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Chapter 1: Introduction and aims

1.1. Origin and development of alkaline landscapes

The origin and spatio-temporal evolution of lowland alkaline areas in the Carpathian Basin,
including the alkaline grassland-wetland mosaics of the Hortobagy area has been a subject of
continuous debate among various groups of Hungarian natural scientists for almost a century
(Molnar & Borhidi, 2003a). According to the view of the most influential group of botanists,
alkalinization is considered to be mostly the outcome of the late 19th century flood protection
and drainage measures in the area of the Great Hungarian Plain. The alternative view, which
has been in the minority for decades, is that these measures have only secondarily extended the
coverage of primary alkaline areas, where the process of alkalinization goes back much further
in the evolution of the natural landscape (Molnar & Borhidi, 2003b).

In order to fully understand the origin of alkaline landscapes, one must be acquainted with the
causes of the process. The concept of alkalinization differs among the various groups of
scientists. Geoscientists, soil scientists and experts in agriculture generally refer to the
accumulation of primarily sodium salts (sodium-carbonates and bicarbonates, Na,C0O3.10H20)
in the near surface, leading to the emergence of saline and alkali soils (Arany, 1956; Scherf,
1935; Sigmond, 1906, 1934; Szabolcs, 1961; Treitz, 1898, 1917, 1925; Varallyay, 1967,
Varallyay, 1993, 1999). Botanists, on the other hand, refer to the presence of saline or salt-
preferring and salt-resistant alkaline plants when they talk about the process of salinization
(Borbas, 1886; Kerner, 2004; Rapaics, 1916). The importance of sodium excess and sodium
accumulation in the process of alkalinization in the case of the alkaline soils of the Great
Hungarian Plain was first highlighted by Sdmuel Teschedik in the early 19th century
(Teschedik, 1804). Therefore, as a first step, it is necessary to examine where the material
yielding the salts of alkali elements (mainly sodium) comes from.

Sodium accumulation in alkaline areas has been initially attributed to plant matter decay
(Murakozy, 1902; Sigmond, 1923). This assumption is rather controversial since plants
incorporate sodium from some other source. Thus the alkaline and halophilous plants inhabiting
the salt lakes, salt steppes and marshes cannot be considered as primary sources of sodium.
Sodium is present in various forms in these habitats: dissolved in groundwater or attached to
the surface of soil colloids. It may also appear in solid form in deposits precipitated from saline
soils, saline lakes or marshes (Bernatsky, 1905; Szendrei & To6th, 2006; Téth et al., 2001).
Therefore, alkaline elements, primarily sodium as a main driver of the emergence of alkaline
soils can derive from various sources. In this context it is important to highlight what Hungarian
scientists thought of potential primary sodium sources in the evolution of alkaline areas. Jozsef
Szabé, a Hungarian geologist working during the second half of the 19th century, was the first
to state that alkaline salts derive from the weathering of sodium present in minerals from the
volcanic rocks surrounding the basin (Szabo, 1864). He interpreted the presence of the so-called
“white muddy soil” found in the alkaline meadows of Heves County, in the valley of the Lask6
creek, as the weathering by-product of rhyolite tuff. Another view by Jend Kvassay connected
sodium sources to the Tertiary salt deposits of surrounding mountains, whose weathered
material reached the centre of the basin via fluvial transport (Kvassay, 1876). Conversely,
Karoly Galgéczy pointed out the local Tertiary marine salt deposits buried by younger,
quaternary fluvial sequences as potential alkaline and sodium sources for the alkalinization of
the Great Hungarian Plain (Galgoczy, 1876-1877). Researchers working on the topic later on
used some of these initial hypotheses or a combination of them in their works regarding sources
of sodium. Nevertheless, as early as 1930, a consensus was reached stating that alkaline salts
derived from the weathering of near-surface rocks and minerals of the Great Hungarian Plain
after having been transported into their present location via fluvial and aeolian means (Arany,
1934; Endrédy, 1941; Inkey, 1895; Kreybig, 1944; Sigmond, 1906; Stimeghy, 1937; Székyné
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Fux & Szepesi, 1959). Results of extensive geochemical studies and salt source modelling dated
to the second half of the 20th century corroborated the assumptions regarding the origin of
alkaline elements for alkali salts (Siimegi, 1989, 1997; Siimegi, Molnar, & Szilagyi, 2000;
Szo6r, Stimegi, & Balazs, 1991; Toth et al., 2001). Erosion of the surrounding mountain belt,
primarily of carbonated and siliceous rocks provided material for the Quaternary sequences of
the Great Hungarian Plain (Molnar, 1960, 1964, 1965, 1967, 1973; Siimegi, 1989, 1997, 2004b,
2005; Timar, Siimegi, & Horvath, 2005). However, the presence of bedrock material providing
sources of alkaline elements cannot grant salinization or alkalinization alone. An interaction of
the groundwater with the bedrock is necessary for the appearance of Ca2+, Mg2+, Na+, HCO3-
and ClI- ions (Forizs, 2003; Scherf, 1935; Stimegi, 1989, 1997; Székyné Fux & Szepesi, 1959;
Sz66r, Stimegi, & Balazs, 1991; Varallyay, 1967). The nature of this interaction is determined
by the hydrogeology and geomorphology of a given area.

Extensive isotope studies on aquifers of alkaline landscapes have univocally proved that
potential salt sources are dominantly connected to the shallow, local upwellings of the
groundwater (Deak, 1974, 1975; Forizs, 2003; Stimegi, 1997; Toth et al., 2001) in contrast to
former theories which linked the process to upwellings from deeper deposits or gas exhalation
along faults and fractures. Thus, the higher dissolved salt content and high alkalinity of the
alkaline landscapes of Hortobagy derive from the chemical weathering and dissolution of the
Quaternary bedrock (Stimegi, 1989; Székyné Fux & Szepesi, 1959; Toth et al., 2001), rather
than from the older, buried salt deposits found at greater depths of the basin.

Based on available data, local upwelling or discharge zones of the groundwater (Forizs, 2003;
Forizs, To6th, & Kuti, 2006; Toth et al., 2001) connected to interdune depressions (Mucsi, 1963),
abandoned, infilled riverbeds or the margin of the floodplains (Kovacs, Szatmari, & Rakonczai,
2006; Rakonczai, 2006; Rakonczai & Kovacs, 2006) support alkalinization, generating the
hydro-geological and geomorphological prerequisites of the process. The height of the
groundwater table is fundamentally influenced by the local morphology (Mados, 1943;
Szabolcs, 1957). The local morphological endowments (Strompl, 1931), as well as the perched
depth of the groundwater table (Mados, 1943), i.e. relative elevational differences, are
important components of the system yielding alkalinization (Mados, 1943; Strompl, 1931;
Szabolcs, 1957). These elevational differences are quite pronounced along the margins of the
floodplain as well as those of abandoned, infilled riverbeds (Kovacs, Szatmari, & Rakonczai,
2006; Rakonczai, 2006; Rakonczai & Kovacs, 2006). Therefore, it is not surprising that the
highest degree of alkalinization is observed along the margin of these natural depressions
(Stefanovits, 1963). These areas favour the rapid emergence of a groundwater table critical for
the initiation of alkalinization (Kerényi, 2003). On the other hand, precipitation of alkaline salts
at the surface and in the near-surface deposits is hampered by a permanent upwelling of
groundwater, where continuous flushing removes dissolved salts and elements. However,
evaporation of groundwater with high dissolved salt content, together with rainfall in natural
discharge areas with no surface runoff, can bring about alkalinization. Such processes are
characteristic in particular in the southern part of the alkaline landscape of Hortobagy.

Upwelling of dissolved salts is driven by local discharge areas found in front of local recharge
areas. It is also influenced by the development and nature of the capillary fringe found above
the groundwater table, which is controlled by the cyclical fluctuations of groundwater,
insolation, surface vegetation cover, morphology and microclimatic endowments (Siimegi,
1997). Capillary drive is an important component of alkalinization, as it enables the upwelling
of salt-rich groundwater against gravity as well. This ensures a constant or temporarily link
between the sodium-rich groundwater and the near-surface aqui-systems present in alkaline
soils, salt lakes and salt marshes. In areas, where the groundwater table is deeper than two
meters, capillary lift cannot bring up waters rich in dissolved salts and sodium to the surface,
hampering alkalinization (Mados, 1943).



The nature of the capillary rise and the emergence of a capillary fringe are largely influenced
by the climatic endowments of the Carpathian Basin. Dynamic fluctuations in the groundwater
table were characterized by three maxima connected to precipitation peaks occurring during the
spring snowmelt, early summer and early fall periods preceding the 19th century flood control
measures. Among the various components influencing the climate, high continentality with a
frequency of 30-40 % at the centennial scale plays the most important role in creating capillary
action responsible for alkalinization (Karuczka, 1999; Loczy, 1910; Palfai, 1989, 1993, 1994;
Réthly, 1933; Szelepcsényi et al., 2009a, 2009b). As a result of high continentality, the
occurrence of intense droughts in periods between major floods mainly confined to the second
half of the summer favours the emergence of a capillary fringe in the uppermost one or two
meters of soil.

Thus the highly variable climate of the Carpathian Basin, characterized by highly alternating
wet and dry periods driven and controlled by the intensity of continentality is a major asset to
alkalinization. On one hand, it contributes to the development of the capillary fringe fostering
the upward movement of sodium-rich waters in soils and fosters the emergence of oversaturated
waters in alkaline salts via enhanced evaporation in potential discharge areas on the other.

Alkaline habitats cover an area of ca. 10,000 km? in several parts of the Great Hungarian Plain
including the Danube-Tisza and the Koros-Maros interfluves (Sajo & Trummer, 1934), where,
according to the analysis presented above, alkalinization can be considered as an outcome of
the unique interplay of geology, geomorphology, hydrogeology and climate of the Carpathian
Basin (Siimegi, Molnar, & Szilagyi, 2000). The landscape of Hortobagy is the largest coherent
occurrence of salt accumulation in Hungary and in Europe, covering an area of ca. 2300 km?
(Figure 1.1), with the domination of different subtypes of alkaline solonetz soils, covered by the
wetland-grassland mosaic of alkaline habitats, which form a complete series from the driest
plant associations at the higher geomorphological surfaces - through the wet meadows - down
to the shallow alkaline marshes (Borhidi, 2003).

(For the Hortobagy, having the largest contiguous coverage of alkaline soils, it would be worth
considering adjusting the boundaries of the landscape unit (D6vényi, 2010; Marosi & Somogyi,
1990) to the occurrence of the corresponding genetic soil types in the AGROTOPO Database
of the Centre for Agricultural Research (AGROTOPO), i.e. to the distribution of different
solonetz soils in the region. However, this is beyond the scope of this dissertation.)

z x
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Figure I.1. Distribution of salt accumulation areas in Hungary. Location of undisturbed core points in Hungary.

10



1 = Kunkapolnas marsh, Kunmadaras; 2 = Halas Basin, Hortobagy; 3 = Pap-ere, Hortobagy; 4 = Fecske meadow,
Balmazjvaros; 5 = Lake Kolon, Izsak (Siimegi et al., 2011); 6 = Lake Kiri, Ecsegfalva (Willis, 2007); 7 = Lake
Fehér, Kardoskut (Siimegi et al., 1999); 8 = Pana-hat, Maroslele (Stimegi, Persaits, & Gulyas, 2012); 9 = Hajos
(Jakab, Siimegi, & Magyari, 2004); 10 = Kis—Mohos, Kelemér (Willis et al., 1997); 11 = Nagy—Mohos, Kelemér
(Magyari et al., 2010); 12 = Batorliget fen, Batorliget (Willis et al., 1995); 13 = Nyirjes fen, Csaroda (Siimegi &
Torécesik, 2010); 14 = Sarlo-hat, Tiszadob (Magyari et al., 2010); 15 = Nadas Lake, Nagybarkany (Stimegi &
Torécesik, 2010); 16 = Nyirjes Lake, Sirok (Gardner, 1999).

It is no coincidence that the first multi-disciplinary and comprehensive investigations making
a consistent application of a methodology and meeting international standards, i.e. pollen and
plant macrofossil analysis on undisturbed samples with reliable absolute chronologies were
initiated in the landscape of the Hortobagy at the end of the 20th century (Figure 1.2.)

7 b {7 e LA
g : Y i %
y N :

Figure 1.2. Map of the Hortobagy National Park and its surroundings prepared before the major river
regulations and creation of fishponds (I1. military mapping survey) with the location of the undisturbed
core points.

1. Ecse mound at Karcag/Kunmadaras (Yamnaja culture burial hill); 2 Kunkapolnds marsh near
Kunmadaras with the analyzed paleochannel (Rona basin); 3. Halas Basin (paleochannel); 4. Faluvég
mound (Yamnaja culture burial hill); 5. Kungy6rgy Lake (paleochannel); 6. Szalka mound (Yamnaja
culture burial hill); 7 = Fecske meadow (paleochannel); 8. = Pap-ere (paleochannel); 9. Csipé mound
(‘YYamnaja culture burial hill).

1.2. Scientific and conservation importance of kurgans (burial mounds)

Loess steppes are considered to be one of the rarest and most fragmented habitat types of the
Eurasian steppe and forest steppe zones. They are estimated to have once extended from
Mongolia to the Danube delta (Bohn, Zazanashvili, & Nakhutsrishvili, 2007) over an 8-13
billion km2 area before human agricultural and industrial activities have begun (Wesche &
Treiber, 2012). Various studies, primarily botanical in scope, have proved that the Pannonic
forest steppe of the Great Hungarian Plain in the Carpathian Basin is part of this zone (Borhidi,
1956; Molnar & Borhidi, 2003a, 2003b; Molnar et al., 2012; Zolyomi, 1957, 1969; Zélyomi &
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Fekete, 1994) that was cut off by the uplift of the Carpathians, as a result of which it has
developed as a detached habitat island (Molnar & Kun, 2000). This once vast natural ecosystem
has mostly been ruined or transformed (Szirmai, Czobel, & Nagy, 2005) by the network of
settlements, roads, and railroads, increasing agricultural activity, particularly the highly
motorized and chemically enhanced intensive crop farming and animal husbandry. The most
dramatic changes have taken place in the Ukraine, where only 5%-10% of the indigenous
steppe and forest steppe vegetation has subsisted within this vegetation zone (Sudnik-
Wojcikowska & Moysiyenko, 2013). Similar human encroachment and its effects have taken
their toll in Kazakhstan, where 90% of the former steppe has been turned into arable land, since
the announcement of the Virgin Lands Campaign movement in the 1950s (Rachkovskaya &
Bragina, 2012).

The same anthropogenic processes have influenced the transformation of the Pannonian forest
steppes and loess steppes developed in the Great Hungarian Plains for the past 100150 years
(Dedk et al., 2015; Molnar et al., 2014). Therefore, Hungarian nature conservancy and
particularly the national park directorates situated in the Great Plains play a significant role,
also from an international perspective (Dengler et al., 2014), in the conservation of primary
forest steppe and steppe areas, as well as in the extension and reconnection of habitat fragments
based on the existing network of protected areas (Balazs, 2006). This nature conservation task
is particularly difficult in the case of loess steppes, since they predominate in chernozem soils,
while these highly fertile areas have long been cultivated as croplands (Kelemen et al., 2010;
Torok et al., 2011). This is the main reason for the existence of the few remaining examples of
Pannonic forest steppe and loess steppe habitats in the Great Plains, mostly sustained in ditch
slopes, balks, as well as on burial and watch mounds (Balazs & Kustar, 2012; Bede et al., 2014;
Bede et al., 2015; Csatho, 2009; Csatho et al., 2015; Deak et al., 2015; Penksza et al., 2011;
Toth, 1998; Zolyomi, 1969).

These mounds have a one ha surface area on average (Dedk et al., 2016; Dedk et al., 2015), and
despite their small size they play a pivotal role in the conservation of the steppe and forest
steppe biota, because their botanical and zoological assets can be particularly diverse. This
property can be attributed to the very structure of these mounds, i.e., their pyramidal shape with
rather steep slopes. These steep, conic slopes were difficult or impossible to plough, and
depending on their exposure, very diverse microhabitats and diverse microclimatic conditions
have developed on them (Sudnik-Wojcikowska et al., 2011; Vona & Penksza, 2004).

Burial mounds are the most important objects of nature conservation efforts aiming at the
restoration of the original vegetation and soil conditions, since they were built on the natural
ground surface, and the earth around the burial site was used as building material (Barczi,
Stiimegi, & Joo, 2003, 2004; Barczi et al., 2006; Joo, Barczi, & Siimegi, 2007). Thus,
contemporary soil types can be studied in the building strata of the mounds (Bede et al., 2014).
Beyond the pedological research, by the careful study of plant remains, primarily pollen and
phytoliths (Stimegi, 2001, 2002) (Persaits et al., 2008; Persaits & Siimegi, 2011, 2015; Persaits,
Stiimegi, & Tor6esik, 2014) it is possible to reconstruct the vegetation of the area within the
period of the construction. This research can yield very precise data on the soil conditions and
vegetation before and during the construction of the mounds in the heart of the Carpathian
Basin. As the soil beneath these earth-pyramids has not developed any longer (Demkin et al.,
2014; Kashirskaya et al., 2010; Khomutova et al., 2007; Lomov et al., 2017), the study of the
natural original soil can reveal the soil conditions before the mounds were constructed.

The date of origin of the mounds has been an important question since the early period of
Hungarian archaeological excavations. Not only did the mounds vary, but also the time of their
construction ranged within a wide period of time. The Hungarian term “kunhalom” (meaning
“Cumanian mound”) (Gardonyi, 1893, 1914; Gyarfas, 1870; Gyorfty, 1921; Horvat, 1825;
Jerney, 1851) is highly problematic, since this is the umbrella term for all types of mounds
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without consideration of their function or date of origin (Barczi et al., 2009; Dani & Horvath,
2012; Petd6 & Barczi, 2011; Toéth & Toth, 2003; Toth, 2006). This term persisted despite
archaeologists’ warnings of the problems and misunderstandings it has caused, both in
chronology and functional classification, since this term denotes Late Neolithic and Middle
Bronze Age tells, Late Copper and Early Bronze Age kurgans, as well as Iron Age burial
mounds, and burial mounds of Scythian, Sarmatian, Hungarian, and Cumanian origin. As Jdnos
Makkay (1964) has pointed out, regardless of their function whether tells, burial mounds, watch
and border mounds, cultic mounds, they are all labelled as “kunhalom.”

There have been assumptions (Bede et al., 2014; Bede et al., 2015), before this study, that the
Ecse Mound had been built by communities of the Pit Grave (Yamnaja) Culture (Gimbutas,
1980; Merpert, 1974; Rassamakin, 1994), considering the similarities in shape, orientation, and
stratigraphy of this earth-pyramid, and the comparative geomorphological research of other
mounds in the Hortobagy region (Barczi, Stimegi, & Jo6, 2003, 2004; Barczi et al., 2006; Joo,
Barczi, & Stimegi, 2007; Stimegi, 1992; Stimegi & Szilagyi, 2011; Szilagyi et al., 2013).
Findings and data from this artificially piled layer correlate with the radiocarbon data from 80
to 100 samples from the East European Plains, as the infiltration of the Pit Grave (Yamnaja)
Culture to the Carpathian Basin from there took place in several waves; they define the third
wave, or the beginning of the so-called classic phase, i.e., Horizon A (Morgunova &
Khokhlova, 2006, 2013).

Without accelerator mass spectrometry (AMS) or radiocarbon data, it is impossible to identify
the culture of origin, since mounds were built in the Great Hungarian Plain throughout
millennia, including in the area studied, by various cultures and peoples, like Scythians,
Sarmatians, early Hungarians, and later Cumans (Téth & Toéth, 2003; Toth, 2006). Mounds
were built in the Hortobagy and its broader region as early as 3300 BC (first appearance of the
peoples of the Pit Grave Culture) until as late as the 15th century, which is a 4,900- to 5,000-
year timespan.

Archaeological research papers rarely report on the fact of which nature conservationists are
well aware of, i.e., that early archaeological excavations and research projects took a toll on the
mounds, leading to either their full or partial disintegration in most cases. Several of the
archaeological sites were left without reconstruction (their central part dug up, transacted and
the soil deposited beside the mound). What all these excavations share in common is that the
soil was not filled back. The reconstruction of these mounds would require a systematic
program requiring substantial financial resources (Bede & Czukor, 2015).

This issue can only be tackled if the initial phase of each study includes stratigraphic and
chronological analyses, so that the very function and age of the mound are revealed (Siimegi,
Bede, & Szilagyi, 2015a). Following up on Prof. Zol#in Borsy’s observations (Borsy, 1968),
the first such examinations were carried out on the section of the “Orhalom” at Sarrétudvari
(Stimegi, 1992), and on the “Szalkahalom,” Hortobagy, by drilling and sampling (Siimegi,
1988). These pilot studies have led to the elaboration of a methodology of mound research
(Stimegi, 2001, 2002, 2003).

Microstratigraphic sampling, sedimentological, geo-chemical, petrographic, and malacological
analyses were the primary source of information guiding the methodology development.
Samples were taken from the archeological excavation transects (by the archaeologist Ibolya
Nepper Moédy of the Orhalom nearby Sarrétudvari, as the excavation trenches and illegal earth
extraction made mapping and core drilling precise and easy. In addition, samples for
radiocarbon analyses were collected from this same site to determine the age of specific strata
(Stimegi, 1992, 2004a). The development of the methodology continued, and additional
Neolithic and Bronze Age tells (Stimegi, 2009, 2013; Siimegi et al., 1998; Siimegi et al., 2002;
Siimegi et al., 2013b), and kurgans of the Hortobagy were involved (Siimegi & Szilagyi, 2011;
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Szilagyi et al., 2013), including the Ecse Mound (Szilagyi, Nafradi, & Stimegi, 2019; Szilagyi
et al., 2018).

1.3. Scientific background for the conservation management of the Hortobagy
National Park

The changes triggered by the industrial revolution some three hundred years ago have already
resulted in such a major climate shift and pollution that industrial society itself, humanity and
the majority of the species that make up the Earth's biosphere, and their future, are at risk
(Kerényi, 1995; Meadows et al., 1972). Human impacts are now so strong and profound that
they have caused considerable changes in the geological strata, even in the geological time scale
(Berardelli, 2008; Ruddiman, 2003, 2005). The scale of these human-induced environmental
changes is so great that the International Commission on Stratigraphy (ICS), following a
decision of its assigned working group on 30 August 2016, named the period from the first
atomic bomb on 16 July 1945 the “Anthropocene”, based on a proposal by Nobel Prize-winning
chemist Paul Crutzen (Crutzen & Stoermer, 2000; Lewis & Maslin, 2015). This new geological
age and the challenges it poses for all of us has prompted earth and biological scientists to work
together and form research teams, especially in areas where environmental and ecological
problems have required knowledge of past changes to inform current and future conservation
and sustainability strategies.

One such priority area is the issue of national parks (Sahney, Benton, & Ferry, 2010). The
International Union for Conservation of Nature and Natural Resource (IUCN), defines national
parks (= category Il protected areas) as large natural or near natural areas set aside to protect
large-scale ecological processes, along with the complement of species and ecosystems
characteristic of the area, where the primary objective of site management is the protection of
natural biodiversity along with its underlying ecological structure and supporting
environmental processes (Dudley, 2008). The need to support ecological processes as a priority
task is no longer a static approach, but it raises the question of the time horizon of the ecological
systems in the area, what should a management activity in a national park protect, especially in
today's human-influenced world?

One of the key cornerstones of the management regime of an IUCN Category Il national park
is the identification of the ‘original’ biota of the given protected area, where ‘original’ means
the natural flora and fauna before significant landscape-level changes caused by human
activities, such as the cutting and fragmentation of contiguous forests and the conversion of
natural grasslands to cropland, have occurred. Likewise, the first question asked by nature-
loving visitors to national parks is usually about the 'pristine’, ‘unspoilt’ ecological system of the
site, wherever it may be in the world. By ‘original’ or ‘pristine’, they usually mean the state of
the site before the agricultural or Neolithic revolution, after which the main landscape-forming
and landscape-altering activities of man, such as plant cultivation and animal husbandry, began
(Barker, 2006).

More important than answers to such questions is the fact that the strategic and specific
management objectives of a protected area can only be determined by understanding the
evolution of the land surface and vegetation and its successive use by different human cultures
over time.

The first and still the largest national park of Hungary, the Hortobagy National Park was
established 50 years ago in the north-eastern part of the country, in the Great Hungarian Plain.
Most of the park area was dominated by different kinds of alkaline soils covered by mosaics of
grassland-wetland vegetation complexes. The designation of the 52,000 ha area as a national
park was followed by several international designations, such as the UNESCO Biosphere
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Reserve, Ramsar Convention and the Natura 2000 network of the European Union. In 1999, the
Hortobagy National Park — the Puszta site was inscribed on the World Heritage List of
UNESCO as a cultural landscape, as it maintains intact and visible traces of its traditional land-
use forms over several thousand years, and illustrates the harmonious interaction between
people and nature. The park has been enlarged several times over the last half century and now
extends over 80,000 hectares.

According to the prevailing academic views at the time of the foundation of the Hortobagy
National Park there were two major human activities that significantly changed the original
character of the flat landscape of the Hortobagy region. The first one was supposed to be, like
in other lowland areas of Europe, the cutting down of forests to create pastures for grazing
domestic animals, mostly cattle and sheep. In the first and still the only monograph of the
Hortobagy National Park (Béres, Bodo, & Jakucs, 1976) the secondary character of the alkaline
grassland-wetland mosaics was assumed as a starting point for the future management of the
grassland-wetland mosaics of the Park. The potential vegetation map published in this
monograph by Jakucs (Jakucs, 1976) suggested the dominance of hard and softwood gallery
forests enclosing ancient alkaline grassland patches during the Early Neolithic period in the
Hortobagy region. However, according to a recent critical source analysis, the presence of
continuous forests in the Hortobagy region was assumed on the basis of the misinterpretation
of a royal charter issued in the mid-15th century (Molnar, 2009). Based on this source the
presence of extensive woodlands was presumed for the period preceding the flood control
measures. Thus extensive deforestation and desiccation was blamed to initiate alkalinization.
However, Zsolt Molnar was the first to point out that no information was given regarding the
presence of woodlands in the Hortobagy area in the referred charter.

The second significant human intervention that was supposed to play an important role in the
significant extension alkaline areas was the landscape scale change of the water regime of the
Hortobagy by the major river regulation and drainage works started in the mid-19th century.
This assumption is contradicted by descriptions of naturalists, such as Pal Kitaibel (L6kos,
2001) and Robert Townson (Townson, 1797), indicating the presence of alkaline soils and
vegetation in large areas before the start of hydroregulation measures in the Hortobagy region.
These observations are also supported by the relevant map sheets of the first military mapping
survey of Hungary and their description (Pok, 1994), undertaken in the second half of the 18th
century. In addition, the presence of endemic plant species in the Hortobagy National Park,
which occur exclusively in alkaline habitats, also indicates a much earlier appearance of such
vegetation in the region (Lesku & Molnar, 2007). The most obvious representative of such
species is Plantago schwarzenbergiana, which inhabits alkaline habitats in Hungary, Romania
and Ukraine and is abundant in the southwestern, strictly protected part of the Hortobagy
National Park called Kunkapolnas marshland. The CORINE Land Cover GIS database of the
European Union (2018, 100-meter resolution) indicates the dominance of natural grasslands in
the Hortobagy National Park (Figure 1.3) and even with the relatively low resolution, places
covered by the typical alkaline plant-less or mostly single-plant associations Camphorosmetum
annue and Puccinellietum limosae are distinguished as “sparsely vegetated areas”.
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Figure 1.3. CORINE Land Cover map of the Hortobagy National Park — the Puszta World Heritage property
(2018).

Although one of the most important questions about the historicity of salt accumulation near
the surface and accumulating in soils is whether the environment adapted to excess sodium
developed before or after hydroregulations, naturalist travellers’ descriptions (L6kos, 2001;
Townson, 1797) and the sporadic research data from the second half of the 19th century before
river regulation (Boros & Bir6, 1999; Dapsy, 1869; Molnar, 2009; Siimegi & Boros, 2013)
indicate that salt accumulation in soils and a biota adapted to the saline environment had already
developed in the northern part of the Trans-Tisza region (the area east of the River Tisza) before
the hydroregulation measures (Molnar, 1996, 2003, 2007, 2008, 2009; Molnar & Bird, 1997).

Theoretical considerations based on these foundations have completely excluded the possibility
of alkalinisation during the glacial periods, claiming that environmental conditions on the
Hungarian Lowlands were not favourable for the process (Mihaltz, 1947), hence the presence
of glacial alkaline deposits, or signs of prehistoric alkalization were not assumed and searched
for in the Great Hungarian Plain until 1988, when a multi-proxy paleoecological study of an
undisturbed core series from the eastern margin of the Hortobagy landscape succeeded in
identifying an alkaline paleosol horizon dated between 30-40,000 years beneath the glacial
loess deposits (Stimegi, 1989, 2001, 2003; Szo6r, Siimegi, & Balazs, 1991, 1992). Subsequent
analyses revealed the presence of minerals typical of alkaline soils, such as gypsum,
polyaluminates and amorphous silica gel, supporting the assumptions established in the field
(Stimegi, 1989, 1997; Szo6r, Stimegi, & Balazs, 1991, 1992). These data provided consistent
evidence that conditions favourable to alkalinization may have developed during the last glacial
cycle dated to MIS3 as part of an intense brief interstadial warming, the Dansgaard-Oeschger
cycle (Siimegi, 1989). Cores taken from Bronze Age burial mounds also revealed the presence
of buried chernozem and alkaline soils in the study area in the Early Holocene (Siimegi, 1989;
Stimegi & Szilagyi, 2011).
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1.4.  Objectives, research questions and the structure of the dissertation

The main objective of my thesis is the identification of the milestones of the late Quaternary
environmental history of the Hortobagy landscape through a multi-proxy study and analysis of
a complete fluvial cycle, dating back to 50,000 years in the largest wetland-grassland mosaic
habitat complex of the Hortobagy National Park, the Kunkapolnas marsh system (Szilagyi et
al., 2024).

In my dissertation | look for answers for the following key questions:
1. Are the alkaline (solonetz) soils of the Hortobagy of primary or secondary origin?

2. How the water regime of the Hortobagy landscape developed and functioned until the
hydroregulation measures started in the mid-19" century?

3. What were the major stages of vegetation changes of the area over the last 50,000 years,
particularly with regard to the occurrence of alkaline habitats?

4. How much did human activity change the landscape of Hortobagy in the second half of
the Holocene?

5. What lessons can be learned from environmental history and landscape change for
conservation management?

The dissertation is structured as follows®:

e Chapter 2 provides an overview about the methodology applied and materials used during
the research activities.

e Chapter 3 includes a multi-proxy study of the environmental history and the related
vegetation development of the Hortobagy landscape through an interdisciplinary analysis
of an undisturbed core sequence from one of the former riverbeds of the Kunkapolnas
marsh system, with detailed information about the geochronology, sedimentology, pollen
macrobotanical and malacological data of the sample. Furthermore, on the basis of these
data, suggestions are made for the future conservation management of the Hortobagy
National Park — the Puszta World Heritage Site and for the inscription of this property on
the World Heritage List on the basis of natural criteria in addition to the two existing
cultural ones.

e In Chapters 4 and 5 the results of a pilot study are described, which could serve as an
example for a larger scale scientific programme for the objective studying of kurgans by
the means of undisturbed core sampling, as other methods used for such purposes could
hardly provide a sound basis for a comparative analysis of the environmental history and
construction phases of burial mounds.

e Chapter 6 includes the discussion of the results of the three publications,
e In Chapter 7 the conclusions and the description of the new scientific results are described.

After a summary both in English and Hungarian, the dissertation concludes with the
acknowledgments and an integrated list of references.

! Chapters 3-5 include my first-authored publications in accordance with the rules of the doctoral school.
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Chapter 2: Materials and methods

Since previous studies generally included only a part of the alkaline landscape development
over time (Stimegi, 1997; Siimegi, Bodor, & Torécsik, 2005, 2006; Siimegi, Molnar, &
Szilagyi, 2000), | have selected an area for sampling where the entire sequence of changes and
development process of the alkaline landscape could be captured. This place was found in the

southern part of the Kunkapolnas marshland area, in the territory of Kunmadaras town (Figure
11.1).

Jelmagyarazat
® Samping ponts

Q

Ecse Mound

Figure 11.1. Google Earth image of the Kunkapolnis marsh system with the location of the
undisturbed core points.

This area was highly appropriate for the study, as it allows both a detailed analysis of a core
sequence of a former riverbed (Rona Basin) and an undisturbed kurgan (burial mound called
Ecse Mound) built by people of the Pit Tomb (Yamnaja) culture (Figure 11.2), where the two
sampling points are only a few hundred metres apart (Figure 11.3).

Figure 11.2. Digital elevation model of the study area with the location of the undisturbed core points
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Figure 11.3. Drone photo of the study area with the location of the undisturbed core points

Samples were taken by undisturbed core drilling both from the Ecse Mound and the Rona Basin,
The overall sampling and processing procedure was based on the international Quaternary
paleoecological method of Birks & Birks (Birks & Birks, 1980).

2.1. Ecse mound

For the Ecse Mound sediment types were determined and described on the field using the
Troels-Smith system (Troels-Smith, 1955), internationally accredited for paleoecological
works. Both wet and dry colors were determined (Munsell, 2000).

Measuring magnetic susceptibility (MS) has proved to be one of the best methods to yield
reliable stratigraphic data in case of studies of mounds (Bede et al., 2014; Bede et al., 2015;
Stimegi, 2012, 2013; Siimegi, Bede, & Szilagyi, 2015a). Samples were taken at 2-4-cm
intervals. Prior to the start of the measurement, all samples were crushed in a glass mortar after
weighing. Then samples were cased in plastic boxes and dried in air in an oven at 40°C for 24
hr. Afterwards, magnetic susceptibilities were measured at a frequency of 2 kHz using an MS2
Bartington magnetic susceptibility meter with a MS2E high resolution sensor (Dearing, 1994).
All the samples were measured three times and the average values of magnetic susceptibility
were computed and reported.

The grain size composition of sedimentological samples was carried out using the laser-
sedigraph method. First the samples were pre-treated with 1 M HCI and H202 to remove
CaCO03 and organic content respectively. A more detailed description of the pre-treatment
process is given by Konert and Vandenberghe (Konert & Vandenberghe 1997). All the samples
were measured for 42 intervals between 0.0001 and 0.5mm using an Easy Laser Particle Sizer
2.0 and Fritsch sieves in Szeged (Hungary). For LOI examination sub-samples were taken at
every 2-4-cm intervals and the loss on ignition method was applied, commonly used for the
analysis of the organic and carbonate content on calcareous sediments (Dean 1974).

Six shell samples were submitted for radiocarbon dating taken from major stratigraphic units
for AMS C dating measurements (Szilagyi, Nafradi, & Siimegi, 2019; Szilagyi et al., 2018),
which were done in the internationally referenced AMS laboratory of Seattle, WA, USA.
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Preparation of the samples and the actual steps of the measurement followed the methods of
(Hertelendi et al., 1989; Hertelendi, Stimegi, & Szo6r, 1992; Molnar, Janovics, et al., 2013).
Shells were ultrasonically washed and dried at room temperature. Surficial contaminations and
carbonate coatings were removed by pre-treatment with weak acid etching (2% HCI) before
graphitization. Conventional radiocarbon ages were converted to calendar ages using the
software OxCal 4.2 (Bronk Ramsey, 2009) and the most recent IntCall3 calibration curve
(Reimer et al., 2014). Calibrated ages are reported as age ranges at the 2-sigma confidence level
(95.4%). A U_Sequence age-depth model was constructed for the upper part of the sequence
representing the actual mound via Bayesian modelling using OxCal (Bronk Ramsey, 2009). As
these layers were artificially built up we may presume a relatively uniform deposition rate
related to the events of mound formation. In our models we used an U_Sequence model
assuming strictly uniform deposition for the anthropogenic stratigraphic horizons.

2.2. Rona Basin

The undisturbed core-drilling site was located at the edge of the Kunkapolnas marsh complex
and in the middle of a backfilled embankment across one of the paleochannels of the swamp.
The embankment was constructed in 1958, and the surrounding area was used as a bombing
range and had human-disturbed surfaces, in particular, thousands of bomb craters. However,
the embankment protected the underlying stratigraphic sequence, therefore the most complete
data set possible from the sedimentary assemblage accumulated up to the beginning of the
Neolithic could be used for our paleoecological study. The sampling site corresponds to the
abandoned and infilled paleochannels fringing the open vegetation of the alkaline grasslands.

Samples were taken in winter to avoid possible pollen contamination, and they were subjected
to sedimentological, geochemical, palynological, malacological, plant macrofossil and *C
chronological analyses.

The core was subsampled at 2 cm/4 cm intervals for pollen analysis. Samples of 1 cm® were
obtained using a volumetric sampler and processed for pollen analysis (Berglund, 1986). Some
pollen samples were analyzed using the Z6lyomi—Erdtman ZnCl, method, which is the most
commonly used method in Hungary (Zo6lyomi, 1952), as this method provides better results
than others for oxbow lake sediments (Magyari, 2002). A known amount of exotic pollen was
added to each sample to determine the concentration of identified pollen grains (Stockmarr,
1971). To ensure a statistically manageable sample size, at least 300 grains per sample were
counted (excluding exotics) (Maher, 1972). Charcoal abundance was determined using the
point count method (Clark, 1982). Tablets with known Lycopodium spore content (from Lund
University, Lund, Sweden) were added to each sample to calculate pollen concentrations and
accumulation rates. Pollen types were identified and modified according to Moore et al. (Moore,
1991), Hans-Jiirgen Beug (Beug, 2004), Radka Kozdakovd and Petr Pokorny (Kozakova &
Pokorny, 2007), supplemented by examinations of photographs by Maurice Reille (Reille,
1992, 1995, 1998) and reference material held in the Hungarian Geological Institute in
Budapest. The analysis of local pollen zones and the statistical interpretations were carried out
with the Psimpoll software package (version 4.26) created by Keith David Benneth (Bennett,
2005). For macrobotanical studies, QLCMA analyses (Barber, 1994; Sugita, 1994) were used.
For the quarter-malacological analyses, the methods, assessments, and recent distribution data
of Vojen Lozek (Lozek, 1964), Bruce Wilfred Sparks (Sparks, 1964), Witold Pawel
Alexandrowicz (Alexandrowicz, 2004; Alexandrowicz, 2014), Endre Krolopp (Krolopp, 1965,
1973, 1983), and Francisco Welter-Schultes (Welter-Schultes, 2012) were applied, and the
samples were pooled at 16 cm intervals to achieve a minimum of 100 per sample.

It must also be acknowledged that watersheds in floodplains subject to recurrent flooding
receive large amounts of so-called “alien” pollen from distant areas, which greatly distorts the
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final pollen spectrum (Fall, 1987; Hall, 1989). Consequently, these paleochannels are far from
being ideal pollen traps. The extent of “pollen pollution” is highly dependent on the depth and
extent of flooding and the vegetation of the flooded area, which can distort the reconstruction
of local and regional vegetation. To control and limit the potential bias as much as possible, our
work used the analysis of plant macrofossils that provide information on vegetation that has
been destroyed and preserved in situ. In this way, elements of the previously in situ flora could
be separated from potential regional and extra-regional elements. Paleovegetation can be
reconstructed from pollen data using several approaches. For our purposes, the key goal was to
assess the extent to which the surrounding landscape and region were occupied by forest—steppe
or steppe, as opposed to a closed forest (Magyari et al., 2010). In my work, the so-called
biomization method (Prentice, 1996) was used, complemented by an indicator taxa approach to
infer the potential local presence of steppe (Magyari et al., 2010; Magyari, 2011).
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Abstract

Hungary's first national park was created in 1973 in the Hortobdgy area to protect Europe's
largest contiguous steppe area with its flora and fauna. The Hortobagy National Park - the
Puszta was inscribed on the UNESCO World Heritage List as a cultural landscape in 1999.
The park's outstanding importance is due to the predominantly non-arboreal steppe vegetation,
home to a unique bird fauna, and the alkaline and chernozem soils with a complex, mosaic-like
spatial structure. In addition, the landscape of the Hortobdgy has a pastoral history stretching
back thousands of years. Several hypotheses have been put forward, which suggest that the
alkaline soils and the habitats that cover them were formed as a result of human activities
related to river regulation that began in the second half of the 19th century. However,
paleoecological and paleobiological studies over the last 30-40 years have pointed to the
natural origin of the alkaline steppes, dating back to the end of the Ice Age. For thousands of
years human activities, in particular grazing by domestic animals, hardly influenced the natural
evolution of the area. Drainage of marshy and flooded areas began in the 19th century, and the
introduction of more and more intensive agriculture, had a significant impact on the landscape.
This paper aims to describe the past natural development of this special alkaline steppe
ecosystem, with particular reference to the impacts of past and present human activities,
including conservation measures.

3.1. Introduction

One of the most important cornerstones of the management system of an IUCN cate-gory Il
national park is the identification of its “original” vegetation, where original means its natural
flora and fauna prior to significant changes caused by humans at the landscape level, such as
cutting down and fragmenting continuous forests and turning natural grasslands to arable land.
The first and still largest national park in Hungary was established 50 years ago in the eastern
part of the country in the Great Hungarian Plain. Most of the park area is dominated by different
kinds of alkaline soils covered by mosaics of grassland—wetland vegetation complexes (Video
S1). According to the prevailing academic views at that time, there were two major human
activities that significantly changed the original character of the flat landscape of the Hortobagy
region. The first one was supposed to be, like in other lowland areas of Europe, the cutting
down of forests to create pastures for grazing domestic animals, mostly cattle and sheep. In the
first and still only monograph on Hortobagy National Park (Béres, Bodo, & Jakucs, 1976), the
secondary character of the alkaline grassland—-wetland mosaics was assumed to be a starting
point for the future management of the grassland—wetland mosaics of the park. The potential
vegetation map published in this monograph by Jakucs (Jakucs, 1976) suggested the dominance
of hard and softwood gallery forests enclosing ancient alkaline grassland patches during the
Early Neolithic period in the Hortobagy region. However, according to a recent critical source
analysis, the presence of continuous forests in the Hortobagy region was assumed on the basis
of a misinterpretation of a royal charter issued in the mid-15th century (Molnar, 2009).

The second significant human intervention that was supposed to play an important role in the
significant extension of alkaline areas was the landscape-scale change in the water regime of
Hortobagy caused by major river regulation and drainage works started in the mid-19th century.
This assumption is contradicted by descriptions of naturalists, such as Kitaibel (Lékos, 2001)
and Townson (Townson, 1797), indicating the presence of alkaline soils and vegetation in large
areas before the start of hydroregulations in the Hortobagy region. These observations are also
supported by the relevant map sheets and their description of the first military mapping survey
of Hungary (Pok, 1994), undertaken in the second half of the 18th century. In addition, the
presence of endemic plant species in the Hortobagy National Park, which occur exclusively in
alkaline habitats, also indicates the much earlier appearance of such vegetation in the region.
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The most obvious representative of these species is Plantago schwarzenbergiana (Figure 111.1),
which inhabits alkaline habitats in Hungary, Romania, and Ukraine and is abundant in the
southwestern part of the Hortobagy National Park, called Kunkapolnas marsh, the study area
of the present paper (Figure 111.2).

Figure I11.1. Plantago schwarzenbergiana in alkaline grassland (photo: Balazs Lesku).

The CORINE Land Cover GIS database of the European Union (2018, 100 m resolution)
indicates the dominance of natural grasslands in Hortobagy National Park (Figure 111.2), and
even with a relatively low resolution, places covered by the typical alkaline plant-less or single-
plant association Camphorosmetum annue are distinguished as “sparsely vegetated areas”.
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Figure I11.2. CORINE Land Cover map of the Hortobagy National Park—the Puszta World Heritage
property (2018).
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Archaeological data can also contribute to understanding the development of a landscape.
However, the number of archaeological sites actually found within the boundaries of the
Hortobagy landscape is rather low, most probably because the area was suitable for arable
cultivation only in small, loess-covered patches (Mesterhazy, 2005), and the continuous
vegetation cover, maintained by grazing land use over several millennia, prevented
archaeological remains from being brought to the surface. In addition, there is no summary
study systematically processing the basic data from the few archaeological sites actually located
within the Hortobagy landscape. Paleolithic, Mesolithic material has not been found in the
Hortobagy area, and the oldest Neolithic culture is the Alfold Linear Pottery (Nagy, 1998)
culture (5330-4940 BC: (Hertelendi et al., 1995)), but its appearance is related mainly to the
neighbouring Tisza Valley (Sherratt, 1982, 1983). Likewise, the known Late Neolithic
archaeological sites are predominantly associated with the Tisza River valley and Pleistocene,
loess-covered residual surfaces (Raczky & Anders, 2006, 2016). The most surveyed
archaeological level is the Late Copper Age/Early Bronze Age—Pit Grave (Yamnaja) culture,
which left visible traces on the surface in the form of burial mounds (kurgans) (Dani & Horvath,
2012; Horvath, 2011; Horvath et al., 2013; Zoltai, 1938). Several waves of this culture have
been modelled in the Carpathian Basin (Gazdapusztai, 1968), and data have been reported from
radiocarbon analysis of kurgans in the wider region between 3300 and 2600 BC (Ecsedy, 1979;
Gerling et al., 2012; Té6th et al., 2018). In fact, this can be considered the first productive
farming culture to appear in the whole Hortobagy region (Dedk et al., 2016). Unfortunately,
archaeological data from the later periods to the Hungarian Conquest (9-10th centuries AD)
are scattered (Farago et al., 2022; Masek, Serlegi, & Vagvolgyi, 2019), and most of them are
not actually located in the Hortobagy landscape but rather in the surrounding, cultivated areas.
The absence of data on Iron Age cultures related to the large pastoral peoples of Eastern Europe
(Mezd6csat culture, Scythians) is striking, as the data available so far (Gerasimenko, Yurchenko,
& Zaytsev, 2013; Kemenczei, 2001) suggest that Hortobagy could have been an ideal habitat
for these cultures. Small medieval villages (destroyed during the Ottoman conguest) are also
prominent and easily recognizable archaeological objects (Mesterhazy, 1974; Mody, 1973,
1995/1996, 1998; Zoltai, 1925), as they were located on or close to the surface.

According to an alternative view, the process of alkalinization dates back much further in
natural landscape evolution, and the contemporary measures regulating the water regime could
only extend the coverage of already-existing alkaline areas of primary, natural origin. First of
all, the geological, hydrogeological, geomorphological, and climatic basis of the alkalinization
process had to be clarified, which required the collection and analysis of all the data and
information regarding the origin of sodium salts; the chemical processes and climatic
characteristics responsible for their accumulation in the close to surface soil levels; and the role
of the unique geomorphology in the development of the grassland—wetland mosaic landscape
of the Hortobagy region (Stimegi et al., 2013). Geological and paleontological evidence
suggests that salt accumulation may have been caused by specific climatic and environmental
conditions (Siimegi & Szilagyi, 2010).

Although one of the most important questions about the historicity of salt accumulation near
the surface and accumulating in soils is whether the environment adapted to excess sodium
developed before or after hydroregulation; travellers’ descriptions and sporadic research data
from the second half of the 19th century before river regulation (Boros & Bir6, 1999; Dapsy,
1869; Molnar, 2009) indicate that salt accumulation in soils and a biota adapted to the saline
environment had already developed in the northern part of the Trans-Tisza region before the
hydroregulation measures (Molnar, 1996, 2003, 2007, 2008, 2009; Molnar & Bir6, 1997). One
of the major problems in understanding the historical aspect of alkalinization in the Carpathian
Basin is that the source of alkalinization has not been correctly identified by researchers. In
addition, theoretical considerations based on these foundations have completely excluded the
possibility of alkalinization during the glacial periods, stating that the environmental conditions
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in the Hungarian Lowlands were not favourable for the process (Mihaltz, 1947); hence, the
presence of glacial alkaline deposits and signs of prehistoric alkalization were not assumed and
searched for in the Great Hungarian Plain until 1988, when a multi-proxy paleoecological study
of an undisturbed core series from the eastern margin of the Hortobagy, which was obtained
via multiproxy paleoecology, succeeded in identifying an alkaline paleosol horizon dated
between 30-40,000 years beneath the glacial loess deposits (Siimegi, 2001). Subsequent
analyses revealed the presence of minerals typical of alkaline soils, such as gypsum,
polyaluminates, and amorphous silica gel, supporting the assumptions established in the field
(Stmegi, 1997). These data provided consistent evidence that conditions favourable to
alkalization may have developed during the last glacial cycle, dated to MIS3, as part of intense,
brief interstadial warming: the Dansgaard—Oeschger cycle (Siimegi, 1989). Cores taken from
Bronze Age burial mounds have also revealed the presence of buried chernozem and alkaline
soils in the study area in the Early Holocene (Szilagyi, Nafradi, & Stimegi, 2019).

Since previous data and studies generally included only a part of the salt landscape’s
development over time (Siimegi, Bodor, & To6récsik, 2005), we searched for a region for
sampling where the whole sequence of changes and the complete evolution of the salt landscape
could be captured. This place was found in the Kunkapolnas Marshland area, in the territory of
Kunmadaras Town.

3.2. Materials and methods

Alkaline habitats cover an area of ca. 10,000 km? in several parts of the Great Hungarian Plain,
including the Danube—-Tisza and the K6r6s—Maros Interfluves. The area of Hortobagy is the
largest coherent occurrence of these habitat types in Europe, covering an area of ca. 2300 km?
(Figure 111.3). The first national park in the Carpathian Basin was established here in 1973 and
was followed by several international designations, such as the UNESCO Biosphere Reserve,
the Ramsar Convention, and the Natura 2000 network of the European Union. In 1999, the
Hortobagy National Park—the Puszta was inscribed on the World Heritage List of UNESCO
as a cultural landscape, as it maintains intact and visible traces of its traditional land use forms
over several thousand years and illustrates the harmonious interaction between people and
nature.
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Figure I11.3. Distribution of salt accumulation areas in Hungary and the location of undisturbed core points in
Hungary
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1 = Kunkapolnas marsh, Kunmadaras; 2 = Halas Basin, Hortobagy; 3 = Pap-ere, Hortobagy; 4 = Fecske meadow,
Balmazjvaros; 5 = Lake Kolon, Izsak (Siimegi et al., 2011); 6 = Lake Kiri, Ecsegfalva (Willis, 2007); 7 = Lake
Fehér, Kardoskut (Siimegi et al., 1999); 8 = Pana-hat, Maroslele (Stimegi, Persaits, & Gulyas, 2012); 9 = Hajos
(Jakab, Siimegi, & Magyari, 2004); 10 = Kis—Mohos, Kelemér (Willis et al., 1997); 11 = Nagy—Mohos, Kelemér
(Magyari et al., 2010); 12 = Batorliget fen, Batorliget (Willis et al., 1995); 13 = Nyirjes fen, Csaroda (Siimegi &
Torécesik, 2010); 14 = Sarlo-hat, Tiszadob (Magyari et al., 2010); 15 = Nadas Lake, Nagybarkany (Stimegi &
Torécsik, 2010); 16 = Nyirjes Lake, Sirok (Gardner, 1999)

In the northern part of the Trans-Tisza region, in the centre of the salt build-up region, species-
rich halophilous vegetation developed both in dry and marshy areas (Borhidi, 2007). Levels of
salt accumulation were detectable in the higher, drier, predominantly grassy levels of the earth
pyramid layers of a Yamnaja culture burial mound and in the deepest areas (meadows) of the
studied region (Figure 111.4). Since the target area of sampling was a bombing range until
August 1991, and Hungary was under Soviet military occupation (1956—-1991), no correct map
of the area could be made, which is why a digital elevation model of the drilling site was
prepared at first (Figure I11.5).
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Figure 111.4. Map of the wider Hortobagy region and surroundings (Abranyi, 1895) prepared
before the major river regulations and creation of fishponds with undisturbed core points.

1. Ecse mound at Karcag/Kunmadaras (Yamnaja culture burial hill); 2 Kunkapolnas marsh
near Kunmadaras with the analyzed paleochannel (Réna Basin); 3. Halas Basin
(paleochannel); 4. Faluvég mound (Yamnaja culture burial hill); 5. Kungyorgy Lake
(paleochannel); 6. Szalka mound (Yamnaja culture burial hill); 7 = Fecske meadow
(paleochannel); 8. = Pap-ere (paleochannel); 9. Csip6 mound (Yamnaja culture burial hill).
Legend items of land cover/use categories: Mocsar = Marsh; T6 = Lake; Foly6 = River; Kert
= Garden; Sz6ll6kert = Vineyard; Szantofold: Arable land; Rét = Meadow; Legel6 = Pasture;
Erd6 = Forest
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Figure 111.5. Digital surface model of the southern part of the Kunkapolnas marsh

system. X, undisturbed core points. Coordinates and altitudes above Baltic sea
level—Roéna Basin: 47.429540° N, 20.969391° E, 87.2 m; Ecse mound: 47.425279°
N, 20.963044° E, 94.5 m.

The undisturbed core-drilling site was located at the edge of the Kunkapolnas marsh complex
and in the middle of a backfilled embankment across one of the paleochannels of the swamp.
The embankment was constructed in 1958, and the surrounding area was used as a bombing
range and had human-disturbed surfaces, in particular, thousands of bomb craters. However,
the embankment protected the underlying stratigraphic sequence, so we could use the most
complete data set possible from the sedimentary assemblage accumulated up to the beginning
of the Neolithic for our paleoecological study. We also used our drone images to map the
morphological evolution of the area and to show the development of the vegetation. The drone
images were taken at an average altitude of 500 m with a DJI Mavic 2 Pro drone and a
Hasselblad L1D-20c camera. The sampling sites correspond to abandoned and infilled
paleochannels fringing the open vegetation of alkaline grasslands (Figure 111.6).

view from the south) (drone photo: Attila Szilagyi). ® undisturbed core point (Réna Basin).
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Samples were taken in winter to avoid possible pollen contamination, and they were subjected
to sedimentological, geochemical, palynological, malacological, and plant macrofossil and 14C
chronological analyses. The independent chronology established suggests that
paleoenvironmental changes can be dated back to 50,000 cal BP years.

In the Hortobagy region, undisturbed sediment sequences were sampled from 9 different sites
(Figure 111.4), including the 10 m long core of the Kunmadaras—Kunkapolnas marsh (marked
as no. 1 in Figure 111.3 and no. 2 in Figure 111.4) using a special double-walled core head with
a diameter of 10 cm. The main lithostratigraphic characteristics of the sediment sequence were
determined and analyzed. For the description of the cores, the internationally accepted system
and symbols developed by Troels-Smith for unconsolidated sediments were used (Troels-
Smith, 1955). For the description of the sediment sequence and the development of the figures,
a protocol was followed (Vari, Gulyas, & Siimegi, 2023).

The organic matter (OM, LOI500), inorganic matter (IM, LOlres), and carbonate (CC, LOI900)
contents of the samples were determined based on the loss on ignition method (Dean, 1974).
The core was sampled at 2 cm sampling intervals, providing a total of 501 samples. The bulk
samples were subjected to magnetic susceptibility testing (Oldfield, 1978). The magnetic
susceptibility of the samples was measured at 2 kHz using a Bartington MS2 magnetic
susceptibility meter with an MS2E high-resolution sensor (Dearing, 1994; Xu, 2012). Each
sample was measured three times, and the average values of magnetic susceptibility were
calculated and reported. Each sample was measured three times, and the average values of
magnetic susceptibility were calculated and reported. Grain size data from pretreated sediment
core samples were obtained at 2 cm (501 samples) intervals for 42 grain-size classes via laser
diffraction using the OMEC Easysizer20 laser grain size analyzer (Njalsson, 2018).

The concentrations of selected major and trace elements were determined using flame and
graphite furnace atomic absorption spectroscopy. Radiocarbon dates of the sequences were
obtained using AMS (accelerator mass spectrometry) analysis. The radiocarbon ages of twenty-
one samples were analyzed at the Nuclear Research Center of the Hungarian Academy of
Sciences (Debrecen, Hungary) and the Direct Radiocarbon Laboratory (DirectAMS, Seattle,
Washington, USA). Sample preparation and measurement protocols are described in detail by
Hertelendi et al. (Hertelendi et al., 1989) and Molnar et al. (Molnar, Janovics, et al., 2013). Prior
to graphitization, samples were pretreated with weak acid (2% HCI) to remove surface
impurities and carbonate coatings. Raw dates were calibrated using the Intcal20 calibration
curve (Reimer, 2020), using the atmospheric data of Stuiver et al. (Stuiver, 1998). The original
dates (**C) are indicated as uncal BP, while the calibrated dates are indicated as cal BC and cal
BP. Age-depth modeling and the estimation of the sedimentation rate (accrate.depth) were
conducted using RBacon 2.5.8 (RBacon) in RStudio (RStudio) Build 461 and the IntCal20
calibration curve (Blaauw, 2011).

The cores were also subsampled at 2 cm/4 cm intervals for pollen analysis. Samples of 1 cm3
were obtained using a volumetric sampler and processed for pollen analysis (Berglund, 1986).
Some pollen samples were analyzed using the Z6lyomi—Erdtman ZnCl> method, which is the
most commonly used method in Hungary (Z6lyomi, 1952), as this method provides better
results than others for oxbow lake sediments (Magyari, 2002). A known amount of exotic pollen
was added to each sample to determine the concentration of identified pollen grains (Stockmarr,
1971). To ensure a statistically manageable sample size, at least 300 grains per sample were
counted (excluding exotics) (Maher, 1972). Charcoal abundance was determined using the
point count method (Clark, 1982). Tablets with known Lycopodium spore content (from Lund
University, Lund, Sweden) were added to each sample to calculate pollen concentrations and
accumulation rates. Pollen types were identified and modified according to Moore et al. (Moore,
1991), Beug (Beug, 2004), Kozakova and Pokorny (Kozakova & Pokorny, 2007),
supplemented by examinations of photographs by Reille (Reille, 1992, 1995, 1998) and
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reference material held in the Hungarian Geological Institute in Budapest. The analysis of local
pollen zones and the statistical interpretations were carried out with the Psimpoll software
package (version 4.26) created Benneth (Bennett, 2005). For macrobotanical studies, QLCMA
analyses (Barber, 1994; Sugita, 1994) were used. For the quarter-malacological analyses, the
methods, assessments, and recent distribution data of Lozek (Lozek, 1964), Sparks (Sparks,
1964), Alexandrowicz (Alexandrowicz, 2004; Alexandrowicz, 2014), Krolopp (Krolopp, 1965,
1973, 1983), and Welter-Schultes (Welter-Schultes, 2012) were applied, and the samples were
pooled at 16 cm intervals to achieve a minimum of 100 per sample. The overall study procedure
was based on the approach of Birks and Birks (Birks & Birks, 1980). The sedimentological,
geochemical, pollen, macrobotanical, and quarter-malacological material, as well as the
geochronological results, were used to reconstruct local and regional evolutionary events over
the last 50,000 years.

It must also be acknowledged that watersheds in floodplains subject to recurrent flooding
receive large amounts of so-called “alien” pollen from distant areas, which greatly distorts the
final pollen spectrum (Fall, 1987; Hall, 1989). Consequently, these paleochannels are far from
being ideal pollen traps. The extent of “pollen pollution” is highly dependent on the depth and
extent of flooding and the vegetation of the flooded area, which can distort the reconstruction
of local and regional vegetation. To control and limit the potential bias as much as possible, our
work used the analysis of plant macrofossils that provide information on vegetation that has
been destroyed and preserved in situ. In this way, elements of the previously in situ flora could
be separated from potential regional and extra-regional elements. Paleovegetation can be
reconstructed from pollen data using several approaches. For our purposes, the key goal was to
assess the extent to which the surrounding landscape and region are occupied by forest—steppe
or steppe, as opposed to a closed forest (Magyari et al., 2010). In our work, the so-called
biomization method (Prentice, 1996) was used, complemented by an indicator taxa approach to
infer the potential local presence of steppe (Magyari et al., 2010; Magyari, 2011).

According to the biomization approach (Prentice, 1996), steppe indicator pollen taxa are
predominantly composed of herbaceous taxa typical of steppe grasslands. Although their
occurrence was used as further evidence for the local presence of open stands, such conclusions
should be drawn with caution. Many steppe indicator taxa (herbs) are insect or self-pollinated
species and produce relatively small amounts of pollen (e.g., Allium, Astragalus, Euphoria,
Verbascum) and, thus, are under-represented in the pollen spectra. Other steppe indicators are
wind-pollinated and produce abundant pollen (e.g., Artemisia, Gramineae, Chenopodiaceae)
and are, therefore, over-represented. Based on the work of Beug (Beug, 2004), Kozakova and
Pokorny (Kozéakova & Pokorny, 2007), and Magyari et al. (Magyari et al., 2010), the following
steppe indicator pollen taxa were identified in the core sequence of the analyzed paleochannels:
Ajuga, Allium, Compositae (including Artemisia, Aster-type species, and representatives of the
subfamily Cichorioideae), Caryophyllaceae (including undetermined and Dianthus-type
species), Chenopodiaceae (Atriplex, Kochia), Euphorbia, Gramineae, Helianthemum, Inula,
Matricaria-type species (including Achillea, Anthemis, Matricaria), Plantago lanceolata,
Plantago major/P. media, Thalictrum, Astragalus, Trifolium pratense-type species, Trifolium
repens-type species, and Verbascum. The ultimate aim of our work was to provide a reliable
reconstruction of the vegetation development of Hortobagy based on the study of local
catchment basins (Siimegi, Bodor, & Tor6csik, 2005; Stimegi, Persaits, & Gulyas, 2012).

Recently, attempts have been made to extend the pollen results of oxbow lakes located in the
distant floodplain of the Tisza (ca. 60 km) to the Hortobagy area (Magyari et al., 2010). These
distance inferences are rather ambiguous, partly because of the taphonomic problems
mentioned above and partly because the present floodplain of the Tisza is much younger (15—
18,000 years) and has a morphological and geological evolution that is quite different from that
of Hortobagy (Stimegi & Szilagyi, 2010).
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3.3. Results

3.3.1. Geochronological results

According to the calibration of radiocarbon ages, the age of the bedrock sand dates back to
50,000 cal BP years (Figure 111.7). The age of the top of the profile at 10 cm has also been
slightly modified thanks to the new calibration from 403 + 17 uncal BP years to 35,696 + 297
uncal BP (850 cm). Thus, the Kunkapolnas 1000 cm section captures the paleoecological
changes from approximately 400 years to 50,000 years in the 21 radiocarbon data (Table 111.1).
We focused mainly on the geochronological delineation of the LGM, MIS2, and MIS3
development in the eastern Carpathian Basin and did not specifically address the Late
Glacial/Post-Glacial transition, which is the main issue of this paper. The 100 cm (10 m) long
core sequence taken near Kunkapolnas (Figure 111.7) provides us with information about the
paleoenvironmental and paleovegetational changes in the study area during the past 50,000
years (Figures I111.7 and 111.8).
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Figure 111.7. Age—depth modeling and an estimation of the sedimentation rate (accrate.depth) were conducted
using rbacon 2.5.8 (RBacon) in (RStudio) and the IntCal20 calibration curve (Blaauw, 2011; Reimer, 2020).
Red line: linear interpolation of dated points; Vertical lines: dated samples

Table 111.1. Twenty-one radiocarbon (AMS) data from undisturbed core sequence of the Kunkapolnas marsh in
Hortobagy.

Cm | Type of Organic Material Code Uncal BP | +/- Cal BP Interval Cal BC/AD Interval
10 Planorbis shell DeA-130891 403 17 339-506 1444-1611 AD
12 Planorbis shell D-AMS21141 444 21 461-524 1426-1469 AD
50 Planorbis shell D-AMS21152 2524 23 2496-2736 547-787 BC
76 Planorbis shell DeA-130902 3732 20 3987-4151 2038-2202 BC
96 Lymnaea shell D-AMS2113 4232 29 4649-4857 2700-2908 BC
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122 Unio shell DeA-130913 5696 22 6406-6552 4457-4603 BC
140 Unio shell D-AMS21112 6065 26 6799-7146 4850-5197 BC
152 Unio shell D-AMS21123 6698 30 7504-7655 5555-5701 BC
160 Bithynia shell D-AMS21104 7067 29 7836-7965 5887-6016 BC
200 Unio shell DeA-130914 10,055 33 11,357-11,803 9404-9854 BC
266 Pisidium shell D-AMS21095 11,417 52 13,174-13,411 11,225-11,462 BC
332 Pisidium shell D-AMS21086 13,598 70 16,197-16,654 14,208-14,705 BC
352 Cochlicopa shell D-AMS21077 14,474 58 17,412-17,878 15,463-15,929 BC
400 Succinella shell D-AMS21068 16,847 78 20,151-20,535 18,203-18,521 BC
480 Trochulus hispidus DeA-130965 20,529 72 24,366-24,986 22,417-23,037 BC
572 Succinella shell D-AMS21049 23,725 85 27,694-28,008 25,745-26,059 BC
650 Pinus microharcoal DeA-131026 25,661 121 29,681-30,189 27,732-28,240 BC
744 Helicopsis shell D-AMS210510 32,535 175 36,364-37,325 34,415-35,376 BC
800 Succinella shell DeA-130977 33,433 232 37,455-39,161 35,506-37,212 BC
850 Trochulus shell DeA-130988 35,696 297 40,158-41,323 38,209-39,374 BC
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Figure 111.8. Sedimentation rate (accrate.depth) made in RStudio (RStudio) with RBacon (RBacon) based on the
results of age—depth modelling.
Red line: mean accumulation rates; Blue and grey lines: 95% confidence intervals.

The results obtained show that the paleochannel studied was characterized by a relatively steady
and slow accumulation of clayey silt (As2Ag?2), reflecting natural flood cycles over the last 50
years. Evidence of changes in sedimentation, associated with an increase in organic and clay
content, is limited to the upper part of the past 5-6000 years. This suggests that relatively
uniform sedimentological processes have prevailed over most of the evolution of the channel,
which is advantageous from a paleoecological point of view, as the fluctuations and differences
observed in the pollen and macrobotanical spectra reflect changes independent of changing
geological processes (changing erosion base, selective pollen accumulation, and retention).
Sedimentation rates showed relatively uniformly low values at the minimum, maximum, and
mean (Figure 111.8), but some faster rates were also identified. The acceleration of
sedimentation rates during the glacial period is associated with the acceleration of loess
accumulation phases observed in the Carpathian Basin (Figure 111.8) (Stimegi et al., 2018). The
increase in clay and organic matter content recorded in the upper part of the sequence may
indicate anthropogenic disturbances in the basin environment, which may be attributed to the
emergence of food-producing cultures (Willis, 1998), as this level appears to coincide with the

32



appearance of Late Bronze Age—Early Bronze Age pit grave culture representatives in the study
area (Szilagyi, Nafradi, & Stimegi, 2019). Representatives of this culture are characterized by
extensive animal husbandry and the construction of earth burial mounds (kurgans). One of these
mounds is located 650 m southwest of the studied core of Kunkapolnas, and others associated
with this culture have also been identified scattered within a radius of about 1 km from other
investigated profiles in the Hortobagy area.

3.3.2. Sedimentological results

Between 50,000 and 25,000 years (1000-500 cm), the sand content indicates fluvial
sedimentation (Figure 111.9). The bedrock was dominated by the medium sand fraction (Figure
[11.9), the layer was slightly cross-bedded in the undisturbed core layer, and fluvial Valvata
piscinalis shells were also found. It can be concluded that the analyzed bed of the Kunkapolnas
marsh system (Rona Basin) was formed by the development of a riverbed. During the first
25,000 years, carbonated river sediment rich in sand and poor in finer-grained fractions
accumulated in the gradually disconnected, 50,000-year-old riverbed (Figure 111.9). The
development of the river sediment is completely distinct from the sediments accumulated in the
Tisza riverbed in terms of grain composition (Figures 111.9 and 111.10) and geochemical
parameters (Figure I11.11), which are characteristic of the Sajo and Hernad Rivers (Timar,
Stimegi, & Horvath, 2005). From about 25/27 thousand years onward, the nature of
sedimentation has fundamentally changed (Figures 111.9-11), and sediment with a finer grain
size composition has accumulated in the section. The changes in sediment composition (Figures
[11.9-11) indicate that the fluvial sedimentary phase has ended and that the cut-off meander
phase dominated the bed formed for most of the years during MIS3. It is likely that sandy
sediment accumulated in the basin, which developed in the cut-off riverbed only during major
floods, and that it was the floodplain loess-like sediment that accumulated on the bank along
the developed riverbed that was washed into the basin of the oxbow lake. However, it should
be noted that at this time extensive soil formation took place in the region, and this has led to
the formation of fossil saline soils (Stimegi, 1989, 1997, 2001; Sz66r, Siimegi, & Balazs, 1991).
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Figure 111.9. Results of the grain size analysis.

Clay (<0.004 mm), silt (0.004-0.062 mm), and sand (0.062-0.5 mm) fractions in a percentage diagram and line
diagrams of clay (<0.004 mm), very fine silt (0.004-0.008 mm), fine silt (0.008-0.016 mm), medium silt (0.016—
0.031 mm), coarse silt (0.031-0.062 mm), very fine sand (0.062-0.125 mm), fine sand (0.125-0.25 mm), and
medium sand (0.25-0.5 mm) fractions.
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Figure 111.10. Ternary diagram of clay, silt, and sand grain sizes with Troels-Smith (Troels-
Smith, 1955) sediment types based on the grain size analysis.
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Figure 111.11. Combined figure of (from left to right) the modeled median cal BP dates from the radiocarbon
analysis; lithology profile based on grain size with Troels-Smith (Troels-Smith, 1955) sediment classification and
depth (cm); results of the loss on ignition (Dean, 1974) with organic matter (OM), inorganic matter (IM), and
carbonate content (CC); results of the geochemical (Daniel, 2004); and magnetic susceptibility analysis (Dearing,
1994).

Given continuous military activity, the area was excluded from the comprehensive geological
mapping of the Hungarian Lowlands (Rénai, 1964, 1972, 1977, 1982, 1985), so our undisturbed
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core drilling analyses can only suggest that a saline soil level could have developed in the
vicinity of the riverbed, which was transformed into a sediment basin. The material of the eolic
sedimentation (Lehmkuhl et al., 2018; Lehmkuhl et al., 2021; Ronai, 1985; Siimegi, 1989,
1997) that developed in the region could have accumulated in the basin of the oxbow lake until
12,800/13,000 cal BP when the eolic sedimentation in the Carpathian Basin came to an end,
meaning that, at the end of the Ice Age, polygenetic alluviation took place in the oxbow lake,
which evolved over 27/25 thousand years ago. This heterogenetic sedimentation is reflected in
the highly heterogeneous grain composition, from the clay to the fine sand fraction, and also in
the rhythmic changes of the water-soluble element (Ca, Mg, Na, and K) content (Figures 111.9—
11). The rhythmic changes were completed in the Late Glacial period of the Ice Age, and we
can expect steadily increasing clay, fine rock flour, and organic matter content during the
Holocene.

The increase in organic matter and clay content became more pronounced from about
5000/5200 cal BP, when livestock-keeping communities colonized the area (Pit Grave culture
= Yamnaja = Kurgan culture). In this period, given the human-induced soil erosion around the
basin, a sharp increase in organic matter and clay content can be detected in the sediment
column of the Rona Basin. Today, the riverbed is characterized by an alkaline, marshy
environment.

3.3.3. Results of the pollen analysis

The entire pollen sequence, both at the end of the Ice Age and during the Holocene, is dominated
by herbaceous taxa, above all, grasses (Poaceae), wormwood (Artemisia), and goosefoot
species (Chenopodiaceae) (Figure 111.12) but also by Achillea taxa. The cumulative proportion
of arboreal species (Arbor Pollen) exceeded 60% only in two glacial levels (43-46,000 and 25—
28,000 years). Both glacial forest levels were dominated by the subgenus Pinus (Figure 111.12),
as shown by anthracological analyses of charred trees recovered from fossil soils (Willis, 2000),
and both glacial levels were associated with fossil soil formation (Szo6r, Stimegi, & Balazs,
1991) when the proportion of vegetation cover, especially coniferous trees, increased in the
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Figure 111.12. Pollen diagram of Kunkapolnas for the undisturbed core sequence (selected taxa and
summarized group).
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A characteristic feature of the pollen section is that the alluvial-fluvial influence may have been
present from 50,000 years until the end of the Ice Age (12,800 years). This suggests (Fall, 1987;
Hall, 1989) that the pollen composition may have reflected a more regional relationship during
the glacial period, irrespective of the diameter of the studied basin (Jacobson, 1981). However,
the basin must have acted as a local pollen trap over the last 12,800 years. Yet, the Holocene
pollen assemblage was dominated by herbaceous taxa, with an overall proportion of more than
40-45% in all samples. The share of broad-leaved tree pollen varied between 8 and 16% in
total, and the most characteristic broad-leaved taxon in the section was the eurytopic willow
(Salix), a softwood gallery forest element (Figure 111.12).

Analysis of the pollen sequence and studies from the Eurasian forest—steppe—steppe
environment (Prentice, 1985, 1992, 1988) suggest that steppe, or maximum boreal forest—
steppe vegetation (Magyari et al., 2010) might have stabilized in the study area during the
glacial period. Although the presence of marshy vegetation became more abundant (Figure
[11.12) in the Holocene, herbaceous species continued to dominate, and a predominantly
temperate steppe cover developed and persisted to the present day in the study area.
Fluctuations in the pollen composition indicate cooler and milder climatic phases in the
sequence (Bond, 1992; Buiron, 2012; Genty, 2003; Grimm, 1993, 2006; Grootes, 1993;
Svensson, 2008; Timmermann, 2010; Yiou, 1995). The cooling phases can be synchronized
with the increased dominance of grasses (Poaceae) and, in general, non-arboreal pollen
(Bjorck, 1998; Svensson, 2008; Walker, 1999), and in parallel with this trend, a decrease in
arboreal pollen could be detected (Figure 111.12). Glacial warmings are indicated by the
increasing dominance of coniferous pollen. The Holocene period is reflected in a marked
increase in broad-leaved pollen and charcoal abundance (Figure 111.12). Given the changes in
the pollen composition, the vegetation of the Hortobagy areca has similarities with that of the
Eurasian forest—steppe belt (Kremenetski, 2003).

As the basin is of fluvial origin, the pollen composition may have been influenced by fluvial
inflow (Fall, 1987; Hall, 1989), and one has to consider the pollen input by the late glacial
flooding of the Tisza river (Timar, 2008) into the already marsh-dominated former riverbed
(Magyari et al., 2010); our findings are based primarily on the AP/NAP pollen ratio. The
relevant literature (Magyari et al., 2010; Tarasov et al., 2000; Tarasov et al., 1998) clearly shows
that, during the warming periods, including the Holocene, when AP occurs at 50-60%, forest—
steppe vegetation stabilized in the study area. Although the pollen composition can be described
to be consistent with Eurasian forest—steppe, the current climate analysis of the Carpathian
Basin (Szelepcsényi et al., 2018) suggests the development of a basin effect (rain shadowing)
caused by the surrounding mountain range rather than by the influence of the Eurasian
continental climate zone.

3.3.4. Macrobotanical results

Although Jakab has provided a detailed analysis of the pollen and macrobotanical data of the
Kunkapolnas core sequence (Siimegi et al., 2013), it is reasonable to present his findings in this
paper as well to complete the geochronological and sedimentological results.

From the core sequence, 2516 macrobotanical remains were recovered, the distribution of
which is shown in Figure 111.13. Minimal plant remains were found in the bed of the section,
corresponding to riverine infilling between 50,000 and 17,500 years (1000-350 cm). The plant
remains at this level were dominated by Juncus roots; indeterminate monocots; and other
indeterminate plant fragments that could easily have leached from the river bank into the Late
Glacial river system and accumulated with the leached sediment in the abandoned, infilling
riverbed at the study site. The bed was characterized by low vegetation cover with highly
fluctuating water levels. Among the macrofossils, roots of a sedge species (Juncus sp.) were
found in the largest quantities.
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Figure 111.13. Fauna and macrobotanical remains diagram of Kunkapolnas for the Roéna Basin
(Kunmadaras Town, Jasz—Nagykun—Szolnok County) undisturbed core sequence (UOM = unidentified
organic matter).

At 17,500 years, after the Last Glacial Maximum (LGM), in addition to the taxa that occupied
the riverbed and formed the oxbow lake, oogonites (gyrogonites) of the Chara tax—above all,
Nitella cf. gracilis and Chara vulgaris—appeared in significant numbers. As a result, we can
reconstruct the formation of a mesotrophic oxbow lake (Petechata, 2016), poor in phosphate
and organic matter, from 17,500 years ago and persisting until the beginning of the Holocene
(12,000-11,500 years ago). In Northern Europe, this Chara lake stage is generally typical of
the beginning of the Holocene; however, in the case of the sedimentary deposits in the
Carpathian Basin dating back to the end of the Ice Age, such as Kolon-t6 near Izsak (Hungary)
(Vari, Gulyas, & Stimegi, 2023), this stage had already developed in the final part of the Ice
Age. In the Chara lake stage, around 15,000 years ago, terrestrial taxa, including those
indicating a dry or periodically dry alkaline environment (Trifolium repens and Elatine triandra
seeds), appeared (Figure 111.13). The presence of elements indicating salinity suggests that
alkalinization may have occurred as early as the end of the glacial period in the study area.
Habitats typical of the alkaline environment may have developed along this mesotrophic oxbow
lake—at the boundary between the loess grassland indicated by Trifolium repens seeds—and
waterside mudflats, where groundwater fluctuations were (and still are) the most intense
(Varallyay, 1989).

During the transition period between the end of the Ice Age and the beginning of the Holocene
(between 12,800 and 11,300 cal BP), the studied floodplain was silted up, and seasonal cyclical
groundwater level fluctuations may have been amplified, which appears to be demonstrated by
the presence of Elatine hungarica seeds in the samples, indicating marked alkalinization, as
this species can stay in an anabiotic stage for several years and spread during favorable periods
because of shallow water cover. However, no taxa indicating deeper or permanent water cover
were found in the samples. The water level could have been very low, a few centimeters at
most, and the bed would have seasonally dried up. The constant presence of Typha species
indicates a gradually warming climate. The vegetation of the marsh was poor, with the
occurrence of the common water plantain (Alisma plantago-aquatica), a few sand cinquefoil
(Potentilla supina), and water fern (Salvinia natans). Mollusk and ostracod shells were
negligible. Of the mosses, Amblystegium serpens was found in very small numbers, often living
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on woody debris, but at this site, it is more likely to live on the decaying stems of some aquatic
plant (e.g., Schoenoplectus lacustris).

Later in the Holocene (7500-5000 cal BP years), higher water levels are indicated by the
appearance of the white waterlily (Nymphaea alba), common frogbit (Hydrocharis morsus-
ranae), water fern (Salvinia natans), and duckweed species (Lemna sp.). Occasionally, the
spiny naiad (Najas marina), typical of carbonate-rich waters, also appears, as well as the
common bladderwort (Utricularia vulgaris) and water crowfoot species (Batrachium sp.). In
open water, the presence of bryozoans and sponges, which are necessary for their colonization,
is also indicative of denser vegetation. Cladocerans and ostracods also appeared in open water,
with the most typical species being Daphnia pulex, Cerodaphnia sp., and Simocephalus vetulus.
Juncus has been replaced by Typha in the riparian zone, while the common water plantain was
found to be abundant in the marshy vegetation, along with the presence of mint species (Mentha
sp.) and the fine-leaved water dropwort (Oenanthe aquatica). It can be assumed that the marsh
may have been periodically filled with water and that typical Holocene aquatic riparian zonation
developed without any productive human influence.

At 5000 cal BP years, the same indicator elements appeared, but in a different proportion than
before. Mudflat communities spread, and the number of mollusk and ostracod shells increased,
while the abundance of carophytes decreased. The amount of fly ash is the highest in this
section, indicating more intensive land use. This change is fully associated with the appearance
of Pit Grave culture communities, as indicated by the nearby Ecse mound (kurgan). In parallel
with the emergence of pastoral communities of the Pit Grave culture, human communities that
engaged in productive farming (livestock keeping) also appeared in the landscape of Hortobagy.
Species indicative of seasonally drying mudflats are permanently present in the samples, such
as the Hungarian waterwort (Elatine hungarica), the three-stamen waterwort (E. triandra), the
sand cinquefoil (Potentilla supina), the dwarf clubrush (Schoenoplectus supinus), and the white
clover (Trifolium repens). This community is very typical of regularly drying up or only
periodically refilled beds. The occurrence of saltbush species (Atriplex hastata/sagittata) also
indicates the development of silty, possibly alkaline, soils.

3.3.5. Malacological results

Samples were taken and processed at 8 cm but were evaluated and aggregated at 16 cm to reach
a statistical minimum of 100 individuals per sample (Krolopp, 1983). More than 7800
specimens of 27 molluscan taxa were retrieved from the sequence. Up to the LGM level, i.e.,
up to 23,000 years, the malacological material (Figure 111.15) is dominated by taxa preferring
flowing water (rheophilous group), and then, in the transitional period of the Ice Age and the
Holocene, by aquatic Mollusca that require more water cover but are less sensitive to water
quality and belong to the catholic group according to Sparks (Sparks, 1964). Direct fluvial
recharge probably occurred in the area for up to 23,000 years, after which, the proportion of
elements indicating permanent water cover became dominant; i.e., fluvial recharge became
more distant (Szo6r, Siimegi, & Balazs, 1991), but the area may have received significant
additional water through rhythmic flooding after the development of the LGM level. At the
same time, the slum group, which also tolerated intermittent water cover, also appeared in the
sequence (Figure 111.15), but only in the second half of the Holocene, during the last 5000 years,
when it became dominant within the malacofauna, suggesting a tripartite subdivision of the
aquatic fauna composition within the sequence. The bedrock of the sequence indicates riverine
recharge between 50,000 and 23,000 years ago, after which, pond species with permanent water
cover (Bithynia tentaculata, Anisus vorticulus, Gyraulus albus) dominated, but the members of
the slum group also appeared, reflecting cyclical water-level fluctuations.
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Figure 111.14. Quarter-malacological diagram 1: terrestrial taxa and quartermalacological-based
paleoecological groups in the Kunkapolnas undisturbed core sequence.

The water supply in the second half of the Holocene was cyclical, and the studied river basin
may have periodically dried out during this period. Fauna elements living in a riparian
environment were present throughout the sequence, but their proportion increased only in this
last phase. The mesophilous and xerophilous taxa became dominant in the Holocene as well,
but in the glacial period, between 29,000 and 24,000 years, such species (e.g., Cochlicopa
lubrica, Chondrula tridens) also appeared in the sequence during the intensification of soil
formation in the study area (Figure 111.14). During the glacial period, the proportion of cold-
resistant elements (Lymnaea glabra, Valvata pulchella, Succinea oblonga, and Trochulus
hispidus) was highly significant. These taxa coexisted with thermophilous elements during the
glacial/Holocene transition and at the beginning of the Holocene, before disappearing from the
sequence in the Early Holocene.

Cepaea vindobonensis, a character species of the Pannonian forest-steppe (Baba, 1983),
appeared at the beginning of the Holocene, indicating the spread of Pannonian forest—steppe
vegetation. At this time, the number of species in the malacofauna increased, and beyond the
appearance of 9-10 taxa at the end of the glacial period, species numbers exceeded 10 taxa per
sample during the Pleistocene/Holocene transition and the Early Holocene. This increase in
species may have been due to the survival of glacial species that did not become extinct,
whereas dispersing elements had already appeared in the section during the Holocene (Figures
[11.14 and 111.15). From the end of the Early Holocene (7500 cal BP) onward, species abundance
declined sharply, and the terrestrial fauna became dominated by thermophilous, mesophilous—
xerophilous elements in the steppe-like environment that evolved during the last 7500 years,
which was certainly dry for part of the year. This mosaic environment may have stabilized after
5000 cal BP years in the second half of the Holocene when the number of individuals doubled
to more than 200 individuals per sample.
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Figure 111.15. Quartermalacological diagram 2: freshwater taxa in the undisturbed Kunkapolnas core
sequence.

In the second half of the Holocene, the proportion of the group associated with a marshy
environment also increased, along with the maximum of aquatic species indicating temporary
water cover, and then, the vegetation of the Kunképolnas marsh may have stabilized for the last
5000 years in the study area.

3.4. Discussion

A complete fluvial cycle has been revealed (Molnar, 1960, 1964, 1965, 1967, 1973; Timar,
Stimegi, & Horvath, 2005) in the studied riverbed of the so-called Rona Basin at the edge of
the Kunképolnas marsh complex, which evolved from the carbonate fluvial sand sediment of
the bedrock that formed about 50,000 years ago into a Holocene, organic-rich clayey rock silt
(marsh) sedimentary layer. Trends in sedimentation parameters can be synchronized with the
accumulation of major sediment layers, changes in the sediment-forming environment, and the
climatic cycles of the past 50,000 years (Bjorck, 1998; Bond, 1992; Buiron, 2012; Genty, 2003;
Grimm, 1993; Grootes, 1993; Walker, 1999).

Pollen analysis was carried out on the entire undisturbed core section, the results of which are
completely different from those of the previously published pollen studies in Hungary (Gardner,
1999; Jakab, Stimegi, & Magyari, 2004; Magyari et al., 2010; Siimegi et al., 2011; Siimegi,
Persaits, & Gulyas, 2012; Siimegi & Tordcsik, 2010; Willis, 2007; Willis et al., 1997; Willis et
al., 1995). This became particularly obvious when based on the biomization approach (Prentice,
1985, 1996); the pollen composition of the undisturbed core drilling was compared with the
pollen composition of the recent Eurasian biomes (Figure 111.16) and with the arboreal pollen
(AP) from pollen cores in the Carpathian Basin (Figure 111.17). These results show that a boreal
forest—steppe with a dominance of Pinus diploxylon-type pollen was established in the glacial
period in the studied Kunképolnés region. Previous pollen analyses have shown that Pinus-
dominated taiga forest patches developed along former living river branches (Stimegi et al.,
2011), and the pollen diagram (Figure 111.16) shows that the pollen composition of Kunkapolnas
is typical of the recent Eastern and Western Eurasian forest—steppe/steppe boundary. The
pollen, macrobotanical, and malacological data suggest that the first patches of alkaline
vegetation were established during the cold maximum of the glacial period (Figures 111.12-15)
in the study area.
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Figure 111.16. Zone-average pollen frequencies of selected pollen types from Kunkapolnas marsh
plotted alongside mean values of major pollen types in various vegetation zones of the former
Soviet Union. Surface pollen spectra are redrawn from (Peterson, 1983).
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KKP-1 = pollen spectra from Dansgaard—Oschger (Greenland Interstadial) events in the sequence
of Kunkapolnas marsh; KKP-2 = pollen spectra from Heinrich (Greenland Stadial) events in the
sequence of Kunkapolnas marsh; KKP-3 = pollen spectra from the Late Glacial Age in the
sequence of Kunkapolnas marsh; KKP-4 = pollen spectra from early postglacial time (Early
Holocene Age) in the sequence of Kunkapolnas marsh; KKP-5 = pollen spectra from late
postglacial time (Late Holocene Age) in the sequence of Kunkapolnas marsh.
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Figure 111.17. Abundance of pollen of woody taxa in Holocene records from Hortobagy and the
Carpathian Basin. The range of values, as well as an indication of the most frequent value, is plotted for
each site for 2 millennial intervals from 50,000 to O cal BP years. AP = arboreal pollen.

1. Kunmadaras, Kunkapolnas marsh; 2. Hortob4dgy, Halas Basin; 3. Hortobagy, Pap-ere; 4.
Balmazujvaros, Fecske-rét; 5. Izsak, Lake Kolon (Stimegi et al., 2011); 6. Ecsegfalva, Lake Kiri (Willis,

41



2007); 7. Kardoskut, Lake Fehér (Siimegi et al., 1999); 8. Maroslele, Pana-hat (Stimegi, Persaits, &
Gulyas, 2012); 9. Hajos (Jakab, Stimegi, & Magyari, 2004); 10. Kelemér, Kis-Mohos (Willis et al., 1997);
11. Nagy-Mohos, Kelemér (Magyari et al., 2010) 12. Batorliget, fens (Willis et al., 1995); 13. Csaroda,
Nyires fen (Stiimegi & Toérécsik, 2010); 14. Tiszadob, Sarlo-hat (Magyari et al., 2010); 15. Nagybarkany,
Nadas Lake (Stimegi & Tordcsik, 2010); 16. Sirok, Nyirjes Lake (Gardner, 1999).

However, general alkalinization and a drier steppe phase became widespread in the region with
the gradual warming of the climate from the Late Glacial to about 12,000-13,000 years,
together with the process that resulted in the dominance of the Matricaria pollen type
Chenopodiaceae and Artemisia pollen (Figure 111.12). This was also the time when plant
remains (Elatine sp.) typical of alkaline vegetation and drier loess steppes appeared (Siimegi et
al., 2013). Then, at the beginning of Holocene warming, from about 11,000 years onward, a
change in the dominance of pollen and the appearance of vegetation remains typical of drier
loess—steppe environments (Trifolium repens, Atriplex) resulted in the expansion of dry steppe
and alkaline marsh patches. Based on the analysis of the radiocarbon-dated pollen and
macrobotanical and malacological material, a mosaic habitat complex of alkaline marshes and
steppes, without any human influence, was established in the studied region at the end of the
Ice Age, during the turn of the Late Glacial and the Early Holocene. It appears that in contrast
to the mountain rims and hill regions of the Carpathian Basin (Willis et al., 1997), no forest
phase was established in the area at the beginning of the Early Holocene, but a mosaic
vegetation structure of a forest—steppe developed, where trees occurred only at the margins of
the former watercourses, while their cut and transformed beds gradually filled up with
sediments. These data are in good agreement with the previously reported paleoecological data
on the mosaic environmental structure of the Carpathian Basin (Siimegi, 2005). However, it
seems that local environmental factors (micromorphology, alkaline soil, morphology, and
groundwater) were extremely strong in the Kunkapolnas region, amplifying the essentially
climate-driven alkalinization process (Figure 111.18), and therefore, the alkaline patches in the
Pannonian forest—steppe region were formed on a regional scale (Szelepcsényi et al., 2018;
Szelepcsényi, Breuer, & Stimegi, 2014a, 2014b) under the influence of locally evolved edaphic
factors.
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Figure 111.18. The Holdrige type classification of the vegetation of the Carpathian Basin (Szelepcsényi et
al., 2009a, 2009b; Szelepcsényi et al., 2018; Szelepcsényi, Breuer, & Stimegi, 2014b).
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The first pastoralist cultures (Pit Grave culture = Yamnaja = Kurgan culture), which appeared
around 3300 BC, only reinforced ongoing natural processes (Szilagyi, Nafradi, & Siimegi,
2019) but did not fundamentally transform the vegetation of the Kunkapolnas region. Similarly,
there were no significant changes in the landscape character of the region over the following
millennia, when the land management by domestic animals gradually increased and eventually
completely took over habitat management, i.e., the grazing role of large ungulates, such as the
aurochs and the European bison, which became extinct during the Holocene (Németh et al.,
2017).

Significant negative changes have been brought about to the natural areas of the wider
Hortobagy region by the river management and agricultural intensification interventions of the
last two centuries, including the drainage of marshes, the irrigation of pastures, and the creation
of fishponds and rice fields. Hortobagy National Park, Hungary’s largest protected area, was
established in 1973 in the central part of the region, which has been relatively little affected by
these interventions, and the natural alkaline grassland—wetland complexes continue to dominate
the landscape to this day (Figure 111.2). The foundation of Hortobagy National Park 50 years
ago put a halt to these negative processes. Since then, the site management organization, the
Hortobagy National Park Directorate, initiated and implemented several habitat restoration
projects aiming to preserve and restore the degraded natural vegetation mosaics. As a result of
these consequent conservation efforts, water supply systems for altogether 5000 hectares of
marshes have been established, and more than 1000 km of disused channels, dykes, and ditches
were eliminated in the already 80,000 ha area of the National Park. These already-implemented,
landscape-scale conservation measures, together with the recently planned restoration of the
water regime of the central part of the Hortobagy area, will hopefully enable the conservation
of this unique habitat complex’s mosaic structure, along with the diverse fauna it hosts, for
future generations.

In light of the recent scientific results providing evidence on the primary, natural origin of the
alkaline grassland—wetland complexes of the site, as well as based on the limited occurrence of
alkaline and sodic areas in Eurasia (Boros & Kolpakova, 2018), the relevant Hungarian
authorities might consider the nomination of the Hortobagy National Park—the Puszta property
for the World Heritage List under the following natural criteria as well.

Criterion (vii): The flat and open landscape of Hortobagy National Park is an area of exceptional
natural beauty, representing the highest scenic quality, with pleasing and dramatic patterns and
combinations of landscape features, which provides it a distinctive character, including
aesthetic qualities and topographic and visual unity.

Criterion (viii): The site is an outstanding example that represents the natural landscape and
vegetation development of the Late Quaternary stage of Earth’s history, including significant
ongoing geological processes in the development of landforms and significant geomorphic
features.

Criterion (x): Hortobagy National Park contains the most significant natural habitats for the in
situ conservation of biological diversity in the temperate steppe zone, including those
containing threatened species of outstanding universal value from the point of view of science
or conservation.
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Abstract

Ecse Mound is a burial mound in the Hortobdgy region of eastern Hungary. Built by prehistoric
nomadic peoples from the east, it now stands on the border between two modern settlements.
The construction of the mound was assumed to be related to representatives of the Pit Grave
Culture populating the area between the Late Copper and Bronze Ages. This theory considered
similarities in shape, orientation, and stratigraphy of this mound with other absolute-dated
ones in the Hortobagy region alone. The mound comprises two construction layers as indicated
by magnetic susceptibility and on-site stratigraphic observations. According to detailed
sedimentological, geochemical analyses of samples taken from the bedrock, artificial
stratigraphic horizons, and the overlying topsoil, there is a marked similarity between the soil
forming the body of the mound in both artificial horizons and the underlying bedrock soil. In
contrast the pedological, geological character of the modern topsoil is utterly different.
According to our dating results, the uppermost stratigraphic horizon is coeval with the
absolute-dated mounds in the region, assigning it to the period of the Pit Grave Culture.
However, the lower anthropological horizon is older and dates to between the Early and Late
Copper Ages.

4.1. Introduction

Burial and dwelling mounds were the very first features subjected to incipient
geoarchaeological studies (Forchhammer, Steenstrup, & Worsaae, 1851; Jefferson, 1783;
Vanuxem, 1843). Mounds are among the first studied objects of Hungarian archaeology too
(Rémer, 1868a, 1868b, 1868c, 1878). Since the early period of archaeological excavations
determination of the date of origin has been the most important aspect of mound research, as
not only the type but also the time of construction displayed large-scale variance. The
Hungarian term “kunhalom”? (Géardonyi, 1893, 1914; Gyarfas, 1870; Gyorffy, 1921; Horvat,
1825; Jerney, 1851) is a catch-all category into which all types of mounds have been thrown
without consideration to their function or date of origin (Barczi et al., 2009; Dani & Horvath,
2012; Makkay, 1964; Pet6 & Barczi, 2011; Toth & Taéth, 2003; Toth, 2006). This issue can
only be tackled if the initial phase of each research includes stratigraphical and chronological
analyses, so the very function and age of the mound are revealed (Siimegi, Bede, & Szilagyi,
2015a; Siimegi et al., 2015b). After setting up a stratigraphy using sedimentological,
geochemical, and geophysical methods, a chronology is set up using absolute dates. A precise
chronology can only be achieved by radiocarbon analyses (Dani & Horvath, 2012; Ecsedy,
1979; Gazdapusztai, 1968; Gulyas, Siimegi, & Molnar, 2010; Molnar et al., 2004; Molnar &
Svingor, 2011; Stimegi & Hertelendi, 1998). Additional information can be obtained with the
OSL analyses (Liritzis et al., 2013) of wattle-and-daub fragments or pottery remains conserved
in the layers. It is important to note though that pottery and wattle-and-daub fragments piled up
with the soil can originate from the very same culture that created the mound itself, but also
from earlier cultures. Thus, OSL analysis of the pottery and wattle-and-daub fragments may
result in the incorrect conclusion that some layers are older than their actual age (Gazdapusztai,
1968).

In addition, uncertainty of OSL measurements is too high compared to C analysis rendering
them unsuitable for the construction of some hundred or a couple of thousand year-resolution
chronologies for archeological periods of the younger Holocene. These skewed results can be
rectified by mass radiocarbon or AMS dating on organic materials (Barczi et al., 2012; Dani &
Horvath, 2012; Molnar et al., 2004; Molnar, Rinyu, et al., 2013) derived from the grave

2 Meaning ,,Cumanian mound”.
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(wooden structure, bulrush shroud covering the corpse) or on the humus content of the piled-
up soil.

In this paper results of a comprehensive stratigraphic work complemented by absolute
chronology based on **C AMS analyses on samples from the Ecse Mound (Siimegi, 2012) are
discussed along with age-depth models built via Bayesian analysis using models that seem to
be best suited for capturing the deposition rates characterizing mound formation.

4.2. Location and characteristics of the site

The Ecse Mound is in NE Hungary in the Hortobagy 12km north-northeast to the town of
Karcag (N47°25'31.11", E20°57'47.71") at a height of 93.5m ASL. The mound is 5.5m high
with a length of 75.5m and width of 67.5m (Figure 1V.1). The mound occupies a Pleistocene
lag-surface wedging into the Holocene alluvia of the Hortobagy. It rises on the eastern end of a
slightly elevated, elongated loess ridge that is clearly separable from its surroundings based on
its vegetation and geomorphology. Traces of a ditch that was created when the earth was piled
up on the mound are barely perceivable (Siimegi, 2012).

Ecse Mound is mentioned (Benedek & Zadorné Zsoldos, 1998; Gyarfas, 1883) first in a charter
describing village borders from 1521 (in the form “Echehalma”). In the Early Modern Era it
was the border point between the villages of Asszonyszallas and Kapolnas. Today it lies on the
administrative border between Karcag and Kunmadaras; the borderline breaks in an angle on
the top of the mound.

Manuscript maps from the 18th—19th centuries and later printed maps consistently represent
the whole area of the mound as pasture (Bede et al., 2016). In the beginning of the 20th century,
however, its southern half was ploughed due to the increased demand for arable land, and in
1943, this is the picture presented. Socialist large-scale agriculture and the consequent
largescale landscape transformations did not spare the Ecse Mound, either: in the 1950s rice
parcels were established on its southern side, traces of which are still visible. In the 1960s the
area served again as pasture and has been used the same way until today (Bede et al., 2016). In
the wider vicinity of the mound farmsteads, dirt roads, ditches, embankments, grasslands and
lower lying swamps can be found. The mound rises above its marshy, alkaline environment,
thus most of its surface is covered by a loess grassland association (Salvio nemorosae-
Festucetum rupicolae) and its derivatives. Arboreal vegetation is only sparsely present in the
area. The mounds are characteristic refugia for the survival of such habitat types, having a
significant conservation value, even the plant association itself (Horvath et al., 2013; Illyés &
Bo616ni, 2007; Joo, 2003).

4.3. Materials and methods

4.3.1. Field Survey, Sampling

The first step of our work included the collection of historical and high-resolution regional maps
of the area to create a digital elevation model of the surrounding landscape (Figure 1V.1). This
was followed by a field survey during which mapping data points have been recorded on the
mound itself to provide an up-to-date DEM of the mound for further geomorphological studies.
This was complemented by probe coring to reveal the spatial variability of the stratigraphy
before actual sampling via undisturbed cores.
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Figure 1V.1. Location, geomorphology and observed stratigraphy of the Ecse
Mound in the Hortobagy, NE Hungary.

Sediment types were determined and described on the field using the Troels-Smith system
(Troels-Smith, 1955), internationally accredited for paleoecological works. Both wet and dry
colors were determined (Munsell, 2000).

4.3.2. Magnetic Susceptibility

Measuring magnetic susceptibility (MS) has proved to be one of the best methods to yield
reliable stratigraphic data in case of studies of mounds (Bede et al., 2014; Bede et al., 2015;
Stiimegi, 2012, 2013; Stimegi, Bede, & Szilagyi, 2015a). For this study samples were taken at
2—-4-cm intervals. Prior to the start of the measurement, all samples were crushed in a glass
mortar after weighing. Then samples were cased in plastic boxes and dried in air in an oven at
40°C for 24 hr. Afterwards, magnetic susceptibilities were measured at a frequency of 2 kHz
using an MS2 Bartington magnetic susceptibility meter with a MS2E high resolution sensor
(Dearing, 1994). All the samples were measured three times and the average values of magnetic
susceptibility were computed and reported.

4.3.3. Grain-Size Distribution and Loss on Ignition

The grain size composition of sedimentological samples was carried out using the laser-
sedigraph method. First the samples were pre-treated with 1 M HCI and H20- to remove CaCOs3
and organic content respectively. A more detailed description of the pre-treatment process is
given by Konert and Vandenberghe (Konert & Vandenberghe, 1997). All the samples were
measured for 42 intervals between 0.0001 and 0.5mm using an Easy Laser Particle Sizer 2.0
and Fritsch sieves in Szeged (Hungary). For LOI examination sub-samples were taken at every
2—-4-cm intervals and the loss on ignition method was applied, commonly used for the analysis
of the organic and carbonate content on calcareous sediments (Dean, 1974).
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4.3.4. Radiocarbon dating

Six shell samples were submitted for radiocarbon dating taken from major stratigraphic units
as depicted in Table IV.1 and Figure 1V.1. AMS *C dating measurements were done in the
internationally referenced AMS laboratory of Seattle, WA, USA (Table IV.1). The dead carbon
effect was negligible in case of our chosen taxa because certain herbivorous gastropods are
known to yield reliable ages for dating deposits of the past 40 ka with minimal measurement
error on the scale of perhaps a couple of decades (Pigati et al., 2013; Pigati et al., 2004; Pigati,
Rech, & Nekola, 2010; Ujvari et al., 2014). This uncertainty is preserved even after calibration
yielding us dates on the sub-centennial scale. Considering the presently available
multicentennial resolution of prehistoric archeochronology this level of uncertainty suited our
needs.

Preparation of the samples and the actual steps of the measurement followed the methods of
(Hertelendi et al., 1989; Hertelendi, Stimegi, & Sz66r, 1992; Molnar, Janovics, et al., 2013).
Shells were ultrasonically washed and dried at room temperature. Surficial contaminations and
carbonate coatings were removed by pre-treatment with weak acid etching (2% HCI) before
graphitization. Conventional radiocarbon ages were converted to calendar ages using the
software OxCal 4.2 (Bronk Ramsey, 2009) and the most recent IntCall3 calibration curve
(Reimer et al., 2014). Calibrated ages are reported as age ranges at the 2-sigma confidence level
(95.4%). A U_Sequence age-depth model was constructed for the upper part of the sequence
representing the actual mound via Bayesian modelling using OxCal (Bronk Ramsey, 2009). As
these layers were artificially built up we may presume a relatively uniform deposition rate
related to the events of mound formation. In our models we used a U_Sequence model assuming
strictly uniform deposition for the anthropogenic stratigraphic horizons.

Table 1V.1. Conventional (year BP) '“C ages for Ecse Mound.

Conventonal *C ages Fraction of modern
Material (BP yr) lo pMC | o error
Chondrula tridens 531 29 93.60 0.34
Chondrula tridens 2926 25 69.47 0.11
Unios crassus 4281 27 58.69 0.20
Chondrula tridens 5475 30 50.58 0.19
Chondrula tridens 5804 24 48.55 0.17

Anisus spirorbis 10,266 37 28.00 0.13

4.4. Results

4.4.1. Lithology and Stratigraphy

The substrate sediment is comprised of fine sand and coarse-grained silt with substantial
carbonate, low clay and organic content between 10 and 8m. The sediment also contained tiny
iron-manganese precipitation particles in the form of granules and coating. The overlying
stratigraphic unit (8-7.8m) is composed of very fine to fine sands with medium sand
intercalations. This unit is overlain by yellowish brown calcareous clayey silt (7.8-5.8 m.)
Between 5.8 and 4.15m a meadow chernozem soil was encountered with well-developed A and
B horizons. This is seen in a sudden increase in Corg values as well (Figure 1V.S1). This soil
gave the base of the artificial mound. Start of the first man-made horizon was noted between
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the depths of 4.15 and 4.10m also seen in elevated Fe content and magnetic susceptibility values
(Figure 1V.S1). This horizon is overlain by another soil layer marking a different disturbance
phase starting around 2.9-2.8m. Start of this second soil layer is recorded in a drop of magnetic
susceptibility and soluble Fe values and a peak in Corg (Figure 1V.S1).

The soil built up in the first two anthropological horizons is of polygonal structure with
hydromorphic qualities that is very similar to the A and B layers of the underlying meadow
chernozem soil. The organic content is significantly higher in this horizon (Figure 1V.S1), also
showing an abrupt change of the soluble elements and insignificant level of carbonate content.

However, the elemental and carbon concentrations must have changed considerably during the
soil development process, and later due to ground water table fluctuations and precipitation
percolating into the soil. Another disturbance layer was noted just below the modern topsoil
(1.5m) containing pottery as well as wattle and daub fragments. The last 1.5m is the modern
chernozem type topsoil. The sedimentological and geochemical properties of the topsoil
overlying the artificial horizons is completely different from the artificially built (Figure IV.S1).
This is in line with earlier pedological and sedimentological observations made on other
kurgans of the Hortobagy and Nagykunséag (Barczi, Stimegi, & Joo, 2003, 2004; Barczi et al.,
2006; Joo, Barczi, & Siimegi, 2007; Siimegi, 1992; Stimegi & Szilagyi, 2011; Szilagyi et al.,
2013) that chernozem soil has developed on top of the artificial pile of kurgans. This type of
top soil and related loess grassland association (Salvio nemorosae-Festucetum rupicolae) form
the topmost layer of the kurgan.

4.4.2. Chronology

The AMS-based chronology assessment of the Ecse Mound was investigated from the bedrock
to the first few artificially built-up horizons. According to the dates obtained, the bedrock of
the base soil of the mound is dated to the Early Holocene (10,207-9877 cal BC). The upper part
of the base soil of polyhedral structure was placed into the Late Neolithic as seen from
radiocarbon dates received for a local steppe dwelling mollusc (4723-4558 cal BC) (Figure IV.
2; Table 1V.3: Phase 1). The next age corresponds to the first date at the boundary of the lower
anthropological horizon (Figure 1V.2; Tables 1V.1-2). According to the modelled ages this
boundary could be placed between 4446-4263 cal BC; i.e. Early Copper Age (Vaday, 2004).
Shell fragments of the aquatic bivalve Unio crassus found in the top boundary of the first
artificially piled layer of terrestrial sediment suggest external, most probably human influence.
14C studies on freshwater shells from Neolithic mounds in SE Hungary indicated no significant
dead carbon effect on obtained ages at the centennial scale (Gulyas, Stimegi, & Molnar, 2010).
Modelled ages for this level representing the uppermost part of the first anthropological layer
yielded ages 29222878 cal. BC (Figure 1V.2; Table 1V.2). As these two ages are bracketing
the first anthropological horizon we may presume that the first anthropological horizon must
have been built up during the Early Copper Age. The 2nd anthropological horizon clearly
postdates the level marking the start of this horizon (Figure 1V.2; Table 1V.2). This must have
been built up during the latest phase of the Late Copper Age. Thus, based on our dates the
mound must have been constructed by a local community of the Pit grave (Yamna) Culture
(Ecsedy, 1979; Gazdapusztai, 1968; Horvath et al., 2013; Vaday, 2004) inhabiting the area
between the late Copper Age—Bronze Age period.
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Figure 1V.2. Constructed age-depth model for the mound.

Table 1V.2. Modelled **C ages (cal BC/AD) for the individual stratigraphic
the 26 (95.4%) confidence level.

horizons at

Modeled ages (cal BC/AD)

U_Sequence Depth  from (20) to (20) Agreement (%0)  Congruence (7o)

Start -10,207 -9877 95
Phase |

D-AMS 6514 580 -10,207 -9877 89.1 95

D-AMS 6515 420 —4713 —4552 89.3 96
Phase 2

D-AMS 6517 415 —4446 —4263 100.7 97:3

D-AMS 6516 290 —2922 2878 99.1 98.8
Phase 3

D-AMS 6518 150 1195 -1017 94.5 97.9

D-AMS 6519 80 1316 1439 91.9 98.7

End 1316 1439 98.7

Table 1V.3. Conventional (year BP) and calibrated (cal BC/AD) “C ages from different

kurgans around Ecse Mound in the Great Hungarian Plain (Gazdapusztai 1966—

1967; Ecsed

1973, 1979; Dani and Nepper 2006; Horvath et al. 2008, 2013; Dani and Horvath 2012).

Calibrated
ages at the
26 (95.4%)
Conventional level (cal
'4C ages BC/AD yr)
Sites Cultural allifiation yrBP  lo From To
Tiszavasvari-Gyeparos Pit Grave II1. phase 4355 35 3087 2899
Tiszavasvari-Deakhalom Pre Pit Grave II. phase 4350 40 3089 2894
Tiszavasvari-Dedakhalom Pre Pit Grave II. phase 4430 30 3326 2926
Hajdtnanas-Tedej-Lyukashalom  Pre Pit Grave IL/III. phase 4270 40 3012 2705
Hajdunanas-Tedej-Lyukashalom  Pit Grave IIL/IV. phase 4210 35 2901 2677
Hajduszoboszlo-Arkushalom Early Pit Grave III. phase 4385 35 3095 2910
Balmaztjvaros-Hortobagy- Arkus- Early Pit Grave III. phase 4320 35 3020 2888
Kettgshalom
Hortobagy-Ohat-Dunahalom Early Pit Grave IIL. phase 4030 35 2832 2470
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4.5. Discussion

Mounds were constructed in the Hortobagy and its wider region as early as 3300 BC (first
appearance of the peoples of the Pit-Grave Culture or Pre-Pit Grave Culture) until as late as
thel5th century, which is a 4900-5000-yr timespan.

There have been assumptions (Bede et al., 2014; Bede et al., 2015) before the current
chronological study that the Ecse Mound had been built by communities of the Pit-grave
(Yamna) culture (Gimbutas, 1980; Merpert, 1974; Rassamakin, 1994) considering the
similarities in shape, orientation and stratigraphy of this earth-pyramid, and comparative
geomorphological research of other mounds in the Hortobagy region (Barczi, Siimegi, & Jod,
2003, 2004; Barczi et al., 2006; Jod, Barczi, & Siimegi, 2007; Stimegi, 1992; Stimegi &
Szilagyi, 2011; Szilagyi et al., 2013). According to our investigations the first phase of mound
construction could be placed to the Early Copper Age, while the second part dates to the Late
Copper Age, i.e. the time of first infiltration of the Yamna (Pit Grave or Ochre Grave) Culture.
It is interesting to note that *4C ages from surrounding mounds covering a period of the Pre-Pit,
Early Pit, and Classical Pit Cultures, clearly overlap with our ages obtained for the base of the
second anthropogenic unit of Ecse Mound (Table 1V.3; Figure 1V.2).

4.6. Conclusion

This paper can be considered as a pilot research to a much larger scale scientific program with
the objective of studying kurgans by the means of undisturbed core sampling. By publishing
these preliminary data, we also wanted to draw attention to the need of concentrated and focused
research efforts, and using standardized methodology in kurgan research, so the results from
different researches done by different research groups are consistent and comparable. As of
today, comparative studies are virtually impossible not only due to the different drilling and
sampling techniques, but also for the lack of standardized methodology in fine stratigraphy and
common understanding of geology, paleoecology and geoarchaeology.
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Figure 1V.S1. Radiocarbon-dated sedimentological, magnetic susceptibility data, water-soluble Fe, Mn, Na, K,
Mg, Ca, organic and carbonate content from the undisturbed core sequence of Ecse Mound.
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Abstract

The aim of this study is to identify the milestones of landscape evolution around the Ecse Mound
(Karcag-Kunmadaras, Hortobagy National Park, Hungary) in the Holocene period by
sedimentological and malacological analysis of strata underneath and within the body of the
kurgan concerned, including that of the same characteristics of the artificially piled layers. An
undisturbed core drilling was carried out and the sedimentological properties of both the
mound and of the substrate base rock were revealed, analysis of which has been supported by
three radiocarbon (AMS) measurements. The base rock formation during the last phase of the
Ice Age, Middle and Upper Pleniglacial, and Late Glacial phases was followed by soil
development in the Holocene, while the mound was constructed in two phases at the end of the
Copper Age by the communities of the Pit Grave (Yamna or Ochre Grave) Culture. By
publishing these preliminary data, it is also intended to draw attention to the need of focused
research efforts by standardized methodology in kurgan research, in order to make the results
of different studies consistent and comparable.

5.1. Introduction

The Eurasian steppe and forest steppe zones are estimated to have once extended from
Mongolia to the Danube delta (Bohn, Zazanashvili, & Nakhutsrishvili, 2007) over an 8-13
billion km2 area before human agricultural and industrial activities have begun (Wesche &
Treiber, 2012). Various studies, primarily botanical in scope, have proved that the Pannonic
forest steppe of the Great Hungarian Plain in the Carpathian Basin is part of this zone (Borhidi,
1956, 2003; Molnar et al., 2012; Z6lyomi, 1957, 1987; Zolyomi & Fekete, 1994) that was cut
off by the uplift of the Carpathian Mountains, as a result of which it has developed as a detached
habitat island (Molnar & Kun, 2000). This once vast natural ecosystem has mostly been ruined
or transformed (Szirmai, Czobel, & Nagy, 2005) by the network of settlements, roads, and
railroads, increasing agricultural activity, particularly the highly motorized and chemically
enhanced intensive crop farming and animal husbandry. The most dramatic changes have taken
place in the Ukraine, where only 5%—-10% of the indigenous steppe and forest steppe vegetation
has subsisted within this vegetation zone ((Sudnik-Wojcikowska & Moysiyenko, 2013). A very
similar human encroachment and its effects have taken their toll in Kazakhstan, where 90% of
the former steppe has been turned into arable land, since the announcement of the Virgin Lands
Campaign movement in the 1950s (Rachkovskaya & Bragina, 2012).

The same anthropogenic processes have influenced the transformation of the Pannonic forest
steppes developed in the Great Hungarian Plains for the past 100-150 years (Deak et al., 2015;
Molnar et al., 2014). Therefore, Hungarian nature conservancy and particularly the national
park directorates situated in the Great Plains play a significant role, also from an international
perspective (Dengler et al., 2014), in the conservation of primary forest steppe and steppe areas,
as well as in the extension and reconnection of habitat fragments based on the existing network
of protected areas (Balazs, 2006). This nature conservation task is particularly difficult in the
case of loess steppes, since they predominate in chernozem soils, while these highly fertile areas
have long been cultivated as croplands (Kelemen et al., 2010; Torok et al., 2011). This is the
main reason for the existence of the few remaining examples of Pannonic forest steppe and
loess steppe habitats in the Great Plains, mostly sustained in ditch slopes, balks, as well as on
burial and watch mounds (Balazs & Kustar, 2012; Bede et al., 2014; Bede et al., 2015; Csatho,
2009; Csatho et al., 2015; Dedk et al., 2015; Penksza et al., 2011; Toth, 1998; Zolyomi, 1969).

These mounds have a one ha surface area on average (Deék et al., 2016; Deak et al., 2015), and
despite their small size play a pivotal role in the conservation of the steppe and forest steppe
biota, because their botanical and zoological assets can be particularly diverse. This property
can be attributed to the very structure of these mounds, i.e., their pyramidal shape with rather
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steep slopes. These steep, conic slopes were difficult or impossible to plough, and depending
on their exposure, very diverse microhabitats and diverse microclimatic conditions have
developed on them (Sudnik-Wojcikowska et al., 2011; Vona & Penksza, 2004).

Burial mounds are the most important objects of nature conservation efforts aiming at the
restoration of the original vegetation and soil conditions, since they were built on the natural
ground surface, and the earth around the burial site was used as building material (Barczi,
Stimegi, & Joo, 2003, 2004; Barczi et al., 2006; Jo6, Barczi, & Siimegi, 2007). Thus,
contemporary soil types can be studied in the building strata of the mounds (Bede et al., 2014).
Beyond the pedological research, by the careful study of plant remains, primarily pollen and
phytoliths (Persaits et al., 2008; Persaits & Stimegi, 2011, 2015; Persaits, Siimegi, & Torécsik,
2014; Siimegi, 2001, 2002), it is possible to reconstruct the vegetation of the area within the
period of the construction. This research can yield very precise data on the soil conditions and
vegetation before and during the construction of the mounds in the heart of the Carpathian
Basin. As the soil beneath these earth-pyramids has not developed any longer (Demkin et al.,
2014; Kashirskaya et al., 2010; Khomutova et al., 2007; Lomov et al., 2017), the study of the
natural original soil can reveal the soil conditions before the mounds were constructed.

The geoarcheological study of these burial and dwelling mounds is very important, since these
were the very first archeological sites to be included in geo-archeological research studies
(Forchhammer, Steenstrup, & Worsaae, 1851; Jefferson, 1783; Vanuxem, 1843). Mounds are
among the earliest objects of interest of archeology in Hungary, and Floris Rémer (one of the
founding fathers of Hungarian archeology) was the first to study them scientifically in the
vicinity of Vaskut (Romer, 1868a, 1868b, 1868c) 1868hb, 1868c). The first full-scale scientific
register of these man-made landforms was also compiled by Floris Romer (Rémer, 1878), but
he carried out in-depth studies of kurgans in Bihar and on a set of kurgans in Trans-Danubia (in
the region of Szalacska, Tihany, and Tatika) dating back to the Bronze and Early Iron Age
(Pasztor, 2004). These archeological undertakings then lead to further scientific studies in
Hungary (Kéhegyi & Voros, 1999, 2000, 2002; Kulcsar, 1989; Parducz, 1959; Voros, 2002).

The date of origin of the mounds has been a most important question since the early period of
archeological excavations. Not only did the mounds vary, but also the time of their construction
ranged within a wide period of time. The Hungarian term “kunhalom” (meaning “Cumanian
mound”) (Gardonyi, 1893, 1914; Gyarfas, 1870; Gyo6rfty, 1921; Horvat, 1825; Jerney, 1851) is
highly problematic, since this is the umbrella term for all types of mounds without consideration
of their function or date of origin (Barczi et al., 2009; Dani & Horvath, 2012; Pet6 & Barczi,
2011; Toéth & Toth, 2003; Toth, 2006). This term persisted despite archeologists” warnings of
the problems and misunderstandings it has caused, both in chronology and functional
classification, since this term denotes Late Neolithic and Middle Bronze Age tells, Late Copper
and Early Bronze Age kurgans, as well as Iron Age burial mounds, and burial mounds of
Scythian, Sarmatian, Hungarian, and Cumanian origin. As Makkay (Makkay, 1964) has pointed
out, regardless of their function whether tells, burial mounds, watch and border mounds, cultic
mounds, they are all labelled as “kunhalom.”

There have been assumptions (Bede et al., 2014; Bede et al., 2015), before this study, that the
Ecse mound had been built by communities of the Pit Grave (Yamna) Culture (Gimbutas, 1980;
Merpert, 1974; Rassamakin, 1994), considering the similarities in shape, orientation, and
stratigraphy of this earth-pyramid, and the comparative geomorphological research of other
mounds in the Hortobagy region (Barczi, Stimegi, & Joo6, 2003, 2004; Barczi et al., 2006; Joo,
Barczi, & Siimegi, 2007; Siimegi, 1992; Siimegi & Szilagyi, 2011; Szilagyi et al., 2013).
Findings and data from this artificially piled layer correlate with the radiocarbon data from 80
to 100 samples from the East European Plains, as the infiltration of the Pit Grave (Yamna)
Culture to the Carpathian Basin from there took place in several waves; they define the third
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wave, or the beginning of the so-called classic phase, i.e., Horizon A (Morgunova &
Khokhlova, 2006, 2013).

Without accelerator mass spectrometry (AMS) or radiocarbon data, it is impossible to identify
the culture of origin, since mounds were built in the Great Hungarian Plain throughout
millennia, including in the area studied, by various cultures and peoples, like Scythians,
Sarmatians, early Hungarians, and later Cumans (Téth & Toth, 2003; Toth, 2006). Mounds
were built in the Hortobagy and its broader region as early as 3300 BC (first appearance of the
peoples of the Pit Grave Culture) until as late as the 15th century, which is a 4,900- to 5,000-
year timespan.

Archeological research papers rarely report on the fact of which nature conservationists are well
aware of, i.e., that early archeological excavations and research methodologies took a toll on
the mounds, leading to either their full or partial disintegration in most cases. Several of the
archeological sites were left without reconstruction (their central part dug up, transacted and
the soil deposited beside the mound). What all these excavations share in common is that the
soil was not filled back. The reconstruction of these mounds would require a systematic
program requiring substantial financial resources (Bede & Czukor, 2015). This also encouraged
the authors to follow a different methodology of large diameter core drilling as a sample and
information source in the chronology and environmental history studies.

This issue can only be tackled if the initial phase of each study includes stratigraphical and
chronological analyses, so that the very function and age of the mound are revealed (Siimegi et
al. 2015a). Following up on Borsy’s observations (Borsy, 1968), the first such examinations
were carried out on the section of the “Orhalom” at Sarrétudvari (Stimegi, 1992), and on the
“Szalka-halom,” Hortobagy, by drilling and sampling (Stimegi, 1988). These pilot studies have
led to the elaboration of a methodology of mound research (Stimegi, 2001, 2002, 2003).

Microstratigraphic sampling, sedimentological, geo-chemical, petrographic, and malacological
analyses were the primary source of information guiding the methodology development.
Samples were taken from the archeological excavation transects (by the archeologist Ibolya
Nepper Mddy) of the “Orhalom™, Sarrétudvari, as the excavation trenches and illegal earth
extraction made mapping and core drilling precise and easy. In addition, samples for
radiocarbon analyses were collected from this same site to determine the age of specific strata
(Siimegi, 1992, 2004a).

The development of the methodology continued, and further Neolithic and Bronze Age tells
(Stimegi, 2009, 2013; Siimegi et al., 1998; Siimegi et al., 2002; Siimegi et al., 2013), and
kurgans of the Hortobagy were involved (Siimegi & Szilagyi, 2011; Szilagyi et al., 2013). The
kurgans of the Hortobagy included the “Ecse-halom” (Stimegi, 2012), which would be
discussed in the following sections of this paper.

5.2.  Methodology

It might be justified to ask why the methodology of undisturbed core drilling was chosen instead
of archeological excavation, particularly in the case of this kurgan damaged in the 20th century
(Bede et al., 2016; Bede et al., 2014; Bede et al., 2015). Firstly, there are financial reasons,
since the cost of drilling and the analysis of the drilling sample were only a fraction of that of
an archeological excavation. Since several human activities, among them archeological
excavations, have had serious negative nature conservation consequences for the kurgans
throughout the Great Hungarian Plain, all of them are ex lege protected by the Hungarian
national legislation. In addition, on the top of all that, Ecse Mound is located within the first
national park of Hungary. The first major kurgan research took place in the southern part of the
Great Hungarian Plain, at Kétegyhaza, between 1966 and 1968, when Gyula Gazdapusztai
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excavated 17 graves from 11 kurgans (Ecsedy, 1979). Findings from the Bodrogkeresztur and
Boleraz cultures were unearthed from the Holocene paleosoil beneath the kurgans and the soil
layers of the kurgans (Ecsedy, 1973); the body of the kurgans contained graves from later ages
(by Scythians and Sarmatians). Some of the graves were then plundered during the Great
Migration Period (Ecsedy, 1979).

Similar to the geo-archeological analysis at archeological sites (Figure V.1), the first phase of
studying mounds is to carry out geomorphologic research (Figures V.2 and V.3) on the site
(geo-archeological protocol; (Bede et al., 2014; Siimegi, 1994-1999, 2002, 2003). As a second
phase, by geologic drilling, the different layers and their development boundaries can be
mapped, followed by undisturbed core sampling (Figure V.4), or in the case of destroyed or
disintegrated mounds, by establishing the geologic section by drilling the slopes. This geologic
profile or drilling section aims to first identify the sediment types based on the international
unconsolidated standards (Troels-Smith, 1955) and on the sediment colour chart (Munsell,
2000). In this way, based on the results of the mapping, coring, and excavation samplings, the
sequence of strata can be mapped and delineated.

This protocol is pivotal in any mound research, since the development of a mound might have
had different stages, also representing different functions; e.g., a burial mound could have been
used as a lookout post, or a structure (church or other cultic/ religious building, etc.) may have
been built on top. Thus, delineating the particular layers, and the macroscopic and stratigraphic
analyses thereof, are of particular importance. Measuring magnetic susceptibility (MS) has
proved to be one of the best methods to yield stratigraphic data (Bede et al., 2014; Bede et al.,
2015; Stimegi, 2012; Stimegi, Bede, & Szilagyi, 2015a).

Environmental magnetic analyses were carried out on bulk samples (An et al., 1991; Rousseau
& Kukla, 1994; Sun & Liu, 2000; Zhu, Q. Liu, & Jackson, 2004). Samples were taken at 2—4
cm intervals. Prior to the start of the measurement, all samples were crushed in a glass mortar
after weighing. Then, the samples were encased in plastic boxes and dried in air in an oven at
40 °C for 24 h. Afterward, magnetic susceptibilities were measured at a frequency of 2 kHz
using an MS2 Bartington MS meter with a MS2E high resolution sensor (Dearing, 1994). All
of the samples were measured thrice and the average values of MS were computed and reported.

‘ Define research problem ‘
'
I Select a sample site ‘
|

IGeomorphological analyses I

‘ Examine a sample core ‘

’ Sediment lithology Fossil composition ‘

|
‘ Sediment analyses ‘ ’ Reconstruct organisms ‘
’ Geochemical analyses ‘ ’ Reconstruct populations ‘

Physical and chemical Reconstruct communities l
environment

‘ Reconstruct ecosystems and landscapes ‘
i

l Reconstruct past environment ‘

Figure V.1. Stages in a Quaternary paleoecological study; redrawn after (Birks & Birks, 1980).
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Figure V.3. 3D detailed section of the reconstructed Ecse Mound.

1: the second construction layer of the mound; 2: the first construction layer of the mound;
3: the surface of the paleosol under the mound (Bede et al., 2015)
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In addition to MS, macroscopic and mechanical strata analyses, as well as variance in organic
content, carbonate and mineral particle composition and their changes are also considered in
the identification of strata. These soil properties, just like MS, have to be measured at 2—4 cm
intervals (Stimegi, Bede, & Szilagyi, 2015a). Denser, i.e., 1 cm or less intervals have not proved
to yield more precise information because of the postgenetic changes, most importantly those
caused by bioturbation.

The grain size composition of sedimentological samples was carried out using the laser-
sedigraph method. First, the samples were pretreated with 1 M HCI and H>O> to remove
carbonate and organic content, respectively (for a more detailed description of the pretreatment
process, see (Konert & VVandenberghe, 1997). All of the samples were measured for 42 intervals
between 0.0001 and 0.5 mm using an Easy Laser Particle Sizer 2.0 and Fritsch sieves in Szeged
(Hungary). For loss of ignition (LOI) examination, subsamples were taken at every 2—4 cm
interval and the LOI method was applied, commonly used for the analysis of the organic and
carbonate content on calcareous sediments (Dean, 1974).

A new, so-called sequential extraction method (Daniel, 2004) with a long established history in
the analysis of the geochemical composition of lacustrine sediments was adopted in this study.
From the complete procedure, the step of water extraction for unseparated samples was
sufficient to suit our analytical needs, as was shown by previous work (Daniel, 2004; Siimegi
et al., 2013Db); the most important paleohydrological and paleoecological data originate from
water extraction samples.

Figure V.4. Undisturbed core process on the surface of the Ecse Mound at Karcag in the pollen-free
winter time of 2012.

Therefore, the geochemical results from water extraction samples will be shown as follows: the
results from the geochemical analyses are plotted against depth. Distilled water was purified
using a Millipore fife 5 Plus Water Purification System for water extraction samples. An
amount of 100 ml distilled and purified water was added to 1.0 g sample and was shaken for 1
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h, and then the water extract elements of Na, K, Ca, Mg, and Fe were analyzed using a Perkin-
Elmer AAS spectrometer (Daniel, 2004).

The macroscopic, physical, and chemical analyses made the mapping of the sequence of the
sediment layers and layer boundaries possible. More precise chronology can only be achieved
by radiocarbon and AMS analyses (Barczi et al., 2012; Dani & Horvath, 2012; Ecsedy, 1979;
Gazdapusztai, 1968; Molnar et al., 2004; Molnar, Rinyu, et al., 2013; Molnar & Svingor, 2011).
Additional information can be obtained with the optically stimulated luminescence (OSL)
analyses (Liritzis et al., 2013) of wattle-and-daub fragments or pottery remains conserved in
the layers. On the other hand, it is important to note that pottery and wattle-and-daub fragments
had been piled up with the soil, and can originate from the very same culture that created the
mound itself, but also from earlier cultures. The OSL analysis of the pottery and wattle-and-
daub fragments may result in the false conclusion that some layers are older than their actual
age (Gazdapusztai, 1968).

The radiocarbon analysis of the shells of terrestrial or fresh water snails and bivalves mixed in
with the earth of the mounds also yield sufficient dating information (Gulyas, Stimegi, &
Molnar, 2010); therefore, this method was selected in the case of the Ecse-halom (Ecse Mound),
Karcag. AMS dating measurements were carried out in the internationally referenced AMS
laboratory of Seattle, WA, USA. Three snail shells from the core sequence of the Ecse Mound
at Karcag were prepared for radiocarbon dating and the radiocarbon data have been shown in
this preliminary paper. Certain herbivorous gastropods are known to yield reliable ages for
dating deposits of the past 40 kys with no or minimal error on the scale of perhaps a couple of
hundreds of years. It is still acceptable on the scale of a multiple mollusc shell-based study
(Pigati et al., 2013; Pigati et al., 2004; Pigati, Rech, & Nekola, 2010; Siimegi & Hertelendi,
1998; Ujvari et al., 2014). The preparation of the samples and the actual steps of the
measurement followed the methods of Hertelendi et al. (Hertelendi et al., 1989; Hertelendi,
Stimegi, & Szo6r, 1992) and Molnar et al. (Molnar, Rinyu, et al., 2013). Shells were
ultrasonically washed and dried at room temperature. Surficial contaminations and carbonate
coatings were removed by pretreatment with weak acid etching (2% HCI) before graphitization.
Conventional radiocarbon ages were converted to calendar ages using the Calib 7.0 software
(Table V.1) and the most recent Intcall3 calibration curve (Reimer et al., 2014).

Further analyses are in progress beyond the three radiocarbon (AMS) measurements described
in this paper, i.e., a further six samples and measurements are under preparation, and samples
are being cleaned. In addition, the full drilling sample of the Ecse Mound is being analyzed for
pollen, phytolith, and malacological records. Once the research is complete, an overarching
article is to be published, also including previous results of the petrographical, botanical, and
geomorphological studies (Bede et al., 2016; Bede et al., 2014; Bede et al., 2015). The current
article is to share the important geo-archeological findings made recently with peer researchers
of geo-archeology, since it is strongly believed that the current results can contribute to the
methodology of dating the mounds. These results can also add to previous research articles
providing them with another dimension.

Table V.1. Uncal BP data and calibrated chronological data from the core sequence of the Ecse Mound at Karcag.

Depth uncal BP cal BP cal BC

(cm) Material (year) + (year) + (year) Code
289-290 Unio crassus 4,281 27 4.849 21 2,921-2,879 D-AMS
shell fragments 006516
415-416 Chondrula 5,475 30 6,261 52 4,364-4.,260 D-AMS
tridens shell 006517
580-581 Anisus spirorbis 10,266 37 12,091 165 10,207-9,877 D-AMS
shell 006514
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5.3. Study Area

The Ecse Mound (in Hungarian Ecse-halom) is located in the Great Hungarian Plain, in Jasz-
Nagykun-Szolnok County, in the area of the historical Nagykunsag (Greater Cumania), in the
Hortobagy region, within the Hortobagy National Park, 12 km north—northeast of the town of
Karcag (Figure V.2). It is a border point between the administrative areas of the settlements of
Karcag and Kunmadaras, found in the heart of the special forest steppe region, based on the
modified Holdridge bioclimatic system (Szelepcsényi et al., 2018; Szelepcsényi, Breuer, &
Stimegi, 2014a) and map (Figure V.5). The central coordinates of the Ecse Mound are
N47°25°31.117, E20°57°47.717; absolute height: 93.5 m asl; relative height: 5.5 m; length: 75.5
m, width: 67.5 m (Figure V.2).
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Figure V.5. Position of Ecse Mound on a spatial distribution of the Carpathian Region’s core and
transitional life zones for the beginning of 20th century, based on the Holdridge-modified life zone
system (Szelepcsényi et al., 2018; Szelepcsényi, Breuer, & Stimegi, 2014a, 2014b).

The Ecse Mound (Figure V.2) itself is located on an elevated point in the landscape, on a
remnant surface covered by Pleistocene infusion loess; it shows connections with the loess
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landscape of the Nagykunsag area, and it is basically its north-eastern protrusion that wedges
into the Holocene alluvium of the Hortobagy. The mound rises on the eastern end of a slightly
elevated, elongated loess ridge that is clearly separable from its surroundings on the basis of its
vegetation and geomorphology. The traces of a ditch that was created when the earth was piled
up on the mound are barely perceivable around the mound (Siimegi, 2012); this filled up,
geomorphologically hardly detectable ditch is more visible along the northwestern and northern
edges.

The roughly circular mound, slightly elongated along its west—east axis, has been considerably
deformed in the course of the past centuries (Figure V.2). The most apparent change is the deep
cut through the center of the mound in an east—west direction, which has served as a road of
local significance since medieval times (Figure V.2); due to continuous abrasion and erosion
cuts (Figure V.3), it now has cut many meters deep into the body of the mound (Bukovszki &
Toth, 2008; Kovacs, 2013). A border line of medieval origin (Figure V.2), which is still visible
just to the north of the road in the form of a border ditch, was established along it (Figure V.2).
This dirt road (practically a road cut deep in the soil) running across the Ecse Mound was shaped
by hundreds of years of use and consequent erosion. It was already used in the Middle Ages,
since a road of local interest ran this way, connecting the village of Kunkapolnas and the town
of Nadudvar (Elek, 2008). Later on (after the destructions of the Late Ottoman Period), it lost
its significance, although the locals still use it to this day. The continuation of the road to the
east is the Ecse barrage, which enables the crossing of the deeper parts of the Kunkapolnas
marsh system (Bede et al., 2016; Bede et al., 2014; Bede et al., 2015).

The Ecse mound is first mentioned (Benedek & Zadorné Zsoldos, 1998; Gyarfas, 1883) in a
charter describing village borders (Figure V.6) from 1521 (in the form “Echehalma”). In the
Early Modern Era, it was the border point between the destroyed medieval villages of
Asszonyszallas and Kapolnas. Today, it lies on the administrative border between Karcag and
Kunmadaras; the borderline breaks in an angle on the top of the mound.

Manuscript maps from the 18th to 19th centuries and later printed maps consistently represent
the entire area of the mound as pasture (Bede et al., 2016). In the beginning of the 20th century,
however, its southern half was ploughed due to the increased demand for arable land, and
already in 1943, this agricultural usage is presented. In the wider vicinity of the mound,
farmsteads, dirt roads, ditches, embankments, grasslands, and lower lying swamps can be
found.
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Figure V.6. Draft map of the 1521 land survey, prepared in 1759 (Kovats, 1784-1787).
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The occurrence of about 90 species has been detected on the kurgan to date. Characteristic
species are Aegilops cylindrica, Agropyron cristatum, Androsace elongata, Bassia sedoides,
Carthamus lanatus, Linaria biebersteinii, Muscari comosum, Ranunculus pedatus, Salvia
nemorosa, and Verbascum phoeniceum (Bede et al., 2016). Although the Ecse mound is not
among the most valuable mounds in terms of plant species composition, regionally it certainly
represents significant natural value, especially thanks to the presence of species characteristic
of loess grasslands (Bede et al., 2016; Bede et al., 2014; Bede et al., 2015). The kurgan rises
above its marshy, alkaline environment; thus, most of its surface is covered by a loess grassland
association (Salvio nemorosae—Festucetum rupicolae) and its derivatives (Figure V.7). The
mounds are characteristic refuges for the survival of such habitat types, having a significant
conservation value, even the plant association itself (Horvath et al., 2011; Illyés & B616ni, 2007;
Jod, 2003). In the northern half of the Ecse Mound, loess grassland in fairly good condition can
be found. Crested wheatgrass, characteristic for the dry vegetation of loess bluffs, forms only a
few smaller patches beside the top and on the northern side. In the southern half of the mound,
vegetation is secondary, uncharacteristic dry grass, a fallow zone unploughed for decades (Bede
et al., 2016). But even this area already contains a few loess grassland species. The steep, south-
looking side immediately to the south of the top is covered by a community of dry ruderal
species, and this is separated by a fairly sharp border from the other vegetation zones. On the
road cutting through the mound in an east—west direction, the tracks are flanked by trampled
weed associations. Arboreal vegetation is only sparsely present in the area. In summary, it can
be stated that the vegetation of the Ecse Mound is in a fairly good condition, partly due to its
maintenance by regular, but not excessive, grazing, and mowing.
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Figure V.7. Vegetation map of Ecse Mound (Bede & Czukor, 2015; Bede et al., 2016; Bede et al., 2014;
Bede et al., 2015).

1: loess grassland; 2: characterless dry grassland with loessy elements; 3: crested wheatgrass stands; 4:
extremely dry, ruderal plant association of weeds; 5: used dirt road with weed colonies; 6: triangulation
point; 7: surface concrete parts of the military observation tower base; C1, C2, C3, C4, C5, C6, and C7:
coenological sampling plots
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The coring was conducted at the highest elevation, next to the geodetic triangulation point land
surveying triangle, in the crested wheatgrass population, in January 2012, on a cold winter day,
under frozen soil and pollen-free conditions, in order to reduce disturbance caused by the
drilling.

5.4. Results

The AMS-based chronology assessment of the Ecse Mound investigated the bedrock and the
first few artificially piled layers (Table V.1). The radiocarbon analysis has shown that the
accumulation of the bedrock was still an ongoing process at the end of the Ice Age, as the
baserock of soil development, the top layer of the series of fluvial strata (Figure V.8) developed
(Table V.1) at the end of the Ice Age within the Pleistocene—Holocene transitional layer
(Ralska-Jasiewiczowa et al., 2003; Rasmussen et al., 2006; Walker et al., 2009).
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Figure V.8. Radiocarbon-dated sedimentological, magnetic susceptibility data, water-soluble Fe, Mn, Na, K, Mg,
Ca, organic and carbonate content from the undisturbed core sequence of Ecse Mound in the Hortobagy.

Based on the radiocarbon-dated soil development chronology data of the Carpathian Basin
(Stimegi, 2004b; Siimegi & Molnar, 2007; Stimegi & Nafradi, 2015; Stimegi, Rudner, &
Torbéesik, 2012; Willis et al., 1997), soil development is assumed to have started at the
beginning of the Holocene on the silt and carbon-rich fluvial sediment (Figure V.8) that had
accumulated up until the end of the Ice Age. Holocene climatic and vegetation conditions, and
consequent soil development, are estimated to have started within the period of cc. 11,500—
10,500 cal BP =9,500-8,500 cal BC in the plain region (Willis et al., 1997; Willis et al., 1998).
This period falls in line with the Mesolithic Age, as the radiocarbon measurements of soil layers
in the Rejtek and Petényi caves, with findings from the Mesolithic Age, have proved (Siimegi
& Nafradi, 2015; Stimegi, Rudner, & Tor6cesik, 2012). The environment of the Ecse Mound
during the Ice Age was a floodplain that partially dried out at the end of the Mesolithic Age,
resulting in a hydromorphic soil development on the slightly elevated so-called Ecse Plateau,
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where the Ecse Mound is situated (Figure V.2). As a result, a polyhedral soil structure with
substantial organic material content had developed, which is very similar to the development
of chernozem soils (Fuchs, 2012; Michéli et al., 2005; Minasny, Mcbratney, & Hartemink,
2009; Stefanovits, 1963, 1972; Szabolcs, 1966). Since soil development took place right on the
baserock, and no rearrangement of layers in a sediment pool occurred, or no natural (or even
artificial) cover layer developed, the beginning and end of soil development cannot be dated
precisely (Stimegi, 1998, 2001, 2002, 2003, 2004b; Siimegi & Nafradi, 2015; Siimegi, Rudner,
& Tordcesik, 2012; Willis et al., 1997; Willis et al., 1998).

The AMS data (Table V.1) retrieved from C. tridens terrestrial snail shell remain unearthed
from the intact soil layer undoubtedly indicate that soil development was still in an active phase
6,261 + 52 cal BP (4,364-4,260 BC), i.e., at the beginning of the Copper Age (Raczky, 1988,
1995; Szilagyi, 2008; Vaday, 2004). The transition of the late Neolithic and Copper Ages was
a time-transgressive process (Gyucha et al., 2006; Gyucha, Parkinson, & Yerkes, 2004,
Parkinson, 2006), which means that there is no definite division line in chronology, but rather
a time interval of changes. Taking this into consideration, the substrate soil beneath the Ecse
Mound could very likely have already developed in the Copper Age, as the calibrated BC dating
indicates.

The shell fragments of the aquatic bivalve U. crassus found in the first artificially piled layer
of terrestrial sediment suggest external, most probably human influence. The AMS analysis
data of these fragments (Table 1V.1) 4,849 + 21 cal BP (2,921-2,879 BC) unambiguously
indicate that the first layer of the mound was piled up at the end of the Copper Age (Vaday,
2004). Thus, it can be stated that the mound was constructed by a local community of the Pit
Grave (Yamna) Culture (Ecsedy, 1979; Gazdapusztai, 1968; Horvath et al., 2013), and that its
people predominated within the research area at the late Copper Age—Bronze Age period.

Based on the radiocarbon measurements in the geologic section, sedimentological,
geochemical, and MS properties can be described as follows.

The substrate sediment comprising fine sand and coarse-grained silt with substantial carbonate,
soluble magnesium, and calcium, and low clay and organic content, between 8 and 10 m, was
deposited at the end of the Ice Age (no radiocarbon dating so far). Based on the geologic data
from the study area (Frany6, 1966; Ronai, 1985; Siimegi, Molnar, & Szilagyi, 2000), this
sediment complex was likely to have been deposited by the Sajo-Hernad river system,
supposedly during the Marine Isotope Stage (MIS) 3 period. The sediment also contained iron—
manganese nodules. This is likely the cause of the increased level of soluble iron and manganese
in the sediment, and the increased MS level (Figure V.8) experienced.

The top layer of the fluvial sediment complex (between 7.8 and 8.0 m) consists of very fine and
carbonated fine sand mixed with a substantial level of medium-grained sand. This structure and
sediment content indicates that this layer was also deposited by the Sajo-Hernad river system
that was still present in the Hortobagy during the MIS3 period (Franyo, 1966).

On top of this accumulated fluvial sediment, another type of yellow—brown, loess-like alluvial
sediment was deposited at the end of the Ice Age between 7.8 and 5.8 m. It is rich in silt,
carbonate, and clay. This depositional process was likely to have taken place between 24.5k
and 12k years cal BP, thus fully covering the MIS2 period. This sediment layer and its
development are comparable to the alluvial sediment layers of the Ice Age that developed on
river banks in the Hortobagy, previously called infusion loess layer (Nyilas & Siimegi, 1991;
Stimegi, 2005; Siimegi et al., 2015b).

This silt-rich alluvial sediment that had accumulated until the end of the Ice Age can be
considered the base rock of soil development in the Holocene, from the Early Holocene to the
Early Copper Age (9,500-4,200 cal BC). This type of soil is of polygonal structure with
hydromorphic qualities that is very similar to A and B layers of the meadow chernozem soil
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that was found between 4.15 and 5.8 m buried in the kurgan. The organic content is significantly
higher in this horizon (Figure V.8), also showing a change in soluble elements and insignificant
level of carbonate content.

The first sign of perturbation of this (first artificially piled) soil layer could be traced between
4.15 and 4.10 m, that is the Late Copper Age. The follow-up research will be targeted at the
radiocarbon measurement of this very horizon. On the other hand, this layer is between the
Early Copper Age and the second perturbation (artificially piled) layer, i.e., 2.90 and 2.80 m.
Based on radiocarbon analysis, the age of the second artificially piled layer is estimated at 4,849
+21 cal BP (2,921-2,879 cal BC), so the first artificial pile of 4.15-4.10 m was very likely built
in an earlier horizon, but still in the Late (very end of the) Copper Age (Vaday, 2004). Yet
another perturbation was traced at 1.50 m, as the coring yielded substantial amounts of pottery
and wattle-anddaub fragments from this layer. This finding was insufficient for proper
archeological dating, and thus for the chronology of the perturbation layer, but most probably
they are from a Scythian or Sarmatian community.

There followed a significant change of the sedimentological and geochemical properties of the
kurgan soil, as the development of the top 150 cm of soil is completely different from the
artificially laid ones. The geochemical properties and the development features indicate that
after the construction of the kurgan in the Late Copper Age, a new layer of top chernozem soil
(with A and B layers) developed on top of the dry earth pile of the kurgan. This is in line with
earlier pedological and sedimentological observations made on other kurgans of the Hortobagy
and Nagykunsag (Barczi, Siimegi, & Jo6, 2003, 2004; Barczi et al., 2006; Jod, Barczi, &
Stimegi, 2007; Siimegi, 1992; Siimegi & Szilagyi, 2011; Szilagyi et al., 2013), namely that
chernozem soil has developed on top of the artificial pile of kurgans. This type of top soil and
related loess grassland association (Salvio nemorosae—Festucetum rupicolae) form the topmost
layer of the kurgan.

5.5. Discussion

The study was carried out on the Ecse Mound, situated on the border of the settlements of
Karcag and Kunmadaras. An undisturbed core drilling was carried out, and the
sedimentological properties of both the mound and of the substrate baserock were revealed.
The sediment series of the substrate comprised fluvial sand and silt layers, while a loess-like
alluvial layer topped the series of fluvial sediments between the MIS3 and MIS1 levels. A
polyhedral, hydromorphic (chernozem-like) soil layer developed from the beginning of the
Holocene until the Copper Age, and a kurgan with at least two artificially piled layers was
constructed by the community of the Pit Grave (Yamna) Culture at the end of the Copper Age.
As the AMS study indicated, the second artificially piled layer was completed at the end of the
Copper Age, more precisely in the period of 4,849 + 21 cal BP (2,921-2,879 cal BC). The AMS
analysis has proved that the date of origin of the Ecse Mound is the Late Copper Age, i.e., the
first infiltration of the Yamna (Pit Grave or Ochre Grave) Culture. As comparative chronology
for the Copper Age and archeostratigraphic analyses have indicated, this classic Yamna A
Horizon of the Late Copper Age is parallel with, and comparable to, the classic Baden Culture
elsewhere in Hungary (Horvath, Svingor, & Molnar, 2006).

While the first artificially piled layer requires further radiocarbon measurements, the
stratigraphic properties indicate that it was also constructed at the end of the Copper Age. Traces
of perturbation were identified from more recent layers dating back to the Stone Age or the
Antiquity, and the undisturbed core samples have proved that the topsoil of chernozem
developed in-situ after the construction of the kurgan, as a similar process has taken place on
other kurgans in the Hortobagy and Nagykunsag (Barczi, Stimegi, & Joo, 2003, 2004; Barczi
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et al., 2006; Joo, Barczi, & Stimegi, 2007; Stimegi, 1992; Siimegi & Szilagyi, 2011; Szilagyi et
al., 2013).

This research can be considered as the first phase of a long-term program on the scientific
research of kurgans. Thus, the methodology of sampling and analysis was fundamentally based
on the results and conclusions gained in Quaternary paleoecological and archeogeologic studies
in Hungary and abroad (Siimegi, 2001, 2002, 2003). It is worth noting that fine stratigraphic
sampling was already used in the 1950s in Quaternary paleoecological and archeogeologic
studies internationally, as well as in Hungary (Hokr, 1951; Janossy, 1962, 1979; Janossy &
Kordos, 1976; Kordos, 1983; Kretzoi, 1953, 1957; Krivan, 1955; Krolopp, 1961; Stieber, 1956;
Stimegi, 2001, 2002, 2003; Vértes et al., 1956).

These results clearly show that the methodology reintroduced by the representatives of the so-
called landscape ecology (Barczi, 2004; Barczi et al., 2011; Barczi et al., 2012; Barczi & Jo,
2003, 2009; Pet6 & Barczi, 2011; Téth, Joo, & Barczi, 2015; Toth, Pethe, & Hathazi, 2014) is
a regressive approach, since sediment samples are taken only from the visually distinct
macroscopic soil layers. As most scientists (Cushing & Wright, 1967; Horacek & Lozek, 1988;
Janossy, 1979) studying Quaternary objects, including archeological ones, have concluded that
sampling from only macroscopic layers will yield skewed results. This statement is even more
valid in the case of such an archeological object as an earthen pyramid (kurgan, burial mound)
having been piled up of soil. However, the level of elements and carbon must have changed
considerably during the soil development process, and later due to ground water table
fluctuations and precipitation percolating into the soil.

It must be considered that postgenetic influences, like carbonate movements, or secondary soil
formation, can easily cover the real characteristics of the original soil content. By the individual
sampling of soil layers, one will gain only a pool of data, but hardly with any trend. Thus, the
analysis and interpretation of these data are highly problematic, as nothing more can be
scientifically concluded other than that the layers are different, which is already obvious from
the macroscopic examination. This method does not allow statistical analysis, and does not
inform the results of research on the genetics and precise stratification of layers. To avoid all
these mistakes, all sections and core samples were analyzed in 2—-4 cm sections with fine
stratigraphic methods.

5.6. Conclusions

The mound that was the object of the study is situated in the Hortobagy in a diversified
geomorphological environment predominated by hydromorphic chernozem soil types, and a
mosaic of marshland, alkaline, and loess steppe vegetation. The study began by taking large-
diameter core samples on a cold winter day, under pollen-free conditions. The 10-m core sample
gave a panoramic view of all strata of the mound and the substrate. The radiocarbon
measurements and dating have revealed the history of the environment. The baserock formation
during the Ice Age was followed by soil development in the Holocene, while the mound was
constructed at the end of the Copper Age by the communities of the Pit Grave (Yamna or Ochre
Grave) Culture. At least two layers of piled up soil have been identified. While dating of the
construction layers needs to be further refined by the AMS analysis (under preparation) of
organic remains preserved in the particular layers, it is already certain that both of the
construction layers were piled up at the end of the Copper Age.

This study can be considered as a pilot research one, aiming for a much larger-scale scientific
program, with the objective of studying kurgans by the means of undisturbed core sampling.
The ongoing AMS analyses are amended with phytolith, pollen, malacological, and
micromorphological investigations. The results are to be summarized in a publication on the
environment and construction of kurgans. Since the results of this preliminary research are in
line with earlier kurgan studies, publishing these results is already worthwhile. By publishing
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these preliminary data, we also wanted to draw attention to the need of concentrated and focused
research efforts, and of using standardized methodology in kurgan research, so that the results
from different studies performed by different research groups are consistent and comparable.
At present, comparative studies are virtually impossible, not only due to the different drilling
and sampling techniques, but also because of the lack of standardized methodology in fine
stratigraphy and a common understanding of geology, paleoecology, and geoarcheology.
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Chapter 6: Discussion
6.1. Summary of the results

Results of my studies confirm the scientific view - which has been in the minority for a long
time - that the Hortobagy solonetz soils were developed as a result of natural geological
processes and have been present in the central and southern part of the Hortobagy National Park
for tens of thousands of years. Conditions favourable to alkalinization have developed as early
as the last glacial cycle dated to MIS3 as part of an intense brief interstadial warming, the
Dansgaard-Oeschger cycle (Figure V1.1). In addition, the undisturbed core taken from the Ecse
mound revealed the presence of buried chernozem and alkaline soils in the Early Holocene, and
descriptions of naturalist travelers also confirm the large scale presence of solonetz soils in the
Hortobagy before the extensive hydroregulation measures started in the mid-19" century
(L6kos, 2001; Townson, 1797).
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Figure VI.1 Combined presentation of the sedimentological, important geochemical and malacological results
indicating the global and local stratigraphy and global temperature changes during the last 50,000 years according
to Van Meerbeeck, Renssen & Roche (2009)

A complete fluvial cycle has been revealed in the studied riverbed of the so-called Réna Basin
at the southern part of the Kunkapolnas marsh complex that evolved from the carbonate fluvial
sand sediment of the bedrock, formed about 50,000 years ago, into a Holocene, organic-rich
clayey rock silt (marsh) sedimentary layer. During the first half of this period, carbonated river
sediment rich in sand and poor in finer-grained fractions accumulated in the gradually
disconnected, 50,000-year-old riverbed. The development of the river sediment is completely
distinct from the sediments accumulated in the Tisza riverbed in terms of grain composition
and geochemical parameters, which are characteristic of the Sajo and Herndd Rivers (Timar,
Siimegi & Horvath, 2005). From about 25/27 thousand years onward, the nature of
sedimentation changed fundamentally, and finer-grained sediment accumulated in the section,
indicating that the fluvial sedimentary phase had ended and the cut-off meander phase
dominated in the bed formed during the MIS3 period (Figure VI.1). This means that the
Hortobagy, as a separate landscape unit may have been formed at this time on the former
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floodplain of the Sajo and Hernad rivers, as a result of the Tisza occupying its present valley
15,000-18,000 years ago, separating the Hortobagy on its left bank from the alkaline areas of
the Borsodi Mezdség on the right. The floods of the Tisza River were received by the marsh
systems of several hundred square kilometres in the northern part of the Hortobagy, on the left
bank of the river, from which the current hydrographical axis of the landscape, the Hortobagy
River, originated, which in the south flowed into the marshes of the Nagy-Sarrét fed by River
Berettyd. The alkaline areas of the Hortobagy may have been flooded by the Hortobagy River
during the high water levels of the two major rivers, the Tisza and the Berettyd (Stimegi &
Szilagyi, 2010).

Results of the pollen analysis are completely different from those of the previously published
pollen studies in Hungary, in particular when comparing them with the pollen composition of
the recent Eurasian biomes and with the arboreal pollen (AP) from pollen cores in the
Carpathian Basin. The pollen diagram shows that the pollen composition of the Kunkapolnas
area is similar to those of the recent Eastern and Western Eurasian forest-steppe/steppe
boundary. In addition, results of the pollen, macrobotanical and malacological data suggest that
the first patches of alkaline vegetation were established during the cold maximum of the glacial
period in the study area. General alkalinization and drier steppe phase became widespread in
the region with the gradual warming of the climate from the Late Glacial from about 12,000-
13,000 years, together with the process that resulted in the dominance of Matricaria,
Chenopodiaceae and Artemisia pollen. Then, at the beginning of the Holocene warming, from
about 11,000 years onwards, a change in the dominance of pollen and the appearance of
vegetation remains typical of drier loess-steppe environments (Trifolium repens, Atriplex)
indicate the expansion of dry steppe and alkaline marsh patches. Based on the analysis of the
radiocarbon-dated pollen, macrobotanical and malacological material, a mosaic habitat
complex of alkaline marshes and steppes was established in the studied region at the end of the
Ice Age, during the turn of the late glacial and the early Holocene. It appears that in contrast to
the mountain rims and hill regions of the Carpathian Basin, no forest phase was established in
the area at the beginning of the Early Holocene, but a mosaic vegetation structure of a forest-
steppe developed, where trees occurred only at the margins of the former watercourses, while
their cut and transformed beds gradually filled up with sediments of a local origin. These data
are in good agreement with the previously reported paleoecological data on the mosaic
environmental structure of the Carpathian Basin. However, it seems that local environmental
factors (micro-morphology, alkaline soils, morphology and cyclic groundwater movements)
were extremely strong in the Kunkapolnas region, amplifying the essentially climate-driven
alkalinization process, and therefore the alkaline patches in the Pannonian forest-steppe region
were formed on a regional scale in the Hortobagy landscape.

The first and - until the early 20th century - the last culture, which left a visible trace on the
Hortobagy landscape was the pastoralist Pit Grave, Yamnaja or Kurgan Culture, appeared
around 3300 BC in the Hortobagy area. According to the results of the analysis of the 10-meter
long undisturbed core sample taken from the Ecse Mound, the base-rock formation during the
Ice Age was followed by soil development in the Holocene, while the mound was constructed
at the end of the Copper Age by the communities of the Pit Grave Culture. At least two layers
of piled up soil have been identified both piled up at the end of the Copper Age. Communities
of this culture did not seem to fundamentally transform the vegetation of the Hortobagy
landscape, as they used the grassland-wetland mosaics for grazing their domestic animals.
Similarly, there were no significant changes in the landscape character of the region over the
subsequent millennia, when the land management by domestic animals gradually increased and
eventually took over completely the habitat management, i.e. grazing role of large ungulate
species, such as the wild horse, the Asiatic Wild Ass (Onager), the Auroch and the European
Bison, all became extinct during the second half Holocene, due to hunting.
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6.2. Outlook

It seems that it has been human interventions over the last two centuries that have brought
landscape-scale negative changes on a landscape scale to the natural areas of the Hortobagy
region, including river management and agricultural intensification activities, drainage of
marshes, irrigation of pastures and creation of fishponds and rice fields. The Hortobagy
National Park, Hungary’s largest protected area, was established in 1973 in the central part of
the region, which has been relatively little affected by these interventions, and where the natural
alkaline grassland-wetland complexes continue to dominate the landscape to this day.

The foundation of the Hortobagy National Park 50 years ago successfully put a halt to the above
negative processes. Since then the site management organization, the Hortobagy National Park
Directorate initiated and implemented several habitat restoration projects aiming at the
preservation and restoration of the degraded natural vegetation mosaics. As a result of these
consequent conservation efforts water supply systems for altogether 5000 hectares of marshes
have been established and more than 1000 kilometres of disused channels, dykes and ditches
were eliminated in the already 80,000 ha large area of the National Park. These already
implemented landscape-scale conservation measures together with the recently planned
restoration of the water regime of the central part of the Hortobagy area will hopefully enable
the long term conservation of this unique habitat complex mosaic structure, along with the
diverse flora and fauna it hosts for future generations.

The recently legally established zoning system of the Hortobagy National Park provides a good
basis for its long-term management, which can serve as a best practice for conservation
measures in similar areas across Eurasia. In addition, the nature based solutions applied in the
management of the Hortobagy National Park can be a good example to mitigate the negative
impacts of climate change, as the environmentally sustainable use of such resilient landscapes
serves not only protection of steppes of the Eurasian temperate zone, but also the long-term
well-being of people and land users living and farming in and round such areas.

In light of the recent scientific results providing evidence on the primary, natural origin of the
alkaline grassland—wetland complexes of the site, as well as based on the limited occurrence of
alkaline and sodic areas in Eurasia (Boros & Kolpakova, 2018), the relevant Hungarian
authorities might consider the nomination of the Hortobagy National Park—the Puszta property
for the World Heritage List under the following natural criteria as well.

e C(Criterion (vii): The flat and open landscape of Hortobagy National Park is an area of
exceptional natural beauty, representing the highest scenic quality, with pleasing and
dramatic patterns and combinations of landscape features, which provides it a distinctive
character, including aesthetic qualities and topographic and visual unity.

e Criterion (viii): The site is an outstanding example that represents the natural landscape
and vegetation development of the Late Quaternary stage of Earth’s history, including
significant ongoing geological processes in the development of landforms and
significant geomorphic features.

e Criterion (x): Hortobagy National Park contains the most significant natural habitats for
the in situ conservation of biological diversity in the temperate steppe zone, including
those containing threatened species of outstanding universal value from the point of
view of science or conservation.

The future conservation management of the Hortobagy National Park is based on the recently
legislated zoning system, including not only a proper zonation within the park, but the
designation of a more than 90,000 ha large buffer zone around it. This important legal step
should be followed by the elaboration of a World Heritage management plan in order to achieve
the full management system required by the Operational Guidelines of the World Heritage
Convention.
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6.3.

New scientific results

My research has provided the following new scientific results and answers to the questions
raised under points 1-5 in section 1.4:

1.

My research demonstrates that the Hortobagy solonetz soils have developed as a result
of natural geological processes and have been present in the central and southern part
of the Hortobagy National Park for tens of thousands of years. Conditions favourable to
alkalinization had already developed during the last glacial cycle, dated to MIS3, as part
of an intense brief interstadial (Dansgaard-Oeschger cycle event) between 25-30,000
years BP.

| have revealed the major hydrological changes of the Hortobagy over the last 50,000
years, which lead to a regime characterizing the landscape until the middle of the 19"
century. A fluvial sedimentary phase had characterized the studied riverbed until 25-
27,000 years BP, followed by a cut-off meander one to 15-18,000 years, when River
Tisza had occupied its current valley, separating the Hortobagy on its left side from the
alkaline areas of the Borsodi Mez6ség on the right, and the region was no longer the
floodplain of the Sajo-Hernad river-system.

By the collective analysis and interpretation of the pollen, macrobotanical, and
malacological data | have been able to demonstrate that the first patches of alkaline
vegetation were established during the cold maximum of the glacial period in the study
area. General alkalinization and a drier steppe phase became widespread in the region
with the gradual warming of the climate from the Late Glacial to about 12,000-13,000
years. It appears that no forest phase was established in the area at the beginning of the
Early Holocene, but a mosaic vegetation structure of a forest—steppe developed, where
trees occurred only at the margins of the former watercourses.

Through the joint interpretation of the results of my paleoecological studies and the
available archaeological information | have shown that it is unlikely that there were
significant human-induced changes in the character of the Hortobagy landscape in the
second half of the Holocene, which was most probably only suitable for animal keeping
in the last 5-6000 years. The Yamnaja culture was represented by large livestock
keeping human communities, therefore it is unlikely that they changed the character of
the Hortobagy landscape beyond the construction of the kurgans. Their massive
appearance in the period of 3100/3000-2600/2500 BC in the Great Hungarian Plain,
including the Hortobagy landscape indicate the beginning of the period, during which
the land management by domestic animals gradually increased and eventually
completely took over habitat management, i.e., the grazing role of large ungulates, such
as the wild horse, aurochs and the European bison.

Hortobagy National Park, Hungary’s largest protected area, was established in 1973 in
the central part of the Hortobagy landscape, which was little affected by the human
interventions of the past 150 years, therefore the natural alkaline grassland—wetland
complexes continue to dominate the landscape to this day. The two critical issues of the
management of the steppe ecosystem are the establishment of a proper grazing and
hydrological, i.e. water supply system. The recently legislated zoning system, including
not only a management-oriented zonation within the park, but also the designation of a
more than 90,000 ha large buffer zone around it, provides a sound basis for the
conservation management of the Hortobagy National Park in the future. Of all the
management tasks, the reconstruction of the hydrological system at landscape level
appears to be the most important, the importance of which is underlined by the
challenges posed by climate change.
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Summary

In the first and still the only monograph of'the Hortobagy National Park (Béres, Bodo, & Jakucs,
1976) the secondary character of the alkaline grassland-wetland mosaics was assumed as a
starting point for the management of the grassland-wetland mosaics of the Park. According to
the prevailing academic views at the time of the foundation of the Hortobagy National Park
there were two major human activities that significantly changed the original character of the
flat landscape of the Hortobagy region. The first one was supposed to be, like in other lowland
areas of Europe, the cutting down of forests to create pastures for grazing domestic animals,
mostly cattle and sheep. In the only monograph of the Hortobagy National Park (Béres, Bodo,
& Jakucs, 1976) the secondary character of the alkaline grassland-wetland mosaics was
assumed as a starting point for the future management of the grassland-wetland mosaics of the
National Park. However, according to a recent critical source analysis, the presence of
continuous forests in the Hortobagy region was assumed on the basis of the misinterpretation
of a royal charter issued in the mid-15th century (Molnar, 2009). Based on this source the
presence of extensive woodlands was presumed for the period preceding the flood control
measures. Thus extensive deforestation and desiccation was blamed to initiate alkalinization.
However, Zsolt Molnar was the first to point out that no information was given regarding the
presence of woodlands in the Hortobagy area in the referred charter.

The second significant human intervention that was supposed to play an important role in the
significant extension alkaline areas was the landscape scale change of the water regime of the
Hortobagy by the major river regulation and drainage works started in the mid-19th century.
This assumption is contradicted by descriptions of naturalists, such as Pal Kitaibel (L6kos,
2001) and Robert Townson (Townson, 1797), indicating the presence of alkaline soils and
vegetation in large areas before the start of hydroregulation measures in the Hortobagy region.
These observations are also supported by the relevant map sheets of the first military mapping
survey of Hungary and their description (Pok, 1994), undertaken in the second half of the 18th
century. In addition, the presence of endemic plant species in the Hortobagy National Park,
which occur exclusively in alkaline habitats, also indicates a much earlier appearance of such
vegetation in the region (Lesku & Molnar, 2007).

The secondary character of the Hortobagy landscape seemed to be confirmed by the theories
on the development of alkaline soils, which completely excluded the possibility of
alkalinization during the glacial periods, stating that the environmental conditions in the
Hungarian Lowlands were not favourable for the process (Mihaltz, 1947). As a result, the
presence of glacial alkaline deposits, or signs of prehistoric alkalization were not assumed and
searched for in the Great Hungarian Plain.

In 1988 a multi-proxy paleoecological study of an undisturbed core series from the eastern edge
ofthe Hortobagy landscape succeeded in identifying an alkaline paleosol horizon dated between
30-40,000 years beneath the glacial loess deposits (Stimegi, 1989, 2001, 2003; Sz66r, Stimegi,
& Balazs, 1991, 1992). These studies provided consistent evidence that conditions favourable
to alkalinization may have developed during the last glacial cycle dated to MIS3 as part of an
intense brief interstadial warming (Siimegi, 1989). In addition, cores taken from Bronze Age
burial mounds also revealed the presence of buried chernozem and alkaline soils in the
Hortobagy region in the Early Holocene as well (Siimegi, 1989; Siimegi & Szilagyi, 2011).
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The general objective of my research was to contribute to the future conservation management
of the Hortobagy National Park through the identification of the milestones of the late
Quaternary environmental history of the Hortobagy landscape. To achieve this, | have
implemented a multi-proxy study and analysis of a complete fluvial cycle dating back to 50,000
years in the largest wetland-grassland mosaic habitat complex of the Hortobagy National Park,
the Kunkapolnas marsh system (Szilagyi et al., 2024).

The specific objectives of my research and the main questions to be answered were as follows:
e Are the alkaline soils of the Hortobagy of primary or secondary origin?

e How the water regime of the Hortobagy landscape developed and functioned until the
hydroregulation measures started in the mid-19" century?

e What were the major stages of vegetation changes of the area over the last 50,000 years,
particularly with regard to the occurrence of alkaline habitats?

e How much did human activity change the landscape of Hortobagy in the second half of
the Holocene?

e What lessons can be learned from environmental history and landscape change for
conservation management?

The study area of my research is located in the southwestern part of the Hortobagy National
Park, including two sampling points, a former riverbed (Rona Basin) and a kurgan built by the
people of the Yamnaja culture. Samples were taken by undisturbed core drilling for both
sampling points, which are only 700 m apart. The overall sampling and processing procedure
was based on the international Quaternary paleoecological method of Birks & Birks (Birks &
Birks, 1980). A full range of analyses, including geochronological, sedimentological,
geochemical, macrobotanical, malacological and palynological examinations, were carried out
on the samples from the Rona Basin, while only the first three (geochronology, sedimentology
and geochemistry) were undertaken on the samples of the Ecse mound.

The following conclusions and recommendations can be drawn from the information obtained
from the studies.

e The Hortobagy alkaline soils developed as a result of natural geological processes and have
been present in the central and southern part of the Hortobadgy National Park for tens of
thousands of years. Conditions favourable to alkalinization had already developed during
the last glacial cycle, dated to MIS3, as part of an intense brief interstadial between 25-
30,000 years BP.

e Based on sedimentological and geochemical data, the following major hydrological
changes lead to the development of the water regime characterizing the landscape until the
middle of the 19th century. A fluvial sedimentary phase had characterized the studied
riverbed until 25-27,000 years BP, followed by a cut-off meander one to 15-18,000 years,
when River Tisza had occupied its current valley, separating the Hortobagy on its left side
from the alkaline areas of the Borsodi Mezdség on the right, and the region was no longer
the floodplain of the Sajo-Hernad river-system.
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e By the collective analysis and interpretation of the pollen, macrobotanical, and
malacological data | have been able to demonstrate that the first patches of alkaline
vegetation were established during the cold maximum of the glacial period in the study
area. General alkalinization and a drier steppe phase became widespread in the region with
the gradual warming of the climate from the Late Glacial to about 12,000—13,000 years. It
appears that no forest phase was established in the area at the beginning of the Early
Holocene, but a mosaic vegetation structure of a forest—steppe developed, where trees
occurred only at the margins of the former watercourses.

e Through the joint interpretation of the results of my paleoecological studies and the
available archaeological information | have shown that it is unlikely that there were
significant human-induced changes in the character of the Hortobagy landscape in the
second half of the Holocene, which was most probably only suitable for animal keeping in
the last 5-6000 years. The Yamnaja culture was represented by large livestock keeping
human communities, therefore it is unlikely that they changed the character of the
Hortobagy landscape beyond the construction of the kurgans. Their massive appearance in
the period of 3100/3000-2600/2500 BC in the Great Hungarian Plain, including the
Hortobagy landscape indicate the beginning of the period, during which the land
management by domestic animals gradually increased and eventually completely took over
habitat management, i.e., the grazing role of large ungulates, such as the wild horse,
aurochs and the European bison.

e Hortobagy National Park, Hungary’s largest protected area, was established in 1973 in the
central part of the Hortobagy landscape, which was little affected by the human
interventions of the past 150 years, therefore the natural alkaline grassland—wetland
complexes continue to dominate the landscape to this day. The two critical issues of the
management of the steppe ecosystem are the establishment of a proper grazing and
hydrological, i.e. water supply system. The recently legislated zoning system, including
not only a management-oriented zonation within the park, but also the designation of a
more than 90,000 ha large buffer zone around it, provides a sound basis for the conservation
management of the Hortobagy National Park in the future. Of all the management tasks,
the reconstruction of the hydrological system at landscape level appears to be the most
important, the importance of which is underlined by the challenges posed by climate
change.

In 1999, the Hortobagy National Park — the Puszta property was inscribed on the UNESCO
World Heritage List under cultural criteria as a cultural landscape. In light of the recent
scientific results providing evidence on the primary, natural origin of the alkaline grassland—
wetland complexes of the site, as well as based on the limited occurrence of alkaline and sodic
areas in Eurasia (Boros & Kolpakova, 2018), it is suggested to the relevant Hungarian
authorities to nominate at least the southern “puszta” units of the Hortobagy National Park
(Kunmadarasi, Nagyivani, Zam, Pentezug, Angyalhaza, Szelencés and Borzas) to the World
Heritage List under natural criteria as well.
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Osszefoglalas

A Hortobagyi Nemzeti Parkrol szolé maig egyetlen monografiaban (Béres, Bodo, & Jakucs,
1976) a szikes gyep - vizes él6hely mozaikok masodlagos jellegét vették alapul a Nemzeti Park
késobbi kezelésének kiindulopontjaként. A Hortobagyi Nemzeti Park alapitasanak idején
uralkod6 tudomanyos nézetek szerint két olyan jelentds emberi beavatkozas tortént, amelyek
jelentdsen megvaltoztattak a Hortobagy kistaj eredeti, si, nagyrészt erdok altal boritott jellegét.

Az elsé ilyen tajléptéki hatas - Eurdpa mas alfoldi teriileteihez hasonloan - az erddk kiirtasa
volt annak érdekében, hogy legelket hozzanak 1étre a haziallatok, foként szarvasmarhak és
juhok tartasara. Egy nemrégiben késziilt kritikai forraselemzés szerint azonban a Hortobagy
térségében az 0sszefiiggd erdok jelenlétét egy 15. szdzad kdzepén kiadott kiralyi oklevél téves
értelmezése alapjan feltételezték (Molnar, 2009). E forrds alapjan, a neolitikum hajnalan
Osszefliggd erddségek jelenlétét velelmezték a Hortobagyon, és a szikes terliletek
térhoditasanak legfobb okaiként az erddirtast €s a kiszaradast azonositottak. Elsdként Molnar
Zsolt hivta fel a figyelmet arra, hogy a hivatkozott oklevélben valdéjaban semmi nem utal
erddségek jelenlétére a Hortobagyon.

A masodik jelentds emberi beavatkozas, ami a feltételezések szerint fontos szerepet jatszott a
szikes teriiletek jelent6s kiterjedésében, a Hortobagy vizhaztartasanak taji 1éptéki
megvaltoztatasa volt a 19. szazad kézepén megkezdett nagy folydszabalyozasi és lecsapolasi
munkalatok révén. Ennek olyan természettuddsok leirasai mondanak ellent, mint Kitaibel Pdl
(L6kos, 2001) és Robert Townson (Townson, 1797), melyek szerint nagy teriileteken szikes
talajok és novényzet volt jelen a Hortobagy térségében a XVIII. szdzadban, mar a
vizszabalyozasi €s mentesitési munkdk megkezdése elott. Ezeket a megfigyeléseket
Magyarorszag 18. szazad végi, els0 katonai felmérésének vonatkozo térképlapjai, és azok
leirasa is alatamasztjak (Pok, 1994). Emellett a Hortobagyi Nemzeti Parkban kizarolag szikes
¢lohelyeken eléforduld, endemikus novényfajok jelenléte is arra utal, hogy az ilyen ndvényzet
sokkal korabban jelent meg a térségben.

A hortobagyi taj masodlagos jellegét latszottak megerdsiteni a szikes talajok kialakulasarol
sz016 elméletek is, melyek teljesen kizartak a szikesedés lehetOségét a jégkorszak folyaman
azzal, hogy az Alf6ldon nem voltak adottak a szikesedés kornyezeti feltételei (Mihaltz, 1947).
Ennek kovetkeztében nem feltételezték, illetve nem is keresték a jégkori szikes lerakodasok
jelenlétét, vagy az Oskori szikesedés jeleit az Alfo1don.

1988-ban a Hortobagy keleti peremén mélyitett zavartalan magfaras paleodkologiai
vizsgalataval sikeriilt egy 30-40.000 év kozé datalt paleoszikes talajhorizontot azonositani a
jégkorszaki 16szlerakodasok alatt (Siimegi, 1989, 2001, 2003; Sz6dr, Stimegi és Balazs, 1991,
1992). A furasmintan végzett vizsgalatok egyértelmilen bizonyitottak, hogy a szikesedés
szamara kedvezé korilmények mar a MIS3-ra datalt, utolso jégkorszaki ciklus folyaman
alakultak, egy rovid, de intenziv interstadialis felmelegedés részeként (Stimegi, 1989). Ezen
felil, a bronzkori sirhalmokbdl vett mintdkban a kora holocénben is kimutattak eltemetett
hidromorf csernozjom ¢és szikes talajok jelenlétét a Hortobagyon (Siimegi, 1989; Siimegi és
Szilagyi, 2011).
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Kutatdsom altalanos célkitiizése az volt, hogy a Hortobagy késé negyediddszaki
kornyezettorténete legfontosabb mérfoldkdveinek azonositasaval hozzajaruljak a Hortobagyi
Nemzeti Park jovOobeni természetvédelmi kezelésének megalapozasahoz. Ennek érdekében a
Hortobagyi Nemzeti Park legnagyobb gyep-vizes éléhely komplexuma, a Kunkapolnasi-
mocsar teriiletén egy 50.000 évre visszanyulo, teljes fluvialis ciklus komplex vizsgalatat és
elemzését végeztem el (Szilagyi et al., 2024).

Kutatasom konkrét célkitiizései és a megvalaszolando 16 kérdések a kovetkezok voltak:

e A Hortobagy szikes (szolonyec) talajai els6dleges vagy masodlagos eredetiick-e?

e Hogyan alakult ki és miikodott a hortobagyi taj vizrendszere a XIX. szazad kdzepén
megkezdett vizszabalyozasi intézkedésekig?

cyoey

kiilonos tekintettel a szikes él6helyek megjelenésére és eléfordulasara?

e Mennyire valtoztatta meg az emberi tevékenység a Hortobagy tajképét a holocén
masodik felében?

e Milyen, a természetvédelemi kezelés szempontjabol relevans kovetkeztetéseket lehet
levonni a taj kornyezeti torténetébdl és valtozasaibol?

Kutatasom vizsgalati teriilete a Hortobagyi Nemzeti Park délnyugati részén helyezkedik el, €s
két mintavételi pontot, egy egykori folydomedret (Rona-fenék) és egy a Yamnaja kultara
képviseldi altal épitett kurgant foglal magaban. A mintavétel az egymadstol légvonalban
minddssze 700 m tavolsagra elhelyezkedd két mintavételi ponton zavartalan magfurassal
tortént. A teljes mintavételi és feldolgozasi eljaras Birks & Birks nemzetkdzi negyediddszaki
paleodkologiai médszerén alapult (Birks & Birks, 1980). A Roéna-fenékbdl szarmazo mintakon
teljes korti elemzések - geokronologiai, szedimentologiai, geokémiai, makrobotanikai,
malakologiai és palinologiai - elvégzésére keriilt sor, mig az Ecse-halom esetében az els6 harom
elemzést (geokronologia, szedimentologia és geokémia) végeztiik el.

A kutatdsom soran feldolgozott adatokbdl €s informaciokbol az alabbi kovetkeztetések
vonhatok le, illetve ajanlasok fogalmazhatok meg:

e A hortobagyi szikes talajok természetes geologiai folyamatok eredményeként alakultak ki,
¢s a Hortobagyi Nemzeti Park kozépsd €s déli részén tobb tizezer éve jelen vannak. A
szikesedésnek kedvezd feltételek mar az utolsé, MIS3-ra datalt jégkorszak soran
kialakultak, egy intenziv, rovid interstadialis id0szak részeként, 25-30.000 év BP kozott.

e A szedimentologiai és geokémiai adatok alapjan a kdvetkezd fobb hidrologiai valtozasok
vezettek a tdjat a 19. szazad kozepéig jellemzd vizrendszer kialakuldsahoz. A vizsgalt
folydomedret BP 25-27.000 évig egy fluvialis tiledékképzddési fazis jellemezte, majd a 15-
18.000 év kozotti idoszakig egy lefiiz6dott meander szakasz kovetkezett, amikor a Tisza
folyo elfoglalta jelenlegi helyét, elvalasztva a bal parti Hortobagyot a folyo jobb partjan
fekvo Borsodi Mez6ség szikes teriileteitdl. Innentdl kezdve a Hortobagy megsziint a Sajo-
Hernad folyorendszer arteriiletének lenni.
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A pollen-, makrobotanikai ¢s malakologiai adatok egyiittes elemzésével és értelmezésével
sikeriilt kimutatnom, hogy a szikes novényzet els6 foltjai a jégkorszak hidegmaximuma
idején alakultak ki a vizsgalt teriileten. Az altalanos szikesedés és a szarazabb sztyeppfazis
az éghajlat fokozatos felmelegedésével a késé-glacialis idszaktol kortilbeliil 12-13.000
éves korig terjedt el a térségben. Ugy tiinik, hogy a korai holocén kezdetén nem erddfazis,
hanem egy erdésztyepp mozaikos vegetacios struktraja alakult ki a Hortobagy déli részén,
ahol fak csak az egykori vizfolyasok mentén fordultak el6.

Paleodkologiai vizsgalataim eredményeinek, és a rendelkezésre allo régészeti adatok
egyiittes értelmezésével nem valoszintisithetd, hogy a holocén masodik felében jelentds
ember okozta valtozasok torténtek volna a Hortobagy tdjkarakterében, ami az elmult 5-
6000 évben nagyrészt csak legeltetd allattartasra volt alkalmas. A Yamnaja kulttrat
allattarto emberi kozosségek képviselték, akik a kurganok épitésén til nem valtoztattak
meg a hortobagyi taj jellegét. Tomeges megjelenésiik a Kr. e. 3100/3000-2600/2500
kozotti idészakban az Alfoldon, azon beliil is a Hortobagyi tajban annak az idészaknak a
kezdetét jelzi, amikort6l a haziallatok altal végzett foldhasznalat fokozatosan erésodott,
majd végiil teljesen atvette az él6helyek természetes kezelését végzé nagytestli patas
allatok - a vadlo, az 6stulok és az eurdpai bolény legelési szerepét.

A Hortobagyi Nemzeti Parkot, Magyarorszag legnagyobb védett teriiletét 1973-ban hoztak
létre a hortobagyi taj kozponti részén, amelyet az elmult 150 év emberi beavatkozasai alig
érintettek, igy a természetes szikes gyep-vizes éléhely-komplexumok a mai napig
meghatarozzak a tdjképet. A sztyeppi Okoszisztéma kezelésének két kritikus kérdése a
megfeleld legeltetési és hidrologiai, azaz vizellatasi rendszer kialakitasa. A kézelmultban
jogszabalyban kihirdetett Ovezeti rendszer, ami nemcsak a Nemzeti Parkon beliili
természetvédelmi céll zonaciot, hanem az azt koriilvevd, tobb mint 90 ezer hektaros
védoovezet kijelolését is tartalmazza, a jovoben jo alapot biztosit a Hortobagyi Nemzeti
Park természetvédelmi kezeléséhez. A kezelési feladatok koziil a legfontosabbnak a
hidroldgiai rendszer taji szintii rekonstrukcioja tiinik, aminek a fontossagat a klimavaltozas
okozta kihivasok is novelik.

1999-ben a Hortobagyi Nemzeti Park — a Puszta helyszint kulturdlis kritériumok alapjan,
kultartaj kategoriaban vette fel a Vilagorokségi Listara az UNESCO Vilagorokség Bizottsaga.

A vilagorokségi helyszin szikes gyep-vizes él6hely-komplexumainak elsédleges, természetes
eredetét bizonyitd leglijabb tudomanyos eredmények tiikrében, valamint a szikes teriiletek
eurazsiai korlatozott eléfordulasa (Boros & Kolpakova, 2018) alapjan javaslom, hogy az
illetékes magyar hatdsagok vegyék fontolora legalabb a helyszin egy részének, a Nemzeti Park
déli pusztateriileteinek (Kunmadarasi-puszta, Nagyivani-puszta, Zam, Pentezug, Angyalhaza,

Szelencés és Borzas) természeti kritériumok alapjan torténd jelolését a Vilagorokségi Listara.
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