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The whole territory of Bohemia and Moravia with only two exceptions was located in the periglacial region during the
Quaternary glacial periods. These exceptions were the northernmost part of Bohemia and the mouth of the Moravian
Gate through which the continental glacier in the past penetrated this country and left traces in the form of moraines and
in Moravia also sediments in the oldest Czech lake, Stonava. On the basis of pollen analysis, the organic sediments re-
covered there were dated to the Holsteinian Interglacial (Mindel/Riss). Natural lakes are rare in the Czech Republic
(Černé, Čertovo, Prášilské, Plešné, Laka, Stonava, Komořany, Chrást, Stará Boleslav, Polabské černavy, Soos, Měňany,
Švarcenberk, and Velanská cesta), since most of its territory has never been glaciated. As indicated by new palynological
research, this statement does not fully apply to southern Moravia, where a number of lakes existed in the past, e.g.
the former lakes Vracov, Čejčské, Kobylské, Vacenovice and Vlkoš. The deposition of lake sediments occurred mainly
in the Holocene. According to the present research on the Čejčské Lake, the vegetation assemblages consist of species
with various ecological requirements. Due to favorable circumstances, this site has been put forward for protection and
designated a Natural Monument. • Key words: palynology, palaeoalgology, biostratigraphy, lakes, palaeoclimatology,
palaeoenvironment, Quaternary, Late Glacial, Holocene, S. Moravia, Czech Republic.
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During geological mapping of the Quaternary, carried out
by the Czech Geological Survey in Prague, boreholes
were drilled in the territory of Hodonín (on the map sheet,
Čejkovice) in southern Moravia (Čtyroký et al. 1990).
Some of them penetrated through the sediments of the for-
mer Čejské Lake fill, which represents a striking, predo-
minantly tectonically limited depression (Havlíček & Ze-
man 1979). The most complete profile through the
youngest Quaternary sediments was obtained from bore-
hole ČEJ 27 (the height of the terrain surface being about
175 m above sea level), in the center of the former lake.
Sediments from this profile were used for the geological,
palynological and palaeoalgological research, as well as
for radiocarbon dating. The interpretation of palynologi-
cal results presented here is based on experience from pre-
vious research carried out on other former and present la-
kes. The results have also served as source material for
designation of the natural monument in the studied loca-
lity.

The Čejčské and Kobylské lakes are situated on the SE
edge of the Ždánický les Hills, on the NW edge of the
Dolnomoravský Valley between the villages of Kobylí,
Brumovice and Čejč (Fig. 1). In subsequent years, other

organic sediments, which are of interest from the botanical,
ecological and geological point of view, were mapped and
sampled from several other new localities in this area. They
originated from wetland depressions in the forested area
of wind-blown sands of the so-called Moravian Sahara
(Doubrava). In these depressions, filled by sands blown
from dunes, either organic sediments or impermeable Neo-
gene clayey sands, silt and white, fine-grained sands were
found (Břízová & Havlíček 1999; Břízová et al. 2000,
2001a, b). It was therefore proved that the lakes originated
in these depressions.
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The territory in question lies in the Čejčsko-Zaječská zone
(Fig. 1), which is an anticline strip in the internal part of the
Ždánice unit of the Carpathian Flysch Belt in southern Mo-
ravia, situated between Nové Mlýny on the SW and Karlín
on the NE. On the SE edge it is partly covered by Neogene
sediments of the Vienna Basin, which penetrated as far
as the transversal depression at Velké Pavlovice and
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Brumovice (Havlíček & Zeman 1979). The Quaternary se-
diment research provided evidence that this area is rich in
relatively strong solifluction and denudation effects so that
in the surroundings of both depressions remains of the
youngest loess only were preserved; regarding fluvial sedi-
ments, only the remains of the main terrace of Trkmanka
and the gravel residue of a watercourse running in a NW
to SE direction to Mutěnice have been traced. They were
stratigraphically classified to the end of the Pliocene and
the beginning of the Pleistocene. The axes of both valleys
intersect perpendicularly.

The area of the Čejčské and Kobylské lakes was at the
centre of interest for many scientists, even in the 19th cen-
tury; their analysis is reported in the paper by Havlíček
& Zeman (1979). Results of the latest research dealing
with the Pre-Quaternary development of the Čejčsko-Za-
ječská zone, are described by Pícha et al. (1968).

The Quaternary sediments are represented by fluvial
sediments of Trkmanka and the Čejčsko-Mutěnický water-
course, being deluvial and aeolic sediments. Ložek (1973)
stated that in none of these depressions true limnic sedi-
ments have ever been found. This fact was also confirmed
during the present study of borehole ČEJ 27. Pelíšek
(1951) used the two lakes as an example of saline lakes and
ponds which in the past dried out and their bottom used for
agricultural purposes. This notion is fully corroborated by
the present results of pollen analysis, which included corn
and maize (Zea mays) pollen. Water of the Čejčské Lake
had the highest content of salt. Therefore halophytes were
preserved on the small surrounding areas (nature reserve)
and in the territory of the former lake (Vicherek 1973,
Grulich 1987); indeed, the subsequent pollen analysis
proved the presence of halophyte pollen types belonging
mainly to the families Chenopodiaceae, Asteraceae,
Poaceae and Apiaceae.
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The Čejčské Lake is a vast, striking depression with an area
of several square kilometres (Figs 1, 2), along the perimeter
it is limited by young fault slopes with the highest point
being about 30 m. The entire small basin is filled with
Pannonian silt, clays and fine-grained Neogene sands.
The Vienna basin is represented here by marine Pannonian
fine-grained sands, silts and for the most part thinly strati-
fied clays to claystones. On the NE and SE slope, the Kyjov
lignite seam is outcropping, its age being more than 10 mil-
lion years (Pannonian, zone B, see Fig. 2).

After a long gap in sedimentation lasting several mil-
lion years, terrestrial sediments of Quaternary age were de-
posited, in particular during the last 2 million years. With
respect to younger sediments, only Upper Holocene lacus-
trine clays and sands, and deluvio-fluvial sediments form-
ing small outwash cones, are preserved. On the NW side
near the lake, a layer of sandy loess developed but not
reaching the bottom of the depression. The malacofauna
recovered from the lacustrine sediments indicates the sub-
recent age of the gradually overgrown water reservoir
(Kovanda, pers. com.). In the Quaternary the whole area
was affected by frost, predominantly solifluction and denu-
dation processes. Therefore in the close vicinity of the
Čejčské Lake only pebbles from the Čejčsko-Mutěnický
watercourse, blown by westerly winds can be found pre-
served in the top soil as well as much younger sandy loess.
The start of deposition of the youngest Quaternary sedi-
ments in the Čejčské Lake during the Late Glacial and Ho-
locene (the last 15,000 years), is corroborated by means of
pollen analysis and radiocarbon dating of plant remains.
The sedimentary fill began with green-grey and rusty spot-
ted drifted clays with white carbonate precipitation on their
surface. This represents runoff from the surrounding
weathered Quaternary and Tertiary sediments, as was
proved by the pollen analysis presented. After an interrup-
tion in sedimentation, humic clays and clayey loams were
deposited, containing various salts leached from the under-
lying Pannonian sediments. The site was in reality a gradu-
ally overgrown water reservoir, as is corroborated by the
malacofauna water species recovered, particularly from the
upper part of the sediments of Čejčské Lake (Kovanda,
pers. comm.). The study of crustaceans (Ostracoda) also
proved the presence of saline waters in the lake. The spe-
cies diversity of the Ostracoda assemblage increased
slightly from the profile bottom upwards and culminated
at the level 1.3–1.4 m under the ground surface. Above this
level it slowly decreased; in the uppermost 20 m, only one
species, Heterocypris salina, occurred and finally also be-
came extinct (Symonová 2002).

Natural draining of the lake probably proceeded in the
direction of the present day drainage canal. The lake was
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)� Map of the area surrounding Čejčské Lake, with locations of
the lake localities in south Moravia discussed in the text.



artificially drained only after 1834 (see Fig. 3) by excava-
tion of a canal leading towards the Trkmanka catchment
area. The gradual uplift of the NW bank led to the construc-
tion of a pumping station at the beginning of the 20th cen-
tury, as drainage by gravity was not efficient. Nowadays,
the height difference between the lake bottom and the
drainage canal bottom is about 1.4 m. Taking into account
the very young lake fill and its relative thinness (1–3 m)
and the lack of Pleistocene sediments, it seems probable
that this situation arose during the Holocene (Havlíček
& Zeman 1979). At the beginning of the 20th century,
the centre of the Čejčské Lake was repeatedly flooded
and waters from the lake again had to be pumped to the
drainage canal leading to the Trkmanka valley near Terezín.

The Čejčské Lake was one of many lakes in southern
Moravia which originated after the end of the last glacial
period. As it is generally accepted, it developed within an
old settlement area that was probably first inhabited by
Palaeolithic Man (Aurignacian). In the Neolithic, the set-
tlement was poorly inhabited and the population did not
increase again until the Bronze and Iron Ages. This land-
scape was populated by the Germans and the Slavs. De-
forestation of hills had taken place since the earliest his-
toric times and perhaps even in the prehistoric times. Today
forests are spread only on ridges of the Ždánický les Hills
and to a small extent, west of Klobouky and Kobylí. The
remaining territory is used as fields, orchards and vine-
yards. Quick siltation of the former system of the Čejčské
and Kobylské lakes and ponds by sludge took place
mainly between the 15th to 18th centuries and for this rea-
son the waters in this area dried up during the 18th and 19th

centuries. The pace of siltation was also connected with
lithology, because the underlying rocks represent slightly
compacted sandy silts. Thus wetlands and marshlands sec-
ondarily developed in former dry places (Havlíček &
Zeman 1979).
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From the borehole ČEJ 27, situated in the lake centre (Čtyr-
oký et al. 1990), about 2 m of sediments of assumed Quater-
nary age were sampled for pollen analysis. Although the
sediment was not very promising for palynological evalua-
tion carried out in the following years, it became apparent
that this study would be important both for the verification
of mapping results and for the needs of environmental re-
search and monitoring of the Quaternary climatic changes.
From these two-meters, consisting of organic and inorga-
nic sediments, 40 samples were obtained (sampling was
selected to be as detailed as possible in order to characte-
rize individual beds). The samples were treated using the
current technique used for separation of sporomorphs:

1) maceration in HF for about 24 hours; 2) Erdtman aceto-
lysis (Erdtman 1943, 1954); 3) the obtained solution of
sporomorphs were preserved in a mixture of glycerol-
ethanol and distilled water at a suitable ratio. Simultane-
ously with sampling for pollen analysis, one sample was
taken for radiocarbon dating of organic sediments (CEJ
27-1/2–2.2 m) carried out at a laboratory in Hannover
(14C und 3H-Laboratorium, Niedersächsisches Landesamt
für Bodenforschung, Hannover; Hv-18 924).

Counting of the pollen grains, spores and other micro-
scopic remains was carried out under a cover glass
of 22 mm by 22 mm in size. The raw data are given in the
attached Table 1 (see online version of the paper on
www.geology.cz/bulletin/contents) and percentages are in
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*� Former shore of Čejčské Lake: outcrop of Pannonian clays,
silts and sands. On the left, an outcrop of the Kyjov lignite seam (Pannon,
zone B). Photo by E. Břízová.
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+� Historical map (1836–1852) proving the existence of the
Čejčské Lake. © 2nd Military Survey, Section No. O_12_III, Austrian
State Archive/Military Archive, Vienna, © Laboratoř geoinformatiky
Univerzita J.E. Purkyně – http://www.geolab.cz, © Ministerstvo život-
ního prostředí ČR – http://www.env.cz.
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the pollen diagram (Fig. 4). The diagram was plotted by
means of the program POLPAL (Walanus & Nalepka
1999). The number of pollen grains of woody species (AP)
varies from 350 to 500 (some samples contained a very
small amount of pollen and it was necessary to use up to 7
microscopic preparations). The basic sum (100%) being a
total of AP plus terrestrial herbaceous plant pollen (NAP).
Spores and other remains (also animal) are calculated in the
relation to the basic sum.

The stratigraphic position was derived from the Firbas
classification of vegetation development in Central Europe
(Firbas 1949, 1952), used for evaluation of palynological
spectra in our territory and modified on the basis of paly-
nological experience of the author (Břízová in Dreslerová
et al. 2004) and Mangerud et al. (1974). The local pollen
assemblage zones (L PAZ) were identified and their strati-
graphic position, necessary for the needs of geological
mapping and territory development, was determined. The
determination of palynonomorphs was carried out with the
aid of a reference collection and according to pollen keys.
The algal flora was evaluated according to the research by
Jankovská and Komárek (Jankovská & Komárek 2000,
Komárek & Jankovská 2001) and other illustrations pub-
lished in the work of various authors.
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Almost the whole part of the territory of Bohemia and Mo-
ravia was laid down during the Quaternary Glacial period
in the periglacial area. The exception is the mouth of the
Moravská Gate, through which the continental glacier pe-
netrated in the past leaving traces in the form of moraines
and sediments in the former Stonava Lake (Břízová 1994;
Kneblová 1958a, b; Kneblová-Vodičková 1961; Macoun
et al. 1965). On the basis of pollen analysis the age of the
recovered organic sediments was determined to be Holstei-
nian interglacial (Mindel/Riss).

Only the highest mountains were covered by mountain
glaciers, but not all the lakes in these mountains persisted
until the present time. Therefore, a part of glacier cirques
in the Šumava and Krkonoše Mts are smaller mountain lakes
(some of them are almost silted up – e.g. Laka in the Šumava
Mts, others are still lakes e.g. the Černé Lake (Břízová
1991a, b, 1993, 1995, 1996; Jankovská 2000), the Čertovo
Lake (Břízová 1996), the Prášilské Lake (Břízová 1999,
2000; Břízová in Hruška et al. 1999, Hruška et al. 2000), the
Plešné Lake (Jankovská 2006), and in Bavaria, the Great and
Small Javorské lakes, the Rachel Lake and the mountain
lakes in the Krkonoše Mts, e.g. the Wiełki Staw Lake –
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.� Pollen diagram from the locality of Čejčské Lake (ČEJ 27).
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situated on the Polish side (Břízová 1999, Břízová in Hruška
et al. 1999, Hruška & Břízová 2007). Silted lakes have re-
cently been found in the Šumava Mts (the Stará jímka Lake;
Břízová 2008; Břízová et al. 2006, 2007a, b) and in the
Krkonoše Mts in the Labský Valley (Jankovská 2007).

Undoubtedly, the largest natural lake in our territory
was the Komořany Lake in the Most Basin in NW Bohemia
(Jankovská 1983, 1988, 2000). It originated due to tectonic
movements in synergy with sedimentation of wind-blown
sands, which dammed up a watercourse of the Bílina River.
It was a water reservoir of about 1,200 ha in its original
area. Even as late as the end of the last century, its remains
represented a dominant part of landscape in the Pod-
krušnohoří area and probably considerably affected the cli-
mate of the Most Basin and the adjacent Krušné hory Mts.

In the majority of Bohemia and Moravia, which was
never covered by ice, original lakes are rare, if we do not
take into consideration small reservoirs in river floodplains
with usually short term persistence – oxbow lakes or small
lakes created, for example, by beaver activities. If the sedi-
ments of oxbow lakes are considered as an example of for-
mer small lakes, the first to be analyzed in our territory
were those of the Labe River (Chrást, Stará Boleslav –
Břízová 1995, 1996, 1997, 1999a, b).

In the Třeboň Basin, in addition to the Švarcenberk Lake
(Jankovská 1980, 1983, 2000), one small extinct lake was
recovered on the border with Austria – Velanská cesta Lake
(Jankovská 1983). Not much is known about its origin. The
same applies to another former lake in the area of the present
Soos reservation near Františkovy Lázně, where only dia-
tom analysis was carried out (Řeháková 1988).

Other lakes, in most cases also smaller sized, originated
either in the karst regions by accumulation of water in front
of travertine cascades, e.g. the former Měňany Lake in the
Bohemian Karst (Dohnal et al. 1965; Kovanda 1956, 1971),
or by impact of airborne sands in the Late Glacial which
dammed up a water course or the mouth of a spring, e.g.
Polabské černavy Mollisols – Hrabanovská černava Molli-
sol (Pacltová & Hubená 1994) or the former lake Vracov in
southern Moravia (Rybníček 1983, 1989; Rybníčková 1985;
Rybníčková & Rybníček 1972; Svobodová 1989, 1997).

The Čejčské and Kobylské lakes are today morphologi-
cally striking depressions, which, according to Havlíček &
Zeman (1979), originated in the youngest period of the
Middle and Upper Holocene. Their origin is connected
with rejuvenation of tectonic activity of transverse frac-
tures, parallel to a depression in the Nesvačily trench.

During the later Quaternary geological mapping in the
Hodonín area, sediments from several other localities were

found and sampled and after detailed palynological-palaeo-
algological research, two of them were determined as re-
mains of former small lakes, Vacenovice and Vlkoš (Bří-
zová & Havlíček 1999). The locality, which is recorded as
Vacenovice, is known in maps under the name of Jezero
(Lake). Both former lakes are situated in the vicinity of the
Vracov Lake. However, the sequence of their sediments
includes the Holocene with distinct gaps (with an incoherent
sequence of stratigraphically classifiable strata). Compared
with Vracov, the lake at Vacenovice might have been silted
up at the end of the Preboreal. As the whole sequence of sedi-
ments was not preserved, age cannot be determined precisely.

At the onset of the Late Glacial, sedimentation of or-
ganic material started in lakes which developed in depres-
sions among dunes and deposition continued also during
the following Holocene. An example could be the lake ex-
tending westwards from Vracov and 20 km northward of
Mikulčice, at an altitude of about 190 m. Its profile, docu-
mented by a borehole, was examined from the geological,
palynological and geochronological point of view. After
comparing the results of radiocarbon dating and the pollen
spectrum, it was found that sedimentation was not straight-
forward (Rybníčková & Rybníček 1972). At the profile
base, there are clay and sand beds, on which gyttja (algal) is
gradually deposited and towards the surface, beds of gyttja
and sedge, reed, and sedge-reed fen alternate. The lake
probably existed until the end of the Preboreal, as evi-
denced by the presence of algal gyttja. During the Boreal
and the Atlantic, the edges of the lake were overgrown thus
forming thus typical sedge-reed fen beds. In the younger
Subatlantic, marshland became dry and was used as field,
but probably often flooded. The other South Moravian
lakes, Čejčské and Kobylské, were similarly affected. To
sum up it can be stated that Neolithic agricultural activity
started at about 6,500 B.P. with slow deforestation and
corn cropping. The beginning of intensive farming was
dated around 3,000–2,500 B.P. Maximal deforestation of
the territory began between 1,500–1,000 B.P. during the
migration of nations and arrival of Slavs.
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The locality of the Čejčské Lake (ČEJ 27) is situated about
175 m above sea level, south of the South Moravian village
Čejč, north of Čejkovice (see Figs 1, 3) and 10 km NW of
Hodonín. It is situated 10 km west of the former Vaceno-
vice Lake at Vacenovice (see Fig. 1).
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0� Sporomorphs from the Čejčské Lake ČEJ 27 – AP. • A, B – Abies, sample 4, depth 0.20 m. • C, D – Quercus, sample 10, depth 0.50 m.
• E – Betula, sample 4, depth 0.20 m. • F, G – Pinus, sample 39, depth 1.95 m. • H, I – Tsuga, sample 39, depth 1.95 m. • J, K – Fagus, sample 10, depth
0.50 m. • L, M – Quercus, sample 10, depth 0.50 m. • N, O – Alnus, sample 10, depth 0.50 m. Photo E. Břízová.
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Each sediment layer was considered during sampling
of the core.
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Quaternary
0–0.7 m: medium brown-black, humous loam,
0.7–0.9 m: black strongly humous loam with peat remains,
0.9–1.2 m: grey-brown, strongly clayey loam,
1.2–1.4 m: white, clayey horizon, strongly enriched with

CaCO3 (hiatus?),
1.4–2 m: green-grey and yellow-rusty, streaky and spot-

ted clay.

Palynologically unanalyzed Tertiary sediment was found
under the Quaternary sediments.

Tertiary
2–6 m: steel-grey clay, at the depth of 4–6 m, thinly

stratified, with brown positions (redeposited?).

The raw pollen data are shown in Table 1. It is accom-
panied by pollen diagrams (Fig. 4) showing the reconstruc-
tion of natural habitat development in detail together
with L PAZ (local pollen assemblage zones) and bio-
stratigraphical development.
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CEJ-1a-Ia: Pinus – P. cembra
CEJ-1b-Ib: Pinus – P. cembra – Chenopodiaceae
CEJ-1c-Ic: Pinus
CEJ-2-II: Pinus – Betula – Populus – Potamogeton – Abies
CEJ-3-III: Pinus

Stratigraphic and palaeovegetational interpretation of the
pollen spectra from the depth interval 1.45–2 m is difficult
due to the redeposited Tertiary sporomorphs. The radiocar-
bon age of its base (give the exact depth of the 14C sample)
is 9,990 ± 275 years B.P. (Calibrated age range: 68%
10,118–9,226 BC, 92.5% 10,459 – 8,787 BC; Hv-18 924),
which corresponds to the onset of the Preboreal. Unfortu-
nately, the charcoal macro-remains dated, were most pro-
bably not found in the in-situ position. This complicated si-
tuation was due to runoff from the surrounding Tertiary
deposits during the Holocene and Late Glacial periods
(15,000/13,000–10,250 B.P.), when the vegetation cover
was not completely involved and a considerable part of
mostly inorganic material was transported and deposited in
the lake. This is also verified by the character of the sedi-
ment sampled (see the Description of sediments section).
The Tertiary redeposition of sporomorphs can be substanti-
ated by the number of pollen grains from woody species

(see pollen diagram, Figs 4, 5), which are solely Tertiary
elements: e.g. sporomorphs belonging to Cupressaceae,
Tsuga, Carya, Sciadopytis-type. Some of them e.g. Ptero-
carya also occurred in the Pleistocene. Dinoflagellata are
present throughout the described layer, which is always
evidence of re-deposition of palynomorphs from older
strata. On one hand, pollen grains of plants growing in the
Late Glacial or the Early Holocene, e.g. Pinus
cembra-type, Juniperus, Salix, herbaceous Helianthemum,
spores of Selaginella cf. selaginoides, Ephedra, typical of
mostly colder conditions, have been recovered from undis-
turbed vegetation cover and on immature soils. On the con-
trary, other assemblages of palynomorphs characterize a
climatically less hardy part of the pollen spectrum, as cor-
roborated by the presence of pollen grains of e.g. Corylus,
Ulmus, Quercus, Tilia, Picea, Abies, Fagus, Carpinus,
Hedera. These might have been re-deposited from either
the Pleistocene or Middle Holocene sediments during
borehole sampling. However, the probability of preserva-
tion of the Pleistocene sporomorphs, is from the geological
research point of view (Havlíček & Zeman 1979) almost
out of the question, but its former presence is confirmed by
the pollen spectrum. The total sum of woody species pollen
grains (apart from re-deposited taxa) prevails over herbs
in the whole bed, mostly probably due to the presence
of pine (Pinus) which has heavy pollen production. How-
ever, the presence of a forest is not guaranteed by this. It
probably reflects rare pine stands of park character, as at the
same time, a number of heliophytes were found in the same
samples. At the depth of 1.55 m, herb types, which are con-
nected with man, e.g. corn (Cerealia type, C. Type Secale),
occur. Here it is probably contamination. A higher amount
of Chenopodiaceae and Rumex pollen represents halophyte
vegetation. Areas of free water throughout the stratum are
indicated by Potamogeton. An increased amount of Junipe-
rus, Rumex and Urtica pollen grains in some samples might
also be a consequence of the are being formerly pasture.

The stratigraphic classification of the whole bed is con-
siderably problematic and indeterminable precisely. Late
Glacial and Early Holocene (Lower Holocene) sedimenta-
tion is recognizable with re-deposition from Tertiary, Plei-
stocene and Middle Holocene strata. On the basis of its
geological position and vegetation development, the Late
Glacial stratum was segmented according to the Firbas’
scheme into the Oldest Dryas (Ia), interstadial Bölling
(Ib), the Older Dryas (Ic), interstadial Alleröd (II) and the
Younger Dryas (III); the Dryas period was colder than both
the interstadials.

CEJ-4-IV-V: Pinus – Betula – Artemisia

The second bed (depth 1.2–1.45 m). In the lower part there
is a continuous occurrence of some woody species, e.g.
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8� Sporomorphs from the Čejčské Lake ČEJ 27 – NAP. • A, B – Cerealia T. Triticum, sample 10, depth 0.50 m. • C, D – Cyperaceae, sample 4,
depth 0.20 m. • E, F – Centaurea cyanus, sample 10, depth 0.50 m. • G, H – Asteraceae Tubuliflorae, sample 5, depth 0.25 m. • I, J – Brassicaceae, sample
10, depth 0.50 m. • K, L – Asteraceae Liguliflorae, sample 20, depth 1.00 m. • M–R – Chenopodiaceae, sample 4, depth 0.20 m. Photo E. Břízová.
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Ulmus, Quercus, Tilia, Abies, Carpinus, but re-deposition
of Tertiary woody species (with exception of the upper-
most sample from this layer) ceased. The amount of birch
pollen (Betula) increased. The amount of wormwood
pollen (Artemisia) greatly increased and also diversity of
herbaceous types. The layer is, in comparison with the pre-
vious one, without a strong mineral admixture.

A considerable amount of pine pollen (Pinus) was
again found, however without cembra pine (Pinus
cembra-type). On the basis of the recovered plant spec-
trum we can say that the stratum represents the Preboreal
and the onset of the Boreal, probably lacking elements
from part of the Middle Holocene. A hiatus in sedimenta-
tion was also revealed geologically. In the Atlantic, when
the involvement of vegetation was generally higher,
limited runoff from the surrounding beds probably took
place, and therefore the sediments of this period were not
preserved due to erosion. On the contrary, at the boundary
of the Boreal and the Atlantic, lesser involvement of veg-
etation cover lead to more massive denudation of sedi-
ments. A similar situation was recorded in the
Vacenovice Lake (Břízová 2001a) and other localities
(see Rybníček 1989).

CEJ-5-VIII: Picea – Pinus – Asteraceae Liguliflorae –
Chenopodiaceae – Cyperaceae – Helianthemum

This bed, at the depth of 0.9–1.2 m, contains clayey loam.
Sporomorph concentration was very low. Overgrowth and
siltation of the reservoir, the drier Subboreal climate and
the increased salinity of the lake water probably became
important. This idea could also be supported by the gradual
disappearance of the majority of wetland and marshland
herbaceous taxa compared with the previous bed (Sparga-
nium/Typha angustifolia, T. latifolia, Potamogeton, Bis-
torta). The presence of halophyte vegetation is confirmed
by the large amount of pollen grains of Chenopodiaceae,
Asteraceae Liguliflorae, A. Tubuliflorae, Poaceae, Apia-
ceae, and Cyperaceae (Fig. 6). Concurrently, the presence
of man can also be identified by a certain amount of Astera-
ceae Liguliflorae and sporadic occurrence of Agrostemma
githago and Cerealia pollen. For the first time in the analy-
zed material, the woody plant component quite conside-
rably declines, while the herbaceous cover increased (see
Table 1 and pollen diagram, Fig. 4). The maximum occur-
rence of spruce pollen (Picea) reaches about 20%. If we
compare the situation with some pollen spectra from other
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:� Algae from the Čejčské Lake ČEJ 27. • A, B – Pediastrum boryanum var. boryanum, sample 39, depth 1.95 m. • C – Pediastrum sp., sample
39, depth 1.95 m. • D – Pediastrum sp., sample 39, depth 1.95 m. • E, F – Pediastrum boryanum s.l., sample 39, depth 1.95 m. Photo E. Břízová. Determi-
nation by V. Jankovská.
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localities of southern Moravia, the amount of pollen grain
averages about 10% and culmination of this taxon shifts to
a later time, depending on how far westward the locality is
situated with respect to the Čejčské Lake (Vracov VI, VII
to VIII; Svatobořice-Mistřín VII–VIII; Anšov in the half of
VIII to IX; Olbramovice Xb). This result corroborates the
opinions of Rybníčková (1985). As opposed to spruce
(Picea), a remarkable decrease in representation of pine
pollen grains (Pinus) occured but fir (Abies), beech (Fagus),
hornbeam (Carpinus), oak (Quercus) and elm (Ulmus)
appeared. During the entire period linden (Tilia sp., T. pla-
typhyllos, T. cordata) also became more markedly repre-
sented. Sediments were probably deposited in the Subbo-
real (VIII) but with the influence of sediments from the
Atlantic or the Older Subatlantic.

CEJ-6-IX: Pinus – Alnus – Cyperaceae – Chenopodiaceae

The layer at the depth of 0.7–0.9 m contained a higher
amount of organic material. It was deposited in the Older
Subatlantic (IX). The perceptible drop in the woody pollen
content (AP) is connected with initial deforestation in this
area. Regarding herbs, Artemisia (wormwood) and Astera-
ceae pollen increased, and also, as in the previous bed, the
Chenopodiaceae increased. Sporadically, corn also (Cerea-
lia) appeared. The increasing amount of alder pollen
(Alnus) and pollen of the Cyperaceae (sedge family) indi-
cates a climate with increased humidity. This period is re-
corded only in a thin layer of deposited sediments.

CEJ-7a-Xa: Chenopodiaceae – Pinus – Quercus – Cerealia
CEJ-7b-Xb: Chenopodiaceae – Pinus – Asteraceae –
Brassicaceae

The uppermost bed, at 0–0.7 m, was deposited in the Youn-
ger Subatlantic (X). On the basis of vegetation development,
it can be divided into an older phase (Xa) at 0.45–0.70 m and
a younger phase (Xb) at 0–0.45 m. It is characterized by
a more extensive occurrence of elements indicating man’s
activity, including herbs such as Centaurea cyanus (cornflo-
wer), Cerealia (corn), Urtica (nettle), Rumex (sorrel), Arte-
misia (wormwood) and some types of the Chenopodiaceae.
Pollen from the Chenopodiaceae, Asteraceae Liguliflorae,
A. Tubuliflorae, Brassicaceae, Apiaceae, Cyperaceae and
Poaceae most probably reflect the local halophyte flora. No-
teworthy is the findings of parasitic worm eggs cases of Tri-
churis trichiura as well as Ascaris cf. lumbricoides (pin
worm), which can be found mainly in buildings from the
Middle Ages. From woody species which became signifi-
cant in this layer, pine (Pinus) was more markedly represen-
ted followed by birch (Betula) as well as alder (Alnus). The
representation of other types, such as hazel (Corylus), oaks

(Quercus), lindens (Tilia), maples (Acer), spruce (Picea),
beech (Fagus), fir (Abies) and hornbeam (Carpinus) was ne-
gligible. Mostly in the younger phase (Xb), re-deposition of
predominantly Tertiary types, which had been transported
down to the lake from the surrounding Tertiary outcrops, re-
appeared in the pollen spectrum. In the upper sample and in
0.25 cm, maize pollen grains (Zea mays) were found. Culti-
vation of this agricultural crop-plant in our country to a large
extent began in the seventies of the 20th century. Deposition
of these sediments was relatively recent and was verified by
highly allergenic type of Ambrosia, which spread to our ter-
ritory only recently. Probably, the lake had already dried out
by the time of bed Xb.

3��"�	���

Halophytes are herbs growing in soils saturated with salts.
Because there are no salty soils (salty steppes) in the area un-
der study, their occurrence is climatically controlled and
these plants are a good indicator of edaphic conditions. Rare
occurrences of such soils are of soligenic origin, i.e. control-
led by the chemistry of the bedrock, the effect is usually
strengthened by a drier climate, physical properties of the
soils (clays) and the relief (Sýkora 1959). Soil salinity is usu-
ally effected by sulphates extracted from the surrounding
clayey-marly layers; they are mostly sulphate, alkaline soils
with an admixture of chlorides. A certain aggressiveness of
the environment is proved by the very poor preservation of
pollen grains and spores, and corrosion of their surfaces.

The physiognomy of salty soil development creates the
wetland to marshland character, with a relatively high con-
tent of ruderals (nitrophytes).

The typical South Moravian halophytes are Salicornia
prostrata and Suaeda pannonica (both from the Cheno-
podiaceae). Other types include Bupleurum tenuissimum
(Apiaceae), Cirsium brachycephalum (Asteraceae Tubu-
liflorae), Galatella cana, Scorzonera parviflora, Taraxacum
bessarabicum, Tripolium pannonicum (all Asteraceae Ligu-
liflorae), Crypsis aculeata, Heleochloa schoenoides (both
Poaceae), Plantago maritima (Plantaginaceae), Spergularia
marina, S. maritima (Dianthales), Glaux maritima, Samolus
valerandi (both Primulaceae), Triglochin maritimum (Jun-
caginaceae) and probably Veronica scardica (Scrophu-
lariaceae). In the surroundings of Čejč, until recently there
was salt marsh and the halophytes which grew there are also
recorded in the pollen diagrams, where they consistute a part
of the pollen profiles of the families Chenopodiaceae,
Apiaceae, Poaceae, Caryophyllaceae, Asteraceae Tubuli-
florae and Liguliflorae and Plantago sp. There was one
small natural reserve, but not very many halophytes have
been growing there recently. Genuine halophilous vegeta-
tion became extinct during the sixties of the 20th century
(Grulich 1987, Šumberová et al. 2004). The existence of salt
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marsh depended on the presence of salty Tertiary sediments,
which might have been affected by mineral water springs.
This reserve was probably a remnant of the postglacial salty
steppes, and during the following climatic-vegetation oscil-
lations, the succession was ecologically blocked. Habitats
were very labile and sensitive towards extrenal interven-
tions. Usually, changes in water regime (drying, draining,
and melioration) led to release and its extinction.

Research on recent flora proved that there was vegeta-
tion from salty meadows, communities from saline soils on
the banks of ponds and temporary pools, meadow vegeta-
tion on waterlogged soils and therophytes from strongly sa-
line and nitrogen rich bank edges of brackish water lakes.
There may also have existed various reed swamps. Some of
them are even considered as endemites of the Pannonian
lowland (Vicherek 1973).

9������&�&� ��
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Palaeoalgological research on the Čejčské Lake sediments
aided resolution of some debatable stratigraphic points
which could not be decided based on only terrestrial vege-
tation development. The algal flora was not very rich be-
cause of poor preservation of some types of Pediastrum
(P. boryanum, P. boryanum var. boryanum, see Fig. 7) and
Botryococcus (B. braunii, B. braunii-type, B. neglectus,
B. neglectus-type, B. neglectus/pila, see Fig. 8) mostly as a
consequence of specifically deposited sediment and the
brackish water in the lake.

The Čejčské Lake itself is considered as the lake with
the highest salinity in our territory. It is not a residue of a
former sea, but its salinity was caused by the Tertiary sedi-
ments and also probably by oscillation of its level and cli-
matic conditions during its development in the Quaternary.

Layer between 1.45–2 m:
CEJ-1a-Ia: Pinus – P. cembra
CEJ-1b-Ib: Pinus – P. cembra – Chenopodiaceae
CEJ-1c-Ic: Pinus
CEJ-2-II: Pinus – Betula – Populus – Potamogeton – Abies
CEJ-3-III: Pinus

As far as the algal spectrum is concerned, the green chloro-
cocal algae of Botryococcus prevails accompanied by spora-
dic occurrence of Pediastrum algae (P. sp., P. boryanum, P.
b. var. boryanum, P. angulosum var. asperum, P. duplex var.

rugulosum) and other types of Tetraedron, Mougeotia and
Spirogyra in sharp contrast for example, with the Vaceno-
vice Lake. The ample occurrence of Botryococcus with the
absence or only sporadic incidence of other green chloroc-
cocal algae, probably indicates specific conditions in the
water reservoirs, and dominates in the relatively extreme na-
tural environment which prevents the presence of, for exam-
ple, Pediastrum (Břízová 1991a, b, 1996 – the Černé Lake;
Jankovská & Komárek 2000; Komárek & Jankovská 2001).
However, in two cases in this study, at the depths of 1.45 and
1.3 m a high concentration of Botryococcus and Pediastrum
was found. Both indicate very cold, clean water, oligotro-
phic or dystrophic, partly characteristic of cold periods and
higher altitudes according to the so far conducted research
(Jankovská & Komárek 2000). In this area of southern Mo-
ravia, the condition of mountainous climate cannot be ap-
plied, but it is partly substituted for by the cold climate of the
Late Glacial. As a suggestion, the algal incidences might be
compared with some conditions in the Černé Lake in the Šu-
mava Mts (Břízová 1996), where only Botryococcus was
found. A more detailed determination of this genus was not
carried out, but it was stated that several types occur here –
probably B. neglectus, B. pila, B. braunii. In the algal spec-
trum in Moravia, some types occur indicating somewhat cli-
maticly more demanding conditions and water of rather
eutrophic character. It is either another further proof of
re-deposition or alternatively of the onset of warmer periods
of the Holocene. Similar to re-deposition of representatives
of macro-vegetation, various types of Pediastrum (see
above) also sporadically occur in the algal assemblages.
These types might prove, in combination with other types of
algae, such as Tetraedron, Spirogyra, Mougeotia and Botry-
ococcus, the presence of perhaps more eutrophic water in
the lake, which markedly warmed up but not until the follo-
wing period, even though the terrestrial vegetation indicates
rather colder conditions. However, both the vegetation and
geological hiatus in sedimentation was corroborated and
supports the correctness of such an assumption. The conclu-
sions of the palaeoalgological study correspond with the re-
sults of the pollen analysis.

Layer between 1.2–1.45 m:
CEJ-4-IV-V: Pinus – Betula – Artemisia

Palaeoalgological findings are mainly confined to Pediast-
rum, however, mostly as a consequence of poor preservation,
type is indeterminable P. boryanum, P. b. var. boryanum and
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;� Algae from the Čejčské Lake ČEJ 27. • A, B – Mougeotia, sample 39, depth 1.95 m. • C–E – Botryococcus braunii-type, sample 39, depth 1.95 m.
• F – Botryococcus neglectus-type, sample 38, depth 1.9 m. • G, H – Botryococcus braunii, sample 4-2, depth 0.2 m. • I, J – Botryococcus braunii-type, sam-
ple 39, depth 1.95 m. • K – Botryococcus braunii, sample 38, depth 1.90 m. • L – Botryococcus neglectus/pila, sample 39, depth 1.95 m. • M – Botryococcus
braunii-type, sample 39, depth 1.95 m. • N, O – Botryococcus neglectus, sample 39, depth 1.95 m. Photo E. Břízová. Determination by V. Jankovská.
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var. longicorne only were determined in detail. Apart from
the depth of 1.3 m, the number of algal colonies of Botryococ-
cus markedly decreased. A qualitatively higher variability
of algae and an ample quantitative incidence is rather charac-
teristic of lakes in Central Europe from the Middle and Lower
Holocene (Jankovská & Komárek 2000, Komárek & Jankov-
ská 2001). This does not quite correspond to conditions
in the Čejčské Lake. Nevertheless, it was a guideline for the
stratigraphic specification of this layer. The presence of water
macro-vegetation (types of Myriophyllum and Potamogeton)
and other wetland types of Typha latifolia, T. angusti-
folia/Sparganium, again confirm the previous conclusions.

Layer between 0.9–1.2 m:
CEJ-5-VIII: Picea – Pinus – Asteraceae Liguliflorae –
Chenopodiaceae – Cyperaceae – Helianthemum

The Subboreal period (VIII) is commonly characterized by
a drier, colder climate than the climatic optimum of the
Atlantic. A considerable decline in the algal component,
which in the present study is represented mostly by Botryo-
coccus and poorly preserved types of Pediastrum, is also
corroborated here. In this period the lake probably recieved
a greater supply of salt originating from Neogene sedi-
ments, which is also proved by a massive increase of terres-
trial halophytes (Chenopodiaceae, Asteraceae).

Layer between 0.7–0.9 m:
CEJ-6-IX: Pinus – Alnus – Cyperaceae – Chenopodiaceae

The same situation regarding the algal flora was also record-
ed in this bed which crosses into the Older Subatlantic (IX).
In the previous bed (VIII), as well as in this one, the smal-
lest representation of algal flora was recorded.

Layer between 0–0.7 m :
CEJ-7a-Xa: Chenopodiaceae – Pinus – Quercus – Cerealia
CEJ-7b-Xb: Chenopodiaceae – Pinus – Asteraceae –
Brassicaceae

In the older phase of the Younger Subatlantic there was a
slight increase in Botryococcus algae. Otherwise, there are
only sporadic findings of algae, for example, Mougeotia.

������&��"�	

Although the whole thickness of sediments sampled from
the borehole ČEJ 27 is only 2 m, from the palynological
and palaeoalgological point of view, considerable comple-
xity in stratigraphic development could be suggested. The

proposed situation is recorded in details in Table 1 and the
pollen diagram (Figs 4–8). The time classification of sedi-
ments and geological conditions are briefly described in
the following overview:

Quaternary
0–0.7 m: medium brown-black, humous loam

Younger Subatlantic age: younger phase Xb
(1,200 y. AD–recent); older phase Xa
(500/650/700–1,200 y. AD)

0.7–0.9 m: black strongly humous loan with peat residues
Older Subatlantic IX age (2,800/2,300 B.P. to
500/650/700 y. AD)

0.9–1.2 m: grey-brown, strongly clayey loam
Subboreal VIII age (5,100–2,800/2,300 B.P.)

1.2–1.4 m: white, clayey horizon, strongly enriched with
CaCO3 (hiatus)
Preboreal age (IV, 10,250–9,100 B.P.) to onset
of Boreal (V, 9,100–7,700 B.P.)

The hiatus – climatic optimum of the Holocene – Atlantic
(VI, VII, 7,700–5,100 B.P.)

1.4–2 m: green-grey and yellow-rusty, streaky and spot-
ted clay (14C: 9,990 ± 275 B.P., Hv-18 924)

The age is indeterminable more precisely, the Late Gla-
cial (15,000/13,000–10,250 B.P.) and the Early Holocene
development of vegetation was affected by redeposition
from the Tertiary, Middle Holocene and probably also
Pleistocene strata.

Tertiary
2–6 m: steel-grey clay, at the depth of 4–6 m thinly stra-

tified, with brown positions (re-deposited?).

�� �����

The biostratigraphical research on Quaternary sediments
from the Čejčské Lake (Figs 1–4) showed the considerable
complexity of sediment development and their stratigrap-
hical classification. The vegetation and algal flora listed in
detail in Table 1 and including the pollen diagram (Fig. 4,
photos: Figs 5–8) confirm this observation. The age classi-
fication of sediments, clarification of geological and vege-
tation conditions are summarized in this paper. The aim
of this study was to reconstruct the vegetation history, stra-
tigraphical position of the sediments (for geological map-
ping) and determine the natural and anthropogenic influen-
ces on this area. The Tertiary age of sediments under the
Quaternary sediments was suggested and verified from the
borehole ČEJ 27, from 2 (2.2) m to 30 m (Čtyroký et al.
1990).
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