

However temperature itself hardly could be responsible for the changes
in the environmental conditions in a particular water-body. Along with it, very
likely, changes are taking place in the intensity and quality of other ecological
factors (see KorDE 1966, 27).

There are valuable records on the physical and chemical properties of
the water of some of the habitats which have positve data on the recent
occurrences of P. k. (Bicearp, 161, KorpE 1964, 24, M. B. FLORIN, 46).
The comparison of such data might also give a clue on the limnological nature
of the environment which is in favour for the development of the population
of P. k. From the results of this the criterion of its stenotopy might be out-
lined. From culture experiments valuable informations in this effect may be
expected.

e) Morphometry of the waterbody with positive data as well as a study
on the resemblance (?) of the ancient bays of Lake Balaton to Lake Kotokel
and to the Sor-s of Lake Baikal may support also fruitful material for the
enlightening of the ecological demand of this species.

f) Since in the course of the analysis of the samples both Pediastrum
and Cladocera remains were taken into consideration, it lays at hand to make
a comparison of the occurrence of P. k. with that of some species of the chydo-



Table I1.

Occurrence of Pediastrum kawraiskyi and other concurrent members of the Pediastrum
genus in some water-bodies in Europe and Asia

-+ = recent
@ — subfossil
— = no data
W Pediastrum
Geogr. position Name of lake =g ; >
kawraiskyi simplex { duplex | biradiatum' boryanum
Hun- Balaton — 2 4 = A
gary
® ® e [
§ France I’etang de
Europe Serrant + + i o V5
Sé Sdbysjén | - oy kil ri
Uppland | clath. v. ara- v. bre-
| neusum vicorne
Tédmnaren i -+
|
|
Sweden
Skedviken -+
Masnaren l X = e s -l
i
Baikal | Lake Kotokel ‘ | i = 4 e
region
U.S.S.R. l ® ® o5 =5 ®
3 | i [
Asia | Sor Possolsky | = ‘ R
Altaj Lake Zaisan -4 -+ -+ ‘ — 1
mt. ( V. aspera
’ v. clath.
| { v. retic.

rid cladocerans with both active and resting phases in their life-cycle, within
the populations. Leydigia acanthocercoides FI1sCHER seems to be a suitable
object for this purpose.

L. a. inhabits our lake at present. Remains of it were recovered from all
samples, analysed, with the exception of samples No 140. and No 160. in the
Pleistocene (SEBESTYEN 1968b). Its population, in comparison with other
benthic chydorid cladocerans, is distinet by having the shortest active phase-
in the life-cycle. L. a. appears later in the warm water season (early July) than
any other stenothermic benthic chydorids and, following a sudden increase
of the population, the males appear in the same month, ephippia are formed
to preserve life in form of a resting state which is the longest among any other-
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I11. Tdablazat

A Pediastrum kawraiskyinak és a vele egyidejiileg el6fordulé mds Pediastrum fajok-
nak el6forduldsa néhédny eurdpai és dzsiai vizben.
recens adat

+ =
@ = szubfossilis adat
— = negativ adat
|
Source Remarks
angulosum tetras ] braunii |
" | | R =1 2
— | N Tam4s, 1959 [
— ; — t — this study 1 P amtr
—+- ’ — —- | BiGEARD, 1933 ,
{ l i
= ‘ A — | SKuUJaA, 1948 only in this lake in Uppland
‘ [
: ‘ Skusa, 1965 | 168:
? ‘ | ,,regelmiissig und zu verschiedenen Jah-
l reszeiten, doch mehr vereinzelt unter
i | verschiedenen anderen Pediastren,
| ‘ 1 Blaualgen, ete.”
% | | 168:
E | ,,vereinzelt unter zahlreichen anderen
i \ | Phytoplanktern. 12, 7, 34"
| |
-+ | - ‘ — | M. B.-FLorux, | and others, alltogether 16 taxa see p.
j | 1957 110 General table
- |- = — | Koroe, 1966 s
2 | e Ty ;
‘ - 1
+ | - + | SkvoRrTZOV,
! tricor- 1928
‘ nutum ' i
1 | |

benthic Chydorids in our lake. Its sporadic occurrence in Europe (SEBESTYEN
1965, 205) and especially the result of DE CosTA’s investigations on a series
of lakes in the Mississippi valley indicate that it is a ,,southern form™ (DE
Cosra 1964, 81 83, SEBESTYEN 1965, 206, 219--220). The ability of this
species — within the population — to accomodate to the thermic conditions
etc. of the environment may explain its existence in our lake both in the border
of the Pleistocene and Holocene and in the Holocene, including the present.
We are inclined to conclude that the period of the active stage of its life, within
the population, must have been shorter in period of rigid climates in the geo-
ogical past in Lake Balaton than it is at present (in our time).



Resumé

In nine samples of a core from sediments of Lake Balaton which is
representative in palynological view, remains were found of those Pediastrum
species which inhabit our lake at present (P. simplex, P. duplex and P. bory-
anum). Remains both of P. biradiatum and P. tetras noted in our time as
planktoxene elements carried by draining canals from adjacent marshy mead-
ows (ancient bays of the lake) and by the river Zala were absent in the analysis
of quantitative slides.

In the sections, 290123 cm depth, corresponding the age 8000
41000 b. p., of the 410 cm long core B 28, remains of Pediastrum kawraiskyi
were found in decreasing percentage frequency. Such remains were recovered
from other cores from deeper (earlier) layers.

There are several data on the recent occurrence of P. k. in the literature.
It occurs in both recent and subfossil conditions in one lake in the Baikal
region and, only the remains were found in the sediments of Lake Balaton.
All data refer to the active state of the life-cycle of this species.

From the subfossil Balaton data we might conclude that its ecological
valence is more restricted than that of the other three Pediastrum species
which inhabit our lake at present. It seems that the environmental conditions,
offered by our lake, could satisfy the ecological demands of P. k. only in
a section of its past history: Late Pleistocene + part of the Holocene. This
means, that the period when P. k. was a member of the biota of the lake marks
a distinet portion in the history of Lake Balaton.

From the literature we learn that P. k. is a northern form with stenotopic
nature and perhaps has a demand for higher temperature for a brief period
for both the development and the maintenance of the population.

From the differences of the results of the analysation for cladoceran and
Pediastrum remains in Pleistocene samples originated from two different cores
but from the same layer - as could be established on palynological ground
the conclusion might be drawn that the limnological situations in that part
of the lake which situated south from the Tihany-peninsula were not uniform
in the Late Pleistocene or at least a part of that age. This would also suggest
that in the Late Pleistocene perhaps there were no connections between the
water-bodies represented by the profiles Boglar — Révfiilop and Balaton-
fenyves — Szigliget. (Pre-Balaton condition?, SeBesTyEN 1968b See Loczy
1916, p. 585, Fig. 274.)

No more could be concluded from the analysis of the microfossils recov-
ered in the course of this study and from the pertinent literature which,
however, the author was not in the position to consider in its full extent.

Results of the investigations of more samples both of the core B 28 and
other cores of the sediments of the present Lake Balaton and the same of
the ,berkek”, chemical analysis of the samples, and more knowledge on the
ecology of P. k. (literature, culture experiments) are needed in order to approach
the goal: to gain an insight into the environmental situations in a particular
part of the past history of Lake Balaton.
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PEDIASTRUM KAWRAISKYI SCHMIDLE MARADVANYOK
BALATONI ULEDEKEKBEN
Paleolimnoldgiai tanulmény

Osszefoglals

Sebestyén Olga

Egy palynolégiai szempontb6l reprezentativ balatoni furat 9 mintéjabél elékeriil-
tek a tavat ma benépesité Pediastrum fajok szubfosszilis maradvédnyai. Azon két P. faj
maradvédnyainak jelenlétét, melyek balatoni vonatkozdsban planktoxen elemeknek tekint-
heték (P. biradiatum, P. tetras), s melyek minden valészin(iséggel a berekvizeket levezets
csatorndk utjdn és a Zaldval jutnak tavi teriiletre, a mintdk mennyiségi elemzése sordn
nem lehetett megdllapitani.

A 410 cm hosszi B 28 furat egy szakaszénak (290—123 em -+ 8000— -+ 1000 i.e.)
6t mintdjabol el6keriiltek . k. ScH. maradvényok, az id6k folyamén csékkené mennyi-
ségben (relativ quantitativ adatok). Hasonlé maradvédnyokat mds balatoni furatokbdl is
feljegyeztiink, részben mélyebb (kordbbi) rétegekbél.

Az irodalomban héromféle adatot taldlunk e faj el6forduldsdra: récens adatok
(209. o.), récens és szubfosszilis adatok egyardnt (Lake Kotokel, KORDE) csupdn fosszilis
adatok (Balaton, 213). Valamennyi adat e faj életkorének aktiv szakaszdra vonatkozik.

A balatoni szubfosszilis adatokbél arra kévetkeztethetiink, hogy e faj ekolégiai
valencidja sziikebb, mint a vele egyiitt szubfosszilisan el6fordulé s tavunkban mais é16
fajokéi. Ugy latszik, hogy tavunk torténetében csak egy bizonyos szakaszon voltak olyan
kornyezeti koriilmények, melyek kielégithették e faj ekolégiai igényét. Kz azt is jelenti,
hogy tavunk torténetében egy sajitos fejezetet képvisel az az idészak. amikor a P. k.
tagja volt biotdjanak (késé Pleisztocén +- elsé része a Holocénnek). Irodalmi adatok alap-
jdn ugy latszik, hogy a sztenotopikus P. k. északi forma, mely életének egy révid (?)
szakaszéan valdszintileg magasabb hémérsékletet igényel.

Két balatoni furat pollenanalitikai szempontbél megfelels rétegébél szérmazd
mintdjénak cladocerdkra és Pediastrumokra valé elemzése alapjan arra a kivetkeztetésre
lehet jutni, hogy tavunknak a Tihanyi-félszigett6l délre fekvé részében alimnolégiai kériil-
mények a késS Pleistocénban nem voltak egységesek: a Bogldr—Révfiilop és B. fenyves—
Szigliget profiloknak megfelel$ vizteriiletek egymadstol el lehettek kiiloniilve (vo. Loczy,
1913, 515 o., 274. dbra).

E tanulmény sordn sem a szamba vett mikrofosszilidk értelmezésébdl, sem a
vonatkoz6 irodalombél nem tudtunk tobb kévetkeztetést levonni abbdl a célbél, hogy
tétorténeti szempontbdl értelmezziik egy palynolégiailag reprezentativ balatoni furat
egy szakaszdnak néhény mintdjabdl feltart P. k. maradvanyokat.

T6bb iiledékminta elemzése volna sziikséges a B 28 furatbdl, mds balatoni furatok-
bél és a berkek tiledékébdl is. Sziikséges volna az iiledékek vegyi viszonyainak mérlege-
lése a maradvényok el6forduldsdval kapesolatban, tobb ismeret a P. k. ekolbgidjara
vonatkozéan (irodalom, tenyésztési kisérletek eredményei), hogy megkozelitsiik a célt,
felidézni a Balaton multja egy szakaszdban uralkodé kornyezeti koriilményeket.

OCTATKHW PEDIASTRUM KAWRAISKYI B OCAQKAX BAJIATOHA. OUEPK I1O
HNCTOPHUHU O3EPA

Ouavea Iledewrmer

BeprukasibHbii aHanus ocaaKoB bBanatona necnoab30Baiu Kak METO/l H3YYeHHsT HCTOPUH
03epa, UMest B BU/Y, YTO KOJIMYECTBEHHbIE M KA4YeCTBEHHbIE U3MEHEHUs1 OMOC(ephl MOJyYaT
OTpa)keHHe B COCTaBe YXUBOTHOr0 Mupa osepa. C atoii 1enbio ananusuposamn ocratkn Clado-
cera u Pediastrum B marepuase, nojydeHHoM u3 9 mypdos aHa. Teoperuueckoe 000CHOBA-
HHMe MeToza jaercst B paborax (Zoryomr, 1952 u 1053).

15 Tihanyi Evkonyv
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Bo cBeX NpoaHanM3MpoBaHHbIX 06pasyax, KpOMe OAHOro, 06HAPYXUBAKOTCA OCTAaTKU Tex
Xe BUAoB Pediastrum, KoTopble 06UTAIOT B 03epe M HbiHE, pasHWLA OTMEYaeTcs TO/bKO B
4acToTe MX BCTpeyaemocTu. B ogHom u3 cnoes HaiigeHbl octatku P. kawraiskyi — soga,
KOTOpbI/ B HAcTOsLEe BpeMs B 03epe OTCYTCTBYeT.

OKONMOrMI0 3TOF0 BMAA MOXHO MOHATH HAa OCHOBE [aHHbLIX O COBPEMEHHOM pacnpocTpa-
vennu. P. kawraiskyi n gpyrux sugoe popa Pediastrum, a takxe pfaHHbIX N0 M3y4eHUIO
0CTAaTKOB COBPEMEHHbIX M MCKONaeMblX Ty60K B 03epe KokoTenb B paiioHe bailikana.

CosgaeTcs BnedyatieHue, 4To 3TOT BUA 06nafaeT 60/ee Y3KUMU 3KONOTUYECKAMU MOTEH-
UMAMK, B OTHOWEHUM TEMIOyCTOMYMBOCTM, YeM OCTanbHble npegctasutenu poga Pediastrum
(Ta6bn. 11). P. kawraiskyl nepeHocuT TONbKO KpPaTKOBPEMEHHOE HarpesaHue BOAbI.
OTCIOAa MOXHO MOHATbL 0CO6EHHOCTY PAacnpOCTPaHeHM: 3TOMO BUAA B NPOLUJIOM U €r0 OTCYTCTBUE
B COBPEMEHHOM O03epe. V3MeHeHMEe KAWMATWYECKUX YCNOBUI NOBNEKNO 3a CO6OA yanuHeHue
nepnoga NeTHOro HarpesaHus BOAbl, YTO MPMBENO K MCYE3HOBEHWIO 3TOro BuAa u3 BanatoHa.
O[JHaKO B HEKOTOPbIX 03epax paiioHa Balikana u MOHbIHE UMEKTCA YCN0BUA, Nogxoaauue ns
ero CywWecTBOBaHWA, MU Tam 3TOT BUA BCTPe4aeTcs Kak B WCKOMAeMOMN, Tak W B COBPEMEHHOI
thopme.

Ha ocHoBaHMM faHHbIX, oTHOcAWwMxcs K Pediastrum, moxHo 3aknouuTh, 4To ycnosus
B 03epe BanaToH 3a HECKO/ILKO ThICAY /IeT He NPeTepneBany Pe3KUx U3MEeHEeHMIi, U NCYe3HOBEHME
P. kawraiskyi moxHo noHumaTh, Kak pe3ynbTaT eCTECTBEHHOr0 Pa3BUTUS 03epa.

Jkonorudeckum uccnegosaHuem octatkos P. kawraiskyi u pgpyrux opraHusmos
6uocdepbl Mbl MOXeM 60Nee peanbHO PEKOHCTPYWPOBATL MPOLECChl, MPOUCXOAMUBILME B MPOLI-
JIOM, W NOHSATL SBNEHUA, NPOTEKAKLLME B HACTOSL EE BPEMS.

Momumo octatkos Pediastrum, s atom nnaHe npuBNeKawT BHUMAHUE W WUCKOMAeMble
octatku Cladocera. Cosgaetcst BneuyatneHue, uTo akonorus o6utaowero 8 une suga Leydigia
acanthocercoides moxeT 6biTb 06bACHEHA TaKUM >Xe NyTeMm, Kak npuypoueHHocTs P. kaw-
raiskyi K onpegeneHHbiM nepuofam ucTopuuM 03epa.
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