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Abstract
The paleoecological research of biogenie sediments sampled in the different lake-mire ecosystems of the Łęczna­
Włodawa Lake District were the basis of studies on hydrological changes during the Late Glacial and Holocene. The
lithological differentiation (spatial and temporal) of lacustrine and mire sediments in the studied sites indicates that the
hydrological changes were of local nature. The investigations also evidence a specific functioning of the lakes in this
region. Lake basins were formed as a result of the ground ice degradation and the transformation of groundwater circu­
lation in the Late Glacial. The total area of lakes in the Lake District was the largest from the Younger Dryas to the
Subboreal chronozone. The gradual lowering ofwater level during the early Holocene resulted in the transformation of
sedimentation process, and in the development of typologically differentiated mires and lacustrinc-mire complexes.
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INTRODUCTION

The nature oforganic accumulation (lacustrine and mire
sediments) is closely related to the changes of groundwater
level. The changes of deposition conditions may have been
caused by both the climate and plant cover changes as well as
by an anthropogenic impact. Different research methods are
used in order to estimate fluctuations of lake water level
(Gaillard 1985, Digerfeldt 1972, 1986, l 988, Digerfeldt et al.
2000, Dearing, Foster 1986). The results of pollen, fauna and
chemical analyses of the lacustrine-mire sediments in the
Lublin Polesie provide evidence of water level changes in
this region during the Late Glacial and Holocene.

The Lublin Polesie is situated in the eastern part of the
Polish Lowlands, in the north-eastern foreland of the Lublin
Upland, in the Wieprz and Bug interfluve. The Lublin Pole­
sie is characterized by occurrence of many swamps and wet­
lands as well as lakes (67) which are grouped within the unit
of lower rank, i.e. the Łęczna-Włodawa Lake District (Cha­
łubińska, Wilgat 1954). These lakes, being so numerous, are
the only such group oflakes situated outside the last ice sheet
extent. It should also be stressed that this region is situated in
the marginal zone of the Precambrian platform. The sub­
Quaternary basement is mainly composed of the Upper Cre­
taceous deposits which are liable to karstification. Unlike the
modern relief, which is rather flat, the sub-Quaternary sur­
face is characterized by the relative heights reaching 90 m.

Deep fossil valleys follow tectonic discontinuities; most of
the lakes are associated with these valleys (Buraczyński,
Wojtanowicz 1983, Liszkowski 1979).

The karst or thermokarst origin and age of the lakes have
been discussed for many years. Recently, many factors are
considered to affect the formation of this group of lakes, i.e.
karst and thermokarst phenomena, action of confined groun­
dwaters, tectonics of the area (Wilgat 1954, 1994, Wilgat et
al. 1991, Maruszczak 1966, Buraczyński, Wojtanowicz
1983, Wojtanowicz 1994, Bałaga et al. 1996, 2002, Hara­
simiuk 1996, Dobrowolski 1998, Harasimiuk, Wojtanowicz
1998).

GEOMORPHOLOGIC-HYDROLOGIC
CHARACTERISTICS OF THE

ŁĘCZNA-WŁODA WA LAKE DISTRICT

The Łęczna-Włodawa Lake District is the depression
situated between the Włodawa Hump from the north and the
Uhrusk Ridge from the south. The modem relief of the Pole­
sie has been strongly influenced by the Middle Polish Glacia­
tions, especially the Odranian Glaciation (Buraczyński,
Wojtanowicz 1983). The rich inventory ofreliefforms origi­
nating from that period consists ofmoraine ridges, karnes, es­
kers, outwash fans, glaciofluvial plains, fossil valleys. The
thickness of the lithogenetically differentiated Quaternary
deposits reaches 40 m. The Łęczna-Włodawa Lake District is
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Fig. I. The map of the Łęczna-Włodawa Lake District with the location of the examined sites.

a plain with the relative heights not exceeding 30 m. Its low­
est, north-western part (near Ostrów Lubelski and Sosno­
wica) reaches the height of 150- 160 m a.s.1. Northwards, to­
wards the Włodawa Hump, and southwards, towards the
Chełm Hills the height rises to about 180-185 m a.s.l. (Wil­
gat 1954, Buraczyński, Wojtanowicz 1981 ).

The Łęczna-Włodawa Lake District is characterised by
the occurrence of shallow groundwaters. Groundwater table
forms a continuous surface, and its location is conditioned by
the main relief forms (Wilgat et al. 1991, Michalczyk 1998).
In the greatest part of the examined area we find water to a
depth of 2 m, especially in the areas which adjoin depres­
sions. The water resources of the Łęczna-Włodawa Lake
District consist mostly of groundwaters occurring in the Up­
per Cretaceous and Quaternary sediments which form one,
hydraulically linked reservoir (Michalczyk 1998). Ground­
waters of the first aquifer are in hydraulic equilibrium with
lake waters. Groundwater table in depressions is also the lo­
cal base level of the drainage of neighbouring areas. In the
greater part of the Łęczna-Włodawa Lake District, uncon­
fined groundwaters are not isolated from the ground surface
by impermeable sediments (aquifuges). Therefore, the con­
ditions for groundwater recharge by precipitation are good.
However, infiltration to deeper layers and underground run­
off to other areas are inhibited (Wilga! et al. 1991, Michal­
czyk 1998). The confined groundwater surface is stabilized
at almost the same height as the groundwater table of the
Quaternary aquifer, i.e. at about 160-170 m a.s.1.

The Łeczna-Włodawa Lake District covers about 1160? • 
km". The total area ofall lakes (nearly 3%) and wetlands con-
stitutes 35% of the Lake District area (Wilgat et al. 1991, Mi­
chalczyk 1998). The capacity of individual lakes is small,
usually 1-2 mln m3. The following lakes have the greatest ca­
pacities: Białe near Włodawa - 15 mln m3 (area - 106.4 ha;

depth - 33.6 m), Piaseczno - 13.7 mln m3 (area - 84.7 ha;
depth - 38.8 m), Uściwierz - 9.2 mln 1113 (area - 284.1 ha;
depth - 6.6 m).

METHODS 
Lacustrine and mire sediments were investigated in the

typologically differentiated lake-mire complexes of the
Łęczna-Włodawa Lake District. Samples for pollen analysis
were taken in all the examined sites, and samples for fauna
and chemical analyses, and radiocarbon dating - only in the
selected ones. Some of the obtained results were the basis of
chronostratigraphy of sediments and the studies on the hy­
drological changes in the Polesie during the Late Glacial and
Holocene. The chronostratigraphy of the sediments is illus­
trated on the simplified pollen dia?rams. The dates 14C are on
the left side of pollen diagrams. 4C dates were obtained in
Institute ofPhysics, Silesian Technical University ofGliwice
(Gd), Radiocarbon Laboratory of Kiev (Ki), and Poznań Ra­
diocarbon Laboratory (Poz).

CHARACTERISTICS OF THE EXAMINED 
SITES AND CHRONOSTRATIGRAPHY OF 

THE SEDIMENTS 
The location of the examined sites is presented in Fig. I.

Łukcze Lake and the adjoining mire occur in the western part
of the Łęczna-Włodawa Lake District. The Moszne and
Karaśne lake-mire complexes, and the Durne Bagno bog are
situated in the central part of the Lake District (in the Polesie
National Park). The Krowie Bagno fen occurs a little south­
wards, outside the Park, and Lake Perespilno (Pereszpa)- in
the eastern part of the Lake District.
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Łukcze lake-mire complex

Lake Łukcze (area - 56.5 ha; max. depth - 8.9 m; capac­
ity - 2.09 mln 1113) consists of two basins: the northern one is
more elongated and shallower (4 m), and the southern one is
rather circular and deeper (8.9 m). These basins are joined by
a narrow shallowing (to 2.4 m). Łukcze is a eutrophic lake.
The swampy areas by the north-western, western and south­
western lake-shores are chiefly occupied by mire communi­
ties e.g. Sphagnetum medio-rubelli (Balaga 1991 ). The
thickness of organic sediments underlain by muds and sandy
muds reaches here about 4-6 m (Liszkowski 1979). The bot­
tom sediments (about I O m thick) in the central part of the
southern basin consist ofpeats formed in the Allerod chrono­
zone, and algae gyttja accumulated during the whole Holo­
cene (Balaga 1991 ). The sediments of the adjoining mire are
lithologically differentiated. Muds accumulated in the later
part of the Pleniglacial (compare Ralska-Jasiewiczowa et al. 
1999), and peat or peaty gyttja formed in the successive
phases of the Late Glacial. Limnic sediments accumulated
during the Preboreal chronozone, but they were found only in
the shore zone of the mire (Łukcze li profile - Bałaga 1991 ).
Sedge-moss mire has developed in the shore zone of the lake
since the Boreal chronozone, but at the turn of the Atlantic
and Subboreal zones the peat sedimentation was not continu­
ous or very slow.

Moszne lake-mire complex

Dystrophic, shallow Lake Moszne (area - 17.5 ha; max.
depth - 1.5 m) is surrounded with typologically differenti­
ated mires. The mineral bedrock of diversified relief is com­
posed of sandy muds, sands, and the Upper Cretaceous
weathered carbonate rocks. The latter ones are found every­
where, except the western part of the mire. The bottom sedi­
ments of the lake are I 0-15 m thick. They are formed with
moss peats dated at the Allerod. They are overlain by the se­
ries of algae-detritus gyttja, carbonate in places, which accu­
mulated during the Younger Dryas and Holocene (Fig. 2 B).
The sediments from the mire adjoining the lake from the west
(Fig. 2A) are lithologically more differentiated. They consist
of the muds of the Older Dryas, algae, algae-carbonate and
algae-detritus gyttja accumulated from the Allerod to the
Subboreal chronozone, and the sedge-moss-Sphagnum peat
of the younger Holocene. The typologically differentiated
peat series, which occurs over the gyttja, is about 3.5 m thick,
and its thickness decreases towards the lake, where mire
vegetation encroaches on the lake as a floating coating
("spleja"). In the northern part of the mire, moss peat is cov­
ered with a differentiated layer of li mnie and peat sediments
(Balaga et al. 1995).

Karaśne lake-mire complex

Lake Karaśne (area - 3.2 ha; max. depth - 1.2 m) is one
of the smallest and shallowest lakes of the region. It is sur­
rounded with fens. The whole complex covers the area of
about 72 ha, and is formed in Cretaceous rocks. In the diversi­
fied reliefofthe mineral bedrock, we distinguish three paleo­
basins which are meridionally situated and filled with the
di fferentiatcd series of lacustrine-mire sediments (Ba laga et 

al. 1996, Bałaga et al. 1996, Balaga et al. 2002 ). The sedi­
ments occurring under the fens are to 5 m thick, whereas the
bottom sediments of the modem lake are over 13 m thick.
Their bottom part consists of moss peat (the shore zone of the
lake) or coarse detritus (peaty) gyttja (the central part of the
lake). Pollen analysis of the profile from the central part of
the lake indicates that coarse detritus (peaty) gyttja accumu­
lated during the Older Dryas, and the overlying lacustrine
sediments have accumulated since the Allerod (Fig. 3 ). In the
shore zone of the lake, moss-peat sedimentation (layer 90 cm
thick) started at the Older Dryas and lasted till the end of the
Allerod chronozone (Fig. 3). In this profile the overlying la­
custrine sediments have accumulated since the Younger
Dryas.

Durne Bagno

Durne Bagno is a bog of continental type. It occupies a
rather regular, oval-shaped basin about I km in diameter and
to 8.5 m deep. The relief of mineral bedrock is diversified
here, with several depressions, the deepest ofwhich occurs in
the southern part of the basin. The whole basin is fanned in
sandy and muddy sediments; weathered Cretaceous rocks are
not found under organic sediments. Sands and muds are over­
lain by gyuja with the thickness of several dozen centimetres
to about 4 m. The gyttja is covered by the lithogenetically dif­
ferentiated peats: reed, sedge-reed, and Shpag.1111111 peat at the
top. Mineral gyttja accumulated in the Older Dryas chrono­
zone, and algae gyttja - from the Allerod till the early part of
the Atlantic chronozone (Fig. 4). The lake was then shallow­
ing and mire started to develop about 7400 years BP (Atlantic
chronozone) as is recorded in the shallower parts of the basin.
In its deeper parts the mire encroached on lacustrine sedi­
ments later on, i.e. from about 6000 years BP.

Krowie Bagno

Krowie Bagno is the largest fen in the Lublin Polesie.
Four small lakes occur within the limits of it. The sandy­
muddy bedrock with numerous depressions is filled with a
lithogenctically diversified series (6-9 m thick) of limnic­
moss sediments. The central part of the basin is filled with
even more differentiated peats, covered with a series of
limnic-moss sediments, overlying mineral layer. Thickness
of the organogenie sediments can reach even I Om (e.g. near
the small Lake Lubowieżek). Pollen analysis indicates that
clayey gyttja accumulated in the Older Dryas, and the sedi­
mentation of moss peat occurred during the Allerod and
Younger Dryas (Fig. 5). A large lake existed here from the
Preboreal chronozone, and algae-carbonate gyttja was de­
posited in it. A fen has developed since the Subboreal chro­
nozone. Varying colours and degree of decomposition of
sedge peat evidence fluctuations of the groundwater table in
the younger Holocene.

Lake Perespilno

Lake Perespilno (area - 24.3 ha; max. depth - 6.2 m; ca­
pacity - 0.78 mln m3) and two other lakes (Wspólne, Kose­
niec) form a group of lakes in the eastern part of the Łęczna­
Włodawa Lake District (Wilgat 1954, Wilgat et al. 1991 ).
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Fig. 2. Simplified percentage pollen diagrams of the sediments of the Moszne lake-mire complex: A - from the mire, 8- from the central 
part of the lake. / - gyttja, 2- sedge peat, 3- moss peat, 4 <Sphagnum peat, 5-CaC03, 6- muds (combined symbols denote mixed composi­ 
tion of sediment). 

However, Lake Peres pi Ino has a separate catchment. Lake 
Perespilno consists of two basins (the northern one 6.3 m 
deep and the southern one 4.5 m deep) joint by a shallowing 
2. 7 m deep (W i lgat et al. 1991 ). Lacustrine-flood sands sur­ 
round the lake forming rather flat surface, which rises 2-3 m 
over the lake water level. The depressions within these sands 
are filled with organic-mineral sediments 0.5-4 m thick 

(Marek 1965). Lake Perespilno is situated in the middle of 
impenetrable swamps and waterlogged forests, only the frag­ 
ments of its eastern and western shores are higher and better 
accessible. 

The sediments of Lake Perespilno consist of algae­ 
carbonate and algae gyttja about 16 Ill thick. The sediments 
with annual lamination (Fig. 6) accumulated here from the 
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Fig. 3. Simplified percentage pollen diagrams oft he sediments of the Karaśne lake-mire complex: A- from the central part of the lake. 8- 
from the shore zone of the lake. / - gynja. 2- moss peat, 3-detritus, 4- CaCO_, ( combined symbols denote mixed composition of sediment).

end of the Late Glacial till the early phase of the Preboreal
chronozone (Bałaga el al. 1998, Goslar el al. 1999). I n the
younger part of Preboreal, formation oflaminated sediments
was disturbed. The gyttja sediments accumulating during the
Boreal chronozone were the richest in calcium carbonate,
and then, in the early part ofthe Atlantic chronozone, the con-

tent ofcarbonate decreased (Bałaga el al. 2002, Fig. 7). Algae
gyttja has accumulated in the lake since the middle phase of
the Atlantic chronozone till now.

To sum up, it should be stressed that the nature and time
ofaccumulation ofbiogenic sediments in the lakes were very
differentiated. The bottom sediments of the lakes consist of
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algae or algae-carbonate gyttja. Accumulation ofcarbonates,
which is often considered as an indicator of the depth of a
lake (Niewiarowski 1995, Wojciechowski 2000), occurred
in the examined lakes in different periods. The comparison of
the sediments from the Perespilno and Karaśne lakes is quite
instructive. Carbonates were deposited simultaneously in
these lakes only during the Allerod, Boreal and early Atlantic
chronozones. I n the Younger Dryas and Preboreal chrono­
zones, and also in the younger Holocene the nature ofdeposi-

tion in these two lakes was different (Fig. 7 and Gos lar et al. 
1999).

WATER LEVEL CHANGES DURING THE 
LA TE GLACIAL AND HOLOCENE 

The succession of lacustrine and mire sediments, and
their nature can give information about the fluctuations of
lake water-level, and indirectly about precipitation and the
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whole water balance (Ralska-Jasiewiczowa, Starke! 1988,
1991 ). The changes of biogenie sedimentation character in
the examined sites of the Łęczna-Włodawa Lake District
during the Late Glacial and Holocene are presented in Fig. 8.

Late Glacial 

The Late Glacial sediments are found in all palynologi­
cally analysed profiles of the examined sites. The alternation
oflacustrine sediments and peats indicates that variable envi­
ronmental conditions influenced the accumulation processes
in that period. The Late Glacial sediments were usually de­
posited in the fol lowing succession: muds and mineral gyttja,
coarse detritus gyrtja, peats, algae-carbonate and algae
gyttja.

In the Łukcze and Perespilno sites, which are situated at
the peripheries of the examined area, the bottom layers (muds
and mineral gyttja) were deposited during the last part of the
Pleniglacial (compare Ralska-Jasiewiczowa et al. 1999). To
this period we should probably relate the Older Dryas chro-

nozonc, which is distinguished in the pollen diagrams from
the central part of the Łęczna-Włodawa Lake District (Figs.
2, 3, 4 and 5). However, this question needs a detailed and
comprehensive discussion, so further on I use the hitherto ac­
cepted chronostratigraphic units of the Late Glacial. Accu­
mulation of muds and mineral gyttja, which are the most
frequent types in the bottom parts of the biogenie series, was
associated with shallow lake basins. Their development was
due to permafrost degradation which marked the beginning
of the thermokarst process (Wojtanowicz 1994).

The biogenie accumulation in the Allerod was diversi­
fied. In the Moszne complex, the Allerod lacustrine sedi­
ments are found under the present mire, and peats of the same
age- in the bottom sediments of the modern lake. The bottom
sediments of Lake Karaśne are differentiated. The Allerod
peats overlain by the Iacustrine sediments of Younger Dryas
occur in the profile from the shore zone of the modern lake.
These sediments are overlain by a layer of limnic sediments
accumulated since the Younger Dryas. In the central part of
the lake algae-carbonate gyttja was deposited in the Allerod.
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Fig. 6. Simplified percentage pollen diagram and total cladoceran diagram (after K. Szeroczyńska - Bałaga et al. 2002) of the Holocene
sediments of Lake Perespilno; / - gyttja, 2 - CaCO., (combined symbols denote mixed composition of sediment).

Therefore, we can assume that the Polesie landscape during
the Allerod chronozone was characterized by development
of moss and sedge moss mires and lakes. The Allerod peats,
which occur at a depth of I 0-15 m under the present lakes
and at a depth to 5 m in the small depressions within the
mires, probably accumulated at a similar hypsometric level.
Situation of the Late Glacial peats is presented in the sche­
matic geological cross-sections of the Moszne and Karaśne
complexes (Figs. 9 and I O). The peats were gradually shifted
downwards during ground subsidence, probably as a result of
total or partial degradation of permafrost and of melting of
ground ice lenses (Wojtanowicz 1994, Harasimiuk, Wo­
jtanowicz 1998). These phenomena were favoured by the
warm climate of the Allerod, with mean temperatures of July
determined at about I 4-l 6°C (Wasylikowa 1964), which is
evidenced by the occurrence of Nymphaea alba and Typha 
latifo/ia pollen. It is possible that other factors also partici­
pated in the formation of lakes, i.e. the karstification of car-

bonate rocks, and the processes associated with the ascensive
activation of groundwater vertical circulation (Dobrowolski
1998, Bałaga et al. 2002). The water level in the Moszne and
Karaśne lakes (developing during the Allerod chronozone)
was perhaps at about 165 m a.s.1., ifwe assume that the peats,
which consitute bottom layers of the lithologically differenti­
ated biogenie sediments filling the depressions near the
lakes, remain in their original positions and were not shifted
downwards. If not (which is also probable), the lake water
level may have been higher, similar to the present one.
Algae-carbonate gyttja was usually formed in the lakes dur­
ing the Allerod chronozone. The carbonate content in these
sediments (e.g. Karaśne) ranges from 40 to 90% (Fig. 7). Cal­
cium carbonate may have precipitated during the process of
biological decalcification of water rich in Ca2+ and HCO3-
ions, in which planktonie algae and macrophytes took part
(Stasiak 1971, Rzepecki 1985, Gąsiorowski 200 I). The sup­
ply ofCa2+ ions was probably conditioned by the occurrence
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Fig. 7. The curves ofCaCO3 content in the sediments ofKaraśne
and Perespilno lakes. Carbonate content in the Late Glacial and
early Preboreal sediments ofLake Perespilno described in the paper
by Goslar et al. ( 1999).

Łukcze Karaśne

ofthe Cretaceous carbonate rocks in the lake catchments and
by biological factors existing in the lake itself.

Molluscan fauna identified by S. W. Alexandrowicz (un­
published materials) in the carbonate gyttja from the central
part of the present Lake Karaśne indicates ecological condi­
tions at a shallow lake during its first stage of development,
which were favourable for lung-breathing snails (Planor­
bidae). The occurrence of snails tolerating periodic drying
(Planorbisplanorbis) may also suggest some changes oflake
shoreline and the seasonal reduction ofwater sheet. The oc­
currence of littoral macrophytes (Fig. 3) and moss remains
(Calliergon trifarium, C. gigantheum, Drepanocladus flui­
tans, D. sendtneri) also indicates that the sedimentation dur­
ing the early part of the Alleród chronozone preceeded in a
shallow lake. An increase ofwater level, or rather lake deep­
ening as a result of the subsidence of its bottom, occurred in
the late phase ofthe Allerod chronozone. It evidenced by the
lack or very small amount of moss remnants in gyttja accu­
mulated in the Karaśne site at that time, and also by micro­
fauna assemblage (higher frequency ofBosmina longirostris
at a depth of 1175 cm - the materials being prepared by K.
Szeroczyńska). The occurrence ofthis species, however, de­
pends not only on depth, but also on productivity ofthe lake.
The increased pollen values of taxa occupying wet habitats
provide evidence of the wetter climate during the late phase

Moszne Dume Bagno Krowie Bagno

_ .. _.._,_,..,._.._..
_, _, _,. _., _,. _, _,

_, _., _,• _, _,, _, _,.
_,. _,..,. _.. _, _,..,.
_,.-_,.,.-..,._,._,_,

Fig. 8. The profiles illustrating the lacustrine phase (in the temporal scale) in the evolution ofthe lacustrine-mire ecosystems; / - gyttja, 2-
sedge peat, 3 - moss peat, 4 - Sphagnum peat, 5 - sedge peat with Phragmites, 6 - CaCO3, 7 - muds, 8 - detritus, 9- hiatus and low rate of
sedimentation (combined symbols denote mixed composition of sediment).
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level; A - in early Allerod chronozone, B- in Subboreal chronozone (about 4000 years BP), C - at present (after Bałaga et al. 1995, simpli­
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of the Allerod (Fig. 3). Poor snail fauna reflects the different
(from the earlier phase) environmental conditions which
were unfavourable for snails.

During the Younger Dryas, the algae-gyttja or peaty
gyttja (in the Łukcze site) sediments accumulated in most of
the examined sites. Sedge-moss peat was found only in the
Krowie Bagno site. Carbonate-free gyttja formed in the
Karaśne and Dume Bagno sites. The change of sedimenta­
tion (from carbonate gyttja into carbonate-free one) in Lake
Karaśne at the tum of Allerod and Younger Dryas is espe­
cially worth noting as the Cretaceous carbonate rocks occur
in the lake vicinity. The sharp boundary between the men­
tioned sediments provides evidence of the abrupt change of
accumulation. The nature of this change is illustrated by the
curve of CaC03 content (Fig. 7). Such a differentiation of
sediments indicates that hydrological changes in the Łęczna­
Włodawa Lake District during the Younger Dryas were local
in nature. The development of water basins on the peats
formed in the Allerod (site Moszne and Łukcze I) suggests an
increase ofwater level in the Younger Dryas. The interdisci­
plinary researches of the sediments from Lake Perespilno, on
the contrary, indicate a fall oflake water level at the time (Go­
s lar et al. 1999). The accumulation of the peat in the Krowie
Bagno site does not provide evidence for high water level as
well. The climate of this chronozone was cold and dry. In the

described region it is evidenced by high values ofArtemisia 
recorded in the pollen percentage diagrams from all the ex­
amined sites. Winter precipitation probably could have con­
ditioned a rather high water level. A high water level in the
Allerod and possibly in the Younger Dryas is also noticeable
in other examined lakes of Poland (e.g. Gosiar et al. 1998).
Hence, the interrelations between the processes of activating
of the groundwaters, permafrost degradation and local geo­
logical conditions might have been the factors influencing
the water system of the Łęczna-Włodawa Lake District. A
gradual subsiding of the bottoms of the lakes cannot be ex­
cluded.

Holocene 

Preborealchronozone 

Pollen analysis indicates that the beginning ofHolocene
has been recorded in lacustrine sediments under most of the
present mires in the Polesie region. Peat sedimentation oc­
curred in the environs of the described sites only locally
(Bałaga 1991 ). In the profile near Lake Perespilno, a simulta­
neous appearance of the continuous curves ofthermophilous
trees is observed directly after the Late Glacial decrease of
the NAP and Artemisia pollen values (Fig. 11 ). This phe-
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Fig. I O. The schematic geological section of the Karaśne lake-mire complex presenting the development of peat and the probable water
level; A - in early Allerod chronozone, 8- in Subboreal chronozone (about 4000 years BP), C - at present (after Balaga et al. 2002, simpli­
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nomenon probably evidences a hiatus or a very slow rate of
accumulation during the Preboreal chronozone resulting
from the low groundwater table. Low groundwater level in
the early Holocene is confirmed by the results of Cladocera
analysis in Lake Perespilno (Balaga et al. 2002 and Fig. 6). 
The predominance of littoral Cladocera and occurrence of
wide macrophyte zone provide evidence of a shallow eutro­
phic lake in the Preboreal chronozone.

The nature of the sediments formed in Lake Karaśne at
that time is worth noting. The 3m-thick series of algae

carbonate-free gyttja accumulated then at a rate of I .5
mm/year. A large amount ofPediastrum evidences eutrophic
conditions ofthe shallow lake at that time. The assemblage of
Cladocera, without deep-water species, also indicates that
Lake Karaśne was rather shallow. The nature of sediments
was probably determined by the biological processes going
on in the lake.

During the Preboreal chronozone the lake water level in
the Polesie region was generally low. A rise in temperature,
low precipitation, and evapotranspiration probably also con-
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tributed to slowdown or even interruption of peat accumu­
lation (registered in eastern part of Lake District) at the be­
ginning of the Holocene. However, in the western part of the
Lake District, accumulation ofcarbonate gyttja in the Łukcze
Il site was probably associated with rising water level in that
lake. In the same way one can explain the accumulation of
carbonate gyttja in the Krowie Bagno profile at the beginning
of Holocene, when peats (or peaty gyttja) were being over­
lain by limnic sediments. Such local differences might have
also been caused by a selective lowering ofthe lake bottom.
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Boreal chronozone 

Development of alder communities in the earlier phase
of the Boreal chronozone, recorded by the maximum pollen
values ofA/nus (about 9000-8600 year BP), can indicate that
the groundwater table rose and wet habitats formed which
were favourable for alder (compare Jorgensen 1963). The
high groundwater level probably stimulated also peat accu­
mulation in shallow depressions near Lake Perespilno (Fig.
11 ). However, occurrence of the Mesolithic archaeological
sites between the Perespilno and Koseniec lakes (Fig. 12) in­
dicates that the area was accessible to man, so the lake water
level must have been rather low. The increases of Pteridium 
aquilinum in the Boreal chronozone were recorded in the la­
custrine sediments of Lake Perespilno (Fig. 6). This species
prefers open and scorched places, so its occurrence might
have been related to the presence of Mesolithic people.

In the western part of the Lake District, in the profiles of
the shore zone of Lake Łukczes mire, sedimentation of peat
over carbonate gyttja provides evidence ofwater level lower­
ing in the Boreal chronozone. This is also confirmed by the
sedimentation change (from algae gyttja into carbonate­
detritus one) in Lake Karaśne situated in the central part of
the Lake District. Carbonate gyttja accumulated also in the
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Krowie Bagno and Moszne sites. It seems that carbonate
sediments were accumulated in shallow lakes in this region.
The results of Cladocera analysis in the sediments of Lake
Perespilno (Bałaga et al. 2002, Fig. 6) and of Lake Karaśne
(K. Szeroczyńska, unpublished) and the existence of plants
from the limnophyta and telmatophyta groups also indicate
that the lakes were shallow with wide littoral zones. The lack
ofa distinct rise of lake water level in other regions of Poland
at that time was explained by the evapotranspiration effects
ofdense mixed forests (Ralska-Jasiewiczowa, Starke! 1991 ).

Atlantic chronozone 

In the Atlantic chronozone the sedimentation in Lake
Perespilno changed into a carbonate-free one. The results of
Cladocera analysis show that the lake was the deepest at the
time, with the predominance ofplanktonie Cladocera species
(Bałaga et al. 2002). The low amount of littoral macrophytes,
and ofalgae from Pediastrum genus, also suggests the rise of
water level (Fig. 6). Carbonate-free sedimentation took place
also in Lake Łukcze, and lasted there through the whole
Holocene. We can suppose that in warm and wet conditions
of climatic optimum these two lakes were the deepest, just
like today. On the contrary, in the lakes of the central part of
the Lake District the accumulation of carbonate gyttja was
prevailing. Preliminary Cladocera analysis in the sediments
of Lake Karaśne indicates that it was a shallow and eutrophic
lake. In the discussed chronozone, a different tendency of
water lowering appeared in the Durne Bagno site, where
peats (dated at about 7400 year BP) developed over lacus­
trine sediments in the shallower parts of the lake. Its deeper
parts were overgrown gradually for about 1400 years (Fig.
4). In the profile from the Moszne mire, the water level low­
ering started in the second part of the Atlantic chronozone, as
recorded by the change of algae gyttja into coarse detritus
one.

In the pollen diagram from the Krowie Bagno mire we
observe a distinct fall in the Cyperaceae percentages, and the
appearance ofplant species from limnophyta group in the lat­
ter part of the Atlantic chronozone, i.e. from 6900 to 5200
years BP. These observations suggest temporary rise of wa­
ter level in the shallowing lake, additionally confirmed by the
occurrence ofbranchiate snails in the sediments. Disappear­
ance of the lake and development ofmire were dated at 5100
years BP (Fig. 5).

Subboreal chronozone 

The change ofclimatic conditions (cooling and moisten­
ing of climate) in the older part of the Subboreal chronozone
probably caused the change in Cladocera assemblage in the
algae gyttja sediments of Lake Perespilno (Bałaga et al. 
2002). The predominance of Chydorus sphaericus and Bos­ 
mina coregoni indicates that the productivity decreased, and
the water level was still high. The high values of Alnus, 
Phragmites and Sphagnum in the pollen diagram from the
shallow depression near Perespilno (Fig. 11) are dated at
about 3800 years BP, and were probably associated with a
higher water level and wetter climate.

However, the total area of lakes in the Łęczna-Włodawa
Lake District was strongly reduced during the Subboreal. Till

about 3880±60 years BP the water sheet of Lake Karaśne
covered the similar area to the present lake together with
"spleja" (about 17 .5 ha), and its water level was at the altitude
of 166 m a.s.l. (Fig. IO). The successive sedimentation of
sedge and sedge-moss peats occurred in the Krowie Bagno
fen. The shallowing and overgrowing of Lake Moszne was
still continued. Mire has been developing here since 4300
years BP, and "spleja" has been overgrowing the lake at a rate
of about 0.85 mm/year (Bałaga et al. 1995).

Fluctuations of the water level in the mires are reflected
by the different rates of accumulation and decomposition of
peats, and probably also by hiatuses (compare Bałaga et al. 
1983, Bałaga 1991 ). lnterbeddings ofcoarse detritus gyttja in
the peat profiles are found only sporadically (Bałaga et al. 
2002). Thus, the peat accumulation was probably synchro­
nous with the rise of water level, which might have resulted
from climate moistening.

The rise in pollen values oftaxa ofwet habitats can be in­
terpreted as an indicator of the climate moistening. There­
fore, the phases of climate moistening were distinguished on
the basis of the maximum pollen values ofA/nus, Sphagnum, 
and the sum oftelmatophyta found in the Moszne and Krowie
Bagno mires (Table I). They were compared with the record
of wet/thermal phases distinguished on the basis of calcare­
ous tufa formation in the spring mires ofthe Chełm Hills (Do­
browolski et al. 1999) and with the wet phases recorded in
fluvial systems of Poland (Starke] 2002).

In the Subboreal chronozone, the synchronie character
of wet phases distinguished on the basis of palynological
analyses and changes in fluvial systems is noticeable. I n the
sedimentation of calcareous tufa at that time, however, no
distinct lithological zones were distinguished.

The economic activities of prehistoric man may have
also influenced water conditions; deforestation may have
contributed to the rise of water level. However, the low val­
ues of anthropogenic indicators in the pollen diagrams from
the Polesie region suggest that man activities did not consid­
erably influence water balance during the Subboreal chrono­
zone (Bałaga et al. 2002, Fig. 6).

Subatlantic chronozone 

The next cooling and moistening of climate happened at
the beginning of the Subatlantic chronozone. Development
of bogs in the Moszne and Durne Bagno sites (dated at
2790± 140 and about 2200 years BP, respectively) was proba­
bly associated with that wet phase. The mires lost connection
with the groundwater then and their supply system became
ornbrophilous, probably also as a result of higher precipita­
tion.

The subsequent wet phases, reflected in the increased
pollen values of A/nus, Sphagnum and telrnatophyta, oc­
curred in the periods from 2500 to 1400 years BP and from
1240 to 250 years BP, that is partly consistent with the phases
distinguished in fluvial systems and calcareous tufa forma­
tion (Table I).

Human influence on plant cover ofthe Polesie region has
increased since the Middle Ages as evidenced by the higher
values of anthropogenic indicators in the pollen diagrams.
This period is best recorded in the bottom sediments of the
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Table I 
Wet phases recorded in the peat profiles in the central part of the Łęczna-Włodawa Lake District during the Neoholocene

(the last 5000 years BP after Starke! 1977, 1991). The numbers denote ages in years BP

Moszne Krowie Bagno Phases of calcareous
tufa formation Wet phases

Max. A/nus Sphagnum Max. A/nus Telmatophytes (Dobrowolski et al., (Starkel, 2002) 
1999) 

980-290 780--290 1240-780 510-250 1000-650 
10-11 and 17-18 

century

2040--1740 1970-1370 2380-1440 2530-2000 2500-1700 2200-1800 

2790-2340 3040-2190 2890-2680 2800-2700 

3290-3120 3500-3290 3270-3050 3420-3270 lack of discrete cal- 3500-3000 

3760-3420 3955-3710 3760-3640 careous tufa layers
(of dispersed

3910-3560 character)

>4380 4520-4100 4690-4140 4500-4000 

shallow Lake Karaśne. The top part of these sediments, about
0.5 m thick, represents the last 700 years and is characterized
by the molluscan fauna typical of strongly overgrown lake.
Deep-water species are not found among the remnants of
Cladocera. These data do not evidence any distinct changes
of lake water level. Nevertheless, occurrence of the sedge­
Sphagnum peats over the sedge-moss ones in the top layer of
the bog near Lake Łukcze indicates a rise of the lake water
level in this time. However, it should be stressed that many
mires, situated near lakes, keep up high water level due to
high water-storage capacity of peat (Harasimiuk 1996), and
the action of confined waters favours continual presence of
wet areas, even during low precipitation periods (Michal­
czyk 1998). The radical changes ofwater conditions and for­
est cover occurred only in the last century, and were caused
by agricultural drainage and the construction of the Wieprz­
Krzna Channel (e.g. Wilgat et al. 1991 ).

DISCUSSION 

In the light of the paleoecological analysis presented
above, hydrological changes in the Lublin Polesie appear to
be very complex. The water balance was dependent not only
on climatic factors (regional in nature), but, to a greater ex­
tent, on local conditions. The lakes at Lublin Polesie, to­
gether with the surrounding mires, constitute an integrated
hydrological complex. Their water balance is conditioned by
three factors: precipitation, evapotranspiration and under­
ground waters exchange. The interrelations between lacus­
trine, surface and underground waters are presented by
Wojciechowski ( 1991 a), who argued that distinguishing one
uniform feature of these relations in the Lublin Polesie was
not feasible. It was, however, possible to distinguish several
types of relations between lakes and their surroundings.
These diversified relations between lakes and their catch­
ments were supposedly responsible for differentiated sedi­
mentation of calcium carbonate. Variations of calcium
carbonate content in lacustrine sediments are considered to
indicate climatic changes as well as changes of the lake's

depth. However, this indicator is not applicable when the
lakes of the Polesie are concerned. All the phenomena men­
tioned above are extremely complex; they require further ex­
amination and a more detailed discussion.

The analyses of 13c isotope in authigenic carbonates of
Lake Perespilno indicate that an opposite tendency of the
813C curve in the periods Younger Dryas when compared to
other Polish lakes (Kuc et al. 1996). This is supposedly
caused by an interaction of the assimilation and decomposi­
tion of organic material inside the lake. Similarly, the analy­
sis of water balance (the intensity of water exchange) of the
selected lakes provides evidence concerning the discrete
character of water circulation system of the Łęczna-Wło­
dawa Lake District (when compared with other Polish lakes).
Five of six sites examined in this district exhibited the water
turnover time exceeding 6 years (7-86 years), whereas in al­
most all Polish lakes this time is less then 6 years (Woj­
ciechowski 1991 b ).

Over the Postglacial, the total area of lakes in this Lake
District was the largest between the last cold Postglacial
phase and the Neoholocene. However, the lakes were proba­
bly the deepest at the older phase of the Allerod, The depth of
the examined lakes (from over 20 to several m) was condi­
tioned by various processes (among others karst and thermo­
karst phenomena) forming the lake basins. These processes
were influenced both by climatic and local (tectonics of the
area, the nature of fault surfaces of the Upper Cretaceous
massif) factors, which also had an impact on the size and
character of depressions and the role of confined waters. As
the bottom oflake basins became more stable, the sediments
started to accumulate. In many Polish (Niewiarowski 1995,
Starke! et al. 1998, Wojciechowski 2000) as well as southern
Scandinavian sites (Gaillard 1985, Digerfeldt 1988), during
the warm and dry early Holocene, low level oflakes was reg­
istered. However, the phases of a low water level distin­
guished in these sites are not always synchronous. This
situation is similar to that of southern Sweden, where
changes in water balance lagged behind those in south­
central Sweden by I 000-2000 years (Almquist-Jacobson
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1995). In the Polish Lowlands, the phases of the low water
level occurred at I 0000-9500 and 9200-9300 BP (Ralska­
Jasiewiczowa, Starke] 1988). As far as the Lublin Polesie is
concerned, the low water level was noticeable in its eastern
part at that time. The gyttja accumulation, in turn, evidences
the rise of the water level in the western and central parts of
the Łęczna-Włodawa Lake District. These changes could
have been instigated by a selective lowering ofthe bedrock.

The hydrological changes leading to the shallowing of
the lakes in the central part of the Łęczna-Włodawa Lake
District provide evidence for periodical fluctuations of the
water level in the middle Holocene. This is also confirmed by
the analyses ofcalcareous tufa in the mires ofa neighbouring
region - the Chełm Hills (Dobrowolski et al. 1999). The es­
calation oftufa sedimentation, favoured by warm and wet cli­
mate, is dated at 6700-6500 and 6000-5700 BP. Low water
levels of Lake Gościąż (Starke] et al. 1998) and Lake Bisku­
pińskie (Niewiarowski 1995) in the Atlantic chronozone
were caused by the development ofdeciduous and mixed for­
ests communities in the climatic optimum. The increased
evapotranspiration was supposedly the factor modifying lo­
cal water systems. The deepening ofLake Perespilno, occur­
ring after the mid-Holocene is worth noting (Bałaga et al.
2002, Fig. 6). Similarly, in the Atlantic chronozone, a high
water level was noted in the lakes of southern Sweden (Harri­
son, Digerfeldt 1993).

In the Neoholocene, hydrological changes in the Lublin
Polesie were related to the successive shallowing and over­
growing of the lakes.Mires and present lacustrine-rnire com­
plexes were forming then. As the flow ofenriched waters was
limited, bogs fed by precipitation waters were formed. As the
human impact was negligible, these changes were mainly
brought about by climatic conditions.

The intended comparison of the profi le from the central
part of Lake Karaśne with the profiles from the mire sur­
rounding the lake should provide some further information
concerning the changes of water level in the selected site
(Bałaga et al. 2002). The results of the palynological, Clado­
cera and chemical composition analyses together with radio­
carbon dates are bound to provide the data for the detailed
reconstruction of water-level fluctuations in the lake.

CONCLUSIONS 

The biostratigraphic analysis of the lacustrine and mire
sediments in the examined sites indicates that biogenie accu­
mulation was different in the particular sites and in the suc­
cessive chronozones of the Late Glacial and Holocene. The
differentiation ofbiogenic accumulation was conditioned by
local factors (geological-geomorphological conditions, bio­
logical processes occurring in lakes), and also by climatic
changes.

Hydrological changes during the Late Glacial were
caused by ground subsidence resulting from permafrost deg­
radation and melting of ice lenses. The ascensive activation
of groundwater vertical circulation was also conditioned by
those phenomena. The most prominent changes occurred in
the Allerod chronozone where the basins of the present lakes
were formed.

The total area of lakes in the Polesie region was the larg-

est from the Younger Dryas to the Subboreal chronozone,
though several lowerings of lake water level occurred.

The slow overgrowing ofsome lakes was observed in the
Atlantic chronozone as a result of water-level lowering. The
lake in the Durne Bagno site had been totally overgrown in
the period from 7400 to 6000 years BP, and the modern bog
(the greatest in the Polesie region) started to develop there.
However, some other lakes (e.g. Lake Perespilno) were still
deep then.

The radical changes, i.e. the lowering oflake water level
and the development of mires on lacustrine sediments, oc­
curred during the younger Holocene. The lakes transformed
then into large mires (e.g. Krowie Bagno) or their area was
largely reduced.

Fluctuations of groundwater level conditioned the rates
of accumulation and decomposition in the Subboreal and
Subatlantic peat bogs. The wet phases indicated by the maxi­
mum pollen values ofA/nus, Sphagnum and sum of telmato­
phyta, are partially consistent with those distinguished in
fluvial systems (Starke! 2002) and in the spring mires (Do­
browolski et al. 1999)

The economic activity of prehistoric man, recorded by
the occurrence of anthropogenic indicators in the pollen dia­
grams, had no noticeable influence on the water level. The
cosiderable changes of vegetation cover and distinct eutro­
phication oflakes have occurred only since the Middle Ages.

The conditions of cale i um carbonate precipitation in the
lakes of the Polesie region are an important and difficult
problem. Algae-carbonate gyttja was accumulated in rather
shallow lakes as a result ofthe process ofbiological decal ci fi­
cation of water rich in Ca2+ and HCO3- ions.

The obtained results indicate that the lake water level
during the Late Glacial and Holocene (e.g. at Moszne and
Karaśne sites) was at about 165-168 rn a.s.1.
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