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REVIEW AND REINTERPRETATION OF THE POLLEN AND DIATOM DATA

FROM THE DEPOSITS OF THE SOUTHERN BALTIC LAGOONS

Grazyna MIOTK-SZPIGANOWICZ', Joanna ZACHOWICZ', Szymon USCINOWICZ'

Abstract. According to their origin, geomorphology and hydrology, the fresh/brackish-water bays and coastal lakes of
the Southern Baltic coast can be treated as lagoons. They developed at the time of and as a result of the Atlantic (Litorina)
transgression of the Southern Baltica. There are many publications about the origin and evolution of the lagoons and lakes
along the Polish coast of the Southern Baltic (e.g. Przybytowska-Lange, 1973a, b, 1974, 1979, 1981; Zaborowska, 1977,
Zachowicz, 1977, 1985; Wypych, 1980a, b; Zachowicz e al., 1982; Bogaczewicz-Adamczak, Miotk, 1985a, b; Dabrowski et
al., 1985; Zachowicz, Zaborowska, 1985; Borowka et al., 2001a, b, 2002). Nevertheless, the origin of the lagoons has not
been fully explained. In the light of present-day information the results of earliest investigations often need to be reinter-
preted. The aim of this work was the correlation of the published and unpublished pollen and diatom diagrams from Late
Pleistocene and Holocene sediments of the Southern Baltic lagoons, and their relation with radiocarbon dating. The pollen
and diatom diagrams from the area of north-east Germany and the Curonian Lagoon (Kabailien¢, 1999; Jahns, 2000; Kaiser
etal.,2000; Endtmann, 2002; Bitinas et al., 2002) have been used for comparison. For the palynological sites, the local pol-
len assemblage zones (L PAZ) have been identified according to Janczyk-Kopikowa (1987). Comparison of the bio-
stratigraphical data allowed us to define the approach time of the formation of the lagoons in their present-day position on
the coast as well as to determine the periods of an accelerated sea-level rise and increased frequency of storm surges (so-called
marine transgression phases) when the investigated areas had been under the direct influence of the sea. Such influences are
visible about 7000, 6000, 5000 and 4000 years BP. This period of marine influences, about 1000-year long, corresponds very
well to the same period of climate oscillations mentioned by Stuiver and Braziunas (1993), Stuiver et al. (1995) and Chapman
and Shackelton (2000).

The influence of the sea in the Post-Litorina period was associated mainly with the inflow of sea water through more or less
developed barriers, so they are not synchronous.
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INTRODUCTION

According to their origin, geomorphology and hydrology,
lagoons and coastal lakes can be jointly defined as the lagoons
ofthe southern coast of the Baltic because they were formed at
the time of and due to the Atlantic (Litorina) transgression of
the Southern Baltica.

The areas of the Southern Baltic lagoons were the subject
of extensive research. The Vistula Lagoon is among those
which are best studied; it was the subject of biological, hydro-
logical and cartographic research as early as the beginning of
the 20th century. A number of studies regarding the origin of
this water body were also done (Sonntag, 1915-1918; Uhl,

1939). The first biostratigraphic (pollen and diatom) analyses
were made by Gross (1941) and Brockmann (1954) (diatom
analysis). From 1954 to 1964, a joint Polish and Russian re-
search was performed within the Lagoon’s area. A mono-
graph on this area, which also covered geological and
geomorphological issues, including the origin and evolution
of the water body, was the result of this research (Wypych,
1975). Biostratigraphic research of the water basin started in
the 1970s (Przybylowska, 1973a, b; Przybylowska-Lange,
1974; Zachowicz et al., 1982; Zachowicz, 1985).

! Polish Geological Institute, Marine Geology Branch, 5 Koscierska str., 80-328 Gdansk, Poland; e-mail: grazyna.miotk-szpiganowicz@pgi.gov.pl;

joanna.zachowicz@pgi.gov.pl; szymon.uscinowicz@pgi.gov.pl



46 Grazyna Miotk-Szpiganowicz, Joanna Zachowicz, Szymon UsScinowicz

As early as the 19th century, the Szczecin Lagoon was the
object of much interest in the hydrology of this water body. In
1904, chemical/biological and bacteriological tests of the La-
goon's water were made (Brandt, 1906). In 1933, there was a
report on the water salinity (Neuhaus, 1933). A number of hy-
drological works were developed in connection with the oper-
ation on fairways (Haack, 1960; Bauer, 1963). On the basis of
the results of geological, meteorological and hydrological re-
search performed from 1951 to 1970, a monograph on this
water basin, which also included the results of biostra-
tigraphic research, was created (Wypych, 1980a, b).

The other lagoons of the Polish coast were not given so
much attention but also they were the areas of research related
mainly to the Baltic transgressions (Rosa, 1963, 1968). In the
1970s and later, a number of reports were published, docu-
menting various aspects of the formation and evolution of the
lagoons and coastal lakes on the Polish coast of the Southern
Baltic (e.g. Przybylowska-Lange, 1973a, b, 1974, 1979,
1981; Zaborowska, 1977; Zachowicz, 1977, 1985; Wypych,
1980a, b; Zachowicz et al., 1982; Bogaczewicz-Adamczak,
Miotk, 1985a, b; Dabrowski et al., 1985; Zachowicz,
Zaborowska, 1985; Borowka et al., 2001a, b, 2002, 2005).

Despite many publications, the issue of how the lagoons were
formed is still not explained entirely. In the light of the current
state of knowledge, the earlier research often needs reinter-
preting and verifying through using more detailed biostrati-
graphic analyses and absolute dating. The lack of radiocarbon
dates is felt especially acutely, as they would make it possible
to place the events on an absolute time scale.

Furthermore, a number of general and basic issues re-
garding, for instance, the periodicity of transgression events,
have not been resolved so far. The research on the periodic-
ity of the changes in the Baltic water level dates back to
1937, when Iversen (1937) published a study on the Litorina
transgression in Denmark. He distinguished four transgres-
sion phases in the Atlantic and Subboreal periods. The best
documented research includes those of Berglund (1964,
1971) from the Blekinge area, of Digerfeldt (1975) from
Skane, and of Morner (1976, 1980) from the Kattegat area.
All these works indicate the occurrence of transgres-
sion-regression phases in the Atlantic and Subboreal peri-
ods. The impact of regional eustatic oscillations is poorly re-
cognised on the southern coasts of the Baltic Sea and it still
belongs to disputable problems.

THE AIM OF THE RESEARCH

The aim of this report is to reinterpret and correlate the
published and unpublished pollen and diatom diagrams of the
Late Pleistocene and Holocene sediments from the lagoons of
the Southern Baltic, and their association with the results of
radiocarbon dating. The reinterpretation of biostratigraphic

data and its integration with the results of radiocarbon dating
were made both to formalise stratigraphic units and to deter-
mine the possibilities of using this data for analysing climatic
oscillations and transgression-regression phases. The area un-
der analysis covers the Polish coast of the Southern Baltica.

THE FEATURES OF THE RESEARCH AREA

The Polish coast of the Southern Baltic is 500 km long, out
of which 72 km constitute the Hel Peninsula coastline (Fig. 1).

During the Litorina Sea transgression, especially in its fi-
nal phase, a system of coastal lakes and lagoons, separated
from the open sea by barriers, was formed on the Southern
Baltic coasts. The largest ones on the Polish coast include the
Szczecin and Vistula lagoons and the Lebsko Lake. Although
in Polish terminology, the names “lakes” and “lagoons” are
traditionally used in relation to the landforms (basins) dis-
cussed here, the term “lagoon” is appropriate because of the
morphology of the water bodies and the barriers (sandbars)
which separate them from the sea, due to their hydrology, but
most of all due to their origin.

SZCZECIN LAGOON

The Szczecin Lagoon is separated from the Gulf of
Pomerania by sandy structures of the Swina Gate Barrier,
the storm delta of the Swina and the morainic plateaux of

the Wolin and Uznam islands. It is connected with the Gulf of
Pomerania through three narrow straits of the Dziwna, Swina
and Piana rivers (Fig. 2).

The area of the Szczecin Lagoon is 687 km®. The largest
river flowing into the Szczecin Lagoon is the Odra. The total
average river water inflow is 478 m*/s. The Lagoon is a shallow
water body, with an average depth of 3.5 m and a maximum
depth (apart from the artificially deepened fairway) of 8.5 m
(Wypych, 1980a, b). The bed of the Szczecin Lagoon is flat and
covered mainly with muddy deposits; only along the coastline
a narrow belt of sand sediments occurs at the depth of 1.0—1.5 m.

JAMNO LAKE (LAGOON)

The Jamno Lake (Lagoon) is located in the western part of
the Polish coast (Fig. 1). It is separated from the Baltic by
the narrow sandy Jamno Barrier (Fig. 3) with low dunes
reaching the height of 5 m. The width of the barrier ranges
from 0.3 to 0.7 km.
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Fig. 1. The research area

Lagoons discussed in text are marked in yellow

The total area of the Jamno Lake (Lagoon) is 22.4 km?, its .
average depth — 1.4 m, and the maximum depth — 3.9 m. Szczecin Lagoon
The lake is connected with the Baltic only through a narrow '@
channel often blocked by beach sediments. During storm
seasons, there is a periodical breach in the barrier and a dis-
charge of sea water into the lake (Przybylowska-Lange, 1979).

The lake bed is flat and covered with muddy deposits.
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GARDNO LAKE (LAGOON)

The Gardno Lake (Lagoon) is located in the middle of
the Polish coast (Fig. 1), west of the Lake Lebsko. It is sepa-

rated from the Baltic by the Gardno Barrier (Fig. 4), whose
Fig. 2. Szczecin Lagoon — location of investigated cores

width reaches 1.5 km.

The barrier is covered by dunes reaching up to 35 m
in height. The total area of the Gardno Lake (Lagoon) is
24.7 km’. It is a shallow lake with the maximum water depth
of 2.6 m, and the average depth not exceeding 1.3 m. The flat

lake bed is covered mainly with muddy deposits, while out-
crop tills occur only locally. The Lupawa River is the largest
river flowing through the lake; it also connects the lake with

the Baltica.

SARBSKO LAKE (LAGOON)

The Sarbsko Lake (Lagoon) is located in the middle of
the Polish coast (Fig. 1), somewhat to the east of the Lebsko
Lake. It is separated from the Baltic by the sandy Sarbsko
Barrier (Fig. 5) with a width of ca. 1.5 km and high dunes of

ca. 35 m.
The area of the Lake is 6.52 km”, its average depth— 1.2 m,

and the maximum depth — 3.2 m. The lake bed is flat, covered
Fig. 3. Jamno Lake (Lagoon) — location of investigated cores

with muddy deposits. No watercourses flow into the Sarbsko
For explanations see Fig. 2

Lake (Lagoon). It is only connected with the Lebsko Lake

through a narrow channel.
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Fig. 5. Sarbsko Lake (Lagoon) — location of investigated cores

For other explanations see Fig. 2

Fig. 4. Gardno Lake (Lagoon) — location of investigated cores

For explanations see Fig. 2

Gulf of Gdansk

Fig. 6. Puck Lagoon — location of investigated cores Fig. 7. Vistula Lagoon — location of investigated cores

For explanations see Figs. 2 and 5 For explanations see Figs. 2 and 5
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PUCK LAGOON

The Puck Lagoon is situated in the north-western part of
the Gulf of Gdansk (Fig. 1). It is separated from the Gulf of
Gdansk in the north-east by a narrow, 100-200-m wide, low
sandy barrier of the Hel Peninsula, and by dunes not exceed-
ing 5-7 m in height. In the east, the Puck Lagoon is separated
from the Gulf of Gdansk by the partly submerged sandy Sea-
gull Barrier (Fig. 6).

The area of the Puck Lagoon is 104 km?. A few small
rivers and streams flow into the Puck Lagoon, the largest
of which is the Reda with the average discharge of ca.
4.5 m’/s. The total average river water inflow to the La-
goonis ca. 10 m*/s. The water exchange between the Puck
Lagoon and the Gulf of Gdansk occurs mainly through an
artificially deepened strait. The average depth of the La-
goon is ca. 3 m (Nowacki, 1993). The relief of the lagoon
bed is characterised by a number of depressions, the
so-called hollows, with the maximum depths of 5.5, 5.7
and 9.2 m, filled with muddy sands and muds. There are

also sand-covered elevations with the minimum depths of
ca. -2 m.

VISTULA LAGOON

The Vistula Lagoon is situated on the south-eastern coast
of the Gulf of Gdansk and is separated from the sea by the
Vistula Barrier (Fig.1). This sandy barrier is characterised by
a considerable width (up to ca. 800 m) and a well-developed
system of dunes up to 30 m high (Fig. 7).

The area of the Vistula Lagoon is 838 km®. The total aver-
age river water inflow to the Vistula Lagoon is 300 m*/s. The
largest rivers which currently flow into the Lagoon are Pregota
and Pasteka. Before 1914, also some of the Vistula waters flew
into the Vistula Lagoon. The Vistula Lagoon is connected with
the Gulf of Gdansk by the Pilawa Strait. The bed of the Vistula
Lagoon, with an average depth of 3 m, is flat and covered for
the most part by mud. Sand sediments occur only as a narrow
belt along the coastline (Uscinowicz, Zachowicz, 1996).

RESEARCH MATERIAL AND METHODS

The critical review and reinterpretation of pollen and dia-
tom spectra from the lagoon deposits of the Southern Baltic
began with a review of literature on biostratigraphic data.
Then, those publications were selected which contained
the most complete and best documented information on
the changes in palacoecological conditions. The priority was
given to the studies concerning pollen and diatom analyses of
sediments of the same core. Unfortunately, the results of
biostratigraphic research were presented as diagrams not in
all publications. Often, especially in older works, only tables
of absolute or percentage values were published. For reinter-
pretation purposes, new unified and simplified diagrams were
drawn using the POLPAL software. Pollen diagrams contain
curves for particular tree species and cumulative curves for
plants: those related to human economic activity, plants from
wet meadows, rushes, aquatic plants and Pediastrum green al-
gae. In the diatom diagrams, only cumulative curves for eco-
logical diatom groups were plotted in accordance with the di-
vision used by Hustedt and others (Przybylowska-Lange,
1979) for saltwater (euhalobous), brackish-water (meso-
halobous) and freshwater diatoms stimulated by small
amounts of salt (halophilous) as well as indifferent ones. Such
diagrams were drawn for all the sites under comparison, even
for those of no numerical data. In such cases, the published di-
agrams were scanned and their percentage values were the ba-
sis for new diagrams.

Local pollen zones (LPAZ) were established for all the se-
lected sites of palynological research, according to Janczyk-
-Kopikowa (1987). The duration of each pollen zone was deter-
mined on the basis of the existing 1C dates, but more often, due

to the lack of any absolute dating, the palynological informa-
tion at hand was compared with diagrams from the most fully
documented sites in the Baltic coast (Tobolski, 1987, 1989;
Latatowa, 1989; Latatowa, Tobolski, 1989). The isopollen
maps of tree species (Huntley, Birks, 1983; Ralska-Jasie-
wiczowa et al., 2004) were also helpful in the reinterpretation
of the earlier stratigraphic divisions. Simplified diatom dia-
grams were related to the time scale determined on the basis of
palynological research (in the case of the same sediment core)
and "C dating, or only on '*C dating or on the comparison of
changes in ecological conditions with those recorded in
palynological research of the same water basin.

A list of all the identified pollen zones (LPAZ) for all
the compared sites is presented in Table 1. This table also
shows the 'C dates and hiatuses in the sedimentary record (in
grey), sand layers separating organic sediments (in yellow)
and periods in which diatom analyses recorded an increase in
salinity (red lines). The results of diatom tests were not avail-
able for all the sites, therefore, wherever possible, the periods
of an increased number of rush species (blue lines) were plot-
ted within the separated pollen zones, which can indirectly be
associated with a low water level. In creating the names of
the pollen zones, in order to facilitate the correlation with
the most fully documented sites, it was attempted to take no
account of the oscillations in the alder (4lnus) values, as
the alder occurrence is related mainly to local hydrological
changes. However, this species is often dominant in plant
communities of the areas under research and therefore the pe-
riods of'its greater significance in the local plant communities
are also marked in the table (in green).
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RESEARCH RESULTS

The following sites were selected as the result of literature
review, as well as the analysis and reinterpretation of
the available materials:

— for the Szczecin Lagoon — two sites (Fig. 2) — one with
a pollen diagram (core 31) and the other with a pollen
and diatom diagram (core I) (Wypych, 1980a, b).
Biostratigraphic information from the works by Bo-
réwka et al. (2001a, b, 2002, 2005), Janke (2002), Lata-
towa and Borowka (2003), Latatlowa and Swigta (2003),
Latatowa et al. (2003) and Witkowski et al. (2003, 2004)
were also taken into consideration;

— for the Jamno Lake (Lagoon) — two sites (Fig. 3): one
with a pollen diagram (core I) (Dabrowski et al., 1985)
and one with a pollen and diatom diagram (core II)
(Zachowicz, 1973; Przybytowska-Lange, 1979);

— for the Gardno Lake (Lagoon) — from the contemporary
lake area (Fig. 4): one site with a pollen and diatom diagram
(core 4) and one with a pollen diagram (core 2) (Za-
chowicz, 1977; Zaborowska, 1977; Zachowicz, Zabo-
rowska, 1985), one site from the Lake Gardno barrier with
a pollen and diatom diagram (core Dgbina—Rowy VI) and
one site from the southern shore of the lake with a pollen di-
agram (core IX) (Bogaczewicz-Adamczak et al., 1981;
Bogaczewicz-Adamczak, Miotk, 1985b);

— for the Sarbsko Lake (Lagoon) — from the contemporary
lake area (Fig. 5): one site with a pollen diagram (Tobolski,
1967), one —with a diatom diagram (Przybylowska-Lange,
1981) and one site from the contemporary barrier area with
a pollen and diatom diagram (Sarbsko III) (Miotk, Boga-
czewicz-Adamczak, 1987);

— for the Puck Lagoon — two sites (Fig. 6) with pollen dia-
grams from the southern shore of the Lagoon (cores R 1
and Gizdepka) (Miotk-Szpiganowicz, 1997; Uscino-
wicz, Miotk-Szpiganowicz, 2003; Uscinowicz, Zacho-
wicz, 2003) and one site with a diatom diagram (core 1X)
from Jama Kuznicka (Kuznica Hollow) (Witak, 2002).
Other diatom studies were also taken into account (Wit-
kowski, 1991; Witak, 2001);

— for the Vistula Lagoon — two sites (Fig. 7): one with com-
bined diatom and palynological diagrams (cores 2a and
[Ila) (Przybylowska-Lange, 1973a, b, 1974; Bogacze-
wicz-Adamczak, 1980; Bogaczewicz-Adamczak, Miotk,
1985a; Zachowicz, 1985), and one site with a palynological
diagram from Lake Druzno (core 1a) (Zachowicz et al.,
1982; Zachowicz, Kepinska, 1987).

SZCZECIN LAGOON

The new diagrams were drawn for this water body using
the available numerical data: two palynological (Fig. 8
and 9) and one diatom diagram (Fig. 10). Constructed by
K. Lubliner-Mianowska, J. Zachowicz (palynology) and
K. Zaborowska (diatom analysis), these diagrams were in-
cluded in the Wypych’s report (1980a, b).

The presented pollen diagrams contain information on
the history of the Szczecin Lagoon area starting from
the Late Glacial period (Fig. 8). Silt and peat deposits docu-
ment the existence of limnic and swampy environments
probably from the Older Dryas period (Pre-Allerdd?)
through the Atlantic period (Fig. 8). Frequent changes in
sediment character also prove the equally frequent changes
in the water level which caused the formation of gaps (hia-
tuses) in the deposition. In the Quercus—Ulmus—Corylus
pollen zone of the Atlantic period (Fig. 9), whose duration in
Wolin Island (Latatowa, 1989) is determined at 83006100
years BP, diatom analyses (Fig. 10) recorded a short increase
in the number of brackish-water diatoms (mesohalobous).
Then, after a brief disappearance, their repeated develop-
ment took place. They were accompanied by euhalobous di-
atoms characteristic of the Litorina transgression in the Bal-
tic region. Increased of sand and numerous Cerastoderma
sp. shells also appear in the deposits. The results of pollen
analyses prove a rapid disappearance of aquatic and rush
plants at that time (Fig. 9). All these changes indicate
the consolidation of marine conditions in the Szczecin La-
goon area. There is no presence of very characteristic for
the marine episode of the Szczecin Lagoon, sandy layer de-
scribed by Boréwka et al. (2002, 2005) and Latalowa,
Borowka (2003).

The deposits accumulated towards the end of the Atlan-
tic and during the Subboreal period, contain almost no dia-
toms (Fig. 10). A similar problem is described by Witkowski
(Witkowski et al., 2003, 2004). The meso- and euhalobous
diatoms appear again during the Fagus—Carpinus pollen
zone in the beginning of the Subatlantic period (Figs. 9, 10)

Intensifying abrasion of the coastal cliffs on the islands
of Uznam and Wolin at the beginning of the Subboreal initi-
ated the formation of a sand bar in the area of the present-day
Swina Barrier (Borowka et al., 2002; Witkowski et al.,
2004). This is confirmed by the radiocarbon and palyno-
logical dates of peat deposits from the Swina Gate (Prusin-
kiewicz, Noryskiewicz, 1966). The pollen profiles (Fig. 9)
indicate that the building up of the bar due to sand accretion
and the consequent isolation of the Szczecin Lagoon from
the Baltic probably took place around 1500-1200 years BP.
The diatom diagram for this period shows a fall in the num-
bers and abundance of meso- and euhalobous species (Fig.
10), while the pollen profile for the same period shows a dis-
tinct rise in the significance of human indicators connected
with the early medieval economy (Fig. 9). In addition, stud-
ies of the dune forms in the Swina Gate area (Osadczuk,
2004) have shown that the yellow dunes began to form
around 1500 years BP.

After this period, the isolation of this water body from
the Baltic began. It is visible in the diatom diagram (Fig. 10)
as an increase in the contribution of indifferent diatoms. This
isolation was not always complete, as proved, for instance, by
an increase in the number of saltwater diatoms in the upper
part of the diagram.
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Fig. 8. Szczecin Lagoon 31 — simplified pollen diagram (after Wypych, 1980a; modified)

JAMNO LAKE (LAGOON)

The available numerical and percentage data made it pos-
sible to draw two simplified pollen diagrams (Figs. 11 and 12)
and one diatom diagram (Fig. 13).

The identification of pollen zones for the diagrams pub-
lished earlier made it possible to add more details to the data
from literature. The basic difference appeared at the bottom
limit of the Atlantic period. In relation to earlier studies
(Zachowicz 1973, Przybylowska-Lange 1979, Dabrowski
et al. 1985), it should be moved “downwards” and set there
where the percentage values of lime (7ilia) appear. In the light
of current data on the migration time of various tree species
into the area of Poland, it is known that this species appeared
in northern Poland not earlier than 8200-8100 years
BP (Ralska-Jasiewiczowa et al. 2003,2004); therefore its per-
centage values cannot be associated with the Boreal period
(Zachowicz, 1973; Przybylowska-Lange, 1979; Dabrowski
et al., 1985). Taking into account the changes introduced
in the running of the time limits between the identified pollen
zones (LPAZ), it can be said that the oldest signs of marine in-
fluence recorded in the Jamno I core deposits in the northern
part of the lake and related to the silt and sand layer

(Dabrowski et al., 1985), occurred during the Quercus—UI-
mus—Corylus zone (Fig. 11, Tab. 1). In the Jamno II core, this
zone is related to the presence of meso- and euhalobous dia-
toms (Przybylowska-Lange, 1979) in peat sediments (Fig.
13). After the change in the limits of the Atlantic period,
the time in which the earliest recorded marine influence took
place is also somewhat rejuvenated. It seems that it happened
not “earlier than 7000 years BP”” (Dabrowski et al., 1985), but
ca. 7000 years BP. Another marine influence, manifested
mainly by an increase in the quantity of brackish-water
diatoms (mesohalobous), was recorded towards the end of
the Atlantic period within the Corylus—Quercus—Ulmus—Tilia
pollen zone (Figs. 11, 12, 13; Tab. 1). Another increase in
the contribution of brackish-water (mesohalobous) and salt-
water (euhalobous) diatoms (Fig. 13) took place also in the
Corylus—Quercus—Ulmus—Tilia zone (Fig. 12) corresponding
to the beginning of the Subboreal period. The youngest ma-
rine influence clearly visible in a diatom analysis was re-
corded within the Fagus—Carpinus (Fig. 12) or Fagus—Carpi-
nus—Pinus zone (Fig. 11) and took place in the Subatlantic pe-
riod. In the second half of this period (Fagus—Carpinus L
PAZ), a clear freshening of the lake occurred, as indicated by
an increase in the quantity of indifferent freshwater diatoms
(Fig. 13). It was certainly related to the closure of the connec-
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Fig. 9. Szczecin Lagoon I — simplified pollen diagram (after Wypych, 1980a; modified)

For explanations see Fig. 8

tion with the Baltica. The instances of increase in the quantity
of euhalobous diatoms recorded in the youngest period of the
basin’s existence (Fig. 13) indicate brief influxes of sea water,
presumably during storm overflows across the sandy barrier
(Dabrowski et al., 1985).

GARDNO LAKE (LAGOON)

Using the available quantitative data regarding the pol-
len analyses and the percentage values obtained from
the readouts of the scanned diatom diagrams, four abbrevi-
ated pollen diagrams (Figs. 14, 16, 17, 18) and two diatom
diagrams (Figs. 15, 19) were drawn for the Gardno Lake
(Lagoon) area.

Both the analysis of the diagrams and the position of
the information on the time scale (Table 1) show that the earli-
est marine influence was recorded by the presence of eu- and
mesohalobous diatoms in the silts of Dgbina—Rowy VI core
taken from the area of the present-day barrier (Fig. 19). It
occurred during the Ulmus subzone of the Quercus—Corylus
LPAZ (Fig. 18), i.e. at the Atlantic/Subboreal transition
(Tab. 1). The clear presence of both euhalobous and meso-
halobous diatoms (Fig. 19) indicates the existence of at least
abrackish-water lagoon in this area. After this brief marine in-
fluence, a drop in water level occurred, as evidenced by the
accumulation of wood peat (Fig. 18). Another increase in
the amount of saltwater and brackish-water diatoms (Fig. 19)
occurred within the Tilia subzone of the same pollen zone, in
the middle part of the Subboreal period (Table 1, Figs. 18, 19).
The diatom analysis of sediments from the present-day lake

Fig. 11. Jamno Lake (Lagoon) I — simplified pollen diagram (after Dabrowski ez al., 1985; modified)

For explanations see Fig. 8
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area shows that these marine influences are marked only by
the occurrence of single brackish-water diatoms in peat de-
posits (Fig. 15). After placing the available biostratigraphic
data on the time scale, it seems that the present-day water
body formed in the second half of the Subboreal period during
the Corylus-Quercus-Ulmus-Tilia zone (Figs. 14, 16, 17), not
in the Subatlantic period (Bogaczewicz-Adamczak, Miotk,
1985b; Zachowicz, Zaborowska, 1985) as it was previously
thought. The Subboreal age of the lake sediments, deposited
directly on the Early Holocene peat (Figs. 14, 16), is proven
first of all by the lack of considerable amount of pollen grains
of plants related to human economic activity. Pollen grains of
trees characteristic of the Subatlantic period are also absent,
e.g. beech (Fagus) which, at the beginning of this period, usu-
ally reached values of as much as 3-5% in the pollen spectra
from this area (Ralska-Jasiewiczowa et al., 2004). This is par-
ticularly clear in a diagram from the southern shore of the
present-day lake (Fig. 17). The dominance of indifferent
oligohalobous diatoms with a small quantity of typical

Fig. 10. Szczecin Lagoon I — simplified diatom diagram
(after Wypych, 1980a; modified)

For explanations see Fig. 8
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Fig. 12. Jamno Lake (Lagoon) II — simplified pollen diagram (after Dabrowski ez al., 1985; modified)

For explanations see Fig. 8
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Fig. 13. Jamno Lake (Lagoon) II — simplified diatom
diagram (after Dabrowski et al., 1985; modified)

For explanations see Fig. 8
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Tabela 1

Bio- and chronostratigraphic units established for the sections from the Southern Baltic lagoons
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Fig. 14. Gardno Lake (Lagoon) 4 — simplified pollen diagram (after Zachowicz, Zaborowska, 1985; modified)

For explanations see Fig. 8
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Fig. 15. Gardno Lake (Lagoon) 4 — simplified pollen
diagram (after Zachowicz, Zaborowska, 1985; modified)

For explanations see Fig. 8
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For explanations see Fig. 8
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Fig. 19. Debina—Rowy VI — simplified diatom diagram (after
Bogaczewicz-Adamczak, Miotk, 1985b; modified)

For explanations see Fig. 8

euhalobous species (Fig. 15) indicates that it was a freshwater
body with a poorly marked marine influence. At the same
time, a peatland started developing again in the barrier area
(Fig. 18).

SARBSKO LAKE (LAGOON)

Biostratigraphic data for this water body also comes from
older literature (Tobolski, 1967; Przybytowska-Lange, 1981;
Miotk, Bogaczewicz-Adamczak, 1987). On the basis of our
own numerical data and that published in literature (Tobolski,
1967), two new abbreviated pollen diagrams were drawn.
Two other diatom diagrams were drawn based on the percent-
age data readouts (Figs. 20-23).

The analysis of the diagrams shows that the earliest ma-
rine influence recorded in the silt sediments of the present-day
barrier by the occurrence of large quantities of saltwater
(euhalobous) and brackish-water (mezohalobous) diatoms
(Fig. 21) took place during the Pinus—Corylus—Quercus zone,
as indicated by the radiocarbon date of 7550 +100 years BP
(Miotk, Bogaczewicz-Adamczak, 1987). Possibly this zone
corresponds to the Pinus—Tilia zone identified in most sites at
the beginning of the Atlantic period. It is more probable, how-
ever, that this date is slightly aged, as already suggested by the
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Fig. 20. Sarbsko III — simplified pollen diagram (after Miotk, Bogaczewicz-Adamczak, 1987; modified)

For explanations see Fig. 8
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Fig. 21. Sarbsko III — simplified diatom diagram
(after Miotk, Bogaczewicz-Adamczak, 1987; modified)

For explanations see Fig. 8
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Fig. 22. Sarbsko Lake (Lagoon) — simplified pollen diagram (after Tobolski, 1967; modified)

For explanations see Fig. 8

present authors (Miotk, Bogaczewicz-Adamczak, 1987).
Thereby, the formation of a saltwater lagoon in the pres-
ent-day barrier area should be associated with the same influ-
ence of sea water recorded by a change in lithology in the
northern part of Jamno Lake (Lagoon) (Fig. 11).

At the time of the occurrence of a shallow and saltwater
basin in the present-day barrier area, peatlands developed
over the area of the present-day lake (Tobolski, 1967). The
presence of only singly occurring brackish-water and fresh-
water diatoms in a fossil soil (Fig. 20) of the barrier is obvi-
ously an insufficient evidence for identifying a marine trans-
gression phase. The authors (Miotk, Bogaczewicz-Adam-
czak, 1987) suggest that the presence of the fossil soil may in-
dicate an increase in the elevation of groundwater level as
a result of the sea-level rise in the middle part of the Atlantic
period (Fig. 20). Another event of marine influence noted at
the end of the Atlantic period and at the beginning of the
Subboreal period (Fig. 23) was recorded in the deposits of
the present-day Sarbsko Lake (Lagoon). It is marked by
a large contribution of euhalobous and mesohalobous dia-
toms. At that time, peatlands developed in the region of

the then-forming barrier (Fig. 20). As the sandbar developed
and the basin was being separated from the sea, a freshening
of the basin occurred, as proved by the dominance of freshwa-
ter diatoms in lake deposits (Fig. 23). The periodical growth
in the quantity of halophilous diatoms proves that this general
tendency was being stopped by sea water inflows. The defi-
nite freshening took place in the youngest period of the water
body's evolution (Fig. 23).

PUCK LAGOON

This water body was analysed in numerous bio-
stratigraphic studies, both palynological (Miotk-Szpiga-
nowicz, 1997; Pomian et al., 2000; Latatowa, Badura, 2003;
UsScinowicz, Miotk-Szpiganowicz, 2003; Uscinowicz, Za-
chowicz, 2003) and diatom researches (Witkowski, 1991;
Witkowski, Witak, 1993; Witak, 2001, 2002). However, due
to the numerous gaps in deposition and the frequent “enrich-
ment” of the deposits with older material, there is no reliable
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1
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Fig. 23. Sarbsko Lake (Lagoon) — simplified diatom diagram
(after Przybylowska-Lange, 1981; modified)

For explanations see Fig. 8

section to document the complete history of the water basin.
In order to illustrate the palacogeography of this area in
the most detailed way possible, it was decided to select land
sites containing more complete biostratigraphic data.

Using the available absolute numerical values, two abbre-
viated pollen diagrams were drawn for the sites in the Rzu-
cewo Headland (Fig. 24) and in the Gizdepka Valley (Fig.
25), and one diatom diagram constructed for the Kuznica Hol-
low (Witak, 2002) (Fig. 26).

Both these pollen diagrams (Figs. 24, 25) treated together
provide a lot of information on the history of vegetation in this
area. A peat layer from the site in the Rzucewo Headland (Fig.
24) was radiocarbon dated at 5520 +£50 years BP (Uscinowicz,
Miotk-Szpiganowicz, 2003). This date is confirmed by palyno-
logical data and falls within the Quecus—Corylus—Pinus zone
(Fig. 24, Tab. 1) dated at the end of the Atlantic period.

The presence of peat indicates that the shallower areas
of the Lagoon were still land at that time (Uscinowicz,
Miotk-Szpiganowicz, 2003). The results of diatom tests of core
IX from Jama Kuznicka (the Kuznica Hollow) (Witak, 2002),
presented in a simplified diagram (Fig. 26), indicate a signifi-
cant contribution of euhalobous and mesohalobous diatoms in
the Subboreal deposits (Kramarska et al., 1995). It proves that
during that period, there was a brackish-water body in the more
deeply located areas of the Puck Lagoon (the Kuznica Hollow
and the Rzucewo Hollow), which owes its formation to the fi-
nal phase of the Litorina transgression (Witkowski, Witak,
1993; Witak, 2002) extending onto the whole area of the Puck
Lagoon (Uscinowicz, Miotk-Szpiganowicz, 2003). The shores
of this water body were covered by peatlands (Miotk-Szpi-
ganowicz, 1997).
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Fig. 24. Rzucewo Headland, R-1 — simplified pollen diagram (after U$cinowicz, Miotk-Szpiganowicz 2003, modified)

For explanations see Fig. 8
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Fig. 25. Gizdepka Valley — simplified, combined pollen diagram
(after Miotk-Szpiganowicz 1997, UScinowicz, Zachowicz 2003, modified)

For explanations see Fig. 8
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Fig. 26. Puck Lagoon, Kuznica Hollow
— simplified diatom diagram (after Witak 2002, modified)

For explanations see Fig. 8

VISTULA LAGOON

In order to present in more detail the history of vegetation
in this area, a combined pollen diagram was drawn for cores
Ib and I11a (Fig. 27) for this water body using the available ab-
solute numerical data (Bogaczewicz-Adamczak, Miotk,
1985a; Zachowicz, 1985). A diatom diagram (Fig. 28) was
drawn with the use of percentage data read out from the pub-
lished diagram (Przybylowska-Lange, 1973a, b, 1974).
A pollen diagram was also drawn for Lake Druzno — core la
(Fig. 29) (Zachowicz, Kepinska, 1987).

The analysis of the diagrams confirms the previously pub-
lished information. At the beginning of the Atlantic period,
during the Ulmus—Tilia—Quercus—Corylus zone (Fig. 27),

which began (according to radiocarbon dating) 7050 =70 years
BP in Lake Druzno and 7600 £95 years BP in the Vistula La-
goon (Figs. 27, 29), an increase in the amount of saltwater and
brackish-water diatoms is noted (Fig. 28). According to
Zachowicz (1985), it was then that a brackish-water body was
formed in place of the pre-existing shallow freshwater basin.
The subsequent, both Subboreal and Atlantic, influxes of sea
water, which resulted in a slight increase in the number of
mesohalobous diatoms (Fig. 28), did not change the basin na-
ture. This is proven by the permanent dominance of freshwater
diatoms. The above-mentioned data, as well as the previous re-
search (Zachowicz, 1985), showed that the area of the Vistula
Lagoon had never been in the direct range of the Litorina Sea,
while sea water got into it only through the Vistula Barrier,
poorly developed at that time.
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For explanations see Fig. 8
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For explanations see Fig. 8
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DISCUSSION OF RESULTS

The results of biostratigraphic research conducted in
the area of Polish lagoon water bodies were compared with
those from coastal areas of Germany, Russia and Lithuania
(Kabailien¢, 1999; Jahns, 2000; Kaiser et al., 2000; Bitinas
et al., 2002; Endtmann, 2002; Juspina, Savukyniene, 2002).
Thanks to a large number of both classical and AMS radiocar-
bon dates, diagrams from the German coast (Jahns, 2000;
Kaiser et al., 2000; Endtmann, 2002) enabled a relatively
accurate placement of events which affected the transforma-
tions of plant communities in the north-western coast of
Poland (primarily the Szczecin Lagoon), on the time scale.

Palynological information from the south-eastern part of
the Curonian Lagoon or, more precisely, the already identified
pollen zones from the area of chronozones characteristic of the
Late Glacial and Holocene (Mangerud et al., 1974; Kabailiené,
1998), were used for comparisons with the Vistula Lagoon.

For both the western and eastern lagoons of the Polish
coast, an expected similarity in the nature of transformations
of plant communities with the neighbouring areas located out-
side of Poland was marked. The differences refer only to a dif-
ferent development of local communities dependent to a large
extent on hydrological conditions.

All the biostratigraphic data under comparison are in-
cluded in Table 1. The comparison of pollen zones (L PAZ)
clearly shows that those established for the Late Glacial and
Early Holocene were very similar in the entire research area.
At that time, these areas were completely covered by
peatlands, mires and lakes. It indicates the predominance of
similar conditions, not only thermal, but also hydrological
ones. More remarkable differences were marked in the sec-
ond half of the Atlantic period, and more considerable ones
occurred in the Subboreal and Subatlantic periods. The com-
position of plant communities depended at those times to
a larger extent on the directions and rate of tree species migra-
tion (Ralska-Jasiewiczowa et al., 2004), the extent of the At-
lantic climate influence, human economic activity (Latatowa,
1982a, b, 1994, 1995, 1997), and, especially in the study ar-
eas, on sea-level oscillations.

The comparison of all the biostratigraphic information
shows that some distinct environmental changes are common
to the entire study area or at least to its substantial part, while
others are local in their character and are marked only within
a single water body, although can be helpful in bio- and
chronostratigraphic interpretations.

The first type, with a definitely wider range, includes in-
formation on the traces of marine influence. The earliest influ-
ence of salty water was marked ca. 7000 years BP. It is re-
corded in the sediments of Vistula Lagoon, Lake Druzno
(Przybytowska-Lange, 1974; Zachowicz et al., 1982; Za-
chowicz, 1985), and Lake Sarbsko (Lagoon) (at present under
the Sarbsko Barrier). In the last locality it is dated at
7590 +100 years BP, however this date is certainly somewhat
exaggerated (Miotk, Bogaczewicz-Adamczak, 1987). The
beginning of marine influences recorded in the deposits of
the northern part of Jamno Lake (Lagoon) was dated at a simi-

lar age (Dabrowski et al., 1985). It seems that this information
needs to be confirmed by diatom flora and radiocarbon tests.
In several sites (Jamno II, Szczecin Lagoon I, Szczecin La-
goon 31 — Table 1), a gradual disappearance of rush commu-
nities is noted for that time, which may also be associated with
a water-level rise.

The first phase of the marine transgression is dated at the
earliest period (8000-7800 years BP) only in the Curonian
Lagoon barrier (Kabailiené, 1999).

Another marine influence was marked in biostratigraphic
analyses in the majority of sites at ca. 6000 years BP or
slightly earlier (Table 1). It is chiefly proved by the results of
diatom tests from the Szczecin Lagoon (Fig. 10), Jamno Lake
(Lagoon) (Fig. 13), indirectly in Sarbsko Lake (Lagoon) (Fig.
20), Lake Druzno (Przybytowska-Lange 1974), the Nemunas
delta (Bitinas et al., 2002) and the Curonian Lagoon
(6700-5700 years BP, after Kabailien¢, 1999). The water level
rise was accentuated in many sites by an increase in the contri-
bution of alder (Alnus) in plant communities (Table 1).

The next marine influence took place ca. 5000 years ago.
Diatom research shows that it occurred earliest in the Barther
Bodden area (Kaiser et al., 2000), where it is dated at
5520 £60 years BP. At the same time (Table 1), in the pres-
ent-day Sarbsko Barrier (Fig. 20) and the Puck Lagoon coast
(Fig. 24), the development of peatlands took place (Table 1).
Direct marine influence resulting in an increase in the quan-
tity of saltwater and brackish-water diatoms in the deposits
was recorded in Jamno Lake (Lagoon) (Fig. 13), Gardno Bar-
rier (Dgbina—Rowy VI — Fig. 19), Sarbsko Lake (Lagoon)
(Fig. 23), Puck Lagoon (Fig. 26), Vistula Lagoon
(Przybytowska-Lange, 1974) and Curonian Lagoon
(52004500 years BP, after Kabailiené, 1999).

For the Subboreal and Subatlantic periods there is no
such a good time correlation between the successive marine
influences observed in various sites documented by diatom
tests. Only ca. 4000 years BP there was still an increase in
the number of mesohalobous diatoms in the deposits of
the Gardno Barrier (Dgbina—Rowy, Fig. 19), Sarbsko Lake
(Lagoon) (Fig. 23) and the Curonian Lagoon (4000-3500
years BP, after Kabailiené, 1999). The next marine in-
fluences were asynchronous indicating that they could be
the result of water influxes during storm overflows. This was
certainly related to a differentiated degree of isolation of
the Baltic water bodies and dependent on the time and rate of
the barriers development.

The local features include, for instance, an almost com-
plete lack of diatoms in the Litorina transgression sediments
of the present-day Szczecin Lagoon. It is reported in all the
studies on diatom analyses from this area (Wypych, 1980a;
Witkowski et al., 2003, 2004). It is difficult to say if this ab-
sence of diatoms was caused by a high content of sand in
the sediments, waves and currents, as Witkowski (Witkowski
et al.,2004) would have it, or by e.g. a high content of humus
acids washed out from the peatlands flooded by sea water,
which made it impossible for diatom flora to develop. Any-
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way, it seems that it may be a characteristic diagnostic feature
in the palaeogeographic research of this area.

A comparison of all the biostratigraphic data also enabled
atemporal reinterpretation. First of all in relation to the litera-
ture data on the history of Lake Jamno’s evolution (Dab-
rowski et al., 1985), the decision was by “lowering” the limit
of the Atlantic period. This allowed a more detailed specifica-
tion of the age of palacoenvironmental changes by distin-
guishing local pollen zones (L PAZ), and thus a more precise
age determination of the observed (Fig. 13) marine influence
phases (Tab. 1).

Besides, the comparison of the existing biostratigraphic
data and the distinguishing of pollen zones (L PAZ) for all the
sites under comparison gave rise to the statement that a large
amount of information present in older literature requires ver-
ification by conducting palaeogeographic research using
more modern research methods, such as for instance AMS ra-
diocarbon dating. The information about the direct influence
of the Early Atlantic marine transgression phase on the north-
ern area of Lake Jamno (Lagoon) (Dabrowski ef al., 1985)
should also be confirmed. The palynological dating of this
event still seems to be appropriate (Fig. 11, Table 1) although
a certain rejuvenation of palaeogeographic events took place
after the change in the timing of the Atlantic period. However,
the correlation between the deposition of the sandy-silty layer
and the sea water influence should be confirmed by diatom
analyses. The area of Lake Gardno (Lagoon) also requires ad-
ditional research. From the literature data (Bogaczewicz-
-Adamczak, Miotk, 1985b) it follows that at the turn of the At-
lantic and Subboreal periods, a marine water body existed in
the area of the present-day Gardno Barrier (Fig. 18, 19). Atthe
same time, the present-day lake was taken up by a peatland. It
was under the direct influence of sea water, as indicated by
the presence of small quantities of mesohalobous diatoms
characteristic of the Litorina transgression in the peat deposits

(Zachowicz, Zaborowska, 1985). However, these events do
not have absolute radiocarbon dating. The peat deposits of
Lake Gardno (Lagoon) were radiocarbon dated (Wojcie-
chowski, 1990), but it is difficult to correlate these dates with
biostratigraphic data.

The coastal area of lakes and lagoons causes difficulties
in biostratigraphic research due to numerous sedimentation
gaps resulting from either erosional processes during trans-
gressions or disturbances in peat deposition due to hydrologi-
cal changes.

Within an individual reservoir, different types of bio-
stratigraphic research were very often conducted in various
sites, making it immensely difficult to interpret and compare
the results. Such a situation is observed in the Puck Lagoon,
where palynological and diatom research pertained to quite
different sites. The diatom diagram comes from the Kuznica
Hollow (Witak, 2002), while the palynological diagrams was
constructed for the southern part of the present-day water
body (Miotk-Szpiganowicz, 1997; Uscinowicz, Miotk-Szpi-
ganowicz, 2003; Uscinowicz, Zachowicz, 2003). Therefore,
itis difficult to associate the changes in the water body charac-
ter recorded in the diatom spectra with the results of palyno-
logical research and with the time scale.

Comparison of the existing biostratigraphic data and ra-
diocarbon dating shows that, for some areas of the coastal
lakes, practically no palacogeographic studies have been
made to date. The lakes include: Resko, Bukowo, Kopan,
Wicko and Lebsko. The studies conducted in these areas
with the use of modern research methods would certainly
shed new light on the progress and duration of the individual
marine transgression phases. It would also make it possible
to learn the development of the coast, among others to deter-
mine the time in which Jamno and Bukowo lakes, as well as
Gardno, Lebsko and Sarbsko lakes constituted conjoint wa-
ter bodies.

CONCLUSIONS

The comparison of all the biostratigraphic data related to
the development of the lagoons from the Poland's coast en-
abled a comprehensive insight into palacogeography of this
area. This created a possibility of capturing the common ele-
ments in the historical evolution of the discussed water bodies
related to marine transgression phases.

Comparison of the available biostratigraphic data, identi-
fication of pollen zones and comparison with well-dated ref-
erence sites enabled determination of the approximate time of
accelerated sea-level rise periods and increased frequency of
storm surges — the subsequent marine transgressions, when
the study areas were under direct marine influence. Such in-
fluence was marked ca. 7000, 6000, 5000 and 4000 years BP.

The observed period of ca. 1000 years of marine influence
oscillations is well correlated with the periodicity of climatic

changes discovered by Stuiver and Braziunas (1993), Stuiver
et al. (1995), Chapman and Shackelton (2000).

Marine influences of the Post-Litorina period were
associated predominantly with the influxes of sea water
through more or less developed barriers. That is why these
events are asynchronous, as they depend more on the de-
gree of isolation of the water body from the sea, than on
the sea-level rise.

The areas of coastal lakes, especially those which have
never been the subject of palacogeographic research, such as
Bukowo, Kopan or Lebsko, require performing such research
using modern methods for age determination of organic de-
posits. The research would enable a more precise determina-
tion and range of both the Litorina and Post-Litorina marine
transgression phases.
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