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Abstract. Pollen records from lacustrine core DK-1 obtained from the Durankulak Lake (Northeastern Bulgaria)
were used to reconstruct the past vegetation communities and to simulate past landscapes. A series of 30 km by
30 km landscape simulations were conducted for eleven past time windows, selected as particularly significant for
vegetation dynamics, landscape evolution and anthropogenisation. Comparison between observed modern vegeta-
tion and simulated results demonstrated strong agreement, confirming the reliability of the models. Quantitative
reconstructions for the Durankulak Lake region indicate a clear pattern of forest landscape decline, largely replaced
by agricultural areas. After 2490 cal yr. BP, the first pollen signals for the presence of Longoz forests are noted,
with a tendency for these landscapes to increase. Sandy landscapes are decreasing their participation. Simulated
landscapes based on these reconstructions indicated a greater degree of human impact and landscape openness than

suggested by pollen percentages alone.
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Introduction

Identifying patterns in landscape evolution and
evaluating anthropogenic transformations across
space and time is of significant theoretical and prac-
tical value for understanding the processes shaping
geographical space (Opdam et al., 2003). Unlike
retrospective studies that rely on limited historical
data for landscape differentiation, classification, and
reconstruction, numerical models incorporating pal-
aeontological evidence allow for the simulation of
landscape dynamics and human influence through
different periods (Coulthard, 2001; Vergiev, 2021).

Spore-pollen analysis represents one of the most
reliable approaches in palacolandscape reconstruc-
tion, allowing for the evaluation of both landscape
evolution and anthropogenisation (Vergiev et al.,
2021). Unlike traditional qualitative interpretations
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of pollen spectra, mathematical modelling enables
more precise quantitative reconstructions of past
vegetation by applying modern relationships and
developing models that reflect the pollen-to-vege-
tation ratio under current conditions (Sugita, 2007;
Chevalier et al., 2020). Various models represent
the spread and accumulation of pollen around the
study sites and yielding results that better represent
the actual landscape than pollen percentages alone
(Sugita, 1994; van der Knaap, 2009; Vergiev, 2024).

Durankulak Lake is a significant brackish liman
in northeastern Bulgaria and the pollen preserved in
its sediment samples reflects the regional vegetation
from a large area (Vergiev, 2024).

The aim of the present study is to reconstruct
the landscapes of the Durankulak Lake area over
the past 6000 years, using data obtained from
spore-pollen analysis of lake sediments combined
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with modelling and simulations of palacovegeta-
tion dynamics.

Materials and methods

Spore-pollen analysis of Holocene sediments from
570 cm long core DK-1, obtained near the south-
eastern shore of Durankulak Lake, at a water depth
of 1.70 m, was performed (Vergiev, 2024).

In order to determine the age of the samples, a geo-
chronological (age) model (Bennett, 1994) was cre-
ated, representing a linear interpolation between the
age of the dated levels and the depth (Vergiev, 2024).

The laboratory processing of the 34 samples
studied was carried out in accordance with the stand-
ard acetolysis method of Faegri and Iversen (1989)
with a modification of Birks and Birks (1980). Dur-
ing the spore-pollen analysis, all pollen grains and
spores occurring in the samples were identified and
enumerated, determined to the lowest taxonomic
level and assigned to a specific pollen type.

Three submodels of the Extended R-Value
(ERV) model was used to relate pollen percentages
to vegetation composition in order to establish a lin-
ear relationship (Parsons, Prentice, 1981; Prentice,
Parsons, 1983). The multiple scenario approach
(MSA) (Bunting et al., 2008; Bunting, Middleton,
2009), as well as GIS data and models of pollen
dispersal and deposition were applied in order to
reconstruct likely past landscape scenarios from
fossil pollen assemblages using the software suite
HUMPOL v.3 (Middleton, Bunting, 2004; Bunting,
Middleton, 2005). The parameters required for the
modelling were taken from the works of Brostrom
et al. (2004).

Results and discussion

A series of 30 km by 30 km landscape simulations
were generated based on a set of predefined rules,
representing eleven past time periods selected as
significant for vegetation dynamics, landscape evo-
lution, and human influence (Fig. 1). Due to the ab-
sence of precise information regarding the ancient
shorelines of the Durankulak Lake, the reconstruc-
tions were based on data from the present-day water
surface. Geospatial analysis revealed that the pol-
len-producing area accounts for 95.9% of the total
study region, equivalent to 863.1 km?.

The analysis performed, after applying the three
ERYV submodels, derives the percentage ratios be-
tween the individual plant communities forming the
individual landscape types (Table 1).
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Fig. 1. Time windows of the reconstruction: 7W — time win-
dow, AP — tree and shrub taxa (%), NAP — herbaceous taxa
(%); 1, beige-gray clays, 2, gray clays, 3, sandy-clay layer,
4, laminated clays.

The simulation performed for time window 1
resulted in 9 possible landscape scenarios. Forest
landscapes predominate (62.5%). Excluding wet-
lands (1.4%) and sandy landscapes (0.7%), the ter-
ritory occupied by agrarian landscapes constitute
16.1%. Pollen signals from indicator species as-
sociated with arable land and pastures suggest that
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Table 1. Percentage coverage of the pollen-producing territory of individual communities participating in the formation of

landscapes (%)

Mixed Riverine
Time Duration oak and Grasslands forests Arable Marshy Psammophytic
Window (cal yr. BP) hornbeam /Pastures (Longoz areas areas communities
forests forests)
1 60575873 62.5 19.3 0 16.1 1.4 0.7
2 5874-5551 69.3 27.9 0 0.1 1.5 1.2
3 5552-4672 47.9 19.5 0 28.7 3.0 0.9
4 4673-3281 44.8 20.9 0 30.9 2.4 1.0
5 3282-2489 46.3 18.9 0 31.7 2.0 1.1
6 2490-1445 46.3 19.7 0.3 30.9 1.8 1.0
7 1446-731 453 20.4 0.5 30.9 1.8 1.1
8 732-414 43.9 21.0 0.6 32.0 1.4 1.1
9 415-275 453 20.0 0.6 31.7 1.2 1.2
10 276-180 43.0 19.7 0.7 324 1.9 1.3
11 181-0 40.9 19.8 0.7 36.0 1.4 1.2

the corresponding natural-anthropogenic complex
were situated immediately adjacent to the lake.
Seventy-nine percent of the simulation attempts in
Time Window 2 give an error due to the lack of pol-
len signals from anthropophytes. There are only 10
possible scenarios for the distribution of vegetation.
The intuitive interpretation of the pollen counts
suggests no evidence of human presence in the
area (Filipova-Marinova et al., 2013). This conclu-
sion is supported by the ERV model, also. It can be
stated that agriculture and animal husbandry were
absent within a 4.0 km radius around the lake, and
there is 99.0% certainty of their absence in the
broader 20 km long-distance transport zone. The
landscape was predominantly covered by forests
and grasslands in proportions of 69.3% and 27.9%,
respectively.

The number of possible scenarios for time win-
dows 3 and 4 is considerable, and all demonstrated
a consistent trend in vegetation distribution. The
simulated model data indicate a smaller extent of
mixed oak forest landscapes compared to the pollen
spectra suggestion. Arable areas were situated close
to the lake, expanding their coverage, while aquatic
landscapes were extensively represented. The soils
surrounding the lake were well-watered (Filipova-
Marinova et al., 2013).

The number of possible scenarios for time win-
dow 5 is smaller compared to previous periods, but
they show large differences according to distribu-
tion. This is due to the fact that forest communities
occupy only 46.3% of the total area and in the simu-
lations, there is no clearly pronounced predominant
landscape to set as a matrix.
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Application of the ERV model for time window
5 indicates a small expansion of forest landscapes.
In contrast, the areas covered by herbaceous com-
munities, pastures, and agricultural land show a
decrease, corresponding with the slight forest in-
crease. Additionally, there is a minor rise in psam-
mophytic communities, occurring at the expense of
wetland areas.

In the time windows from 6 to 8, a relative con-
stancy of the relative share of forest and agricultur-
al landscapes is observed. At the beginning of the
period, the first pollen signals for the presence of
Longoz forests are noted, later than in other studies.
The tendency for these landscapes was increasing in
occupied territory. Sandy landscapes are decreasing
their participation.

The simulations for the time intervals from 9 to
11 reflect a decrease in the total participation of the
territories occupied by forests at the expense of ar-
able areas. The pollen signals for the presence of
riverine forests are relatively high.

Conclusions

The modelling and subsequent analysis demonstrate
that using simulations to interpret spore-pollen data
effectively reveals trends in landscape evolution
and allows for the assessment of anthropogenic in-
fluence across space and time. Multiple landscape
simulations identify eleven time windows over the
past 6057 cal. years BP, selected for their signifi-
cance in vegetation dynamics, landscape evolution
and anthropogenisation. Quantitative reconstruc-



tions for the Durankulak Lake region indicate a
clear pattern of forest landscape decline, largely
replaced by agricultural areas. An increase in the
areas occupied by arable landscapes at the expense
of forests is observed. The first pollen signals for
the presence of Longoz forests are observed later
than in other studies, with a tendency for these land-
scapes to increase.
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