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Abstract—Sediments of Maloe Olen’e Lake in the central part of the Kaliningrad oblast were subjected to
analysis of the botanical composition of peat, pollen analysis, and radiocarbon dating. Four local pollen
assemblage zones as reflecting the dominant plant communities of the surrounding territories during the
Holocene were assigned. Analysis of plant macrofossils resulted in the identification of the stages of f loating
mat vegetation development in the Late Holocene. The atypical sequence of peat deposition, with transition
mire peat located above raised bog peat, was identified. Sediment accumulation rate was calculated according
to radiocarbon dating.
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Mire ecosystems of lacustrine origin are quite
scarce and poorly characterized elements of the Kalin-
ingrad oblast landscape, even though analysis of the
distinctive features of their formation can contribute
to our understanding of the development of the envi-
ronmental conditions in the South-Eastern Baltic area
in the postglacial time. The authors have analyzed
pollen assemblages and plant macrofossils in the
organogenic Holocene deposits from the ecosystem of
Maloe Olen’e Lake located in the central part of the
Kaliningrad oblast and currently undergoing a transi-
tion from lake to mire due to terrestrialization
(Figs. 1a–1c).

METHODS
Coring and bottom sediment sampling for botani-

cal, pollen, and radiocarbon analyses were performed
on the f loating mat of the lake-mire system (Fig. 1c;
54.56646° N; 21.70243° E). Botanical composition of
the peat was analyzed according to the conventional
approaches (Korotkina, 1939). Sample processing for
pollen and spore preparation was performed as
described by Faegri and Iversen (1989). The С2 soft-
ware (Juggins, 2014) was used to construct the pollen
diagram and the diagram of the botanical composi-
tion of the peat. The absolute age of the sediments
was determined in the Radiocarbon Dating Labora-
tory of the Geography Institute, Russian Academy of
Sciences.

Stratigraphy and botanical composition of the peat.
Maloe Olen’e Lake is located in a 10.5-m deep closed
kettle; the kettle bottom is covered by glaciolacustrine
clays, with a thick gyttja layer located above the clay
layer (Fig. 2). The peat bed of the terrestrialized part of
the lake is represented by a thick (3.5–4 m) and broad
floating mat surrounding the lake. A water layer 3–5 m
deep is located between the peat bed and the gyttja
(Fig. 2). The floating mat is replaced by open water sur-
face near the middle of the lake. Fen peat is completely
absent from the floating mat. The entire peat bed has
distinct raised bog peat and transition mire peat layer.
Raised bog peat constitutes the lower two-thirds of the
floating mat (120–350 cm), and the thin transition layer
is located above it (Fig. 2), in contrast to the conven-
tional sequence of the different types of peat.

Two stages of vegetation development (Fig. 3):
Sphagnum fuscum (stage I) and Eriophorum
polystachyon – Sphagnum angustifolium + S. magellan-
icum (stage II) were identified in the diagram of botan-
ical composition of peat according to the results of
analysis of plant macrofossils complexes in f loating
mat peats.

Pollen assemblages. Four local pollen assemblage
zones characteristic of the dominant plant communi-
ties of the surrounding territories in the Holocene are
distinguished in the pollen diagram of Maloe Olen’e
Lake (Fig. 4).
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Fig. 1. Schematic map of the study area: (a) geographic location of the Kaliningrad oblast, (b) scheme of the landscape areas in
Kaliningrad oblast (Geografiya …, 2008) and location of Maloe Olen’e Lake, (c) surface structure of Maloe Olen’e Lake. Desig-
nations: (1) hilly terminal-moraine landscapes, (2) moraine plains, (3) glaciolacustrine plains, (4) ancient alluvial and glacioflu-
vial plains, (5) recent alluvial plains, (6) deltaic lowlands, (7) aeolian landscapes, (8) terrestrialized part of the lake (floating mat),
(9) open water surface, (10) coring and sampling site.
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Fig. 3. Botanical composition diagrams for the peats from
Maloe Olen’e Lake. Vegetation stages: (I) reed stretches:
raised Sphagnum fuscum bog at an active growth stage;
(II) transition mire communities: Eriophorum
polystachyon–Sphagnum angustifolium + S. magellanicum.
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Local pollen assemblage zone 1 Betula–Pinus
(1175–920 cm) is characterized by low species diver-

sity with Betula (55–67%) and Pinus (27–40%) pollen

predominating (Figs. 4; 5е, 5l, 5m) and insignificant

amounts of pollen from Ulmus, Alnus, Picea, Corylus,
Salix (Figs. 5b–5e, 5p, 5q), and Artemisia and Poaceae

(Fig. 5n). Pediastrum boryanum remnants constitute a

substantial part of the gyttja deposits (Figs. 6a, 6b). We

believe that the pollen assemblage zone corresponds to

the early Holocene (the Preboreal and first half of the

Boreal). The development of microphyte communi-

ties and accumulation of thick gyttja layers at the aver-

age rate of 1.5 mm/year occurred in the lake at that

time. The replacement of cryophilic vegetation by pine

and birch communities took place in the neighboring

areas.

Local pollen assemblage zone 2 Corylus–Ulmus
(920–800 cm). The lower boundary of the palynozone

corresponds to an increase of pollen percentage of

thermophilic species (Corylus pollen value increases to

23%, and Ulmus pollen value, to 4.6%) accompanied

by a decrease of Pinus pollen value (Figs. 4; 5b, 5c, 5l–

5m). The character of the pollen spectrum corre-

sponds to the second half of the Boreal and beginning

of the Atlantic, this being in good agreement with the

data for the neighboring areas (Neustadt, 1957; Lang,

1994; Palaeoecological …, 1996) and the results of the

radiocarbon dating. Pine and birch forests predomi-

nated in the study area during that period, but thermo-

philic species already played an important role in the

communities.

The absence of sediment material (Figs. 2, 4) due

to interruption of sedimentation prevented us from

drawing conclusions on the development of vegetation

in the study area during the Middle Holocene and the

first half of Late Holocene.

Local pollen assemblage zone 3 Carpinus (350–

80 cm). Arboreal plant pollen predominates (97–

99%); these plants are represented by Betula, Alnus,
Pinus, Carpinus, Picea, Quercus, Tilia, Corylus, and

Alnus (Figs. 4; 5a–5i, 5l, 5m, 5p, 5q), whereas Ulmus
and Fagus pollen is present in small amounts. Radio-

carbon dating indicated that the palynozone corre-

sponded to the vegetation of the second half of the

Sub-Atlantic period represented by broadleaf and

spruce–broadleaf forests similar to the contemporary

zonal communities of the South-Eastern Baltic area

(Rastitel’nost’…, 1980). The two subzones (Fig. 4),

Alnus (340–210 cm) and Picea (210–80 cm), identi-

fied within the pollen assemblage zone might reflect

the centennial-scale climate variability.

Raised bog peat in the lower part of the f loating

mat is largely composed of Sphagnum fuscum (Figs. 3;

6c–6f), this being indicative of intensive expansion of

raised bog communities during this period.
EONTOLOGICAL JOURNAL  Vol. 53  No. 8  2019
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Fig. 4. Pollen diagram of Maloe Olen’e Lake: (1) transition mire peat, (2) Sphagnum raised-bog peat, (3) gyttja, (4) water,
(5) glacio-lacustrine clay.
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Fig. 5. Pollen grains and spores from the Holocene sediments of Maloe Olen’e Lake (magnification ×600): (a) Quercus Linnaeus,
1753; (b) Ulmus Linnaeus, 1753; (c) Corylus Linnaeus, 1753; (d) Alnus Miller, 1754 (with five pores); (e) Alnus Miller, 1754 (with
four pores); (f) Betula Linnaeus sect. Albae Regel, 1865; (g) Carpinus Linnaeus, 1753; (h, i) Tilia Linnaeus, 1753; (j, k) Ericaceae
Jussieu, 1789 (microspore tetrads); (l) Pinus Linnaeus, 1753 (view from below); (m) Pinus Linnaeus, 1753 (side view); (n) Poaceae
Barnhart, 1895; (o) Polypodiaceae Jan Presl et Carl Presl, 1822 (spore); (p, q) Picea Albert Dietrich, 1824.
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Local pollen assemblage zone 4 Pinus—NAP (the

pollen of non-arboreal species) (80–5 cm). Tree pol-

len predominates, but herbaceous plant pollen makes

a substantial contribution (up to 7.5%) (Figs. 4; 5j, 5k,

5n), with Poaceae, Artemisia, Chenopodiaceae, Com-

positae (Cichorioideae), and Ericaceae being the pre-

dominant sources of herbaceous plant pollen. The

share of Pinus pollen among the arboreal species

increases significantly (to 74.3%). The value of Betula,
Carpinus, Picea, Quercus, Alnus, and Corylus pollen
PAL
decreases significantly, and Fagus and Tilia pollen is

nearly absent.

The hosting peat layer also changes: rather abrupt

replacement of raised bog peat by transition mire

peat with predominating remnants of Eriophorum
polystachyon (Figs. 3; 6j–6l) and more mesotrophic

Sphagnum species (Sphagnum angustifolium, S. capilli-
folium, and S. magellanicum), along with pine and

birch bark (Figs. 3; 6d, 6e, 6g–6i) occurs at the depth

of 120 cm and above. These deposits are of a subrecent
EONTOLOGICAL JOURNAL  Vol. 53  No. 8  2019
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Fig. 6. Plant macrofossils from the Holocene deposits of Maloe Olen’e Lake (magnification: c–d, f–g, i–j, l ×150; a–b, e, h, k
×600): (a, b) Pediastrum boryanum (Turpin) Meneghini, 1840; (c) Sphagnum fuscum (Schimper) Klinggraeff, 1872 (branch leaf);
(d, e) Betula Linnaeus, 1753 (bark cell layer); (f) Sphagnum fuscum (Schimper) Klinggraeff, 1872 (stem leaf); (g, h) Pinus Lin-
naeus, 1753 (bark cell layer); (i) Sphagnum magellanicum Bridel, 1798 (branch leaf); (j, k) Eriophorum polystachyon Linnaeus, 1753
(leaf epidermis with fibers); (l) Eriophorum polystachyon Linnaeus, 1753 (leaf sheath epidermis).
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age: they were supposedly formed within the 100–120

most recent years. Thus, pollen spectra of the pollen

assemblage 4 provides information on the character of

pollen deposition in the contemporary epoch and the

degree of correspondence between this process and

the composition of contemporary vegetation.

Radiocarbon dating showed that peat accumula-
tion rate in the f loating mat of Maloe Olen’e Lake was
1.6–1.7 mm/year throughout the second half of the
Sub-Atlantic period. The high rate of peat increment
PALEONTOLOGICAL JOURNAL  Vol. 53  No. 8  201
in the recent decades (up to 11 mm/year) is due to the
incomplete decomposition and ongoing decay of the
plant remnants in the upper horizons.
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