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Abstract. Data on the distribution of the green algae Pediastrum species in the Holocene
were obtained from the sediments of Lake Maardu, North Estonia. The aim is to show
the succession of taxa carrying different ecological information and discuss whether the
trends in Pediastrum curves could be correlated with changes in the environment as
inferred from other stratigraphic data. The ecological sensitivity of different Pediastrum
taxa helps follow the changes in the lake water alkalinity, conductivity, pH, etc. and
reconstruct the trophic level of the lake.
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INTRODUCTION

The present paper was to a great extent inspired by personal contacts
with Dr. Gertrud Cronberg, University of Lund, and by an excellent paper
by Nielsen and Serensen (1992).

While carrying out pollen analysis the author tried to register different
Pediastrum species hoping to gain some ecological information. Although
studies on green algae from water are carried out at different institutes,
Pediastrum studies from lake sediments were unknown in Estonia up to
the present. Thanks to the above-mentioned persons and to a great deal
following their works the author is making an attempt to discuss this
interesting problem.

Thanks to the content of sporopollenin in the cell walls, the coenobia
of the green algae Pediastrum are usually well preserved in the sediments
and able to withstand the general treatment used for pollen preparation.
So when making pollen analyses of lake sediments, algal remains are
often recorded together with pollen. Usually the pollen diagrams published
in Estonia contain Pediastrum species counted as a group, and the per-
centage distribution of total Pediastrum is presented and used as an indi-
cator of changes in hydrology and trophic conditions. However, in sedi-
gnen]ts Pediastrum is well preserved and can easily be identified to species
evel. '
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The purpose of the present study is to
1. encourage pollen analysts and limnologists to register and identify
Pediastrum to species level in sediment samples,
2. show the succession of taxa with different ecological information,
otherwise unnoticeable while total Pediastrum is counted, and
3. elucidate whether the trends in Pediastrum curves could be correlated
with changes in the environment as inferred from other stratigraphic data.

METHODS

The Pediastrum study is based on a sediment core taken with a Bela-
rus sampler in 1991. Sediment columns of 1 m were wrapped in plastic
film and transported to the laboratory for closer examination and sampl-
ing. Each centimetre was collected separately.

The samples were treated by the acetolysis method described by Erdt-
man (1936). Minerogenic samples were kept in hydrofluoric acid for some
days. The material was stained with basic fuchsin and embedded in gly-
cerin. Pediastrum analysis was carried out parallel with the pollen analy-
sis from the same slides. A magnification of X250 was used for routine
counting. All critical determinations were made by using X 1000 magni-
fication supported by phase contrast equipment. At least 1000 Arboreal
Pollen (AP) grains were counted in each sample. Because of the abund-
ance of Pediastrum coenobia in the sediments of Lake Maardu the total
number of algae counted was greater. Generally 400 specimens per sample
is considered reasonably sufficient (Battarbee, 1986). Five taxa were
recorded. Only coenobia estimated to contain at least half of the number
of cells were counted.

The curves of Pediastrum are expressed as relative frequencies of the
total number of Pediastrum. In Veski (1992) the same Pediastrum values
were counted against pollen sum. The basic picture is similar in both
cases. A curve for total Pediastrum percentage values frequently used in
pollen diagrams is also included illustrating the real value of the species
level counting of Pediastrum.

Information on the ecology of Pediastrum taxa was obtained mainly
from Nielsen & Sgrensen (1992), Cronberg (1982, 1986), Parra Barrien-
tos (1979), and Huber-Pestalozzi (1983).

MATERIAL AND DATING

Lake Maardu is situated 15 km east of Tallinn on top of an ancient
buried valley in the limestone bedrock. In the north the lake is dammed
by an Ancylus beach ridge. The threshold of the lake is estimated to be
32 m a.s.l, which is indicative of its isolation during the Yoldia Sea
regression. According to the pollen diagram interpretation and *C dates
the isolation occurred in the second half of Pre-Boreal. From the data
available it may be concluded that during the minimum Yoldia Sea level
the lake was very shallow or even dry. During the Ancylus transgression
the water level rose considerably (up to 35 m a.s.l.) in the Maardu area
and should have flooded the lake basin according to the threshold altitude.
It is likely that the waters of the Ancylus Lake never reached the Lake
Maardu basin directly as the beach ridge grew due to the reworking pro-
cesses of the glaciofluvial heart of the ridge, which closes the klint bay,
and the heavy sidewards erosion of the klint peninsulas. The formation
of the beach ridge and the high ground water level in connection with
the Ancylus transgression were fayourable for the filling up of Lake
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Maardu. Since then the lake existed as an isolated water body with no
in- or outlets until 1893, when in order to improve the land productw;ty
of the low areas around the lake a canal was dug towards the sea with
a water gate system to regulate the lake water level. In 1894 water broke
through the gates and the lake water ran into the sea leaving a muddy
plain, which gradually overgrew with vegetation. The lake was dammed
again in 1939 and today the surface area of the lake is 165 ha, mean
depth 0.9 m, max depth 3.0 m, and the drainage area 14 km?
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Fig. 1. Location of the study area and scheme of the Quaternary deposits in the vicinity
of Lake Maardu, North Estonia,
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The vegetational history of the region (Veski, 1992) is recorded since
9500 BP and covers almost the whole sequence of the Holocene. The *C
dating of the material proved that the hard water effect (a major problem
in North-Estonian lake sediments due to the limestone bedrock) is lacking
or is of minor importance probably because of the relatively thick Quater-
nary deposits in the ancient buried valley and the fact that there were no
stream inlets to the lake to transport allochthonous carbonates from the
catchment area.

The samples were analysed from a core taken from the central part
of Lake Maardu (Fig. 1), where the water depth was 0.90 m.

Depth below Description

sediments surface,

m

0.00—0.15 Gyttja, calcareous, silty, greenish black, unconsoli-
dated, with HyS odour, lower 5 cm with plant
remains.

0.15—0.35 aodklayer—gyttja penetrated by plant roots, brown,
ark.

0.35—1.00 Gyttja, brown, upper part rich in plant roots, upper
boundary diffuse.

1.00—5.23 Gyttja, olive brown. 4.90—5.23 m darker, more con-
solidated.

5.23—5.32 Gyttja, silty, greenish brown.

5.32—5.35 Sand, with some diffuse organic material, brown.

5.35—5.70 Sand, grey.

RESULTS

The results of palynology have been published earlier (Veski, 1992),
therefore only some necessary comments on the vegetation history in the
region are included.

Pediastrum zones

Zone A (535—521 cm). The zone is characterized by the dominance
of Pediastrum boryanum (90%), and the most abundant occurrence of
P. angulosum at the bottommost part of the stratigraphy (Fig. 2.). P. dup-
lex is registered in rather equal numbers throughout the diagram, with
exceptions for some peaks. Minimal numbers of Pediastrum kawraiskyi
are recorded in the zone, though they rise rapidly.

Zone B (521—470 cm). First maximum of Pediastrum kawraiskyi and
P. duplex. Relatively low P. boryanum and P. angulosum graphs.

Zone C (470—419 cm). Rapid appearance of Pediastrum simplex and
a gentle rise in the graph of P. angulosum are observed. P. boryanum and
P. kawraiskyi remain at the same level.

Zone D (419—341 cm). High and still rising share of Pediastrum
boryanum is observed, at the same time that of P. kawraiskyi is decreas-
ing. The graphs of P. duplex and P. simplex are quite even. A slight rise
of the P. angulosum graph occurs.

Zone E (341—260 cm). Second maximum of Pediastrum boryanum,
low share of P. kawraiskyi. The graph of P. simplex is decreasing towards
the upper zone border, that of P. angulosum keeps to high values, but
decreases also at the upper zone limit.
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Zone F (260—160 cm). Pediastrum simplex and P. angulosum disap-
pear. The graphs of P. boryanum and P. kawraiskyi have an opposite con-
figuration, the former rises and the latter declines.

Zone G (160—71 cm). The zone is characterized by a peak of Pediast-
rum boryanum graph and a relatively low P. kawraiskyi graph. A slightly
higher share of P. duplex is observed.

. Zone H (71—0 cm). Rising graph of Pediastrum kawraiskyi, the share
of P. boryanum is still falling, only in the topmost samples it rises a little.
The graph of P. duplex decreases gradually.

DISCUSSICON

A summary of the ecological information for different Pediastrum
species is given based on the above-mentioned publications.

Pediastrum boryanum (Fig. 3): The most widely distributed of all Pediast-
rum taxa today. Relatively indifferent to the trophic conditions in a
lake, although quantitatively more common in eutrophic waters.

Pediastrum kawraiskyi: Quite a rare species today. More common in the
countries bordering on the Baltic Sea. Prefers oligotrophic waters with
high conductivity in the temperate and polar areas. P. kawraiskyi has
a correlation with high alkalinity rather than high productivity. More
tolerant of low temperatures than most other taxa.

Pediastrum duplex: Prefers relatively warm and eutrophic conditions.

Pediastrum simblex: In neutral and slightly alkaline waters. More often
in eutrophic conditions.

Pediastrum angulosum: A good indicator of oligotrophic conditions with
low productivity and neutral to slightly acid waters. Termophilous.

b/

Fig. 3. The different species of Pediastrum observed in Lake Maardit: I — P. boryanum,
2 — P. kawraiskyi, 3 — P. duplex, 4 — P. simplex, 5 — P. angulosum.
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Zone A corresponds to the local pollen assemblage zone (PAZ) Be-
tula—Pinus—Hippophaé and belongs to the second half of Pre-Boreal.
At that time the lake separated from the Baltic basin during the Yoldia
Sea regression. Rather indifferent Pediastrum boryanum was the domi-
nant species, a peak of P. angulosum at the bottom part of the sediment
sequence could indicate an isolation from a larger basin. The zero values
of P. kawraiskyi at the lowermost samples do not support the relict origin
of the species. The high P. boryanum share could also indicate a rede-
position from older sediments below gyttja.

Zone B corresponds to the local PAZ Betula—Alnus—Ulmus. The
graph of Pediastrum kawraiskyi starts very abruptly with a marked peak,
that of P. boryanum has fallen to its minimum. These reverse changes in
the percentage values are also indicative of a hiatus in the sedimentation in
early Boreal discussed in Veski (1992). P. kawraiskyi prefers oligotrophic
waters with high conductivity and shows a correlation with higher alka-
linity rather than high productivity (Crisman, 1978). In Lake Maardu
sediments the graph of P. kawraiskyi follows the graph of organic mat-
ter—CaCOs—terrigenous matter surprisingly well. In spite of the fact
that Lake Maardu is situated in a region with limestone bedrock and
therefore should have hard water, an opposite situation is observed. Be-
cause of the lack of stream or river inlets to the lake and the sand infill-
ing of the ancient buried valley on top of which the lake basin is situated
the lake water is rather soft (low conductivity). Alkalinity of the lake
water is controlled by the surface inflow of HCO— ions (limestone bed-
rock). In this way alkalinity and conductivity in the water of Lake Maardu
are closely related to each other and to the input of terrigenous material
into the lake. The curve of P. kawraiskyi copies the pattern of the curve
of terrigenous material and CaCOj, thus supporting the ecological infor-
mation of this species mentioned before. In zone B the share of P. kaw-
raiskyi is high evidently due to the instability of soil (Sandgren, 1993)
and the relatively open Boreal forest in the surroundings of Lake Maardu,
conducive to the input of terrigenous material into the lake.

Zone C corresponds partly to the local PAZ Betula—Alnus—Corylus.
The situation is rather similar to the previous zone except for the rapid
intrusion of Pediastrum simplex. Parra Barrientos (1979) describes the
species as cosmopolitan which favours neutral and slightly alkaline con-
ditions. As alkalinity is constantly decreasing upwards in the sediment
column, P. simplex is followed by a higher share of P. angulosum, a good
indicator of oligotrophic conditions in zones D and E. These zones illus-
trate the relatively oligotrophic phase of Lake Maardu in Late Boreal and
Early Atlantic time, when vegetation around the lake had stabilized the
soils to the maximum and the surface flow of terrigenous material decreas-
ed to its absolute minimum. Indifferent Pediastrum boryanum dominated
over P. kawraiskyi, which suffered from low alkalinity as well as higher
temperatures during the Holocene climatic optimum.

Zone F corresponds partly to the local PAZ Tilia—Ulmus—Fraxinus—
Alnus and partly to Picea—Quercus, the transition between Atlantic and
Sub-Boreal. Deterioration of climate, changes in vegetation, low water
levels in Estonian lakes at the beginning of Sub-Boreal (Saarse & Harri-
son, 1992) and/or a possible change in the trophic conditions of the lake
influenced the distribution pattern of green algae Pediastrum markedly.
P. simplex and P. angulosum more or less disappear. Pediastrum kaw-
raiskyi recovers after minimal values and its graph rises.

Zone G corresponds to the transition zone between Sub-Boreal and
Sub-Atlantic. According to Saarse (1987) the lake water level in small
Estonian lakes was low and Sandgren (1993) shows stable soil conditions
around the lake. In addition a climatic deterioration and reforestation of
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the lake shore are described in Veski (1992). Pediastrum kawraiskyi shows
minimum values. Shortly after that the graph of P. kawraiskyi starts to
rise to its absolute maximum of 709 in zone H, which is characterized
by an increasing terrigenous material input and human impact in the
vicinity of Lake Maardu.

CONCLUSIONS

1. Pediastrum analysis on species level enables to show the trends of
Pediastrum species with different ecological information, thus helping
reconstruct the trophic level of the lake, its alkalinity, conductivity, pH,
water depth, and other parameters.

2. The ecological information on Pediastrum species is not sufficient
to rely on independently, but it works well in cooperation with other
methods like pollen, diatom, and other phytoplankton analysis, i.e. chry-
sophyte cysts, chemical analyses, etc.

3. The pattern of Pediastrum simplex curve in the sediments of Lake
Maardu supports the low alkalinity needs of the species, while its co-
existence with P. angulosum in the sediments speaks of oligotrophic
preference.
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ROHEVETIKAS PEDIASTRUM1 LIIKIDE STRATIGRAAFIA
MAARDU JARVE SETETES

Siim VESKI

Uudsena Eestis on Maardu jéirve setetes paralleelselt dietolmu analiiii-
siga mdadratud rohevetikate hulka kuuluva perekonna Pediastrum liike.
Erinevalt tavalisest Pediastrum’i summaarsest loendamisest voimaldab
Pediastrum’i liigiline médramine vihese toomahuga saada lisateavet vee
siigavuse, leeliselisuse, elektrijuhtivuse, pH ning jérvede troofsuse kohta.
Meetod on lisaabinou paleolimnoloogilistel rekonstruktsioonidel ning jér-
vede niiiidisaegsel monitooringul.

CTPATUTPA®HUS BOJAOPOCJIEM PEDIASTRUM B TOJIOLLEHE
HA MMPUMEPE OTJIODKEHU¥M O3EPA MAAP/Y,
CEBEPHAS 3CTGHHUS

Cuitv' BECKH

Ha ocHoBe ananmnsa 3enensix Bojgopocieit popa Pediastrum o3. Maappay,
MPOBEJEHHOr0 COBMECTHO CO CIOPOBO-TIBIJIBLIEBEIM aHAJH30M €ro OTJoXKe-
HH#, BNepBHIe MNOJIyYeHbl JaHHBIE O pacHpocTpaHeHHH BHAOB Pediastrum
B rosioneHe Octonuu. Pon Pediastrum o6GbIYHO PETHCTPUPYETCS CyMMAapHO,
HO oTAesbHBle BHAB Pediastrum, conepzKaliie pa3HYI0 3KOJOTHYECKYIO
HH(OPMALHKIO, NOMOralOT HEeTPYyAOeMKHM CHoco00M MOJIYyYHTh CBEIEHHS O
riayOuHe, L1eJOYHOCTH, 3JeKTponpoBogHoctH, pH Boasl, a Takke o cremeHu
TPOGHOCTH 03ep. AHa/IH3 JaeT NONOJHHTEJbHEE BO3MOMXKHOCTH JISi DEKOH-
CTPYKLHH MaJle0Cpesl. -
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