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Abstract

In this paper, we present the results of a paleoanthracological analysis of the Lateglacial
Kulikovo section (eastern Baltic, Kaliningrad region). This is proposed as a new method-
ological approach to studying the presence of woody taxa in Lateglacial vegetation. Woody
vegetation is an important marker of environmental dynamics in post-glacial areas and
one of the most important indicators of climate amelioration. Therefore, establishing the
time of the appearance of woody vegetation during the Lateglacial period is essential.
Paleoanthracological analysis revealed 22 macrocharcoal morphotypes, among which were
the following indicators of woody (coniferous and deciduous) vegetation: wood, punky
wood, needles, leaf stems, etc. The results indicate an almost continuous local presence
of woody species in the study area since the Older Dryas, 14.0 ka. This conclusion is
in good agreement with the available data on the presence of phytoliths of conifers and
palynological data, indicating that from the end of the Older Dryas up to approximately
12.5 ka, the percentage of arboreal vegetation did not fall below 50% of terrestrial pollen,
and over a significant part of the studied time interval it reached 70-80%. Paleoanthra-
cological analysis can serve as both an independent method of studying the emergence
of woody vegetation in a certain area and an important addition to the reconstruction of
Lateglacial vegetation based on pollen data.

Keywords: paleoanthracology; woody vegetation; eastern Baltic; Lateglacial; phytoliths;
palynology

1. Introduction

Paleoanthracological analysis involves analyzing the content, concentration, and types
of macroscopic charcoal particles in lake and wetland sediments. Most researchers use
this method to study the history of fire activity and reconstruct long-term changes in
fire occurrence, complementing and expanding reconstructions based on palynological,
dendrochronological, and historical data [1,2]. Macrocharcoal analysis has been used for
studying fire history since the 1980s [3,4].

In addition to reconstructing past fire activity, supplementary paleoecological infor-
mation can be obtained from charcoal particle morphology. For example, identifying
burnt material—wood, leaves, conifer needles, and grass—provides a valuable source of
information for paleobotanical reconstructions, namely, the character of local vegetation.
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Currently, the macrocharcoal classification of Mustaphi and Pisaric [5] is used for these
purposes. It was developed based on observations of >100,000 macroscopic charcoal frag-
ments larger than 150 pm, obtained while studying the Holocene lake sediments in a zone
of mixed-conifer forests in western Canada, and describes 27 variations in the macroscopic
morphology of charcoal. Their morphological classification applies to sedimentary charcoal
ranging in size from 100 um to approximately 2 cm.

It is assumed that macrocharcoal is unlikely to be suspended at normal wind speeds
and, if suspended, would travel much shorter distances than the smaller charcoal (mi-
crocharcoal) typically found in pollen samples. According to J.S. Clark [3], these larger
charcoal particles reflect the fire regime in the catchment of a lake or swamp. The dispersal
distance of macrocharcoal depends on fire intensity, the area burned, and conditions favor-
able for redeposition, and ranges from tens to hundreds of meters, in some cases reaching
up to 10-20 km [6]. Deposited macroscopic charcoal (>125 um) in lake sediments tends
to have a source area of <500 m [5]. Thus, studying the type of burned material based on
studies of macrocharcoals reflects its local sources, i.e., local vegetation.

When examining the evolution of plant cover, woody vegetation deserves special
attention due to its significant ecological role in Lateglacial landscapes. It is an important
marker of environmental dynamics in post-glacial areas and one of the most important
indicators of climate amelioration. Therefore, the timing of the appearance of woody
vegetation during the Lateglacial is essential. The presence and density of vegetation
influenced the microclimate, the formation of soil, the intensity of surface erosion, and the
surface water runoff regime. During the Lateglacial, the degree of landscape openness, the
presence or absence of forests, and the vegetation composition were among the main factors
determining ancient populations’ subsistence strategies. Thus, studying the emergence of
woody vegetation in a certain area is essential for understanding past natural environments.

Palynological data are the most extensive source of information on tree cover dynamics.
In the Baltic region, pollen from tree species (mostly Pinus and Betula) has been recorded as
early as the Oldest Dryas deposits [7,8]. However, most researchers treat these data with
caution, considering the possible long-distance air transport of pollen, which could have
been facilitated by the surrounding landscape’s openness and the strong winds expected
in certain periods of the Lateglacial. As a result, using only palynological information
in paleoreconstructions may over- or underestimate the role of tree cover in Lateglacial
landscapes. Other categories of paleobotanical data, such as plant macro- and microremains
(phytoliths, epidermal fragments, wood, bark, needles, etc.), can verify and supplement
palynological information [7,9]. We advocate the use of paleoanthracological analysis
and, specifically, the determination of the type of burnt material as a new methodological
approach to studying the emergence of woody vegetation in a certain area.

The Kulikovo Lateglacial section (54°56' N, 20°21" E) is a new sediment record studied
during 2023-2025 in the eastern Baltic region (Figure 1). The section is reliably dated
(Table 1), and comprehensive lithological, phytolith, and palynological studies of the
deposits have been conducted every 1-3 cm along the visible stratification of the sediments
at the microstratigraphic level [10,11]. The results demonstrate the uniqueness of the section:
the 192 cm thick strata span 14.1-12.5 ka and enable a high-resolution reconstruction of this
time period’s natural environment (all dates are cited in calibrated radiocarbon years BP).
In this article, we discuss the paleoanthracological analysis results from this section, their
correlation with other paleobotanical data, and their significance for clarifying the issue of
the presence of woody vegetation in Lateglacial landscapes.
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Figure 1. (a)—Location of the Kulikovo section in Europe; (b)—location of the Kulikovo section in
the Baltic region; (c)—view of the sediment section during fieldwork; (d)—view of the Kulikovo site,
Sambian Peninsula, Kaliningrad region.

Table 1. Results of the geochronological study of the Kulikovo section [10].

*
Depth, cm Sample Material Age, 4C ( 6? Zg‘;: ;:;1)%:1? iIl’ity)
45 LuS-18463 macroremains (wood) 10,940 + 60 12,900-12,760
106 LuS-18462 macroremains (wood) 11,060 + 60 13,075-12,920
163 LuS-18461 macroremains (wood) 11,790 + 60 13,755-13,525
186 LuS-18460 macroremains (wood) 11,980 + 80 14,020-13,785
192 LuS-17811 sediment (gyttja) 12,200 + 60 14,185-14,040

* All dates were calibrated using an IntCal20 calibration curve.

2. Materials and Methods

Fieldwork and previous research. Sediment samples were collected in large metal
tins, 7 cm wide by 50 cm long, and transported to laboratories for processing and analyses.
Samples (1-3 cm each) were taken according to the visible layering of the sediment. The
methods and results of lithological, geochronological, phytolith, and palynological analyses
are presented in detail in previous articles [10,11].

Paleoanthracological analysis. This included counting and identifying macrocharcoal
(linear dimensions > 100 um) particles in 66 samples by treating the soil with a 9% hydrogen
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peroxide solution (H,O;) and washing the sediment through a 0.1 mm (100 pm) sieve.
The remaining material was examined in a Petri dish using a MOTIC SMZ-168 binocu-
lar microscope (Motic Incorporation Limited, Barcelona, Spain) at 10-50x magnification.
Classifications of charcoal by morphotype and burnt material determination were per-
formed according to Mustaphi and Pisaric [5]. Morphological types were distinguished by
shape: (A) polygonal; (B) blocks and rectangles; (C), (D) elongated; (E) spheroidal; and (F),
(G) irregular and glassy shapes. In addition to geometric parameters, structural and textural
features were described: charcoal particles can be simple or grooved, contain voids, have a

lattice structure, have veins, etc. [5].

3. Results

Our analysis revealed 22 morphotypes of macrocharcoals (Table 2).

Table 2. Results of the paleoanthracological analysis of the Kulikovo section.

Charcoal
Charcoal Mass Charcoal
Sample No. Depth, cm ArrIl)cglcmt, Concentration, Morphotype Interpretation Period
pscl/g
66 0.0-2.0 0 0.00 none -
65 3555 12 11.02 A3,C3,D1, D2 eaves twigs, needles, punky
wood, monocot leaves, wood
Twigs, needles, leaf stems,
64 7.5-9.5 3 7.94 C3,C6,D1 herbaceous roots, stolons,
wood
63 11.5-135 8 6.62 B1,C3, C5, D1, D2 Wood, leaves, twigs, leaf
stems
62 15.5-17.5 4 6.21 A3, A4,C3 Punky wood, leaves, twigs
61 17.5-19.5 1 1.62 F1 Roots
60 21.5-23.5 0 0.00 none
59 23.5-25.5 2 3.00 B2, D3 Wood, Poaceae leaves
58 275295 3 489 A2,B1,C3 Herbaceous material, wood,
twigs
57 31.5-335 9 20.09 B1,C3,D1, D3 M‘l’“C’COt leaves, Poaceae
eaves, twigs, wood
Wood, punky wood, twigs,
56 35.0-36.5 20 3491 éé’ é;’ glz’ }ng/ roots, herbaceous material,
T leaves, resin/seeds? Younger Dryas
A2, A3,B1,C3, Wood, punky wood, twigs,
55 36.5-38.0 17 31.58 D1, D2, D3 leaves, resin/seeds?
A4, B1,B2,C3, Poaceae leaves, wood, twigs,
54 41.5-43.0 1 25.32 D3, E3 leaves, resin/seeds?
53 44.5-46.0 1 2.56 B1 Wood
50 475490 8 11.19 B1, B2, B4,C3,D1, Twigs, monocot leaves, leaves,
D2 wood, Poaceae leaves
51 50.5-52.0 7 10.94 A3,B1,C5,D1, Leaf stems, wood, monocot
D2 leaves
50 53.5-55.5 3 9.93 A3,C3,D1 Twigs, monocot leaves, punky
wood, leaves
Wood, roots, fine stems,
. A3,B1,C7,D2, resin/seeds/phytoliths,
49 57.0-58.5 10 18.06 D3, G1 leaves, Poaceae leaves, punky
wood
48 60.0-62.0 7 21.95 A2,A3,D2,c4  Leaves herbaceous material,

punky wood, twigs
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Table 2. Cont.

Charcoal
Charcoal Mass Charcoal
Sample No. Depth, cm Amount, . Interpretation Period
Psc Concentration, Morphotype
psc/g
47 63.5-65.5 1 2.63 D3 Poaceae
46 67.5-69.5 3 416 D1, D3 Monocot llea"es' Poaceae
eaves
45 71.5-73.0 1 2.29 B1 Wood
44 74.5-76.0 0 0.00 none -
43 78.0-79.0 0 0.00 none -
42 80.0-82.0 0 0.00 none -
41 84.0-85.5 1 1.68 D1 Monocot leaves
40 87.0-88.5 1 2.49 A2 Herbaceous material
39 90.5-92.5 3 7.06 Al,B1, B2 Wood, Poaceae leaves
38 95.5-97.0 11 17.81 Al,B1,D2,E3 Wood, leaves, resin/seeds?
37 99.0-101.0 7 7.19 Al,B1,B2,C1,E3 Wood, needles, leaves,
resin/seeds?
36 103.0-105.0 0 0.00 none -
35 105.0-107.0 2 2.37 D1, E3 Monocot leaves, resin?
34 109.0-111.0 1 2.73 D1 Monocot leaves
33 115.5-116.5 0 0.00 none -
32 118.0-119.5 2 448 A2, E3 Herbaceous material,

resin/seeds?

Resin/seeds?, monocot leaves,
31 121.0-122.0 16 35.16 A3, B1,B2,B5,D1,G1 needles, herbaceous material,
wood, Poaceae leaves

30 124.0-125.5 0 0.00 none -
29 126.5-128.0 0 0.00 none - Allerod
28 128.0-129.0 1 1.44 B1 Wood
27 131.0-132.0 4 5.11 A3, Ad Punky wood, leaves
26 133.5-134.5 1 1.25 E3 Resin/seeds?
i ?
25 136.0-137.0 6 6.33 D1, B1, E3 Monocot leaves, resin/seeds?,
wood
24 138.0-139.5 2 3.58 D2, E1 Leaves, resin?
23 141.0-142.5 5 5.07 A3,B3,E1, E3 Resin/seeds?, leaves, punky
wood, leaf stems
22 143.5-144.5 4 5.28 Al,E3 Resin/seeds?, wood
21 146.5-148.0 3 4.10 E1l Resin/seeds?
20 149.5-150.5 2 2.72 B2, E2 Wood, Poaceae leaves, resin?
19 151.5-153.0 0 0.00 none -
18 1545-155.5 4 6.20 A2, B2 Herbaceous material, wood,
Poaceae leaves
17 157.0-158.5 3 4.08 B2, E3 Wood, Poaceae, resin/seeds?
16 160.0-161.0 3 4.09 A3,B1,D1 Wood, punky wood, leaves,
Monocot leaves
i ?
15 162.0-163.5 2 359 B4, E3 Resin/seeds?, Poaceae leaves,
leaves
Wood, Poaceae leaves,
14 165.0-166.0 3 4.79 A3,B2,E3 resin/seeds?, punky wood,
leaves
13 167.5-169.0 2 3.96 C1,D2 Needles, leaves
12 171.5-172.5 3 7.11 A3,C5 Punky wood, leaves, leaf

stems
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Table 2. Cont.
Charcoal C}Itizracszal Charcoal
Sample No. Depth, cm Amount, . Interpretation Period
Psc Concentration, Morphotype
psc/g
Monocot leaves, punky wood,
11 175.0-176.0 7 16.60 A2,A3,C1,C6,D1 wood, leaves, needles, leaf
stems, roots
10 176.0-177.5 0 0.00 none -
9 177.5-179.0 1 1.69 E3 Resin/seeds?
8 179.0-180.5 4 7.15 A3,B3,C5 Wood, p‘lmkfy two"d' leaves,
cat stems Older Dryas
7 180.5-183.0 0 0.00 none -
184.0-185.5 1 1.13 A3 Punky wood
185.5-187.0 1 1.86 A3 Punky wood
4 187.0-188.5 2 3.70 B3, E1 Wood, leaves, leaf stems,
seeds?
1-3 188.5-191.0 0 0.00 none -

In general, their diversity and quantity increased from deeper layers to the surface. The
first appearance of woody vegetation indicators was recorded in the sample corresponding
to 14.0 ka, while the maximum amount and greatest diversity of charcoal particles were
recorded in samples between 13.3 ka and 12.8 ka. The greatest number of morphotypes
was represented by the following:

B1-type—39 charcoals (voluminous blocks, supposed fuel source—wood);

D1-type—33 charcoals (thin and long, supposed fuel source—monocot leaves and wood);
A3-type—24 charcoals (monolithic polygons, supposed fuel source—punky wood
and leaves);

C3-type—24 charcoals (long and thin, supposed fuel source—twigs and woody material).
The most numerous were morphological types D2 (leaves), E3 (resin?), and B2 (wood,
monocot leaves). Charcoals were absent from 16 samples.

4. Discussion

According to previous modeling results, most of the Baltic territory was already free
of ice cover by 17.8-16 ka [12-14]. Recent paleoclimatic studies have shown that the
global climatic transition from the Last Glacial Maximum to the Holocene was accom-
panied by rapid warming [14]. Summer temperatures were likely similar to present-day
values (+16-18 °C), and thus higher than previously assumed [15,16]. For the Baltic re-
gion, two independent sources of paleoclimatic data exist: botanical macroremains and
chironomids. A study based on plant macroremains found in numerous Scandinavian pale-
oarchives revealed that summer temperatures during the Lateglacial period ranged from
+14-16 °C [15]. Similar temperature values were obtained from chironomid-based stud-
ies. Thus, chironomid-inferred July temperatures for central Poland fluctuated between
+16 and +18 °C during the Belling—Younger Dryas interval. Values obtained for Lithuania
are somewhat lower, but also comparable to modern ones, and range from +14-16 °C [11].
Comparison of the minimum temperatures required for the growth of tree species like pine
(+11-12 °QC), alder (+14-15 °C), and hazel (+14.6-15 °C) with those reconstructed for the
Lateglacial [11] suggests that the climatic conditions of the summer seasons were favorable
for the spread of woody vegetation across the wider Baltic region.

Paleobotanical studies conducted in the eastern Baltic region over the past two
decades have shown that the Lateglacial vegetation of this area underwent numerous
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changes, from the prevalence of pioneer herbaceous and dwarf shrub communities during
those periods with a more severe climate to true forests during the period of climatic
amelioration [8,9,17-22]. Recent research has shown that one of the main characteristics of
the Lateglacial vegetation in the Baltic region and Scandinavia was the simultaneous pres-
ence of tundra, taiga, and hemiboreal plant communities, with proportions determined by
climatic conditions and local factors such as slope exposure, humidity, soil type, etc. [11,15].

In studying the issue of the appearance of woody vegetation in Lateglacial landscapes,
in addition to pollen, two main categories of data are used: plant macroremains and
botanical microparticles (e.g., stomata), which are found in pollen samples often by chance.
As mentioned previously, in the Baltic region, pollen from tree species, as well as Pinus
stomata [7] and Betula sect. Albae macroremains [17], have already been recorded in pre-
Bolling deposits at several locations in Lithuania and Latvia [7,9]. In these sediments, the
AP (arboreal pollen) value during this period fluctuates between 50% and 90% of terrestrial
pollen with an increasing trend. Nevertheless, researchers are cautious regarding these
data, assuming that if trees were present, they must have been sparse and represented by
local stands of trees [7].

Climatic amelioration during the Belling—Allered interval was favorable for the ap-
pearance of woodland in this region. According to Heikkilad et al. [7], the prevalent role
of Pinus both in pollen (up to 60%), stomatal, and macrofossil (bark, bud-scales, needle,
anther) assemblages attests to its dominance in the local and regional landscape. The
pollen value of the tree Betula (up to 30%) and the presence of its macrofossils in sediments
prove that this was also a common taxon in the woodland. In Latvia, and probably in the
territories to the south, the closure of the Pinus forest took place no later than 14.4 ka [7],
though some researchers remain doubtful regarding the broad presence of trees earlier than
13.4 ka [9].

The vegetation change at the start of the Younger Dryas is recorded in most re-
gional records [7-14]. Open communities expanded, while the contribution of woody
taxa dropped, at least during the first few centuries of the Younger Dryas. However, the
woody vegetation did not disappear, since tree stomata, macrofossils, and high pollen
values (Pinus, Betula, Picea) are recorded at various locations in the Baltic region, Poland
and Scandinavia [7,9,17,23,24].

Figure 2 shows a section of a pollen diagram reflecting the palynological study results
from the Kulikovo section, including the part demonstrating the woody vegetation per-
centage and proportions of the main tree species of the Lateglacial Baltics—pine, birch,
alder, willow and a group of hemiboreal trees [11]. The results show that from the end
of the Older Dryas up to approximately 12.5 ka (the first few centuries of the Younger
Dryas), the arboreal vegetation percentage did not fall below 50% and reached 70-80% of
terrestrial pollen over a significant part of the studied time interval. A similar percentage
range of tree species (from 60% to 80%) can be observed in the palynological results from
adjacent paleoarchives of Kamyshovoe, Utinoe, and Sambiysky in the Kaliningrad region
and in Lopaic¢iai, Ka$uciai, and Ginkinai in Lithuania [8,17,22], among others. These
values, considered within the paleoclimatic framework presented above, may not only
indicate the presence of tree taxa in the composition of Lateglacial vegetation throughout
the period from 14.0 to 12.5 ka but also the significant role of tree species in the regional
vegetation cover.

The presence of woody vegetation during the Lateglacial period in the southeastern
Baltic is also reflected in phytoliths [10]. This type of paleobotanical data is a relatively new
source of information in studies of the Lateglacial period in the Baltic region. Considerable
numbers of plants have left evidence of their prior existence in the form of phytoliths
(microscopic silica bodies produced by plants) [25], which are resistant to destruction and
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can persist in the soil for thousands of years. Phytoliths, in general, are not transported
over long distances as they are relatively ‘heavy’ particles [26]; therefore, they characterize
local, rather than regional (as pollen), environmental situations. The tendency of phytoliths
to remain ‘in situ” provides a valuable source of information on local vegetation. The
Kulikovo section study revealed phytoliths of coniferous trees (type BLOCKY RECTAN-
GULAR) throughout the entire sediment sequence: the first record correlates to 13.9 ka,
and phytoliths continue to be found up to 12.5 ka [10] (Figure 3).
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Figure 2. Correlations between the Kulikovo section palynological and paleoanthracological studies.
Fragment of the pollen diagram with tree species [11], amount of macrocharcoals and macrocharcoal
mass concentration. QM—Quercetum mixtum, AP—arboreal pollen, NAP—non-arboreal pollen.
Yellow boxes indicate AMS '*C sampling locations.

In the study of the Kulikovo section, the palynological and phytolith data were
well supported by the results of the paleoanthracological analysis (Table 1; Figure 2).
Macrocharcoals—indicators of woody vegetation (wood, punky wood, needles, leaf stems,
resin)—were already detected in the lowermost core samples from the Kulikovo section,
indicating the local presence of woody (both coniferous and deciduous) vegetation in the
region no later than 14.0 ka. Indicators of woody vegetation were found in the majority
of samples containing charcoals (39 of 51 samples) and throughout the entire section.
Only a few short intervals were identified where woody material was not detected. In
the Kulikovo section, the longest of these timespans was 13.2-13.1 ka, coinciding with
the GI-1b cold event—the Gerzensee oscillation [27]. It is worth noting that this interval
correlates with the brief Allerod minimum value of pine pollen (25-27%). Thus, the results
of the paleoanthracological, palynological, and phytolith analyses of the Kulikovo section
sediments are in good agreement, indicating an almost continuous presence of woody
taxa in the Lateglacial vegetation between 14.0 and 12.5 ka throughout the Kaliningrad
region. This supports the notion of the presence of trees in the broader Baltic region during
this period [9]. The latest research on subfossil beetles found in Lateglacial sediments
in Lithuania revealed taxa associated with pine, willow, and birch trees, indicating the
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continuous presence of trees in the region not only during the Bolling—Allered but also the
Younger Dryas period [28].

A AR

10um x2.000 10Hm b ——
0014 0081

Figure 3. Phytoliths of coniferous trees (type BLOCKY RECTANGULAR) detected in the Kulikovo
section Lateglacial sediments.

Our study shows that, although a morphological nomenclature has been developed
by Mustaphi and Pasaric [5] in the study of fire frequency signals, it may prove useful in
investigating another important research topic: the emergence of woody vegetation on
Lateglacial landscapes. Carbonized plant remains have an advantage over other organic
residues. They are considered chemically inert and thus resistant to decay. Macrocharcoals
not only ‘conserve’ plant anatomy but can also persist in the sedimentary record for thou-
sands to a million years or more, providing an opportunity to recognize herbaceous or
woody fuel sources [29]. Indicators of the latter are remains of wood, needles, twigs, leaves
and leaf stems. To detect plant material (wood or grass), fragments larger than 150 pm are
suitable [5]. Although the present study is limited to identifying the fuel type only, another
possibility offered by the study of macrocharcoals is worth mentioning. Macrocharcoals of
greater size (500—2000 pum) have the potential for more detailed paleobotanical identifica-
tion, since under the microscope they retain visible plant anatomy. This makes it possible
to identify not only the type of wood (e.g., hardwood, softwood, green or decayed wood),
but certain tree taxa, including pine (Pinus sylvestris), fir (Abies alba), oak (Quercus robur),
willow (Salix alba) and others [29]. This opportunity provided by macrocharcoals of greater
size (500-2000 pm) can be successfully used in archeological research. Although macrochar-
coal from archeological contexts is mainly used for radiocarbon dating only, microscopic
study of macrocharcoal samples from pits, hearth places and cultural layers can deliver
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valuable and diverse paleobotanical and paleoecological information. For example, iden-
tifying woody species from archeological contexts provides an understanding of ancient
fuel use practices and past human—environment interaction [30,31], as well as a high-
resolution picture of paleovegetation dynamics [32]. Thus, paleoanthracological analysis
can serve as an important source of diverse paleoecological information, depending on the
macrocharcoal size.

5. Conclusions

Paleoanthracological analyses of the Lateglacial Kulikovo sediment record (eastern
Baltic region) revealed 22 macrocharcoal morphotypes, among which were indicators of
woody (coniferous and deciduous) vegetation, namely wood, punky wood, needles, leaf
stems, etc.

The results reveal an almost continuous local presence of woody species in the study
region since the Older Dryas, from 14.0 ka up to 12.5 ka. This conclusion is in good agree-
ment with the available data on the presence of coniferous tree phytoliths and palynological
data. The latter show that from the end of the Older Dryas up to the first centuries of the
Younger Dryas, the percentage of arboreal vegetation did not fall below 50%, and over a
significant part of that time period it reached 70-80% of terrestrial pollen.

Moreover, our study demonstrates that paleoanthracological analysis can serve as an
independent method to detect the emergence of local woody vegetation and thus represents
an important complement to the reconstruction of Lateglacial environments based on
pollen data.
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