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Abstract
In terms of origin, grasslands in Central Europe can be
classified into (i) natural grasslands, predetermined by
environmental conditions and wild herbivores; (ii)
seminatural grasslands, associated with long-term
human activity from the beginning of agriculture during the Mesolithic–Neolithic transition; and (iii)
improved (intensive) grasslands, a product of modern
agriculture based on sown and highly productive forage
grasses and legumes. This review discusses the origin,
history and development of grasslands in Central Europe from the Holocene (9500 BC) to recent times, using
archaeobotanical (pollen and macroremains), archaeozoological (molluscs, dung beetles, animal bones) and
archaeological evidence, together with written and
iconographic resources and recent analogies. An indicator of grasslands is the ratio of non-arboreal/arboreal
pollen and the presence of pollen of species such as
Plantago lanceolata and Urtica dioica in sediments. Pastures can be indicated by Juniperus communis pollen and
charcoal present in sediments and the soil profile.
Insect-pollinated species can be studied using cesspit
sediments and pollen (from honey) in vessels in graves.
In Central Europe, natural steppe, alluvial grasslands
and alpine grasslands occurred before the start of agriculture in the early Neolithic (5500 BC); their area was
small, and grassland patches were fragmentary in the
forested landscape. Substantial enlargement of grasslands cannot be expected to have occurred before the
late Bronze Age. The first scythes come from the 7th–
6th century BC; therefore, hay meadows probably did
not develop before this time. There is evidence of hay
meadows in Central Europe during the Middle Ages,
documented by macroremains of Arrhenatherum elatius
in sediments, written records and long scythes in
archaeological assemblages. Based on macroremains
analyses, we conclude that there was generally high
diversity of seminatural grasslands in the cultural landscape in the Middle Ages, and individual grassland
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communities were generally species rich. From the
beginning of the agriculture until the 18th century,
pastures and pasture forests were dominant sources of
forage. Large-scale enlargement of hay meadows and
decline of pastures in many regions occurred from the
18th century. Hay making is associated with enlargement of arable fields and the use of cattle as draught
animals for ploughing and soil preparation. The spread
of A. elatius in Central Europe was enabled by the
decline of grazing management and an increased proportion of hay meadows in the 18th and 19th centuries.
In some mountain areas, there are no records of largescale deforestation and enlargement of grasslands until
the 14th century, and the peak of the agriculturally
used area was recorded for the period from the 18th to
the first half of the 20th century. Grasslands were
converted into arable land during periods of war;
conversely, grasslands replaced arable land after the
collapse of agriculture in many regions of former communist countries following political regime change in
the 1990s. The dynamics of the grassland area reflect
the development of human society and the political
situation, because grasslands are an integral part of the
cultural landscape in Central Europe.
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Introduction
In terms of their origin, grasslands in Central Europe
can be divided into three broad categories: (i) natural
grasslands, predetermined by natural conditions such
as shortage of moisture in steppe regions on the eastern border of Central Europe or by low temperature
and a short growing season above the upper tree limit
in high mountains (Jenık, 1961; Ellenberg, 1988;
Hejcman et al., 2006); (ii) seminatural grasslands with
a wide range of species richness of vascular plants,
ranging from 1 to 67 species per 1 m2 (Klimes et al.,
2001; Hejcman et al., 2010a) and herbage production
u
from 1 to 10 t dry matter (DM) ha 1 per year (Pavl
et al., 2006; Smit et al., 2008; Hrevusov
a et al., 2009;
Merunkova et al., 2012); the existence of seminatural
grasslands is closely associated with long-term human
activity from the beginning of agriculture during the
Mesolithic–Neolithic transition; and (iii) improved
(syn. intensive) grasslands, a product of modern intensive agriculture, which comprise swards of several
sown and highly productive forage grasses, of which
Dactylis glomerata, Lolium perenne, Phleum pratense, Festuca arundinacea and F. pratensis are the most important
(Pavl
u et al., 2011a; Hejcman et al., 2012), together
with legumes such as Trifolium repens and T. pratense
(Rochon et al., 2004; Kom
arek et al., 2010). Although
some authors have argued that grassland intensification started in the 18th or 19th century (Semelov
a
et al., 2008), the first detailed written records about
intensification of grasslands come from Roman
authors, Marcus Porcius Cato (234–149 BC, De Agricultura; Hooper and Ash, 1935), Marcus Terentius Varro
(116–27 BC, Rerum rusticarum libri III; Hooper and Ash,
1935) and finally from Lucius Junius Moderatus Columella (4 AD (?) – 70 AD, De Re Rustica; Ash, 1941).
According to these authors, pastures and hay meadows
can be intensified by resowing, removal of mosses and
fertilization by dung and ashes. Roman authors also
highly appreciated the high value of legumes such as
Medicago sativa, Trifolium spp. and Vicia spp. for improving soil fertility, herbage production and forage quality.
Until now, relatively little attention has been paid
to the origin and history of grasslands in Central Europe and to the sources of information which can be
used for such a study. The aim of this review was
therefore to discuss the origin, history and development of natural and seminatural grasslands in Central
Europe since start of the Holocene (9500 BC) up to
recent times, using archaeobotanical, archaeozoological and archaeological evidence, together with written
and iconographic resources and recent analogies. The
paper makes particular reference to information
sources that relate to the land area of the present-day
Czech Republic, but has relevance to a wider area of

Central Europe. A unique feature of this review is that
it draws on information from many data sources that
are of great importance for the history of grasslands,
some of which are relatively inaccessible to international readers. First, we delimit the area of Central
Europe and then discuss the origin and history of natural grasslands, particularly steppe, alluvial and alpine
grasslands. We then discuss the origin of seminatural
grasslands, demonstrating the importance of honey for
the study of grassland history, and discuss the history
of pastures and meadows. In the last part of the
review, we discuss the transport of diaspores of grassland species through Central Europe and provide an
example of the development of a grassland area at the
scale of a typical mountain village.

The Central European phytogeographic
province
Europe can be divided into several phytogeographical
provinces with different species pools and extent of
natural grasslands (Figure S1). According to the phytogeographical map of Rivas-Martinez et al. (2004),
the Central European province includes the presentday lands of Germany, Poland, Czech Republic, Lithuania, Latvia and Estonia and also extends partly into
north-east France, Belgium, Netherlands, Denmark,
southern Norway and Sweden. The Central European
province experiences moderately hot summers and
cold winters, conditions that favour the development
of forests with trees adapted to overwintering and
competition for light during the vegetation season.
Natural grasslands in this province are therefore relatively rare. There is a gradual transition from the eastern continental climatic conditions, which support
plant communities of dry, low-productive calcareous
grasslands, with the occurrence of species from the
eastern continental steppes such as Festuca vallesiaca,
Adonis vernalis, Linum flavum, Verbascum phoeniceum,
Astragalus exscapus, Campanula sibirica, Crambe tataria or
Iris pumila (described in detail by Kaplan, 2012). On
the other side of the province, in the grasslands in the
western part of Central Europe, steppe species gradually disappear and sub-Mediterranean and suboceanic
species occur, for instance Bromus erectus. Fragmentary
natural heathlands occur only under the specific
edaphic conditions of extremely acid- and nutrientpoor soils (Svenning, 2002). Together with Nardus stricta
grasslands, heathlands with the dominant species of
Calluna vulgaris, Luzula campestris, Danthonia decumbens,
Carex pilulifera and Potentilla erecta occur towards the
Atlantic and sub-Atlantic parts of Europe. Atlantic
elements common in Central Europe include, for
example, Cirsium acaule, Lathyrus linifolius and Galium
saxatile (Ellenberg, 1988; Hejn
y and Slavık, 1997).
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Alpine grasslands are confined to the Central European high mountains above the timberline, where the
short and cold season of vegetation growth is the
essential driver of vegetation development. Most of
the alpine species evolved from Tertiary lowland species, and others represent relicts from glacial times.
The Alpine flora of the Carpathians and the Central
European Hercynian mountains is due to former glaciation and is of recent evolution, rather species poor,
and few endemic species are found there (Jenık, 1961;
Ellenberg, 1988).
Dry grasslands on calcareous soils are generally the
most species-rich grasslands in Europe (Karlık and
Poschlod, 2009). P€
artel et al. (1996) recorded 43 vascular plant species per m2 in the Estonian Alvar limestone grasslands, and Merunkov
a et al. (2012) found
38 and 40 species per m2 in the SE part of the Czech
Republic and Slovakia respectively. Klimes et al.
(2001) recorded 67 species per m2 in grasslands in the
White Carpathians Mountains at the borderland of the
Czech Republic and Slovakia, and these grasslands are
considered to be among the most species-rich grasslands in the world. They compare with the highest
recorded species richness of vascular plants in grasslands, which were 89 vascular plant species per m2 in
the mountains of Argentina, 87 per m2 in the Russian
steppe and 79 per m2 in a semidry basiphilous grassland in Romania (Wilson et al., 2012). Species richness
of common grasslands in Central Europe is mainly in
u et al., 2003,
the range of 10–25 species per m2 (Pavl
2011b; Hejcman et al., 2010a), but natural and seminatural grasslands with fewer than 10 species per m2
can also be recorded, especially on highly acidic soils
above the upper tree limit (Semelov
a et al., 2008; Hejcman et al., 2009, 2010b). The extraordinary high
species richness of calcareous grasslands can be
explained by larger pools of calcicole than of calcifuge
species, despite the contemporary predominance of
acid soils in Central Europe (Chytr
y et al., 2003;
Ewald, 2003). This disparity in the species pool has
resulted from historical and evolutionary processes
that took place on high pH soils (P€
artel, 2002). In the
Pleistocene (glacial times, 2588 million to 9500 BC),
calcareous soils dominated in the dry continental landscapes of Central Europe and in the glacial refugia of
temperate flora situated mostly in southern European
mountains with abundant limestone and dolomite.

Pollen and mollusc analysis and natural
steppe grasslands in Central Europe
The occurrence and range of natural grasslands in
Central Europe is a topic for discussion that began at
the start of the 20th century by ‘the steppe theory’ of
Gradmann (1933). According to this theory, the first
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farmers in Central Europe colonized the steppe grasslands that had survived in the forested landscape from
the last glaciation. This theory was soon criticized by
palynologists. In sediments from the Neolithic (5500–
2000 BC), the pollen is predominately of forest species
(85–90% of arboreal pollen; see Kreuz, 2008) with
minimal indices for open steppe or grassland vegetation (Margielewski et al., 2010). A problem with pollen analysis is its low sensitivity for indication of
grasslands in highly forested landscapes or in heavily
grazed forests. Forests serve as pollen filters, and
therefore, small areas of natural grasslands in highly
forested landscapes can be detected only if the pollen
from sediments that accumulated in close vicinity to
such grasslands is analysed. Further, there is a substantially higher pollen production by wind-pollinated
woody species, especially pine (Pinus spp.) or birch
trees (Betula spp.), than by understorey species, from
vegetation in clearings and from other grassland
species particularly under grazing management. In
heavily grazed forests, pollen production of understorey species is generally low, because of removal of
plant reproductive organs by grazers and the presence
of insect-pollinated species.
A further problem with pollen analysis is the frequent absence of suitable sediments for the preservation
of pollen grains in close vicinity of steppe grasslands
and frequently also in close vicinity of densely inhabited Neolithic areas. For example, in the Czech Republic, the most suitable sediments for pollen analysis are
in peat bogs located in mountains without any traces of
Neolithic agricultural activities. Fragmentary steppe
grasslands were probably present only in the driest lowland regions of Central Europe and on alkaline soils,
which do not enable good preservation of pollen grains.
Low proportions of non-arboreal pollen in analysed
sediments cannot therefore be regarded as evidence
that open steppe and other grassland sites were completely missing in the forested landscape. Palaeobotanical studies must, in these cases, be complemented by
investigations of mollusc communities, which reflect
both the vegetation and pedological conditions. Molluscs are well preserved, particularly in alkaline soils,
and due to their reliable identification to species level,
they provide very precise information about the presence of grasslands at the small scale (Svenning, 2002).
Specific mollusc communities are therefore able to
bring a record about forest-free patches in the forested
landscape. On this basis, fragmented areas of continuous glacial steppes were identified through the whole
Holocene in the driest and warmest areas with predominantly chernozem soils and in lowlands on southexposed slopes in Central Europe. Continuous existence
of steppe grasslands was indicated by the presence of
steppe mollusc species in sediments, Chondrula tridens
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and Helicopsis striata particularly, which are unable to
survive in closed forests (Lozek, 2007). In these areas,
with annual precipitation below 500 mm, the post-glacial development of vegetation did not tend towards
forest dominance, but expansion of plant species
restricted to forests was blocked, and steppe elements
survived there from the Pleistocene. These isolated
steppe grasslands (in the lands that are now in Germany
and the Czech Republic) were the most western-located
fragments of steppe in Central Europe (Bucek et al.,
2006). Larger-scale natural wooded steppes with continuous existence from the Pleistocene with many
southern continental, Pontic–Pannonian and subMediterranean floristic elements probably existed in the
Carpathian basin in Hungary (Magyari et al., 2010). On
grasslands on south-exposed slopes, the border between
steppe and forest vegetation can be very sharp, as is
clear from some recent examples from the Czech Mid
dle Mountains (Cesk
e stredohorı) in the north-west of
the Czech Republic (Figure S2a). There have been discussions about whether the sharp border between
steppe and forest is of natural or human-induced origin
(Hilbig, 2000; Dulamsuren et al., 2005). However,
clearly natural analogies of a sharp border between
steppe and forest from the South Ural Mountains (Figure S2b) or from southern Siberia (Figure S2c) indicate
that very sharp borders can be of natural origin (see also
Horsak et al., 2010). High similarity of ‘exposition forest
steppes’ in the Czech Republic and in Russia indicates
that the existence of such grasslands was probably predetermined by natural conditions rather than by
human activity, although human activity certainly
enabled their enlargement in Central Europe.
Sediments suitable for pollen analysis were recently
discovered close to the current ‘steppe area’ in the
north-west of the Czech Republic [sediments of Ohre
(Eger) River close to village Tvrsice] and analysed by
R. Kozakova (Pokorn
y, 2011). In this unique profile,
the proportion of non-arboreal pollen was higher than
25% even during the Boreal (7000–5500 BC) before
the start of the Neolithic 5500 years BC. Pollen of
Artemisia sp., an indicator of open steppe grasslands,
was permanently high without any interruption over
the last 9000 years. Results clearly indicate natural
origin of steppe grasslands in this part of Central Europe and that typical steppe species survived the development of forests in the Pre-boreal and Boreal period
before the start of Neolithic agricultural activities in
the Atlantic period (6000–4000 BC).

Analysis of macroremains and steppe
grasslands
In addition to pollen analysis, long-term existence of
steppe grasslands in Central Europe can be indicated

by botanical macroremains of steppe species recorded
during archaeological excavations of prehistoric sites.
Such records are still rare, but they exist in Central
Europe. Important evidence has recently been made
by analysis of the early Neolithic archaeobotanical
assemblages that belonged to the Linear Pottery culture (Linienbandkeramik - LBK, 5500–4800 BC) in
South Germany (Kreuz and Sh€
afer, 2011). The structure of recorded species reflects a gradual increase in
field weeds and grassland species during this period. A
new way of land use in core areas of the LBK in lowland regions with primary grassland areas probably led
to its gradual transformation into a secondary seminatural grassland, which began to spread considerably, as
documented by the archaeological evidence of a dense
network of originating farming settlements (Benes,
2004). Grassland species whose macroremains were
recorded in South Germany in the Earliest LBK settlements were Alchemilla vulgaris, Phleum pratense, Rumex
acetosella, Stipa sp. and Trifolium spp. particularly
(Kreuz and Sh€
afer, 2011).
In north-east Austria, for example, remnants of
Stipa pennata, Teucrium chamaedrys, Asperula cynanchica
and Plantago media have been recorded in burnt
houses of late Neolithic Baden and Jenisovice Cultures
(3600–2800 BC, Kohler-Schneider and Caneppele,
2009). In the central part of the Czech Republic, wellpreserved remnants of Stipa sp. (feather grass) were
recorded in the storage pit of a Un
etick
a Culture from
the early Bronze Age (2300–1600 BC; Bieniek and
Pokorn
y, 2005). Well-preserved awns of Stipa sp. were
recorded in the storage pit in very high quantities,
indicating their intentional gathering probably for decorative or fire-making purposes. In addition, caryopses
of Stipa spp. are considered to be edible, and they
were probably collected intentionally as food. Remnants of Stipa clearly indicate there was a large area of
steppe grasslands in this part of the Czech Republic
during the Bronze Age. Recently, remnants of Stipa
pennata s. l. awns were also recorded in the same
locality in destroyed remains of houses of the
 ivn
R
acsk
a Culture from the late Neolithic (ca 3000
BC, Dobes et al., 2011). In central Poland, macroremains of S. pennata s. l. were recorded in large quantities in Neolithic settlements of the Linear Pottery
(LBK, 5400–5000 BC) and Lengyel (4400–4000 BC)
cultures in the Kujawy region (Bieniek, 2002). The
presence of this grass in archaeological situations can
be explained by gathering of this plant and by the
presence of steppe grasslands in this part of the Poland
during the Neolithic.
Based on pollen and mollusc analysis, together
with analysis of macroremains, we concluded that at
least small-scale steppe grasslands of natural origin
were present in the forest zone of Central Europe
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even before the start of agricultural activities in the
Neolithic, and they represent relicts of Pleistocene
steppes.

Herbivores and alluvial grasslands
In addition to steppe grasslands, some natural alluvial
or wetland grasslands probably existed in Central Europe before the Neolithic, in the Pre-boreal and Boreal
period. They were predetermined by floods and by the
activities of the European beaver (Castor fiber). The
presence of beaver in Central Europe during prehistory was evidenced by the discovery of its skeletal
remains (Polet et al., 1996; Kysel
y, 2005; Komosa
et al., 2007) and by characteristically cut trees (Pokorn
y, 2011). Beavers build dams on shallow rivers,
which increase the water table substantially, and
therefore, the surrounding alluvial forests become
waterlogged (Figure S3a). Trees die in waterlogged
conditions, and the result is treeless alluvial grassland
after destruction of the dam. In addition to the effects
of increasing the water table, beavers also prevent forestation by direct cutting of trees and by eating bark
of standing trees, thereby increasing their mortality.
Because of beaver activity, strips of alluvial grasslands
can be assumed to have developed around rivers even
without any human activity. Alluvial grasslands are
well supplied with water and nutrients, and therefore,
they produce large amounts of herbage of relatively
high quality during the whole vegetation season
(Hrevusova et al., 2009). We can therefore suppose
that there was selective and intensive grazing by large
herbivores on these grasslands, which would have
prevented their forestation. Density of large herbivores
can be studied using macroremains of dung beetles in
sediments (Svenning, 2002), although this has not yet
been investigated in Central Europe. In addition to
beavers, large herbivores such as wild horses (Equus
sp.), roe deer (Capreolus capreolus), red deer (Cervus elaphus), aurochs (Bos primigenius) and European bison
(Bison bonasus) were present in prehistoric forests, and
they could have maintained areas of open forests or
treeless plots with dominant grasses by grazing and in
wintertime by browsing on trees and shrubs (Vera,
2000). Hunting of large herbivores was common during the Mesolithic (9000–5500 BC) and Neolithic periods, indicating their permanent occurrence in the
landscape. Kysel
y (2005) investigated the occurrence
of bones of wildlife on thirty-nine Neolithic localities
in the Czech Republic. The most frequently hunted
animal was red deer, recorded on 69% of studied
archaeological localities, followed by roe deer (41%),
aurochs (38%), hare (Lepus europaeus, 36%), wild boar
(Sus scrofa, 36%) and beaver (23%). Although the
importance of the effect of large herbivores on the
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presence of open prehistoric forests has been much
criticized (Mitchell, 2005; Kreuz, 2008), it is highly
probable that large herbivores were able to open the
forests in places where they concentrated.
We have personally studied behaviour and grazing
ecology of European bison in the Cherga enclosure
(Russia, the Altai Mountains) in summer 2011.
Almost every tree of Larix sibirica (Figure S3b) or Betula pendula (Figure S3c) was damaged by scratching,
resulting in increased tree mortality. Although the
total density of animals was relatively low in the
enclosure (12 adults per 45 ha), all animals concentrated into a small part of the reserve where they had
opened the forest substantially. We learned that for
the development of open forest vegetation with the
presence of grassland species, it is more important that
animals are able to build up herds and to concentrate
into particular places where they affect the forest vegetation heavily, rather than achieving a particular
mean density of animals per total area of the reserve.
In winter, bison stripped shrubs and trees and
browsed twigs if left for several days without any supplementary feeding. The most preferred woody plants
were Salix sp. and Betula pendula. A similar experience
with winter feeding of bison was recorded in the
Białowieza old-growth forest in Poland by Kowalczyk
et al. (2011). The amount of woody materials (trees
and shrubs) consumed by bison increased with
decreasing access to supplementary fodder, ranging
from 16% in intensively fed bison to 65% in non-fed
bison utilizing forest habitats. Conversely, the amount
of forbs, grasses and sedges decreased from 82% in
intensively fed bison to 32% in non-fed bison utilizing
forest habitats. The woody species that were browsed
by bison were mainly Carpinus betulus, Corylus avellana,
Betula sp. and Salix sp. We personally recorded similar
feeding behaviour and stripping of trees in winter
enclosures with red and roe deer and also with Highland cattle, in the Giant Mountains. During the Middle Ages, there was a progressive increase in grazing
by cattle and horses and pannage of pigs, especially in
open deciduous forests. This competition for food,
together with hunting, resulted in extinction of the
aurochs, and the last specimen died in Poland in 1627
(Szafer, 1968). Since that time, the key driver for
maintaining the grassland area in Central Europe has
predominantly been provided by domesticated
animals. Finally, we concluded that large herbivores
were able to open Quercus forests in Central Europe,
but not equally at all sites. The herbivores were able
to maintain fragments of grasslands in places where
they concentrated. Such small-scale grasslands, which
can hardly be detected by pollen analysis, probably
enabled the survival of grassland species in a predominantly forested landscape.
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Alpine grasslands
Alpine grasslands are common in areas above the
upper tree limit in large mountain regions such as the
Carpathians (Kliment et al., 2010) and the Alps
(Mayer and Erschbamer, 2011). A small area of (sub)
alpine grasslands also occurs in the Hercynial middle
mountains of Central Europe, in the Hrub
y Jesenık
Mts. (Altvatergebirge in German) with the highest
peak Mt. Prad
ed (1493 m a.s.l.) in the north-eastern
part of the Czech Republic, in the Kralick
y Sn
eznık
 znika and Glatzer Schneegebirge in
Mts. (Masyw Snie
Polish and German, respectively) with the highest
peak Mt. Kralick
y Sn
eznık (1424 m a.s.l.) in the Polish–Czech borderland, in the Giant Mts. (Krkonose,
Karkonosze and Riesengebirge in Czech, Polish and
German) with the highest peak Mt. Sn
ezka
(1602 m a.s.l., Figure S4) also on the Polish–Czech
border, and in the Harz Mts. with the highest peak
Mt. Brocken (1142 m a.s.l.) in central Germany. The
upper tree limit (sensu K€
orner, 1999) decreases from
east to west and is at 1310, 1310, 1230 and
1100 m a.s.l. in the Hrub
y Jesenık Mts., in the Kralick
y Sneznık Mts., in the Giant Mts. and in the Harz
Mts. respectively (Treml and Banas, 2000; Nov
ak et al.,
2010; Hertel and Sch€
oling, 2011). Despite doubts
about the areas of natural alpine grasslands in these
mountains and historical fluctuations of the upper tree
limit, continuous existence of alpine grassland vegetation in the Hrub
y Jesenık Mts. over the last
5000 years is supported by results of pollen analyses
(Rybnıcek and Rybnıckov
a, 2004; Treml et al., 2008;
ak et al., 2010), by the presence of charcoal of the
Nov
heliophyte Juniperus communis subsp. alpina in the soil
profile (Nov
ak et al., 2010) and, over the last
10 000 years, by the presence of patterned tundra
soils (soil material sorted according to size by melting
and freezing of soil water), which cannot survive
under dense forest vegetation, and also by the survival
of several arctic–alpine and other plant species typical
of open stands from glacial times until the present,
particularly Bartsia alpina, Campanula barbata, endemic
C. gelida, Carex bigelowii, Gentiana punctata, Hieracium
alpinum agg., Hypochoeris uniflora, Juncus trifidus, Juniperus communis subsp. alpina, Phleum rhaeticum, Potentilla
aurea, Rhinanthus pulcher, Salix herbacea and Viola lutea
subsp. sudetica (Jenık, 1961; Kub
at et al., 2002). In the
Hrub
y Jesenık Mts., the first fires indicating human
activities on the top of mountains are dated according
to 14C analysis of charcoal discovered in the soil profile of alpine grasslands into the second or the first
century BC (Nov
ak et al., 2010). Alpine grasslands
were largely used for hay making and cattle grazing
from the late Middle Ages, and the most intensive
agricultural exploitation occurred in the 18th and

19th centuries; lately, they have been abandoned as
agricultural activities became uneconomic (Rybnıcek
and Rybnıckov
a, 2004).
In the Kralick
y Sn
eznık Mts., alpine grasslands are
developed only on the top of the Kralick
y Sn
eznık
Mountain itself. Arctic–alpine and other plant species
that have survived there since the last glaciation until
today include Campanula barbata, Hieracium alpinum
agg., Hypochoeris uniflora, Potentilla aurea, Rhinanthus
pulcher and Viola lutea subsp. sudetica (Jenık, 1961;
Kub
at et al., 2002).
In the Giant Mts., alpine grasslands are present on
both of the highly elevated plateaus and have existed
over the last 10 000 years. This is documented by the
proportion of non-arboreal pollen, which comprises
more than 10% in pollen diagrams of peat bogs on
the top of mountains (Speranza et al., 2000; Jankovsk
a, 2004; Svobodova, 2004; Treml et al., 2008).
Although 10% of non-arboreal pollen seems a low
proportion, the presence of Pinus mugo shrubs on the
top of mountains, which produces very high amounts
of pollen, would have reduced the proportion of nonarboreal pollen. In addition, there is a presence of
patterned soils together with high number of arctic–
alpine and other species typical of open stands, which
have survived from the glaciation: Bartsia alpina, endemic Campanula bohemica, Carex bigelowii, Gnaphalium
supinum, Hieracium alpinum agg., Hypochoeris uniflora,
Juncus trifidus, Phleum rhaeticum, Potentilla aurea, Primula minima, Pulsatilla alpina, Rhinanthus pulcher, Salix
herbacea, Saxifraga oppositifolia, Rubus chamaemorus, and
Viola lutea subsp. sudetica particularly (Jenık, 1961;
Kub
at et al., 2002; Kaplan, 2012). Although alpine
grasslands are considered to be natural in the Giant
Mountains, they were substantially enlarged by cutting of Pinus mugo shrubby stands to enlarge the area
for cattle grazing and hay making, which was carried
out intensively from the 16th to the 19th centuries
(Lokvenc, 1978; Hejcman et al., 2006; Figure S4). All
agricultural activities on the top of mountains were
terminated after the resettlement of German inhabitants after World War II (Semelov
a et al., 2008).
In the Harz Mountains, the area of alpine grasslands is restricted to the top of the Brocken Mountain
itself. Arctic–alpine and other plant species typical of
open stands that have survived there from the glaciation until today include Hieracium alpinum, H. nigrescens agg. and Pulsatilla alpina (Damm, 1994).
Alpine grasslands in the Hercynian mountains can
be divided into low-production swards, especially with
Nardus stricta and Avenella flexuosa as dominant grasses,
medium-production swards with dominance of
Calamagrostis villosa, C. arundinacea or Molinia caerulea
on places with higher nutrient availability and, finally,
highly productive grasslands with a dominance of tall
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forbs and ferns such as Adenostyles alliariae (not in the
Harz), Athyrium distentifolium and Cicerbita alpina typical of alluvial plains and the lower parts of avalanche
tracks well supplied by water and nutrients (Damm,
1994; Hejcman et al., 2005, 2009, 2010b; Chytr
y,
2007).
We have concluded therefore that, historically,
there have been three main categories of natural
grasslands in Central Europe: fragmentary steppe
grasslands in lowland regions especially on south-facing exposed slopes; alluvial grasslands maintained by
flooding, beaver-induced deforestation and the subsequent grazing by large herbivores; and (sub)alpine
grasslands situated above the upper tree limit. In addition, some additional temporary grasslands probably
existed in forests because of disturbances created by
wind, fires and landslides.

Origin of seminatural grasslands in
Central Europe
It is likely that Central Europe was densely forested in
the Holocene climatic optimum (also called the Atlantic period). There are also indications of differences
between fully forested regions and areas of semi-open
landscape. The ‘virgin forest’ cannot be perceived as a
closed canopy cover, but more or less as an open mixture of woodland with scattered islands of small
steppe-like areas in the lowlands. This concept was
developed by Lozek (1973, 1981, 2007) on the basis of
malacostratigraphic data, postulating a continuity of
xerothermic herbaceous vegetation in some Czech
regions. Important changes in the natural forest composition occurred during the Holocene climatic optimum (Benes, 2004). At all altitudinal zones, previous
pine- and/or birch-dominated woodlands were
replaced by a new set of forest trees. In the lowlands,
mixed oak woodlands developed, characterized by the
occurrence of broadleaf trees (Quercus, Tilia, Ulmus,
Corylus, Fraxinus) (Pokorn
y, 2004). How open the
woodland actually was, and how much energy was
spent by humans in its initial clearing, is still being
researched. The origin of seminatural grasslands
should be connected with the presence of Neolithic
settlers (LBK culture, 5500–4800 BC) and with their
preference for loess-based soils (Bellwood, 2005; Pavl
u
and Zapotock
a, 2007). Although Czech LBK sites generally correspond with loess-based soils, this correlation is not quite strict. It is little realized that the
distribution of LBK sites in the Czech Republic more
accurately reflects a relationship with easily tilled soils,
rather than the fertile but heavy chernozem soils. In
younger Neolithic periods [Stroked Pottery (4800–
4000 BC) and Lengyel (4300–4000 BC) cultures)],
there is a greater tendency to occupy heavier soils
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(Rulf, 1983). It is uncertain whether these soil preferences reflect the actual settlement choices of the earliest farmers, or whether this process indirectly records
the expansion of secondary anthropogenic grassland
and therefore an increase in the development of chernozem soils. The second possibility seems more probable (Benes, 2004). The start of agricultural activities
can be detected by a decrease in the proportion of pollen of woody species in sediments and by an increase
in pollen of non-arboreal species in forested Central
Europe. The presence of arable agriculture is indicated
by pollen of cereals, wind-pollinated Secale cereale
being the most frequent, and of arable-field weeds
from the families Chenopodiaceae, Brassicaceae and
Poaceae and determinable weedy species such as
Centaurea cyanus or Polygonum aviculare in sediments
(Kreuz, 2008; Margielewski et al., 2010). A problem of
pollen analysis is the inability to determine many taxa
at the level of individual species according to their pollen; therefore, in many cases, the pollen analysis must
be supplemented by other methods such as macroremains or phytolite analyses to determine the presence
of individual plant species in the landscape. A species
with easily determinable pollen is Plantago lanceolata,
and this species is considered to be a good indicator of
seminatural grasslands in the landscape (Poschlod and
Baumann, 2010; Brun, 2011). An advantage of
P. lanceolata is its occurrence in all types of grasslands
irrespective of biomass production and soil pH. In the
Rengen Grassland Experiment (SW Germany) for
example, P. lanceolata was the only forb species
recorded in all fertilizer treatments, from the low-productive Nardus stricta grassland with annual herbage
production of 3 t ha 11 in the control up to the tall
grass community under NPK application with dominant Arrhenatherum elatius and herbage production of
over 10 t ha 1 (Hejcman et al., 2010a; Figure S5).
Pollen of Plantago lanceolata together with pollen of
Calluna vulgaris and Artemisia sp. was present in sediments from Zah
ajı (Czech Republic) continuously over
the last 5000 years, indicating continuous existence of
seminatural grasslands in this lowland site since the
late Neolithic, and this is in accordance with remnants
of settlement activities revealed by archaeological
research (Pokorn
y, 2005). In the Tisice locality close
to Elbe River, a lowland site 30 km east of Zah
ajı,
seminatural grasslands existed, according to the presence of pollen of P. lanceolata in sediments, since the
late Bronze Age (1000 BC). This indicates high regional variability in the area of seminatural grasslands in
prehistory even in the most productive lowland
regions of Czech Republic.
Using charcoal of woody species in the soil profile
together with pollen analysis of alluvial sediments,
Poschlod and Baumann (2010) suppose a continuous
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existence of dry calcareous grasslands in Franconia
(Bavaria, southern Germany), certainly from Roman
times (approximately 30 BC) and most probably since
at least the early Bronze Age (1800 BC). This assumption is based on the presence of charcoal and pollen
grains of the light-demanding shrub Juniperus communis subsp. communis. This shrub is typical for open pastures in Central Europe and cannot survive for a long
time in closed forests that are not grazed by livestock.
In addition, the amount of J. communis pollen in alluvial sediments was well correlated with pollen of typical grassland taxa such as Plantago lanceolata, Galium
type, Apiaceae, Ranunculaceae and Ballota/Galeopsis
types. Another example comes from the central part
of the Czech Republic. Charcoal of J. communis has
been recorded in the infill of sunken houses from the
6th and 7th century AD in Roztoky close to Prague
(Novak et al., 2012). The presence of charcoal in
houses indicates the use of J. communis as firewood
and also the existence of large pastures in the valley
of the Vltava (Moldau) River around the village.
Another indicator of grasslands and ruderal sites in
the landscape with identifiable pollen is Urtica dioica
(Kozakova and Kaplan, 2006). A disadvantage of this
species is its occurrence also in alluvial forests and its
affinity to soils that are well supplied with N, P and K.
Therefore, an increase in pollen of U. dioica in sediments can indicate human settlement activity in the
landscape and also intensive livestock grazing. Urtica
dioica can become a dominant species within 2 or
3 years of increased nutrient availability, as documented by Hejcman et al. (2012). According to our
personal observations and other reports (e.g. Taylor,
2009), U. dioica is generally avoided by grazing animals but is consumed in the form of hay and silage, or
as fertile parts of fresh plants in the autumn, and as
whole plants after the first winter frosts, which interrupt the antiherbivore function of its stinging trichomes. Urtica dioica was a common species in the first
agricultural settlements since the LBK Culture in Central Europe, as evidenced by its presence in pollen diagrams and by frequently recorded remnants of seeds
in sediments and cultural layers (Bakels, 1992; Margielewski et al., 2010; Out, 2010). The next indicator
of grasslands and ruderal sites since prehistory is
Trifolium repens-type pollen (a strict determination of
T. repens according to its pollen is not possible). As
T. repens is an insect-pollinated species, only a relatively small amount of its pollen is frequently recorded
in sediments, as compared with many wind-pollinated
species (Brun, 2011). During the period from the start
of the Neolithic until the Iron Ages, the area of grasslands and arable fields was relatively small in Central
Europe, and forests still predominated, even in the
most densely populated lowland regions with loess

soils (Pokorn
y, 2005, 2011). Large-scale deforestation
is supposed to have started around 1000 BC in Central
Europe (Kaplan et al., 2009), causing extensive soil
erosion (Benes, 1995). Despite the forest dominance,
it is important to note that many prehistoric settlements were located on the border of present-day
extraordinarily species-rich calcareous grasslands, indicating their long-term continuity in the landscape
ajkov
a
since at least the Iron Age (P€artel et al., 2007; H
et al., 2011). Seminatural grasslands in close vicinity of
Neolithic settlements in Central Europe can be identified according to macroremains of grasses typical for
managed grasslands. Grazing-tolerant Phleum pratense
was the most common grass species recorded in prehistoric settlements in South Germany since the Neolithic (Kreuz and Sh€
afer, 2011). In the Czech
Republic, the oldest record of Anthoxanthum odoratum,
a species typical for low-production grasslands across a
wide altitudinal range, is of two caryopses discovered
during archaeological excavations of the hillfort
 ivn
Denemark close to Kutn
a Hora (R
acsk
a Culture,
 ıkov
3000–2800 BC) (Cul
a, 2008).
In the Czech lowlands, the highest wave of deforestation was recorded after the 13th century AD,
when the structure of contemporary high medieval
settlements was established. The vicinities of many
towns were free of forests in the 15th century, as was
evidenced by the low proportion of pollen of arboreal
species in anthropogenic sediments collected from the
main Czech towns (Benes et al., 2002; Koz
akov
a et al.,
2009; Jankovsk
a, 2011). Low proportions of forests in
the vicinity of towns were also documented in written
records, and the shortage of high-quality timber was
responsible for the first known restrictions of livestock
grazing in forests (Novotn
y, 2000). In addition, high
numbers of macroremains of different grassland species were recorded in anthropogenic and natural alluvial sediments collected during archaeological research
of medieval settlements in the Czech Republic
 ıkov
(Cul
a, 1994, 1999, 2003, 2011; Opravil, 2000). In
Prague, for example, macroremains of more than 300
plant species were recorded in the Vltava River and
anthropogenic sediments from the 8th to 14th centu ıkov
ries, as described in detail by Cul
a (2010). Mesophilic, probably cut, grasslands (order Arrhenatherion
elatioris) were represented by macroremains of forbs
including Achillea millefolium, Campanula patula, Cerastium vulgare, Chrysanthemum leucanthemum, Crepis biennis,
Galium mollugo, Heracleum sphondylium, Hypericum perforatum and Knautia arvensis. Indicators of mesophilic
pastures (order Cynosurion cristati) were rosette and
prostrate species such as Leontodon autumnalis, L. hispidus, Medicago lupulina, Plantago lanceolata, P. media,
Prunella vulgaris, Taraxacum officinale agg. and Trifolium
repens. Indicators of alluvial grasslands (order
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Deschampsion cespitosae) were Glechoma hederacea, Lychnis flos-cuculi, Potentilla repens, Ranunculus acer, R. repens,
Rumex acetosa, R. crispus, R. obtusifolius, Stellaria graminea and Sysimbrium officinale. Wetland grasslands (order
Calthion palustris) were represented by macroremains
of Caltha palustris, Carex flava, C. nigra, Juncus spp.,
Epilobium hirsutum, Filipendula ulmaria, Lysimachia vulgaris, Linum catharticum, Lythrum salicaria, Scirpus sylvaticus, Theucrium flavum and Viola palustris. Grasslands of
temporary wet soils (order Molinion caeruleae) were
represented by Angelica sylvestris, Betonica officinalis,
Potentilla erecta, Dianthus superbus, Hypericum tetrapterum
and Stachys palustris. Discovered indicators of dry grasslands (order Bromion erecti) were Agrimonia eupatoria,
Anthemis tinctoria, Calamintha clinopodium, Dianthus
armeria, D. carthusianorum, Hieracium pilosella, Medicago
minima, Origanum vulgare, Potentilla argentea, Stachys
erecta, Silene vulgaris and Thalictrum minus. Also of
interest was the discovery in the surroundings of Prague of macroremnants of Orlaya grandiflora and Turgenia latifolia, which are species of dry grasslands that
are now extinct in that area. Orlaya grandiflora is today
restricted to the P
alava hills in SE part of Czech
Republic (Koz
akov
a and Pokorn
y, 2007). High numbers of recorded species indicate very high species
diversity of seminatural grasslands in the surrounding
of Prague in the Middle Ages. Based on all these macroremains analyses, we concluded that (i) there was
generally high diversity of seminatural grasslands in
the cultural landscape in the Middle Ages, and (ii)
individual grassland communities were generally species rich, in many cases probably more species rich
than today. A high decline in species richness of grasslands has been recorded; especially in the last sixty
years, as many grasslands were abandoned or intensified (Bochenkov
a et al., 2012; Pavl
u et al., 2012).

Honey and its use for the study of
grassland history
The presence of many insect-pollinated grassland species in the landscape in different historical periods can
be studied using anthropogenic sediments in cesspits
or in vessels placed in graves, which were originally
filled with honey or products made from honey. From
prehistoric times until the 19th century, honey was
the main sweetener in Europe. The pollen spectrum
in honey reflects the spectrum of insect-pollinated
species in the landscape and therefore the geographical origin of the honey (Anklam, 1998). After the use
of the honey as a foodstuff, the pollen it contains
accumulates in faecal sediments, because pollen grains
are not destroyed by cooking or by the human digestive tract (Jankovsk
a, 1987). By pollen analysis, the
import of honey from floristically different regions can
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be well identified. For example, Deforce (2010) determined that honey used by the aristocracy in Bruges
(Belgium) in the 15th century was imported from the
western Mediterranean, as the cesspit sediments were
rich in pollen of insect-pollinated species typical for
Spain. Calluna vulgaris has frequently been recorded in
cesspit sediments, and this species was substantially
more common during the late Middle Ages than it is
today in the Czech Republic, and it indicates the presence of oligotrophic acid pastures in the neighbourhood of large medieval towns (Koz
akov
a et al., 2009;
Jankovsk
a, 2011). Food prepared from Avena sativa
and sweetened with honey was identified in a ceramic
vessel from a grave from the 10th century close to
Libice above the Cidlina River in the central part of
the Czech Republic by Pokorn
y and Marık (2006).
Honey of local origin was identified according to dominance of insect-pollinated species in the sediment and
according to the presence of immature pollen grains
that can be transported only by insects from flowers.
Species richness of pollen grains was very high in
comparison with recent honey, indicating high diversity of biotopes in the landscape of the 10th century.
Taxa indicating the presence of alluvial grasslands
were Filipendula, Cirsium, Carduus, Centaurea jacea type,
Plantago lanceolata, Campanula, Daucus type, Mentha
type, Rhinanthus, Asteraceae, Lamiaceae, Serratula type
and Peucedanum type. Taxa indicating the presence of
dry grasslands were Helianthemum, Hypericum perforatum type, Calluna vulgaris, Brassicaceae, Artemisia, Poaceae, Centaurea scabiosa, Aster type, Rubiaceae, Anthemis
type, Plantago media, Gentianella germanica type, Pulsatilla and Sedum. A wide spectrum of identified species
indicates that honey was collected in autumn, as both
early- and late-flowering species were recorded
together. Local origin of the honey can be supposed
because of the presence of pollen of Nymphoides peltata,
a water plant that occurs in the lowland region of the
Czech Republic where the vessel with honey remnants
was discovered. Pollen of arable weeds was almost
absent, indicating the presence of grasslands and alluvial forests (pollen of Tilia cordata, Alnus glutinosa and
Humulus lupulus) in the neighbourhood of the hive.
High diversity and species richness of grasslands in the
study area in the 10th century, and with few or no
arable fields in the area’s close vicinity, were also in
accordance with the results of palynological analysis of
alluvial and anthropogenic sediments performed by
Koz
akov
a and Kaplan (2006) and by macroremains
analyses of anthropogenic sediments performed by
 ıkov
Cul
a (1999, 2006). As shown by this unique finding, remnants of honey discovered during archaeological excavations are extremely valuable for the study of
vegetation history with respect to insect-pollinated
plant species and for grasslands particularly.
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History of pastures and meadows
According to their management, seminatural grasslands can be divided into pastures, meadows and
grazed meadows. Pastures are managed by livestock
grazing, meadows are managed by regular cutting,
and grazed meadows are cut in spring and then grazed
in summer and/or in autumn (Pavl
u et al., 2007; Hejcman et al., 2010c). We use this clear and simple categorization of seminatural grasslands according to their
management as this terminology is well followed in
the agronomic literature (Allen et al., 2011), although
not in archaeology or ecology. In archaeological or
ecological literature, the term ‘pasture’ is frequently
used for low-productive grasslands and ‘meadow’ for
highly productive grasslands, irrespective of their
actual management. In the classification study of
grassland vegetation by Rozbrojova et al. (2010), for
example, the terms ‘meadow’ or ‘pasture’ are derived
from the knowledge of plant species composition
without information about real grassland management. In the period from the Neolithic up to the Iron
Age, only pastures (from the management point of
view) and forest pastures existed because there were
no tools available for extensive grass cutting. From
Neolithic times up to the Middle Ages, and in some
regions up to modern times, leaf fodder from woody
species was frequently used instead of grass hay or
silage for the winter feeding of livestock. The most
valuable woody species were Acer spp., Corylus avellana, Fraxinus spp., Quercus spp., Tilia spp., Salix spp.
and Ulmus spp. (S
adlo et al., 2005; Delhon et al.,
2008), although collection of other species, even
coniferous species, has also been recorded. In addition
to woody species, species with wintergreen leaves
such as Hedera helix and Viscum album were also
collected during the wintertime and used as green fodder for livestock (Deforce et al., 2012). Collection of
leaf fodder was replaced by hay making in many
regions because hay making was, according to the
amount of herbage dry matter collected per unit of
time, at least ten times more efficient than the collection of leaf fodder. In addition, the intake rate of cattle
is much higher on hay than on dried leaves of shrubs
and trees (Prins, 1998).
The first iron short scythes suitable for cutting
grasslands come from the Iron Age and are dated to
the 7th–6th century BC (Beranov
a and Kubac
ak,
2010). Therefore, in Central Europe, hay meadows
could not be established before the late Hallstatt Period (ca 600 BC). In the Czech Republic, the oldest
scythes discovered so far come from the depot of iron
agricultural instruments hidden under the floor of a
sunken house from the 5th century BC, in Ch
ynov
near Prague. The next oldest scythes were from two

depots from the 1st century BC, discovered in Kolın
and in Str
adonice close to Beroun (Waldhauser,
2001). In South Germany, existence of hay meadows
from the La T
ene period (500–0 BC) is documented by
macroremains of Arrhenatherum elatius (Kreuz and
afer, 2011), a grass species that is typical for cut
Sh€
grasslands and which suffers under intensive grazing
(Mahmoud et al., 1975). Hay making is indisputably
connected with the enlargement of arable fields and
with the use of cattle as draught animals for ploughing
and soil preparation. Ploughing and soil preparation
before seeding is a very costly operation in terms of
energy, and therefore, good winter feeding of draught
animals with high-quality hay was necessary to have
them in good physical condition for spring work
(Prins, 1998). In addition, the breeding of horses for
military and transport purposes was common from the
Iron Age, and these horses also required high-quality
forage over winter to maintain them in good condition
all times.
Long scythes of today’s shape have been used since
the Middle Ages. The oldest discovered long scythe
from archaeological sources comes from Belgium from
the 8th century AD, and the oldest illustration of the
long scythe is from Handwritings of Charles the Great
from the 9th century (Kl
apst
e, 2006). In the Czech
Republic, the oldest long scythe comes from the turn
of the 13th and 14th centuries from archaeological
excavations of the small castle of Bradlo (Beranov
a
and Kubac
ak, 2010). Although it seems certain that
some hay meadows existed in the landscape in the
Middle Ages, large-scale enlargement of hay meadows
was not recorded until the 18th century, when the
livestock were moved into barns for the whole year to
produce farm yard manure, which was used to
increase crop production on arable land in many
regions of Central Europe (Petr
asek, 1972). Existence
of hay meadows from the Middle Ages is documented
by the macroremains of the tall grass Arrhenatherum
elatius discovered in several Czech medieval towns
 ıkov
(Cul
a, 1994, 1999). In the town of Most, for
example, written records from the 14th century document the existence of meadows (Kl
apst
e, 2006). Hay
meadows belonging to the town were under juridical
protection, and the sale of fresh herbage or hay from
them out of the town was strictly prohibited. In this
unique case, the written records are in excellent
agreement with results of archaeobotanical research–
with the presence of A. elatius caryopses in sediments
from the 14th century.
The existence of hay meadows is also documented
by several medieval illuminations with a motif of hay
making, from the discovery of scythes during archaeological excavations of several deserted medieval villages
from the 15th century (Kl
apst
e, 2006), and finally by
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written testimony of the first Czech chronicler Kosmas
(1045 (?)–1125) of Sadsk
a, a settlement 30 km east of
Prague, which was surrounded by meadows during his
lifetime. Evidence of hay making is also indicated indirectly by pottery shards collected on former arable
fields. The oldest pottery shards that were applied with
manuring on former fields come from the 13th century;
it is likely that they were thrown away with household
waste into the farmyard manure and then redistributed
on the field (Kl
apst
e, 2006). To produce manure, livestock were kept for at least part of the year in barns and
fed with hay. Pottery shards as manuring scatters that
were collected in deserted villages on former arable
fields thus indicate (i) the presence of hay meadows in
the landscape and hay production,(ii) housing of livestock, (iii) intensity of manure application on arable
fields and (iv) transport of nutrients from grasslands to
arable fields. There is evidence of the stalling of cattle in
the Netherlands and western Germany at least since
the Iron Age (Prins, 1998), but not before the 13th century in the Czech Republic.
Since the 18th century, large areas of pasture have
been converted into either arable land or hay meadows, and grazing in forests was prohibited because of
a general shortage of wood in the territory of the
Czech Republic (Novotn
y, 2000). Remnants of former
pasturelands in Central Europe that represent grasslands with a presence of scattered shrubs of Juniperus
communis subsp. communis, which were common in the
past, are present today only in several nature reserves
in the Czech Republic (Chytr
y et al., 2010) or in Germany (Figure S6). Remnants of pasturelands are more
common in the mountain regions of Slovakia, Ukraine
or Romania, where grazing management is still practised (Bucek, 2000).
Forests grazed by livestock were generally open,
short and with a dense and species-rich understorey of
grassland species up until the 19th century in the
Czech Republic. In addition, there were diffuse borders between grasslands and forests. Strict borders
between forests and grasslands developed in the 19th
century when a stable cadastre (land register) was
established. Each plot had a strictly defined purpose
for the calculation of land taxes and the intensification
of landscape management. As the landscape changed
rapidly during that time, aristocrats started to establish
‘English parks’ with scattered trees and short swards,
which retained the style of the open pasture landscape
that had been present in Central Europe from prehistory until the 18th century (Bucek, 2000; Novotn
y,
2000). Tall and dense forests as we know them today,
with low numbers of grassland and other species and
low biomass of the understorey, are thus a result of
modern forest management in the last two centuries
in Central Europe.
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Grasslands were not only established, but they also
disappeared frequently from the landscape in different
historical periods. An example is the La T
ene Iron Age
hillfort at Vladar, in the western Czech Republic,
where grasslands existed approximately from the
establishment of the fortification (400 BC to ca 0 BC)
according to the evidence showing that the proportion
of non-arboreal pollen in water-cistern sediments was
higher than 50% (Pokorn
y et al., 2006). There was
then a sudden event, most probably of military origin,
resulting in a major fire (evidenced by melted stones
of the fortification and charcoal layers), which terminated life in the hillfort and its neighbourhood. The
area was naturally reforested as the proportion of
non-arboreal pollen decreased suddenly to <10% and
the proportion of pioneer woody species Betula (pendula)
increased sharply. The next grasslands appeared in the
9th century AD, and they continue to the present. In
addition, there are many deserted medieval villages
together with their former grasslands in contemporary
forests in Central Europe. Many of them disappeared
during the Hussite wars in the 15th century or during
the Thirty Years’ War in the 17th century (Kl
apst
e,
2006; Klır, 2010; Hejcman et al., 2013). In contrast,
many medieval arable fields at higher elevations were
converted into grasslands during the Little Ice Age in
the 17th century because arable farming became ineffective; this is indicated by analysis from the Bohemian Forest Mts. (Bayer and Benes, 2004). In the
Czech Republic, the last villages, together with their
grasslands, disappeared and were artificially or naturally reforested after resettlement of German inhabitants after World War II (Vojta, 2007). Many such
villages were not settled again because of reasons connected with the post-1945 ‘Cold War’– they were in
mountain and upland areas close to the border with
Austria and Germany where non-populated military
zones were designated.

Transport of seeds of grassland species
through Europe
A frequently discussed question has been the transport
of diaspores of grassland species during the colonization of new areas and establishment of seminatural
grasslands. The natural transport of diaspores by windstorms was the main driver for the dispersal of species
over long distances independent of human activities
(S
adlo et al., 2005). In addition, since prehistory, there
have been intensive movements of people and livestock among the different regions of Europe because
of trade and wars. These movements are also associated with epizoochoric and endozoochoric transport of
germinable diaspores of many grassland species. We
recorded, for example, massive germination of
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Trifolium repens in cattle faeces (Hejcman, 2005), indicating the ability of legumes to be transported via endozoochory. There are several methods for estimating
historical livestock movement and therefore the
potential for transport of diaspores. Viner et al. (2010),
using strontium isotopic analysis of late Neolithic cattle teeth from Durrington Walls (Wiltshire, UK), determined that only two of thirteen animals were native
in the area; the others came from regions that were at
least 100 km distant. Although such analysis has not
yet been performed in Central Europe, we can suppose that similar movements of cattle would have
taken place. Different examples of livestock movements over long distances obtained from written historical records include the war expeditions of the
Czech Duke Bretislav I (Czech ruler in the period
1034–1055). Several settlements were relocated,
together with their inhabitants and their livestock,
from Poland into Czech territory in year 1039 as a
result of its successful military attack of Poland. As the
people came from the neighbourhood of the Hedce
castle (Giecz in Polish; close to Pozna
n), they established two villages with names of Hedcany in the eastemlicka,
ern and central part of the Czech Republic (Z
1997). Resettlement of people, seizure of livestock and
their transport over long distances were common practice during war expeditions in the Middle Ages, thus
enabling massive transport of diaspores of grassland
species between different regions. The next source of
information is provided by archaeology. Many different objects originating from the Mediterranean area
have been discovered during archaeological excavations in the Czech Republic and other countries north
of the Alps, indicating intensive movement of people,
animals and transport of goods through the Alps since
at least the Bronze Age (Venclov
a et al., 2008). There
is also evidence that jewellery made from the black
sedimentary rock sapropelite in the third century BC
close to Prague was transported into Austria, Hungary,
Slovakia, Germany and other regions (Blazkov
a et al.,
2011). Long-distance transport of goods involved animals, especially horses, and therefore caused transport
of diaspores of grassland species.
The next example of livestock and transport of
diaspores is transhumance. In southern Germany,
shepherding was common in the 19th century, and
the distance between summer pastures in the Swabian
Alb and winter pastures in the Lake Constance basin,
or the Rhine Valley, was several hundred kilometres
(Poschlod and WallisDeVries, 2002). As was demonstrated by Fischer et al. (1996), more than 8500 diaspores of eighty five plant species can be found in the
fleece of an individual sheep. Although generally
underestimated, livestock movement and transhumance have enabled massive transport of diaspores of

grassland species within the landscape and therefore
genetic communication between populations of grassland species.
There are also direct written examples how people
intentionally transported grassland species. Together
with their cattle, the timber-working families who
resettled from the Alps to the Giant Mountains in the
16th century intentionally took Rumex alpinus from
their fatherland as a vegetable, forage and medicinal
tastn
plant (S
a et al., 2010). Today, R. alpinus is a troublesome grassland weedy species on soils that are well
supplied with water and nutrients in the Giant Mountains. Onobrychis viciifolia, a legume native in the Mediterranean, was used as a fodder plant in Central
Europe from the 16th century (Poschlod and WallisDeVries, 2002). Today, O. viciifolia is considered as a
characteristic plant of species-rich calcareous grasslands in many countries north of the Alps. Arrhenatherum elatius is the dominant grass species of two-cut
lowland meadows in Central Europe (Chytr
y, 2012),
but the species was probably rare in Central Europe
before modern times. Some authors have suggested
that A. elatius was a neophytic species (i.e. it appeared
after 1492) in Central Europe (Pysek et al., 2002;
Poschlod et al., 2009), but results of macroremain
analyses from several archaeological localities in South
Germany indicate that the species was present in Central Europe since La T
ene period (Kreuz and Sh€
afer,
2011). Discovery of A. elatius in medieval sediments in
 ıkov
the Czech Republic (Cul
a, 1994) was the reason
for the reclassification of this species from neophytic
to archeophytic (appeared before 1492) in the list of
alien species in Czech Republic (Pysek et al., 2012).
One of the oldest records of A. elatius in the Czech
Republic comes from Libice nad Cidlinou from the
 ıkov
10th century (Cul
a, 1999, 2006). In this locality,
remnants of A. elatius seeds were recorded together
with seeds of many other typical grassland grasses
such as Agrostis stolonifera, Brachypodium pinnatum,
Dactylis glomerata, Elytrigia repens, Festuca pratensis,
F. ovina, Lolium perenne, Phleum pratense, Poa pratensis
and Trisetum flavescens, the forbs Centaurea jacea,
Geranium pratense, Hypericum perforatum and Knautia
arvensis, and legumes Lathyrus pratensis, Lotus uliginosus,
Medicago falcata, Secugirea varia, Trifolium hybridum,
Vicia hirsuta, V. sativa subsp. angustifolia, V. sepium and
V. tetrasperma. The large-scale spread of A. elatius has
been recorded since the 18th century and still continues. This spread was enabled by the decline of grazing
management and by an increase in the proportion of
hay meadows from the grassland area in Central Europe in the 18th and 19th centuries (Bucek, 2000). In
addition, recent spread of A. elatius into species-rich
dry grasslands has been supported by their absence of
management, or infrequent defoliation management,
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together with high deposition of nitrogen compounds
(Fiala et al., 2011; Dost
alek and Frantık, 2012).

Development of the grassland area
from the 17th century to 2009: an
example of a typical central European
mountain village
To demonstrate the dynamics of land use in relation
to grassland management, the mountain village of
Oldrichov v H
ajich (Ullersdorf in German) in the
Jizera Mountains (Jizersk
e hory, G
ory Izerskie and
Isergebirge in Czech, Polish and German) located in
the borderland between the Czech Republic, Poland
and Germany was selected. This village was chosen
because its development in terms of total agricultural
area, and proportions of grasslands and arable land, is
directly comparable to that of many mountain villages

in Central Europe (Strobach,
2010). The background
for this case study was the chronicle of the village
(Ulrych, 2006), the historical map of stable cadastre
from the year 1843 and military aerial photographs
collected in years 1938 and 2003. The first written
records about this village come from an Urbarium (a
special book for economic survey) from the year 1381.
The 13th and 14th centuries were the time of ‘colonization’ in Central Europe, when mountain areas were
gradually settled, deforested and used for agricultural
activities (Kl
apst
e, 2006). The inhabitants of Oldrichov
worked as woodcutters; however, they also kept some
cattle and paid a tax from their grasslands. The first
written record about the area of agricultural land is
from the year 1651, and the number of livestock was
counted in 1654 for the first time to provide an economic survey for the payment of taxes. The total agricultural area was approximately 150 ha in year 1651,
but more than 400 ha was recorded in the period
from the second half of the 18th century to the first
half of the 20th century (Figure S7). Then, there was
a decrease recorded in the area of agricultural land,
and it was approximately 300 ha in 2009. This
decrease was as a result of reforestation of marginal
grasslands and partly due to an increase in built-up
areas.
The peak of arable land area was recorded during
the period of World War I, due to the general shortage
of food. During that war, more than 100 ha of grasslands in the study area was converted to arable land.
In the second half of the 20th century, arable fields
were gradually grassed down until the 1980s. A sudden change in the land use occurred after the change
of the political regime in the 1990s, when a partial
(and in many regions, total) collapse of agriculture
occurred in former communist countries. At this time,
the arable land reverted completely and naturally to
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grassland, without sowing any grass-seed mixtures,
similar to many other abandoned arable fields in the
Czech Republic (Lencov
a and Prach, 2011), and the
number of livestock also decreased dramatically (Figure S8). In 2009, there was the same livestock loading
in the study area as there was in year 1651, but the
grassland area was six times larger. The majority of
grasslands are thus delivering little agricultural production, and they have been managed by mulching,
infrequent cutting or highly extensive grazing because
of state subsidies since the 1990s making their management, even under low livestock loading, profitable
(Gaisler et al., 2004).
This case study clearly demonstrates that the grassland area in the landscape has been largely affected by
the political situation. We have learned that small
changes in land use have occurred gradually, but dramatic changes have generally occurred very quickly,
over a time scale of one or several years. Grasslands in
the landscape were not only established, but they
were also converted into arable land and naturally or
artificially reforested in different historical periods.

Conclusions
In Central Europe, natural steppe, alluvial grasslands
and alpine grasslands existed in the post-glacial period
on only a small area (probably up to 5% of the total
land area of Central Europe) in the Mesolithic period
and at the beginning of agriculture in the Neolithic.
The majority of grasslands were developed by human
activity, and they are therefore considered to be secondary vegetation replacing original forest and open
woodland vegetation. The history of grasslands can be
studied using archaeobotanical (pollen and macroremains) and archaeozoological (molluscs, beetles and
animal bones) analyses performed on natural as well
as on anthropogenic sediments. A phytogeographical
approach by comparison of different floristic regions,
together with knowledge of the area of individual species, enables the study of differences and similarities in
plant species composition of grasslands on large spatial
scales. Management of grasslands can be studied using
archaeological methods and, finally, by the use of different written and iconographic resources. Study of
past processes in the landscape can help to understand
current species composition of many grassland areas.
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Supporting Information
Additional Supporting Information may be found in
the online version of this article:
Figure S1. Schematic phytogeographical division of
Europe into main floral provinces.
Figure S2. (a) Expositional steppe grasslands of natural origin can be recorded in the NW part of the Czech
Republic on south-facing slopes on basic-rich volcanic
soils. The border between steppe grassland and forest
with Quercus robur, Q. petrea and Carpinus betulus is
very sharp and fully corresponds to similar borders
between expositional steppe grasslands and (b) Acer
platanoides forests in the South Ural Mts. (Russia) or
(c) to Betula pendula forests in the Altai Mts. (South
Siberia, Russia, photograph Michal Hejcman, Milan
Chytr
y and Pavla Hejcmanov
a).
Figure S3. (a) Beaver dam on a small river in the
western part of the Czech Republic. In the back-
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ground are visible dead waterlogged trees of Alnus
glutinosa. (b) Male of European bison damaging Larix
sibirica tree in Cherga enclosure the Altai Mts., South
Siberia, Russia. (c) Tree of Betula pendula heavily
damaged by European bison in Cherga Reserve
(photograph Ales Vorel, Michal Hejcman and Pavla
Hejcmanov
a).
Figure S4. Although subalpine Nardus stricta grasslands are considered to be natural in the Giant Mts.,
they were substantially enlarged by agricultural activities in 16th–19th centuries by cutting of Pinus mugo
shrubs (see Hejcman et al., 2006).
Figure S5. Cover of Plantago lanceolata in control (C)
and other fertilizer treatments in the Rengen Grassland Experiment in late June 2011.
Figure S6. Remnants of low-productive pastures
with shrubs of Juniperus communis subsp. communis
surrounded by improved grasslands in the Eifel
Mountains in SW Germany (photograph Michal Hejcman).
Figure S7. Total agricultural area, area of grasslands
and area of arable land in the village of Oldrichov v
H
ajıch in the period from 1651 to 2009.
Figure S8. Livestock units (one LU is 500 kg of live
weight) in the village of Oldrichov v H
ajıch over the
period from 1654 to 2009.

