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Abstract

Northern Europe is in the forest zone, but wild megaherbivores have maintained grass-dominated
vegetation here for the last 1.8 million years. Continuity of the grassland biome through glacial-
interglacial cycles and connection to steppe vegetation has resulted in the evolution, immigration, and
survival of a large number of grassland species. During the last millennia the effect of wild ungulates has
been replaced by domestic grazers and hay making, and the persistence of grassland biodiversity depends
on livestock farming. Local diversity is the outcome of colonisations and extinctions. Colonisations can
be enhanced by maintaining networks of grasslands where species can migrate between sites, and by
proper management that promotes establishment of new individuals. Extinction risk may be lowered in
large grasslands, which may support large populations, and by proper management that promotes
coexistence of species. Extinctions are accelerated by changes in environmental conditions favouring
a few competitively superior plant species, especially increase in soil fertility. During the last century,
natural grasslands in Europe have faced a dramatic loss of area and increased isolation of the remaining
fragments, cessation of proper management, and increased load of nutrients. To achieve successful
grassland biodiversity conservation there needs to be close cooperation between conservation managers
and livestock farmers. For that, grassland management should take into account evolutionary and
ecological rules behind the grassland biodiversity.

Keywords: biodiversity, conservation, evolution, species extinction, species richness

Introduction

Biodiversity conservation — preserving species and their genetic variability, ecological
communities, and landscape variety is an urgent task for our society (Balmford ez al., 2005).
Compared to other community types European grasslands have a rich flora and they may
develop a very high small-scale species density (Pértel ef al., 1996). For example, the highest
vascular plant species numbers are found at the tiny scale of a few square centimetres to one
square meter in temperate grasslands. In Laelatu wooded meadow in Estonia, 25 species of
vascular plants have been described within 100 cm? and 42 species within 400 cm? (Kull
and Zobel, 1991). In the same place 76 species of vascular plants have been described on 1
m? (Sammul et al., 2003), which is the second highest record after 89 species in a shortgrass
dry mountainous pasture in Central Argentina (Cantero et al., 1999). High plant biodiversity
is often reflected by high animal and fungal diversity, too (van der Heijden ef al., 1998; de
Deyn et al.,2003; Knops et al., 1999). European grasslands are also rich in genetic variability
within plant species (Prentice et al., 1995; van Treuren et al., 2005), contain many threatened
species (Partel et al., 2005) and they show a diverse landscape pattern (Jongman, 2002).
Grasslands in the temperate zone usually persist due to moderate disturbance: grazing,
mowing, or fires. During the last millennia temperate European grasslands have been
mostly managed by grazing of domestic animals or by haymaking. This is the reason why
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this ecosystem has often been ‘semi-natural’ (van Dijk, 1991). This fact does not imply that
European temperate grassland as an ecosystem is man-made. It means that large grazing
mammals are an integral part of this ecosystem, be it wild game or domestic livestock. In this
respect, temperate European grasslands are not different from grasslands in other parts of the
world with temperate climate. In warmer and drier climates, grasslands are conventionally
thought to be climatogenic, i.e. constituting the climax vegetation under the prevailing
climate conditions. Both mammal grazing and fire, however, are aspects of their ecology that
have been somewhat overlooked in the past. Successional development of prairies, savannas,
and steppes into woodland might take place if not halted by wildfires (Bond et al., 2005) and
grazing (Craine and McLauchlan, 2004) while alpine grasslands are characterized by low
temperatures and grazing (Korner, 1999). Thus, most grasslands are dependent on various
kinds of physical disturbance disfavouring woody plants.

During the last hundred years drastic decline of grassland area and connectivity all across
Europe has been detected (van Dijk, 1991). The main reason is that grassland farming is
more efficient in cultivated stands than in natural permanent grasslands, but urbanization
(Thompson and Jones, 1999) and air pollution (Stevens et al., 2004) are also playing a role.
Decline of European grasslands is threatening European biodiversity in all aspects, from
genes to landscapes. For example in Finland at least 42 species of invertebrates, 4 species
of vascular plants and 3 species of fungi which are primarily dependent on grasslands are
already extinct and, respectively, 232, 60, and 38 species are threatened (Ikonen et al., 2004).
Combating this threat to biodiversity needs a new view of nature conservation (van Elsen,
2000). Traditional biodiversity conservation started with nature reserves from which all kinds
of impacts by humans and their domestic livestock were excluded. In the case of European
grasslands, strict exclusion of management by humans most often leads to a loss of grassland
area due to succession into scrubland and forest. As most of the wild-living large herbivors
are now extinct in Europe, grassland farming is important to biodiversity conservation
(Sutherland, 2002). On the other hand, while abandoned grasslands that have undergone
successional change into scrubland and forest can sometimes be reverted, grasslands that
have been converted to arable fields undergo changes that are mostly irreversible.

There is still a long way to go to achieve successful cooperation between farming and
biodiversity conservation (Kleijn and Sutherland, 2003). We are confident that the integration
between effective grassland farming and biodiversity conservation is only possible if we
follow the evolutionary and ecological rules of biodiversity dynamics in grasslands. There
is, however, an optimistic outlook since agricultural research on grasslands is frequently
concerned with biodiversity issues (Prins, 2004). In order to strengthen this contact we
review (1) how the grassland biodiversity in temperate Europe has evolved, (2) what the
main ecological rules are for maintaining high biodiversity, and (3) how this knowledge can
be used for grassland biodiversity conservation and restoration.

Evolution of grassland biodiversity

The evolution and expansion of grasslands, with their uniquely coevolved grasses and grazers,
took place during the Cenozoic (Retallack, 2001). The dominant plant group in grasslands,
the grasses, originated at least 55 million years ago (Kellogg, 2001). Almost simultaneously,
the first ungulates appeared (Janis, 1993). The shift of grasses to dominance in open habitats,
i.e. the precursors of modern grasslands, however, took place much later. Likewise among
ungulates, the grassland-dwelling bulk-grazer habit evolved later from an ancestral forest-
dwelling browsing habit (Pérez-Barberia et al., 2001; Janis et al., 2002). True grasslands,
and Serengeti-like communities of grazing animals, probably did not appear until the Late
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Miocene in the New World and the Pliocene in the Old World (ca. 5 million years ago).

At least throughout the Pleistocene (the last 1.8 million years), but probably much longer,
grassland vegetation has existed in Europe. During this epoch, long cold and dry periods
(glaciations) alternated with short periods of warm and moist conditions (interglacials)
with an approximate 100 000 year periodicity (Zagwijn, 1992). During glaciations, steppe-
tundra on permafrozen soils dominated in Central and Northern Europe, while xerothermic
grasslands dominated in the Mediterranean basin (Van Andel and Tzedakis, 1996).

Temperate forest species probably survived in small pockets at micro-environmentally
favourable locations in Central and Southern Europe (Bennett ez al., 1991), while boreal forest
species may have had a distribution as open taiga-like vegetation intermingled with steppe-
tundra (Willis and Van Andel, 2004). In terms of flora, the steppe-tundra was an intermediate
between modern temperate grassland and tundra, or a mosaic of analogs of these biomes,
generally having much drier and more alkaline soils than modern tundra (Yurtsev, 2001;
Zazula et al., 2003). In each interglacial, the development of ecosystems followed a recurrent
pattern of balance between open and closed vegetation, i.e. between grassland/tundra and
forest (Iversen, 1958; Bradshaw and Mitchell, 1999; Birks and Birks, 2004). In the first
part of each interglacial, grasslands on alkaline or neutral un-leached soils dominated. They
were gradually replaced by forests. At the end of previous interglacials, in which human
interference has been negligible, grasslands on infertile soils gradually increased again
(Iversen, 1964; 1969; Willis et al., 1997; Wardle et al., 2004).

Thus, grasslands have existed continuously in temperate Europe for millions of years, albeit
with highly variable extent. This history of extension and contraction has shaped the biota of
temperate European grasslands through speciation, extinction, and exchange of species with
other biomes, such as steppes, temperate forest, alpine grasslands, tundra, and Mediterranean
communities. A rich fauna of large mammalian herbivores was an integrated part of this
grassland biome. During the penultimate interglacial, the Eemian (ca. 120 000 years ago), 17
species of large herbivores were native to lowland north western Europe (Svenning, 2002).
Probably similar numbers have been present in all Quaternary interglacials except our own,
the Holocene (Bradshaw et al., 2003). Among these species were now (regionally) extinct
elephant, rhinoceros, hippopotamus, giant deer, and buffalo, extant red deer, fallow deer, and
bison, and species now found as domesticated livestock only, i.e. aurochs (cattle) and horse.
During periods of maximum forest cover, grasslands and their associated biota survived
in refugia, often in places where edaphic and climatic conditions have been suboptimal
to trees (Ellenberg, 1988). Similarly to full glacial conditions, cold and dry places have
prevented or retarded tree growth and regeneration and promoted grasslands. During
interglacials, such conditions have mainly existed in alpine environments. In addition, warm
and dry places, moderately unstable soils, and floods have promoted grassland resistance
to woody plant invasion. These conditions have been found in a number of topographical
and geomorphological situations, perhaps most prominently on shallow soils over solid
rock or limestone preventing penetration of tree roots, and, in addition, steep slopes, sites
exposed to strong winds, sandy infertile soils, and floodlands. To some extent, areas rich
in such topographical features are at present-day relatively species-rich. Similarly, high-pH
substrates tend to be more species-rich than low-pH substrates, due to the relative abundance
of these substrate types in this biogeographical province during the evolution of the grassland
floras (Partel, 2002).

Palaeoecological evidence of a grassland element in the landscape-scale vegetation comes
from, among others, chalk hills in England (Bush and Flenley, 1987; Bush, 1993; Waller and
Hamilton, 2000) and sandy infertile soils in Jutland, Denmark (Odgaard, 1994). One may
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hypothesize past synergistic effects of edaphic and topo-climatic conditions with disturbing
agents such as fire and herbivores. Where wildfires created glades in the primeval forest,
these would have been more resistant to forest regeneration under grazing by wild ungulates
and under the described climatic and edaphic conditions.

Most plant species presently found in Central and Northern Europe are endemic to the temperate
European grasslands and can only be protected here (Pértel et al., 2005). Traditionally,
phytogeographers have been less interested in this general pattern than in exceptions to it.
A number of plant species have characteristic distribution patterns, with main distribution
ranges to the southeast or the southwest (Meusel, 1940; Meusel et al., 1965). Plant species
associated with contrasted edaphic conditions often exhibit widely differing distribution
tendencies (Bdcher, 1945). For example, plant species characteristic of grasslands on unstable
infertile acid sandy soils are predominantly distributed in Western Europe, along the Atlantic
coast. This pattern suggests that suitable habitat for these species has had a distribution more
stable in time and space in this area than in Central and Eastern Europe. The genetic diversity
of one species of this kind, Carex arenaria, increases southward to reach a maximum along
the coast of the Bay of Biscay (Jonsson and Prentice, 2000), suggesting that this species
survived the last full-glacial in refugia in this region or further to the south. Conversely,
many plant species characteristic of grasslands on unstable infertile calcareous soils have
distribution centres in Eastern Europe and scattered distributions in Central and Northern
Europe. This pattern may indicate predominant survival of the last glaciation in steppe sites
to the south-east, and subsequent (re)-immigration into Central and Northern Europe during
late-glacial times and later (Pott, 1995). For the majority of species, which are endemic to
the biome of temperate European grasslands, however, glacial survival in refugia far outside
Central Europe is unlikely.

Pastoralism and arable farming, were introduced to Central Europe in simultaneous waves; ca.
5,000 BC (band-ceramic culture), ca. 1000 years later to Western Europe and ca. 2000—3000
years later to the Baltic area and Scandinavia (Champion, 1984). When selecting suitable
areas for settlement, the first farmers probably sought out regions where, among other things,
open pastures were easy to maintain, in other words, places where the edaphic and climatic
conditions have been suboptimal to trees and natural grasslands were already present (Sammul
et al., 2000a). Arable fields created by slash-and-burn of forest, probably played a smaller
role in rural economy, and took up considerably smaller areas, than pastures. As human
populations grew, new areas were cleared of forest and turned into arable and pastureland
(Pott, 1995; Bredenkamp et al., 2002; Poschlod and Wallis de Vries, 2002). Plant and animal
species from the natural grassland refugia in the primeval forest expanded appreciably in
distribution, whereas distributions of forest organisms contracted. Some grassland species
were probably redistributed, deliberately or not, considerable distances by humans and their
livestock. In the Iron Age, hay meadows came into existence, providing a new and slightly
different habitat for grassland biota. Despite some differences, in terms of qualitative impact
on the vegetation, between hay making and ungulate grazing, the similarities are striking
(Pykald, 2000). Generally speaking, when agriculture was introduced, livestock grazing and
haymaking replaced the grazing and browsing by wild megaherbivores. This is the solution
to the apparent paradox that most conservation interests today are focused on apparently
man-made habitats (Duffey ez al., 1974; Hillier et al., 1990).

The agricultural practices of livestock grazing and haymaking, however, were not only
beneficial to grassland biota. In many situations, arable farmers have exploited and
exterminated grassland biota. For example, loess soils and deep rendzinas often support
species-rich grassland communities, but are also profitable to arable farming. Thus, many
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grassland areas were turned into arable land or intensively managed rangelands (Bailey,
2000). The last wave of this development was seen in the Soviet agricultural expansion
onto ‘virgin’ steppe lands, and similar expansions into vast natural grassland areas on other
continents, but the exploitative position of arable farming with respect to grasslands has
existed since the first farmers. Therefore, modern semi-natural grasslands, with their biota
of native grassland species, are now found mainly in situations and locations unsuitable to
agriculture, such as hilly terrain and shallow soils on rock outcrops and elsewhere.

Ecology of grassland biodiversity

Evolutionary processes have created a set of plant species that can sustain life in grasslands
— the species pool (Zobel, 1992; Pirtel et al., 1996; Zobel, 1997). Diversity at the smaller
scale cannot exceed the limit set by the species pool, but, rarely reaches it (e.g. Collins et al.,
2002). Local diversity may be limited by lack of propagule dispersal, or by interactions in the
local abiotic and biotic environment, e.g. competitive exclusion by superior species (Tilman,
1999), or lack of symbionts and presence of pathogens (de Deyn et al., 2003).

The present climatic and land-use history has formed complex landscapes, where different
vegetation types form a mosaic (Jongman, 2002). Grasslands have mostly occurred as
fragments embedded in other types of vegetation. We can look at grasslands as ‘islands’ in the
‘sea’ of other type of vegetation: forests, wetlands, agricultural and urban areas. We shall use
the term ‘patch’ for such grassland ‘islands’. Consequently, we can use the ‘equilibrium theory
of island biogeography’ to explain how the level of biodiversity is determined by the balance
between local immigration (dispersal and establishment) and local extinctions (MacArthur
and Wilson, 1967). Nowadays, ‘metacommunity theory’ (set of dispersal-connected local
communities) has partly taken over the island diversity theory (Leibold ef al., 2004).

In concrdance with the theory, diversity is higher in grassland patches that are larger and
better connected to other grassland patches, as shown in grassland fragments in Sweden and
in Denmark (K6chy and Rydin, 1997; Bruun, 2000). Larger patches can support larger and
genetically more diverse populations that have less dramatic population oscillations and a
smaller probability to go extinct. Well-connected grasslands can get new species and genes
which can build-up local diversity and replace these species and genes which have gone
extinct. There are, however, other practical aspects too: larger and well-connected patches are
probably more likely to be managed properly (grazing, hay-making). For grassland species,
small fragments may not be large enough to support viable populations alone, but populations
may still persist due to continuous inflow of propagules from surrounding populations. This
phenomenon is called ‘spatial mass effect’ or ‘rescue effect’ (Shmida and Ellner, 1984;
Kunin, 1998). Within a metacommunity small fragments are important components for the
whole system and they may act as stepping-stones for dispersal.

Besides area and isolation, a grassland patch with different shape can have different potential
for species gain and losses. Grassland margins are mostly less suitable for grassland species
than the central areas (Luczaj and Sadowska, 1997; Morgan, 1998). This can be caused by
shading from a neighbouring forest or by extra nutrient inflow (see below). Thus, grasslands
round in shape have a higher potential for diversity due to higher area to perimeter ratio.

The surroundings of grassland patches are important for biodiversity, too. The ‘sea’ around a
grassland patch may also support some grassland species (e.g. road verges, edges of ditches
and fallow fields; Cousins and Eriksson, 2002), or they may be totally unsuitable for grassland
species.

Species dispersal is a stochastic process. Ultimately dispersal is dependant on the distance to
other patches (Coulson et al., 2001) and on presence of dispersal vectors. Domestic animals
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can successfully act as seed dispersers (Fischer ef al., 1996; Kiviniemi and Eriksson, 1999;
Couvreur et al., 2004). In order to do this, however, they must be able to move from one
site to another. Shepherding was once common in Europe, but has now almost dissapeared
(Poschlod ef al., 1998; Bruun and Fritzbeger, 2002; Suarez and Malo, 2002; Znamenskiy et
al., 2005).

Successful species dispersal requires considerable time. If grassland continuity has been
interrupted, for example if the grassland has become overgrown by scrub or has been
cultivated, to restore it again, seed dispersal will have to start from the beginning. Seed
banks do not generally persist long-term in grassland soil (Kalamees and Zobel, 1998;
Bakker and Berendse, 1999; Mitlacher et al., 2002). If we consider the arrival of a new
species as a random process, then, given more time, a site can ‘collect’ more species. Thus,
age of a grassland patch is an important factor for generation of high diversity (Ejrnes and
Bruun, 1995; Kukk and Kull, 1997; Pértel and Zobel, 1999). Even if a species is present in
a community, dispersal can result in the establishment of new genotypes. For example, in an
old calcareous alvar grassland on Oland, there was a large number of different genotypes of
grass Festuca ovina found under different micro-environmental condition (Prentice ef al.,
2000).

There are, however, plenty of examples which do not support the equilibrium island theory
and suggest that present-day diversity is mainly determined by factors other than current area
or degree of isolation (Simberloff and Gotelli, 1984; Eriksson et al., 1995; Pirtel and Zobel,
1999). In recent studies this controversy has been solved. Due to recent rapid disappearance
of grasslands the current patch size and isolation is completely different from that which
occurred during previous centuries when the diversity was formed. Using historical maps
we can look at former grassland areas and their isolation. These two characteristics describe
actually the present-day diversity (Helm, 2002; Lindborg and Eriksson, 2004). This means
that the present-day high diversity may be a remnant from a previous habitat area and
connectivity and may not be supported by the current system. The time lag between increase
ofisolation over a critical level and subsequent loss of species may be 100 years or more, thus
largely hindering our ability to make appropriate conservation decisions. If we do not ensure
good species dispersal between sites in the future, extinctions are very likely to occur. This
phenomenon has been coined the term ‘extinction debt’ (Hanski and Ovaskainen, 2002).
While landscape-scale processes determine the potential for plant community species
richness (community species pool), local processes within the community determine the
actual diversity at the site. When a new species has successfully arrived in a grassland patch,
first it must be able to establish a new population. Secondly, it should be able to persist
in competition with other species. Local diversity is always a balance between the input
of propagules of different species, their establishment, and persistence in competition with
neighbours (Mitchley and Grubb, 1986; Watt and Gibson, 1987). The local processes are
mainly determined by grassland management, but moderate natural disturbances can also
promote species’ establishment and prevent competitive exclusion.

Grassland management affects the structure of the vegetation and determines the abundance
and distribution of gaps in which propagules can establish. For example, it has been
demonstrated that the litter layer which appears after abandonment of grazing or mowing
strongly limits the germination of seeds and establishment of seedlings and leading to decline
in diversity (Milton et al., 1997; Foster and Gross, 1997; Tilman, 1997).

High small-scale diversity is only possible if many different individual shoots (ramets) can
be ‘packed’ into a limited soil surface area. The conditions on grasslands are such that they
not only enable close ‘packing’ of ramets but also enable close proximity of individuals
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of different species. The latter is only possible when competition between individuals is
not strong enough to eliminate one of the neighbours. The common feature of all European
species-rich natural grasslands is that they have a relatively low vegetation and low (but not
the lowest) productivity. The mechanisms whereby intermediate levels of disturbance and/or
intermediate levels of productivity coincide with the highest species density in grasslands
(Grime, 1973; Connell, 1978; Huston, 1979) are still poorly understood (Palmer, 1994).
Competition is considered asymmetrical when access to the resource that is competed for is
monopolised. It is well known that competition becomes harsh and eliminative for subordinate
species when it is asymmetrical (Weiner and Thomas, 1986; Peet and Christensen, 1988) and
not interrupted by disturbance (Grime, 1973; Grime, 1977). In very broad terms, one can
say that competition for above-ground resources (e.g. light or space) is often asymmetrical
whereas competition for below-ground resources (water, nutrients etc.) is mostly symmetrical
(Peet and Christensen, 1988). Nevertheless, there are multiple ways of how above- and
below-ground competition interact in different species (Cahill, 2002), and the productivity of
the community strongly influences the dynamics of competitive exclusion.

The availability of light to a single ramet depends largely on comparative difference in size of
neighbouring ramets. When productivity of the site is high, plants obviously grow faster and
difference between relative growth rates of neighbouring ramets leads to differences in size
of shoots. Further on, the difference in size accumulates and species with low stature may
become outcompeted unless they have some specific adaptations that enable them to tolerate
low level of light availability or escape from competition. Enhanced productivity can reduce
diversity when fertilisers are applied to natural vegetation (Smith et al., 2000; Sammul et al.,
2003) and also during restoration of natural grassland in a habitat that previously received
fertilizer applications and, thus, has high level of residual fertility (Marrs, 1993; Janssens et
al., 1998).

Continuous low-intensity management by mowing or grazing has a disproportionately large
effect on competitive dominants, and by reducing the asymmetry in size distribution of plants
it reduces the probability of competitive exclusion (Leps, 1999). The reduced asymmetry
of interactions is further amplified by the fact that uniform mowing and grazing balance
the differences between different species in other aspects of population dynamics, such
as mortality, reproduction, and vegetative propagation which are commonly ramet size
dependent and constitute one part of competition for space (Barkham, 1980; Pitelka et al.,
1985; Weiner, 1988). Thus, beside the direct effect on development and species composition
of the grassland (Austrheim and Eriksson, 2001; Cousins and Eriksson, 2001), management
regime also influences the dynamics of species interactions.

Conservation and restoration of grassland biodiversity

The design of grassland conservation measures should acknowledge the different processes

described above. We are proposing a simple five-point scheme that should be followed fot

decision-making at grassland biodiversity conservation.

1) Existing grassland habitats should be maintained for large scale stability. When
conserving diversity of vegetation in natural grasslands, it is important to prevent large-
scale destruction of habitat (e.g. ploughing, Smith et al, 2000) and deterioration of
habitat quality (e.g. fertilization). The establishment of diverse vegetation is an extremely
long-term process, while all large disturbances destroy vegetation almost instantaneously.
Moreover, even residual cultivation effects bias the flora to the favour of annuals and
ruderal species (Donelan and Thompson, 1980; Graham and Hutchings, 1988). The
most diverse and species-rich meadows having a prevalence of species with life-history
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characteristics that show slow growth and low reproductive rates, i.e. characteristics of
species of stable communities (e.g. Graham and Hutchings, 1988; Sammul ef al., 2003).

2) The genetic diversity should be kept since this is providing the material for evolution
(Prentice et al., 1995; van Treuren et al., 2005). Genetic homogenisation is a threat when
single seed sources are used in restoration. Grassland continuity and small-scale habitat
heterogeneity also support high genetic diversity.

3) Species dispersal should be supported. This means that management should be planned
at the landscape scale enabling spatial and temporal continuity of the grasslands.
Thus, sound conservation management of grasslands should concentrate on enhancing
immigration (i.e. improving connectivity between sites). This is particularly important in
grassland systems that are facing with an extinction debt. So far, most conservation efforts
have concentrated on preservation of valuable sites. While this is extremely important,
one must consider, that in addition to valuable sites, also less valuable sites often need
to be protected to create stepping stones, migration corridors and secure presence of
metacommunity systems.

4) Recruitment of new individuals should be supported through preventing the formation of
litter layer, promoting small-scale patchiness (e.g., scattered tiny gaps with mineral soil
exposed), and allowing seed to ripen (e.g., late hay making).

5) Species coexistence should be supported. This means preventing competitive exclusion
of small-size species by taller ones. This can be achieved by proper management which
prevents large species (both large herbs or grasses and woody species) to dominate. On
the other hand it is important to avoid activities that lead to increase in productivity of
the site (e.g. fertilization, or supplementary feeding of livestock) as this would inevitably
cause increase in the intensity of competition and thus also exclusion of subordinate
species (Sammul et al., 2000Db).

Grassland destruction and fragmentation has in many regions already gone so far that long-
term sustainability of biodiversity is questionable. Grassland restoration may reduce the
extinction debt and alleviate the effect of fragmentation in the long-term. When considering
restoring grasslands, it is important to set the goal of the action and qualitative criteria for
evaluation of the success. Simply restoring the landscape is much cheaper than restoring the
diversity of species and vegetation types.
The obvious limitation in restoration of grasslands is time. Natural species immigration is a
long-term process. The estimated speed of natural species immigration in grasslands ranges
several orders of magnitude (Gibson and Brown, 1991; OIlff and Bakker, 1991). It has been
suggested that restoration of grassland vegetation on arable fields could take up to 100 years
if the seed supply is in close proximity (Gibson and Brown, 1992).
During the first phases of restoration it is important to focus on improvement of
immigration.
In cases when connectivity between different sites is good, no addition of seeds or other
propagules is necessary. During the first years grazing is better as the main management tool
because animals transport propagules and thus increase the speed of formation of field layer.
Later on grazing may be used in combination with or replaced by mowing.
When connectivity is not sufficient to support immigration, seed sowing may considerably
increase the speed of development of grassland vegetation. While seed limitation obviously
restricts the rate of colonisation (McDonald, 1993; Zobel et al., 2000) and sowing of seeds
speeds the dispersal process, it is important to keep in mind that the appropriate microsites
for the species establishment are not always available (Jones and Hayes, 1999) and it might
be difficult to find the appropriate mixture of species that would suit the particular microsite
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conditions. Moreover, sowing seeds actually creates a higher level of genetic and species
composition homogeneity between neighbouring sites as two important factors that create
differences between habitats — time of arrival of different species, and genetic differences
between populations will be homogenised. Thus, in this way one would interfere with natural
distribution of species (Akeroyd, 1994) and with microevolutionary processes (Ashley et al.,
2003). It is important to make a good compromise between speed of the restoration process
and the natural state of the end product when making decisions about restoration. We suggest
that the natural immigration process should be adhered to as often as possible.

While restoration of natural grasslands is a very powerful tool, it can never be used without
first properly preserving the existing grasslands. Restoration efforts start to pay back in 20—
50 years when species diversity of restored grassland starts to reach levels of persistent ones
(Gibson and Brown, 1991; OIff and Bakker, 1991; Smith et al., 2000). Without existing
grasslands there would be no sources for natural species migration. Moreover, the preservation
of grasslands is order of magnitude cheaper than restoration. For example, the analysis of
management and restoration costs of Estonian meadows shows that restoration is 25 to 30
times more expensive in both dry boreo-nemoral and floodplain meadows whereas expenses
of restoration increase by 50% with every 4 to 5 years after the abandonment in wooded
meadows (Ehrlich, 2004). Although currently management of grasslands to maintain high
biodiversity is often incompatible with management for maximum economic profit (Hodgson
et al., 2005) different subsidy systems can be developed to allocate conservation funds in a
way that produces the best ecological effect (Wu and Bogess, 1999; Johst et al., 2002).

Conclusions

While forest should be the most abundant ‘natural vegetation’ in temperate Europe, a large
part of the European plant and animal species is associated with open habitats. This fact
stresses the importance of conserving the biota associated with grasslands, even when
they occur in apparently man-made ecosystems. As grasslands have developed over many
centuries with permanent extensive use for agricultural purposes, and since this practice has
often led to valuable and diverse sites, the farmers are at the heart of grassland conservation.
Only extensive agriculture can preserve these areas. Grassland farming practice aimed at
conserving or restoring biodiversity is not as economically profitable as conventional
grassland farming. Our society has, however, set measures to compensate for the income
difference, literally paying for biodiversity. Even if the support does not totally cover the loss
of income, keeping the natural grasslands is a good investment for the future when awareness
of biodiversity value will definitely increase. Since there is never a surplus of money in
environmental support schemes, the most efficient local management techniques should
be used. For that, proper well-replicated networks of grassland biodiversity management
experiments are urgently needed at the national and European levels. Using the scientific
knowledge on evolution and ecology of grassland biodiversity, effective grassland farming
and biodiversity conservation can be integrated.
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