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Abstract

Increasing agricultural intensification, combined with land transformation and fragmen-
tation, poses significant threats to biodiversity. While extensively cultivated landscapes
serve as vital refuges against biodiversity loss, they are modified by land abandonment
and intensification. Orchard meadows in Central Europe represent traditional extensive
land management systems, exhibiting high biodiversity. Comprising cultivated grasslands
and scattered fruit trees, orchard meadows feature structures rich in different habitats
supporting a diverse flora and fauna. However, their decreasing economic importance in
recent decades has resulted in severe degradation or abandonment. Despite their impor-
tance for biodiversity conservation, there remains no comprehensive overview of orchard
meadow biodiversity and management in Central Europe. This review aims to summa-
rize existing knowledge on orchard meadows’ role in biodiversity conservation and the
effects of management practices on habitat diversity and quality at both smaller (struc-
ture and microhabitats, local scale) and larger scales (surrounding landscape, regional
scale). The first part focuses on orchard meadow biodiversity, including both plants and
animals and their link to landscape-scale factors. Biodiversity in orchard meadows is
predominantly affected by patch size, determining species richness and composition,
and connectivity to neighbouring orchard meadows, influencing species migration and
recolonization success. The second part evaluates management impacts, illustrating dif-
ferences in the benefits of mowing versus grazing across taxonomic groups. An interme-
diate management intensity for orchard meadows determines their conservation value
in terms of species composition, varying among different taxonomic groups. To prevent
area loss and abandonment of orchard meadows, we advocate for political and public
support, along with incentives for farmers to maintain their biodiversity.

Key words: Extensively cultivated landscapes, extensive grassland, grazing, habitat
connectivity, mowing, patch size, scattered trees, species richness, Streuobstwiese,
structural diversity, traditional orchard

Introduction

Habitat loss and fragmentation are main drivers of biodiversity decline, affect-
ing nearly all habitat types and species worldwide (Settele et al. 1996; Stuart
et al. 2004; Haddad et al. 2015; Fletcher et al. 2018). Agriculture is a main con-
tributor to habitat loss and fragmentation. In the European Union, for example,
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agricultural landscapes dominate with ca. 40% coverage (Eurostat 2021). They
become increasingly intensified to produce higher yield leading to accelerating
use of pesticides and fertilizer (Henle et al. 2008; Lécuyer et al. 2022). In ad-
dition, extensive and structurally heterogeneous cultivated land became rare
due to abandonment, intensification or transformation to other land-use types.
This change in land-use types leads to continuing fragmentation of remaining
semi-natural landscapes as well as decreases in fragment size and increases
in isolation to next suitable habitats (Haddad et al. 2015). As a consequence,
intensive agriculture and biodiversity conservation are difficult to reconcile, rep-
resenting one of the greatest challenges of global change (Henle et al. 2008;
Egli et al. 2018; Lécuyer et al. 2022).

Only few organisms are adapted to intensively used agricultural landscapes,
such as crop feeding insects or those adapted to high and continuing disturbance
(Henle et al. 2004). The gross of species, however, cannot survive in highly inten-
sified agricultural landscapes requiring natural or semi-natural landscapes (Henle
et al. 2008; Guerrero et al. 2012; Tscharntke et al. 2012a; Lécuyer et al. 2022).

For conservation of farmland biodiversity, it is essential to maintain semi-nat-
ural habitats (Kleijn et al. 2011; Tscharntke et al. 2012b; Peer et al. 2014). This
is especially the case for traditionally used landscapes, which can act as ref-
uges, food source or nesting sites for many species (Lichtenberg et al. 2017;
Eeraerts et al. 2019). Traditionally farmed orchard meadows in Central Europe
present such a refugium for many threatened species (Kajtoch 2017; Schuboth
and Krummbhaar 2019; Henle et al. 2024). Their value for conservation and man-
agement recommendations will be the focus of the present contribution.

Orchard meadows are a combination of planted fruit trees in the overstory
and extensively managed grassland in the understory (Stappen 2016; Degen-
beck 2021). Orchard meadows as a habitat type is loosely defined (Henle et al.
2024) and they come in different forms and functions (Erlach 1994; Stappen
2016). Here, we concentrate on orchard meadows in the strict sense (Henle
et al. 2024); that are, planted fruits trees with an herbaceous and/or graminoid
understory that form two distinct strata composed of under- and overstory. It is
important to note that orchard meadows are contrasted with fruit plantations
by their style of management, which is mainly extensive with limited external
input of fertilizer and pesticides in accordance with the EU regulation on eco-
logical/biological agricultural production (EU 2018). Also, tree density is much
lower, stem height is higher (at least 180 cm for newly planted trees) and age
distribution wider in orchard meadows compared to fruit plantations.

Orchard meadows provide many important ecosystem services and functions,
due to their multifaceted structure, the unique combination of two strata and the
low to no external input of chemical substances (Blinger 1996; Hoff 2003; Krause
etal. 2017; Henle et al. 2024). They have provisioning services like fruits for human
consumption and fodder for livestock, but also regulating services like nutrient
retention, carbon sequestration and flowering resources. Furthermore, the scat-
tered density of trees in orchard meadows provide many different microclimatic
conditions beneficial for animals and plants as trees offer alternating shaded and
sunny patches and reduce wind speed. Fruit trees prevent fast surface flow of
precipitation reducing soil erosion (Palma et al. 2007; Plieninger et al. 2010).

Despite these apparent values for food provisioning and biodiversity con-
servation, since the mid-19™ century, orchards have declined substantially in
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Europe (Herzog 1998; Plieninger et al. 2015; Forejt and Syrbe 2019; Zarnovican
et al. 2021). Also, their management has changed drastically (Poschwitz 2009;
Zarnovi¢an et al. 2020) in line with many other extensively used traditional ag-
ricultural systems in Europe (Henle et al. 2008; Lécuyer et al. 2022). However,
orchard meadows have received limited attention in scientific conservation bi-
ology and no comprehensive study has yet attempted to summarise existing
knowledge and point out future research directions.

Here, we set out to fill this gap by reviewing the literature and distil patterns
and drivers of species diversity in orchards, the effects of management on struc-
tural diversity of orchards and on species composition and the dependence
of species in orchards to landscape characteristics that are likely to change
when orchards get lost and fragmented. As studies are scarce on biodiversity
in orchards, our baseline assumption is that diversity patterns recorded from
fragmented habitats and factors affecting diversity in extensively used grass-
lands are transferrable to orchards. However, it is not our intention to provide a
comprehensive literature review on grassland as this has been done in detail by
other authors in the past (e.g., Dengler et al. 2014; Talle et al. 2016). We point
out differences and identify future research areas where further research is
needed to identify drivers and effects of biodiversity in orchard meadows.

We concentrate on Central Europe as this region has comparable biogeo-
graphical, climatic and economic conditions and has a long and shared his-
tory of cultivation of orchard meadows (Beigel et al. 1995; Handlechner and
Schmidthaler 2019) allowing for comparison of existing studies. However, we
argue that similar processes may also affect diversity in similar systems outside
Europe. Our review is structured in two main parts. In the first part, we focus on
patterns of species diversity in orchard meadows across scales and their driv-
ers. In the second part, we concentrate on management options to obtain high
biodiversity of orchard meadows in a sustainable way. We introduce each part
with ecological theories that explain observed patterns and then review to which
extent these theories have been addressed for orchard meadows. Based on our
key conclusions, we provide recommendations for further management of or-
chard meadows to support biodiversity in these unique and fascinating habitats.
We further identify knowledge gaps for research to foster their conservation.

Methods

We conducted our literature search in English and German language. We
searched across various databases, including the literature database of the
German Federal Agency for Nature Conservation, literature references of the
Federal Committee for Orchard Meadows of NABU, and searched in Web of
Science, and Google Scholar. Our search included the following keywords ‘or-
chard meadows’, ‘orchard management’, ‘traditional orchards’, ‘grazing’, ‘prun-
ing’, ‘mowing’, landscape composition’ within the scope of ‘Central Europe’.
Because we encountered only a limited number of publications directly focused
on the effects of orchard meadow management on biodiversity (totalling 20 pub-
lications), we broadened our scope to include studies related to recommenda-
tions for grassland management that could be used to understand biodiversity
maintenance and change in orchard meadow systems. Our final dataset includ-
ed 218 publications, which underwent thorough review (see Suppl. material 1 for
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complete literature list). Subsequently, we identified and selected 127 publica-
tions closely associated with orchard meadow management and conservation
from this comprehensive set of references, which are cited in the main text.

Part I: Patterns of species diversity in orchard meadows across
spatial scales and their drivers

In this part, we discuss the effects of different spatial scales and surrounding
landscape configuration on biodiversity in orchard meadows. To this end, we
first look at the importance of microhabitats and vegetation structure within
orchards. Most species have specific requirements on their environment and
their presence may depend on the availability and quality of microhabitats.
Next, we turn towards the local scale to discuss the effect of size of individual
orchard meadows as well as their isolation to other orchards on their biodiver-
sity. As orchards share many species with other habitat types, such as grass-
lands, fallow lands and forests, we will look at the structure and diversity of the
surrounding landscapes, which also play an important role on the biodiversity
in orchards. Finally, we explore the diversity across multiple orchards on a re-
gional or national scale.

Structure and microhabitats

The high amounts of multifaceted habitats and structural diversity of orchards
are important drivers of their species diversity (Simon and Riihl 1992; Bésneck
and Hampel 2013; Schuboth and Krummhaar 2019; Jagel et al. 2020). Here,
an essential element of orchard meadows is the set of fruit trees of different
ages. Young trees, planted at successive stages, secure the long-term conti-
nuity of orchard meadows. Younger trees with higher vitality also have higher
numbers of flowers offering nectar, pollen and fruits for diverse flower visiting
insects and fruit feeding vertebrates, compared to older or dying trees (Israel
2002; Steffan-Dewenter and Leschke 2003). Old and dying trees contain many
important microhabitats for many arthropods, birds and small mammals like
branch holes, cavities, bark injuries, crown and branch breaks, epiphytic moss-
es, cracks and crevices and deadwood (Braun et al. 2010; Grossmann and Pyttel
2016). Especially existing cavities and branch holes, e.g., created by woodpeck-
ers or fungal heart rot, are essential for secondary cavity users like many bird
species (e.g., Athene noctua, Jynx torquilla, Otus scops), mammals (e.g., Dryo-
mys nitedula, Glis, Eliomys quercinus, Myotis myotis) and insect groups (e.g.,
Hymenoptera, Thysanoptera, Coleoptera) (Rosler 1992; Simon and Riihl 1992;
Eichler et al. 2001; Israel 2002; Bauschmann 2005; Eckstein and Albrecht 2006;
Burger and Creutzburg 2012; Griiebler et al. 2013; Henle et al. 2024). Low num-
bers of cavities decrease numbers of less competitive bird species, such as
common redstart (Phoenicurus phoenicurus) and collared flycatcher (Ficedula
albicollis), and they may lose breeding possibilities completely (Erlach 1994) if
old and/or dying trees are removed from orchards. Therefore, dead branches or
coarse woody debris on the ground should not be removed.

Dead wood, from trees or branches, is important for hibernating insects and
small mammals like garden dormouse (Eliomys quercinus) (Ulitzka 2013; God-
mann 2016). Insects, especially Thysanoptera, use bark crevices and space
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between dead bark and wood of older trees for hibernation (Ulitzka 2013),
thereby offering food resource for woodpeckers and tree creepers (Certhia
spp.) during winter. Wild bees and wasps benefit from dead wood as nesting
and hibernation habitats (Saure 2016). Dead wood also benefits potential prey
of saproxylic parasitoid wasps (Hilszczariski 2018).

The heterogeneous habitat structure of orchard meadows favours specialist
bird species like Eurasian hoopoe (Upupa epops), little owl (Athene noctua) and
wryneck (Jynx torquilla), for which orchards are key habitats. Those species
require both a structurally rich arboreal stratum for breeding (e.qg., old trees with
cavities) and open ground for foraging (Ullrich 1987; Kampfer-Lauenstein and
Lederer 2007).

However, orchard meadows also support generalist species, which feed on a
broader range of host plants. For example, Herrmann et al. (2010) found that a
structural diverse understory maintained by high plant diversity benefits general-
istmeadow spiders. Likewise, Szabé et al. (2022) found butterflies with generalist
functional and life-history traits more abundant in orchard meadows compared
to calcareous grasslands. In contrast, species adapted to more open habitats,
such as farmland butterflies, occur in higher numbers and richness in calcareous
grasslands (Ernst et al. 2017). It should be noted that the orchard meadows stud-
ied by Ernst et al. (2017) seemed to be more intensively managed, as farmland
butterflies increased with abandonment, which possibly provide more herbs and
flowers. This highlights that specialist species are tightly linked to management
intensity, which will be discussed in the second part of this review.

In addition to habitat structure, particularly dead wood, edaphic conditions
also significantly affect the diversity of plants and animals in traditional orchard
meadows. According to the nutrition indicator values of Central European plants
(Ellenberg et al. 2001), nutritionally rich orchard meadows exhibit species-poor
plant communities, which in turn affect the species diversity of animal taxa de-
pendent on a species-rich plant community (Kornprobst et al. 1994; Ruzi¢kova
and Halada 2005; Zarnovi¢an et al. 2017). In contrast, orchard meadows that
are dry and nutritionally poor, either naturally or due to usage-based biomass
removal, show high plant and animal diversity (Kornprobst 1994; Thiem and
Bastian 2014). Orchard meadows on nutritionally poor soils are rare in many
regions of Central Europe (e.g., Kornprobst 1994; Denk and Wittig 1999).

The interplay of shadow and sun, influenced by the spatial distribution of
trees and other structures (e.g., woodpiles, fences, and bowers), determines
not only potential microhabitats for animals but also the composition of herba-
ceous plant communities (Langensiepen and Otte 1994; Denk and Wittig 1999;
Zarnovi¢an et al. 2017). For example, Langensiepen and Otte (1994) observed
that the number of spring geophytes increased with proximity to shade-provid-
ing fruit tree trunks, such as Gagea lutea, which only occurred in the vicinity of
fruit trees. Spring geophytes grow before the fruit trees develop leaves, thus
casting less shadow. They use this advantage in early-season growth over lat-
er-growing plants, which then grow in the shade of fruit trees, and their develop-
ment is reduced by the shade of the fruit trees (Langensiepen and Otte 1994).

How management will influence the flora of orchard meadows will be dis-
cussed in the second part of this review.

When comparing the structural diversity of extensively cultivated orchard
meadows with intensified fruit plantations, on plantations mainly low-trunk
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fruit trees are cultivated as those are easier to farm due to their homogenised
low-trunk and dense plantation (Résler 1992; Herzog 1998). Tree crowns start
already at a height of <1 m. Tree care is intensive as well as the use of pesti-
cides and fertilizers (Mader 1982; Résler 2002). Low-trunk fruit trees have less
microhabitats and offer less breeding sites for birds and arthropods. Vulnera-
ble bird species and arthropods are more abundant in high-trunk, structurally
rich orchards compared to plantations (Résler 2002; Samnegard et al. 2019).
Especially woodpeckers favour orchards with high-trunks (Rosler 2016). Mader
(1982) found a much higher species diversity of carabid beetles and spiders in
traditionally managed orchard meadow. The availability of ecological niches
and habitats is a driver of high species diversity. Low-trunk trees and intensive
tree care like use of pesticides are usually associated with low alpha diversity
compared to extensively managed high-trunk fruit trees (Mader 1982; Rosler
2002; Samnegard et al. 2019).

Local scale: effects of patch size and isolation

Besides structural differences within orchard meadows, there are also large
differences in species diversity and composition between orchard meadows
in the same region. To understand these, we will now turn towards effects and
drivers at local scale.

Orchard size and isolation from other similar habitats are important drivers
of species diversity and composition. Core predictions for species diversity in
habitat fragments, such as orchard meadows, can be derived from the Equi-
librium Theory of Island Biogeography and metapopulation theory (MacArthur
and Wilson 1967; Hanski and Gilpin 1997). Transferring island biogeography
theory, which proposes that the number of species coexisting on an island de-
pends on island size and isolation, to fragments on the mainland, it follows
that patch size, and the diversity of different habitats therein, is an important
factor how many species can coexist. Its distance to other suitable habitats
determines how many species can recolonize if they become locally exinct.
Similarly, metapopulation theory predicts that numerous smaller patches can
secure the survival of a species in the landscape if they are not too isolated
from each other, thus allowing constant multidirectional dispersal (Hanski and
Gilpin 1997; Frank and Wissel 1998).

In line with these theories, it has been shown that the number of bird spe-
cies and various insect groups (e.g., bees, wasps and their natural enemies)
increases with patch size (Steffan-Dewenter and Leschke 2003; Bauschmann
2005; Amann 2007; Bailey et al. 2010). However, a positive species-area rela-
tionship was not found for species at lower trophic level like plants (Steffan-De-
wenter 2003). Species-area relationships are assumed to be more pronounced
for specialist species and species at higher trophic level (Holt 1996).

As expected, the abundance of solitary wrinkled wasps (Eumeninae) and
bees increased with the size of the orchard. However, this was not the case
for digger wasps of the family Sphecidae and the parasitisation rate also did
not increase with area and connectivity, but depended only on the local and
regional abundance of hosts (Steffan-Dewenter 2003). Why the abundance of
some taxa and of functional relationships do not increase with patch area is
still insufficiently understood.
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Bailey et al. (2010) studied the effect of habitat isolation and size on snails,
beetles, true bugs, spiders and breeding birds in traditional orchards and found
that isolation was more important than patch size. Species richness and abun-
dance decreased with increasing isolation, showing the importance of habitat
connectivity. Further, predatory birds and spiders were more affected by patch
isolation than herbivore beetles, true bugs and snails. The authors assumed
that predators were more sensitive to isolation, which in turn benefit herbivores
due to reduced control by predators, which supports the trophic level hypothe-
sis (Holt 1996) and the mesopredator release theory (Henle et al. 2004). This
is in line with a study by Herrmann et al. (2010), who found a positive effect of
patch isolation on canopy spiders in relation with lower predation pressure of
insectivorous birds and spider wasps (Pompilidae and Crabronidae).

Orchard meadows are usually of small size, e.g., ranging from 0.08 to 5.8 ha
in southern Lower Saxony, Germany (Steffan-Dewenter 2003), possibly acting as
strong filter for species with larger area requirements. Similarly, smaller orchard
meadows are more prone to edge effects possibly affecting species composition.
While small, isolated orchard meadows can be important as resting and feeding
habitats for bird species, only species tolerating anthropogenic disturbance or
coping with habitat edges, like blackbirds (Turdus merula) or great (Parus major)
and blue tits (Cyanistes caeruleus), breed in small and isolated orchards (Baus-
chmann 2005). Species with larger area requirements and poorly adapted to
edge effects like wryneck (Jynx torquilla), little owl (Athene noctua) and spotted
flycatcher (Muscicapa striata) prefer large, interconnected orchards in combina-
tion with adjacent structurally similar habitats (Bauschmann 2005; Amann 2007).

The number of studies testing the effects of area and isolation of orchard
meadows on the composition and abundance of different taxonomic groups and
species within a taxonomic group is still very limited. Clearly, more studies are
required to fully understand the contrasting reactions that have been observed
for some species and groups in the studies carried out so far. Also, we need more
studies that allow derivations of minimum sizes of orchards for providing breed-
ing sites and the longer-term persistence of populations, especially for threatened
species and species for which orchard meadows belong to their favoured habitats.

Surrounding landscapes

The surrounding landscape can be an important driver for the community com-
position in orchard meadows (Ernst et al. 2017). Orchard meadows share many
habitats with other, larger ecosystems in Central Europe, such as grasslands,
forests and moderately modified anthropogenic landscapes like gardens and
suburban habitats. Orchards can draw species from such habitats, and their
abundance and configuration in the surrounding landscape likely have a strong
effect on the species composition and diversity in orchards. At the same time
orchards surrounding other (semi)-natural habitats can serve as temporary ref-
uges for some species when their habitat changes (e.g., deciduous woodlands
for saproxylic beetles) (Horak 2014a). However, only few studies investigated
the effect of surrounding habitats on orchard meadow diversity, making gener-
al claims difficult. The few available studies indicate that surrounding land use
types similar in structure to orchard meadows benefit species richness of birds,
butterflies (though not for butterflies that are typical for forests) and plants in
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orchards (Hordk et al. 2013). For some bird species (e.g., Coccothraustes, Den-
drocopos major, Muscicapa striata), orchard meadows may even complement
woodlands or grassland as they can act like transition areas (Sélek et al. 2010;
Horak et al. 2013). For snails, the results are contradictory. While terrestrial
snails were affected by land use in the surroundings in a study in the Czech
Republic (Horak et al. 2013), the surrounding landscape had no effects on snail
species richness in a study in Switzerland (Bailey et al. 2010).

Further, it is important to note that the effects of patch size and surrounding
landscape composition can be tightly interlinked (see also above). Patch size,
matrix quality and amount of suitable patches in the surroundings determine
metapopulation dynamics and the survival of species in fragmented habitats
(e.g., Settele et al. 1996; Hanski and Gilpin 1997; Frank and Wissel 1998). The
sensitivities of species to these effects differ between generalist and special-
ist species (Henle et al. 2004) and between the core and the periphery of the
distribution area of species (Prieto-Ramirez et al. 2020). Specialist insects, like
aboveground-nesting bees and eumenid wasps, appear to be more sensitive
to habitat fragmentation than unspecialized insects (Steffan-Dewenter 2003).

Here, we regard the lack of studies specifically targeting landscape effects
on orchard diversity as the main hindrance to reach clear conclusions. Howev-
er, such knowledge is of paramount importance to formulate effective conser-
vation measures for orchards at landscape scale. Also, the link of landscape
effects on species composition in orchards presents a promising avenue for fu-
ture research. For instance, it is poorly understood whether orchard meadows
with high structural diversity may support non-arboreal species with different
traits than tree-less meadows and meadows in intensively used plantations
that may only support species with limited trait diversity.

Regional scale

The regional scale describes species diversity across many different orchard
meadows, such as in a region, state or country. At this scale, orchards are
among the most biodiverse cultivated landscapes in Central Europe (Saure
2016; Schuboth and Krummhaar 2019). For instance, in the German state of Sax-
ony-Anhalt, one third of the nationwide species of wild bees, 19% of wasp spe-
cies and 22% of hoverfly species (Syrphidae) were found in orchard meadows
(Saure 2016). The area of orchards covers approximately 60—70 km? (Henle et
al. 2024), which is approximately 0.3% of the area of Saxony-Anhalt. A similar-
ly high richness in orchards was reported for the German state Baden-Wiirt-
temberg and for Upper Austria for wild bee species with >40% and 23% of the
state’s overall diversity respectively (Schwenninger and Wolf-Schwenninger
2012; Ockermiiller 2018). Among these species, 21% of the bee species list-
ed as endangered in Baden-Wiirttemberg were recorded in orchards (Schwen-
ninger and Wolf-Schwenninger 2012).

For birds, the numbers are similarly high. In Austria, about one third of the
200 species of regular breeding birds, and half of the 103 songbird species
were recorded in orchard meadows (Erlach 1994).

Schuboth and Krummhaar (2019) provide a detailed list of species occur-
ring in orchard meadows in the German state Saxony-Anhalt. In their study, the
authors recorded a total of 3,623 species in ten orchard meadows, of which
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359 species are considered endangered in Germany [Figures from Henle et al.
(2024), who used slightly different data from the individual chapters of a few
taxonomic groups]. Taxa like mosses (Bryophyta), lichens (Lichenophyta) and
fungi were recorded with 95, 72 and 326 species, respectively. The highest di-
versity was from the phylum Arthropoda, in which the class of Coleoptera dom-
inated with 899 recorded species, followed by butterflies (368), Arachnida (365
species), and Hymenoptera (351 species: bees, ants, wasps).

A study by Zarabska et al. (2009) compared lichens among apple orchards in
Poland, Slovakia and Italy and found highest diversity in Slovakia (52), followed
by Italy (43) and Poland (32). The authors concluded that each orchard creates
its own conditions, leading to a different number of species, as some species
favour specific conditions over others (Zarabska et al. 2009).

Only few similar studies exist for Central European orchard meadows, all of
them showing a high species richness for many taxonomic groups [see Henle et
al. (2024) for studies in Germany]. Most comprehensive studies focussed on one
or very few taxonomic groups, mainly on birds, pollinating insects and/or plants.
As a consequence, for most regions and other taxonomic groups occurring in
orchard meadows, much less is known (Henle et al. 2024). This bias in taxo-
nomic coverage makes it difficult to evaluate whether other taxa, like mammals
and other insect groups, are similarly diverse in orchard meadows from the local
to the regional scale, which species depend on orchard meadows and how the
availability of orchard meadows at the regional scale affects their abundance.

The high species diversity at regional scale can be explained by different
factors. Generally, it is important to note that there is no standard appearance
among orchard meadows at local scale. Orchard meadows have different sizes,
managements, fruit tree compositions, and environmental site conditions, e.g.,
soil properties and topographic location (e.g., Gliick et al. 2004; Bauschmann
2005; Griiebler et al. 2013; Zarnovi¢an et al. 2017). Differently structured
orchard meadows offer more diverse habitat types, food resources and nesting
sites, resulting in higher species diversity (Erlach 1994; Wiche et al. 2015;
Kajtoch 2017; Tonelli et al. 2017; Schuboth and Krummhaar 2019). Similarly,
the surrounding landscape is an important driver for high beta diversity at the
regional scale (Hordk et al. 2013). All these different local characteristics lead
to higher species spatial turnover among orchard meadows contributing to the
high alpha diversity observed at regional scale.

However, it is important to note that only few studies assessed the overall
species diversity at regional scale and especially across scale. More knowl-
edge is needed to (i) gain better understanding of which taxa are particularly
diverse in orchards locally and regionally and (ii) to compare diversity among
regions and taxa. This knowledge is important to guide conservation actions
in orchards and could potentially serve as a baseline for future monitoring of
biodiversity changes in orchards over time. This is of high relevance, since the
total area of orchard meadows has declined substantially in most regions of
Central Europe since the 1950s (Ullrich 1987; Résler 1996; Herzog 1998; Zar-
novican et al. 2017; Henle et al. 2024) and their quality as habitat is also in
decline due to eutrophication, which refers to nutrient enrichment that can de-
grade habitat quality (e.g. Kornprobst 1994; Wassen et al. 2021).

The loss of orchard meadows and the reduction of their quality threatens
the biodiversity of orchard meadows at the regional scale. This has been well
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documented for bird species that breed primarily in orchard meadows (Henle
et al. 2024). In the region of Havelland, Germany, for example, the population of
the hoopoe (Upupa epops) has declined sharply and all but a few pairs of the
little owl (Athene noctua) have disappeared despite support measures (Putze
et al. 2009). In Bavaria, wrynecks (Jynx torquilla) and ortolan (Emberiza hortu-
lana) have declined by more than 50% in the last 25-30 years (Kilian 2016).
The declines were probably due to the extensive loss of orchards and rows of
fruit trees in the arable farming areas of Franconia (ortolan) and the loss of the
meager, patchy vegetation for the wryneck. Species, for which orchard mead-
ows remain the last remaining refuges, such as U. epops, A. noctua and wood-
chat shrike (Lanius senator) (Ullrich 1987), became threatened with extinction
regionally or even extinct nationally (Ullrich 1987; Kilian 2016). Given the large
number of threatened species of other taxonomic groups that have been ob-
served in orchard meadows (Henle et al. 2024), similar regional declines likely
also occurred for many species in other taxonomic groups but in the absence
of targeted long-term monitoring it is difficult to evaluate.

For plants, eutrophication of orchard meadows has led to a rather low species
richness of plants across large parts of Franconia in Bavaria (Kornprobst 1994).
Global nitrogen-based production of fertilizer has increased by one order of mag-
nitude since the 1950s (Smil 2001). Central Europe is particularly heavily impact-
ed by nitrogen deposition (Ellenberg 1991), which has contributed to a reduction
of plant species richness in many parts of Europe (Stevens et al. 2010; Wassen
et al. 2021). The understory vegetation in orchard meadows, which strongly in-
fluences many taxonomic groups, likely contributed to regional declines in diver-
sity and abundance of numerous animal species due to eutrophication.

Part ll: Management of orchards

Extensive management of the under- and overstory is a major driver of the bio-
diversity of orchard meadows. In this part, we will review and discuss the ef-
fects of different management practices on species diversity in orchards. We
provide recommendations on the management of orchard meadows for main-
taining and increasing biodiversity.

In Central Europe, most open grasslands and scattered tree landscapes are
artificial and maintained by people (Mihlenberg and Slowik 1997). Traditionally
managed grasslands support high species richness, with one third of all native
vascular plant species in Central Europe occurring in grazed or mowed agricul-
tural grassland (Leuschner and Ellenberg 2017). To maintain open grassland,
interventions are necessary as otherwise those areas would disappear, driven
by succession towards forests. Management interventions in the form of fer-
tilization, grazing and mowing are disturbances affecting species composition
and diversity (Leuschner and Ellenberg 2017).

The intermediate disturbance hypothesis by Connell (1978) describes that to
a certain (intermediate) degree, disturbance can promote establishment of new
and less competitive species into a system and rearrange species composition
by changing competitive interactions. For example, vascular plant species rich-
ness peaks at moderate grazing levels rather than at complete abandonment of
livestock (Yuan et al. 2016). Even for some semi-natural grasslands protected
under the Natura 2000 framework in Central Europe, it is assumed that current
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grazing and mowing intensities are too low compared to the previous tradi-
tional management or that the timing of management is not suitable for many
species with strong effects on species richness and composition (Diekmann et
al. 2019). However, spatio-temporal shifting of management could ameliorate
this problem (Kleyer et al. 2007).

In general, too high intensification in the form of high fertilizer use (N fer-
tilization >120 kg N ha": eutrophic) either intensive grazing and mowing (3-6
times a year) can lead to decreasing species diversity of grassland (Leuschner
and Ellenberg 2017); and presumably also in orchards. The transition from
high-diversity grasslands to less diverse plant communities likely has similar
effects on the fauna, which may become less diverse and dominated by gen-
eralist species (Siemann et al. 1998; Ebeling et al. 2018). For the overstory,
tree management is mandatory for maintaining high biodiversity. Appropriate
management increases microhabitats in fruit trees that, in turn, leads to high
biodiversity, especially in arthropods and birds (see above for the effects of
structure and microhabitats on species richness, Asbeck et al. 2021).

Maintenance of structural diversity of the understory

The understory of orchard meadows, which consists of grasses and herbs, can
be managed through grazing, mowing, fertilization, mulching, or a combination
of these methods. Each management form has specific effects on the plant
community composition of the understory and likely also its fauna. It is import-
ant to note that orchard meadows can include dry, moderate, or wet grasslands,
and nutrient poor or eutrophic grasslands (Kornprobst 1994), which changes
the plant community and subsequently the meadow management. However,
due to the scarcity of literature, we did not differentiate between grassland
types (such as gradients in wetness of nutrients) in orchard meadows within
our management categorization. This gap in knowledge is a distinct need for
future research.

Grazing mainly promotes species richness of grasses, whereas mowing in-
creases richness of herbs (Steffan-Dewenter and Leschke 2003). Characteris-
tic plant species found in extensive managed orchard meadows are grasses
such as Arrhenatherum elatius, Dactylis glomerata and in warmer stands Bro-
mus erectus (Langensiepen and Otte 1994; Denk and Wittig 1999; Cejka et al.
2018). However, it is important to note that plant communities highly depend
on the location (and its associated environmental conditions) and manage-
ment which determine the species composition and plant community in the un-
derstory. For example, in grazed orchards, the herb layer is typically lower than
in mown ones, mainly comprising low grasses (such as Cynosurus cristatus,
Lolium perenne), along with herbs tolerant to grazing and trampling (e.g. Bellis
perennis, Plantago major, Prunella vulgaris). While on nutrient-rich soils, spe-
cies of the Molinio-Arrhenatheretea class are common (e.g. Acetosa pratensis,
Festuca pratensis, Ranunculus acris), nutrient-poor and semi-arid meadows will
feature more Festuco-Brometea species (e.g. Galium verum, Medicago lupulina,
Securigera varia) (Denk and Wittig 1999).

Fertilization or mulching can be important for nutrients repatriation (Degen-
beck 2021). All methods have their pros and cons, and these depend on their
type and intensity (Fig. 1).
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Figure 1. Schematic figure illustrating the effects of management intensification on species richness. The graph illus-
trates the potential effect of management intensity (from high over intermediate to abandonment/rewilding) on species
richness in orchard meadows. As an example, the effect of mowing intensity on species richness is shown in a box.

Grazing as management option

Grazing can ensure that meadows remain structurally diverse by creating a
mosaic of damaged and undamaged vegetation (Schoof et al. 2019). Cattle,
sheep, horses and goats have different feeding behaviour, with different effects
on vegetation (Carvell 2002; Ockinger et al. 2006; Rook and Tallowin 2011;
Schoof et al. 2019). Sheep and goats bite off vegetation, whereas cattle tear it
off, leaving more vegetation intact (Schoof et al. 2019).

Ockinger et al. (2006) found that grasslands being grazed by sheep sup-
port less plant and butterfly species compared to grasslands grazed by horse
or cattle. These results were mirrored by Carvell (2002), who found that cattle
grazed grasslands supported higher bumble bee abundance than those grazed
by sheep. Sheep have a highly selective feeding behaviour, which can lead to a
floristic impoverishment as only certain plant species are affected. Also, tempo-
ral scale of grazing is crucial for plant species composition. A short time period
of grazing with a high number of sheep can lead to an evenly grazed vegetation.
In contrast, a small number of sheep grazing over a long time period in the same
meadow can lead to selective feeding behaviour (Zahn and Tautenhahn 2016).
Selective grazing by sheep can be partly compensated by combining sheep with
goats or cattle as not only sheep-selected plants are grazed (Zahn and Tauten-
hahn 2016). Goats can modify their feeding behaviour depending on the sea-
sonal change of vegetation. They also feed on woody plants suppressing the
potential development of shrubs and therefore prevent succession (Elias and
Tischew 2016). Cattle, however, are unselective in their choice of plants and sup-
port higher structural and floristic diversity (Zahn and Tautenhahn 2016). Low to
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moderate cattle grazing can be beneficial for butterflies by creating more struc-
tural diversity and potentially be used as conservation tool for disturbance-de-
pendent grasslands (Bussan 2022) like orchard meadows. Furthermore, a struc-
turally diverse meadow created by extensive grazing with areas excluded for
livestock promotes orthopteran diversity and abundance (Gardiner 2018).

Timing of grazing can also highly influence the grassland community. Paesel
et al. (2019) found that when the grazing period starts late and fast-growing
competitive species spread and reach a certain height (120 cm and more), graz-
ers most likely avoid them due to lignification of plant tissue. Therefore, in their
study, grazing did not increase vegetation heterogeneity (Paesel et al. 2019).

The intensity of grazing and thus the number of livestock is crucial when aim-
ing at high biodiversity. Grazing intensity measured on sward height (Jerrentrup
et al. 2014) showed that an intermediate lenient grazing (12 cm) by cattle results
in higher species richness of grasshopper and butterflies compared to moder-
ate (6 cm) and very lenient (18 cm) grazing intensity. The authors recommend a
stocking rate of ~1 SLU ha™ [standard livestock unit (SLU) = 500 kg] to maintain
heterogenous sward structure, which is beneficial for less mobile insects and in-
sects sensitive to grassland structure like grasshoppers (Jerrentrup et al. 2014).

The management should aim towards a structurally diverse understory creat-
ed by intermediate grazing intensity and meadow areas excluded for livestock
to offer undisturbed areas for, e.g., breeding birds. However, if the whole mead-
ow is grazed by livestock, a grazing break of 2-4 months should be includ-
ed to create regeneration time for fauna inhabiting the understory (Zahn and
Tautenhahn 2016). In any case, tree protection (e.g., bite protection by fencing
off trunks) is recommended when orchard meadows are grazed by livestock as
goats, cattle and sheep debark trees (Lépez-Sanchez et al. 2020). Debarking
can lead to damage of fruit trees, which in turn can harm crown health and
development (Lopez-Sanchez et al. 2020).

Dung of livestock can be an important fertiliser and is also crucial for dung
living and visiting organisms like several dipteran families (e.g., Syrphidae,
Dolichopodidae, Muscidae) and dung beetles (e.g., Scarabaeidae, Geotrupidae)
(Young 2015; Schoof and Luick 2019). Orchard meadows are usually not treated
with pesticides or other chemical input (Résler 1992; Erlach 1994). However,
husbandry of livestock is mostly associated with the use of veterinary medicine,
like, e.g., antiparasitics and antibiotics, which are highly debated due to, e.g.,
antibiotic resistance and their environmental impact on ecosystems (Van
Puyvelde et al. 2018; Sebestyén et al. 2018; Lalouckova and Skrivanova 2019).

Veterinary medicine or their metabolites in dung of livestock negatively af-
fects dung living insects (Tonelli et al. 2017; Schoof et al. 2019). It can reduce
biomass, abundance, functional diversity and species richness of dung bee-
tle communities, which are important decomposers and also serve as food
source for a range of animals (Tonelli et al. 2017; 2020). Numerous bird species
(e.g., Turdus merula, Lanius collurio), bats (e.g., Rhinolophus ferrumequinum)
and hedgehogs (Erinaceus europaeus, Erinaceus concolor) feed on dung living
insects [see Young (2015) for a comprehensive list of predators of dung living
insects], which in turn are affected by the reduction of dung organism.

Rombke et al. (2019) recommended risk mitigation measures to protect
dung and soil organisms from antiparasitics. The following recommendations
were made to protect dung organisms: (i) a selected instead of strategic use
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(e.g., common practice is that prophylactically all animals are treated) of anti-
parasitic treatments as well as (ii) restricting strategic treatments to seasons
when diversity and abundance of dung organisms are not at their highest. There
should be (iii) no treatment of livestock on the same pasture in the successive
season (e.g., spring and summer of the same year). If possible, (iv) animals
should be in the shed during the treatment period. The effect of veterinary med-
icine on biodiversity of dung living insects and other non-target organisms is
little studied and generally not considered in conservation management plans
yet (Rombke et al. 2019; Schoof et al. 2019).

Management by mowing

When the understory of orchards is managed by mowing, the timing and frequen-
cy of mowing strongly determines vegetation structure. Ideally, plants should
have reached seed maturity or be capable of vegetative propagation by the time
of cutting. This will increase their chances of persistence and propagation under
a mowing regime with a constant temporal sequence. Plant species not adapt-
ed to frequent mowing, either due to low build-up of energy reserves, damage
before seed production or sudden change in microclimate, may not persist long-
term under unfavourable mowing management. However, plant species with low
competitive ability, such as slow growing species or those adapted to high distur-
bances, depend on regular clearing or removal of more competitive, fast-growing
plants for their survival (Oppermann and Briemle 2009; Schoof et al. 2019).

In orchard meadows, the type and structure of the understory has a strong
effect on faunal diversity. Hence, mowing time and frequency also determines
which animals persist and establish. For wild bees, early mowing that removes
flower buds of spring flowers depletes important flowering resources, such as
pollen and nectar (Schwenninger and Wolf-Schwenninger 2012). Therefore,
Schwenninger and Wolf-Schwenninger (2012) recommended mid of June as
orientation date for the first mowing occasion and from the end of August for
the second mowing date, when most summer plants already withered.

Besides timing, the frequency of mowing is also crucial. Intermediate cut fre-
guencies, such as twice a year, support high species richness of vascular plants
(Fig. 1) (Socher et al. 2013). Subdominant plant species can establish, as re-
sources essential for them, such as light, become available. However, Wiche et
al. (2015) found that mowing twice a year already negatively affected species
richness of cicada. Mowing, in particular, enhances the survival of smaller, less
competitive plant species on which relatively few cicada species are specialised.
Therefore, the authors recommended a single annual mowing to maintain high
cicada species richness. To maintain high wild bee diversity, in contrast, Schwen-
ninger and Wolf-Schwenninger (2012) suggested staggered and twice mowing
to maintain high flower supply. However, Steffan-Dewenter and Leschke (2003)
found that above-ground nesting bee and wasp species were less effected by
mowing frequency. The authors assumed that the studied insect communities
are only indirectly dependent on the vegetation layer as food supply as flowering
fruit trees provide additional pollen and nectar as well as attract prey for hunting
wasps. This was similarly observed in a study of Horak (2014b) who found that
butterfly species richness was not associated with management (mowing) but
with flowering intensity. The author suggested that flowering fruit trees and the

Nature Conservation 55: 103-134 (2024), DOI: 10.3897/natureconservation.55.108688 116



Cornelia Sattler et al.: Management and biodiversity of orchard meadows

surrounding areas might compensate for the effect of mowing on the understory
vegetation. Nonetheless, as tree blossoms are temporary and mainly in spring,
targeted understory management for bee, wasp and cicada fauna is necessary.

To account for the diverging effects of different mowing schemes on dif-
ferent taxonomic groups, a spatial and temporal mosaic of mowing regimes
could be implemented (Kleyer et al. 2007; Johst et al. 2015). For example, a
spatio-temporal mowing scheme benefits the survival of the scarce large blue
butterfly (Phengaris teleius) in grassland systems (Johst et al. 2006). Like-
wise, asynchronous mowing of grassland likely is a key process governing the
high density of white stork in an extensively managed farming landscape of
east-central Poland (Golawski and Kasprzykowski 2021). Johst et al. (2015)
developed a model to assess the effects of different spatial-temporal mowing
schemes on butterfly and bird species. This approach was extended by Sturm
et al. (2018) towards a decision-support software, which calculates the effect
of grazing and mowing regimes on endangered bird and butterfly species, to
determine ecologically and cost-effective agri-environment schemes. Although
spatial-temporal mosaic mowing schemes are occasionally implemented in the
management of orchards at small scales (Fig. 2), we are not aware of any study
applying this model to orchards or that analysed the effects of spatio-temporal
mosaic mowing schemes for species in orchards.

Figure 2. Example of a spatio-temporal mosaic mowing regime in an orchard in Rutesheim-Perouse, southern Germany.

Photo: Klaus Henle.
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To date, there are no studies comparing the combined effect of different man-
agement methods in orchard meadows. Similarly, most studies focus on man-
agement effects on plants, birds and pollinating insects, which makes it difficult
to develop conservation strategies that also account for the needs of the wide
range of species from other taxonomic groups or ecological guilds for which
orchard meadows are important (Mader 1982; Schuboth and Krummbhaar 2019;
Henle et al. 2024). The focus on the conservation of a single species group can
be detrimental for other taxa. As most studies cited by us were done in grass-
lands lacking trees, there is an urgent need for studies covering simultaneously
several taxa inhabiting orchard meadows for the development of management
guidelines that account for synergistic and antagonistic needs of different tax-
onomic groups and for interactions between the understory and the tree story.

Effects of abandonment and management intensification

Orchard meadows that are neither grazed nor mowed and left fallow rewild and
lose their typical structure of semi-open grasslands with scattered trees. Im-
portant habitats disappear, floral as well as faunal species richness decrease
(Zarnovican et al. 2017). Grass and herbal cover of the understory decrease
and succession starts to develop (increase of shrub and tree abundance) (Stef-
fan-Dewenter and Leschke 2003; Wiche et al. 2015; Vowinkel 2017). Such forms
of abandonment of orchard meadows can lead to a short increase of butterfly
and bird diversity as additional resources like forbs and shrubs as well as dead
wood become available (Ernst et al. 2017; Kajtoch 2017). In the long term, how-
ever, open structures vanish followed by habitats and forage resources unsuit-
able for species requiring (semi-)open environments (Ernst et al. 2017; Cejka
et al. 2018). Hordk et al. (2018) found that the number of lichens, butterflies,
beetles, and orthopteran species increased when abandoned orchard meadows
were restored. These results show that maintenance or restauration has positive
effects on species biodiversity and successional changes argue against rewild-
ing of extensively used agricultural landscapes like traditional orchard meadows.

Intensification of orchard meadows towards fruit plantations is the opposing
effect of abandonment. Intensification aims at increasing economic output by
increasing external inputs like fertiliser and pesticides and by more intensive
management like removing old and/or less productive trees. Permanent tran-
sition towards intensive grazing and/or high disturbance by mowing in combi-
nation with high nutrient input leads to a decrease of taxonomic and functional
diversity of pollinating insects (e.g., species of Hymenoptera, Lepidoptera and
Diptera) and orthopteran species as well as in alteration of vegetation com-
munities toward highly competitive and disturbance-adapted species (Gardiner
2018; Rakosy et al. 2022). Similarly, high fertilizer rates and frequent mowing
can lead to homogenisation of plant communities (Kornprobst 1994; Hammel
and Arnold 2012; Socher et al. 2013; Kilian 2016). Addition of fertiliser favours
dominant plant species; especially threatened species are lost by high N and
P inputs (Harpole et al. 2016; Hautier et al. 2020; Wassen et al. 2021) as many
of the Central European threatened plant species depend on nutrient poor soils
(Ellenberg 1991; Ellenberg et al. 2001) and are threatened because of the sub-
stantial increase of N-emission and P-input across most areas in Central Eu-
rope (Ellenberg 1991; Wassen et al. 2005).
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Similarly, accumulation of dung due to overstocking of livestock and mulch-
ing (cut vegetation left on the meadow) can lead to accumulation of nutrients
and rotting processes. This in turn can lead to a change and homogenisation
of the flora and vegetation structure in the longer term (Pavl( et al. 2016). How-
ever, mulching or fertilising can be important for the replenishment of nutri-
ents for fruit trees, which can have an undersupply of phosphor, potassium
and magnesium if, e.g., regularly harvested (Degenbeck 2021). Pavli et al.
(2016) found no significant changes of nutrient concentration in herbs or soil
when cuttings were either left or removed in upland grassland in the Czech Re-
public. Nonetheless, the authors reported a tendency towards higher nutrient
concentrations in grasslands treated by mulching than grassland with cuttings
removed. Mulching or fertilising should be considered based on the location
and abiotic factors, e.g., soil properties. While mulching can benefit plant spe-
cies and functional trait diversity in a nutrient-poor mountain meadow (Dolezal
et al. 2011), it can decrease plant species richness in an nutrient-rich upland
grassland (Gaisler et al. 2019). Beside the need to change from intensive to
extensive cultivation, a grassland study in Germany showed that variation of
land-use intensification (mowing, grazing, fertilisation) across years can be a
complementary strategy to enhance biodiversity (Allan et al. 2014).

If extensive management like grazing or mowing with cut vegetation re-
moved cannot be maintained, temporarily mulching twice a year seems to be a
good option to conserve plant diversity and depress succession (Rémermann
et al. 2009; Gaisler et al. 2019).

Effects of extensive tree management on species richness

The diversity of microhabitats is a useful indicators for species richness as it
is assumed that microhabitats such as dead wood, cavities and branch holes,
correlate with the abundance and diversity of organisms living on and in trees
(Grossmann and Pyttel 2016; Asbeck et al. 2021). Therefore, the maintenance
of high-trunk trees in form of occasional pruning is very important as prun-
ing promotes the formation of natural cavities beneficial for cavity users like
many bird and insect species (see chapter structure and microhabitats) (Eck-
stein and Albrecht 2006; Griiebler et al. 2013; Henle et al. 2024). Especially,
removing of main branches leads to large pruning wounds, which in turn lead
to decay cavities (Griiebler et al. 2013). Extensive tree care, such as leaving
dead branches, promotes deadwood and notably increases decay-induced tree
cavities (Eckstein and Albrecht 2006).

Quality and quantity of microhabitats further depend on the tree species and
tree associated properties, such as bark structure and trunk diameter. Eckstein
and Albrecht (2006) found that trunk and branch hollows were mostly asso-
ciated with apple trees whereas moss cushions were mostly found on pear
trees. Lichens are most common on pear and plum trees. Grossmann and Pyt-
tel (2016) found more microhabitats in walnut trees compared to apple trees
and a correlation of tree diameter with microhabitats. Larger tree diameter is
associated with more microhabitats as trees are usually older. Older trees are
more likely to be exposed to natural disturbances resulting in injuries or rot
infestation, which favours development of microhabitats (Bobiec 2002; Vuidot
et al. 2011; Grossmann and Pyttel 2016). Although walnut trees seem to offer
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many microhabitat structures because of their high tree diameter, they are not
common in orchard meadows in Central Europe (Degenbeck 2003; Schuboth
and Krummhaar 2019).

The importance of different tree species and varieties is also shown by dif-
ferent susceptibility to diseases. Apple trees are affected by higher rates of
fungal heart rot infestation. This, in turn, attracts high numbers of woodpeckers
and consequently leads to higher numbers of woodpecker-cavities (Griiebler et
al. 2013). Other studies also showed that especially apple trees contain higher
numbers of tree holes (Amann 2007), which might be because of the softer
bark of apple trees, which is easier to penetrate compared to other fruit trees
(Eckstein and Albrecht 2006). To obtain a high quantity of microhabitats new
tree plantings should include a high proportion of apple trees (Griiebler et al.
2013). At the same time, nesting possibilities in the form of artificial nesting
boxes are also an important conservation strategy to promote birds, small
mammals and insects (Amann 2007).

Summary conservation and management recommendations

The species diversity of orchard meadows is very closely connected to the
maintenance and management of the under- and overstory, which determines
structural diversity. However, it is evident from the studies reviewed above
that management recommendations depend on and differ among targeted
taxa, and thus each may be detrimental for non-target taxa (Wiche et al. 2015;
Schoof et al. 2019). In any case, rewilding, a strategy for biodiversity conserva-
tion recently increasingly promoted also for cultural landscapes in the form of
land abandonment (Navarro and Pereira 2015), is not an appropriate conser-
vation strategy for orchard meadows. Rewilding will lead to the disappearance
of plants and animal species that depend on the combination of open diverse
grassland with trees (Ernst et al. 2017; Zarnovi¢an et al. 2017). Likewise, inten-
sification with high interventions will be detrimental to many taxa and will result
in the loss of the biodiversity conservation value of orchards (Pavll et al. 2016;
Gardiner 2018; Rakosy et al. 2022).

Similar to the understory, the maintenance of the overstory by extensive tree
pruning leads to high numbers of microhabitats, which offers manifold ecologi-
cal niches for different species. Management of trees prevent premature ageing.
For the maintenance of orchard meadows adding young trees of different spe-
cies and varieties are important. Similarly, dead wood, e.g., standing trees con-
tain many microhabitats and are crucial for cavity users (Eckstein and Albrecht
2006; Griiebler et al. 2013; Grossmann and Pyttel 2016). Although fruit trees
contain many microhabitats, nesting boxes should be provided to support sec-
ondary cavity users like several bird, mammal and insect species (Amann 2007).

Grazing, mowing and tree maintenance are key management aspects for
biodiversity in orchard meadows. However, there is no “silver-bullet strategy”
for an optimal management regime that fits all taxa as it is highly dependent
on the location and the targeted species groups. For instance, a mowing fre-
quency of twice per year can already lead to a decrease of cicada species
(Wiche et al. 2015), whereas bee species richness may benefit (Schwenninger
and Wolf-Schwenninger 2012). As such, we recommend a combination and
time-shifted implementation of different management regimes, like grazing
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and mowing, as this seems to be a promising way to create an understory suit-
able for taxa with different ecological requirements as grasses and herbs will
be in different growth stages. A caveat is that such schemes can be implement-
ed effectively only in very large orchards or at the landscape scale with many
orchards in close vicinity to each other.

Compared to other livestock, cattle, with their unselective feeding behaviour,
seem to have the best effect on plant, butterfly and bee diversity (Carvell 2002;
Sheil and Wunder 2002; Ockinger et al. 2006; Schoof et al. 2019). However,
when livestock is involved, fruit trees should be protected with fences to avoid
debarking (Lopez-Sanchez et al. 2020). Similarly, risk mitigation measures, e.g.,
a selected use of antiparasitic treatments, to protect dung living insects should
be considered when using veterinary medicine (Rombke et al. 2019).

Mowing times should be adjusted to the surrounding landscapes (e.g., tim-
ing of mowing in the neighbouring landscape) to prevent synchronous mow-
ing and maintain alternative areas for the fauna (Kleyer et al. 2007; Johst et
al. 2015; Golawski and Kasprzykowski 2021). Especially habitats similar to
orchard meadows seem to be beneficial for species richness and should be
considered as well (Hordk 2014b; Ernst et al. 2017). Generally, conservation
schemes should take place on the landscape scale rather than the local scale
to promote interconnectivity and landscape diversity. This will provide flower
resources during a longer time period for flower visiting insects and structur-
al diversity thereby promoting nesting, foraging or hunting sites for different
taxa (e.g., grassland birds, small mammals). If mowing or grazing cannot be
afforded, temporarily mulching is also an option to maintain plant diversity and
prevent successions (RGmermann et al. 2009; Gaisler et al. 2019).

Further, traditional ecological knowledge about orchard meadows in a spe-
cific region can be very helpful in optimizing management regimes, as it has
been verified by generations of farmers (Babai and Molnar 2014).

Conclusions

To conserve and halt the decline of orchard meadows in Central Europe, we
argue that it is paramount to acknowledge their importance for biodiversity at
a political, cultural and societal level. There is a need for a clear definition of
orchard meadows to create a common term in Europe, which would make the
assessment as well as their protection more straightforward (see Henle et al.
2024). Orchard meadows should be listed in the Habitats Directive of the Coun-
cil of the European Union and farmers should get incentives for maintaining
orchard meadows; see Henle et al. (2024) for comprehensive conservation rec-
ommendations at the political, economic, cultural and societal level from the
local to the European level.

While we highlighted the important ecological role of orchard meadows in
Central European landscapes (Table 1), our review also points out the limita-
tion of available studies on orchard meadows in Central Europe. Most studies
focused on plants, birds and pollinating insects, and only a few studies are
available on other taxonomic groups. Even for plants, the knowledge depends
to a large extent on an extrapolation from studies of tree-less grasslands to
orchards, which contains uncertainty on the extent of the robustness of the
extrapolation. Conservation strategies on single taxonomic groups, e.g., bird
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Table 1. Key conclusions.

1. Biodiversity in Orchard Meadows

Selected References

Orchard meadows are one of the most biodiverse agricultural habitats in Central Europe Kilian (2016), Saure (2016), Schuboth
explained by their high structural diversity. (See chapter: Structure and microhabitats) and Krummbhaar (2019)

Species richness in orchard meadows increases with patch size. (See chapter: Local scale: |  Amann (2007), Bauschmann (2005),

effects of patch size and isolation)

Steffan-Dewenter (2003)

Habitat surroundings, landscape composition and connectivity of orchard meadows Ernst et al. (2017), Horak et al. (2013),
determines species composition. (See chapters: Surrounding landscapes, regional scale) Steffan-Dewenter (2003)

2. Management in Orchard Meadows

Extensive grazing and mowing promote structural diversity of the understory. (See chapter: | Schoof et al. (2019), Jerrentrup et al.

Maintenance of structural diversity of the understory) (2014), (Gilhaus et al. 2017)
Fertilization and intensive mowing or grazing leads to homogenisation of plant Hammel and Arnold (2012), Kilian
communities. (See chapter: Effects of abandonment and management intensification) (2016), Leuschner and Ellenberg 2017
Extensive tree management promotes animal species richness. (See chapter: Effects of (Rosler 2002), Samnegard et al. (2019),
extensive tree management on species richness) Erlach (1994), Eckstein and Albrecht

(2006), Griiebler et al. (2013)

or pollinator insect species, might be detrimental for other taxonomic groups.
Studies on the management effects on neglected taxonomic groups is a ma-
jor research need for improving applied conservation of biodiversity in orchard
meadows as is the effect of spatially and temporally asynchronous understory
management. Similarly, very few studies investigated the landscape scale ef-
fects on orchard meadows, and comparisons with other extensive agricultural
landscapes are lacking. Those studies could help to understand the function of
orchard meadows as extensive agricultural habitat on the landscape scale and
what effect it has for other land use types and vice versa.

Here, we will briefly outline future research directions.

Research gaps and directions:

+ Alpha diversity is closely linked to structural diversity of orchard meadows

highlighted by the high diversity of different taxa inhabiting the under- and
overstory of orchard meadows. However, to this date there are only a limited
number of studies comparing orchard meadows to other extensive cultivated
landscapes like grasslands or woodlands in the same landscapes. Compar-
ing other extensively cultivated landscapes to orchard meadows could help
to better understand species composition in orchard meadows, especially for
which species orchard meadows belong to their preferred habitats. Studies
on the effects of the presence of trees with their shading, leaf fall and fruit
availability on diverse taxonomic groups, and how extensively managed land-
scapes can substitute or supplement each other at a landscape scale are
very rare. Similarly, knowledge about the interactions of orchard meadows
with the surrounding matrix in the conservation of species is rather limited,
including an assessment of the relative importance of orchard meadow and
the matrix for the presence of species in orchard meadows. There is evidence
that orchard meadows can be important for specialist and generalist species.
We see an urgent need to invest in research addressing area requirements of
different species. Great promise lies in the discipline of functional ecology
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where species occurrences in orchards of different size and isolation can
be linked to their traits and other indices of their life-history strategy. For in-
stance, the link of species traits and their occurrence in differently sized and
isolated orchard meadows is largely unknown. Here, future research may
test whether species with high dispersal capacity, such as winged insects
or birds, are overrepresented in small and/or isolated orchard meadows.

+ Area requirements of species in orchards are poorly known, rendering it
speculative whether species with large area requirements are mostly ab-
sent in orchards. Future research should link such questions with habi-
tat connectivity of different orchard meadows. For instance, even small-
er but well-connected orchard meadows may allow species with larger
area requirements to persist more likely than isolated but larger orchard
meadows. Such questions are also of great relevance for conservation
and management strategies that we discuss in detail under conservation
and management recommendations.

Acknowledgements

We thank Dr. Markus Roésler, Naturschutzbund Deutschland, Gerlingen, Jen-
nifer Kramer, Naturschutzbund Deutschland, Berlin, and Volker Scherfose,
BfN, Bonn-Bad Godesberg, for constructive discussions and information on
orchard meadows.

Additional information

Conflict of interest

The authors have declared that no competing interests exist.

Ethical statement

No ethical statement was reported.

Funding

This study was funded by The German Federal Agency for Nature Conservation (BfN)
(Project reference: FKZ 3520 83 0100).

Author contributions

CS and KH conceived the ideas. CS and MLH conducted literature research. CS wrote
the main text of the manuscript. All authors contributed critically to the drafts and gave
final approval for publication.

Author ORCIDs

Cornelia Sattler © https://orcid.org/0000-0001-5779-2641
Julian Schrader © https://orcid.org/0000-0002-8392-211X
Klaus Henle © https://orcid.org/0000-0002-6647-5362

Data availability

All of the data that support the findings of this study are available in the main text or
Supplementary Information.

Nature Conservation 55: 103-134 (2024), DOI: 10.3897/natureconservation.55.108688 123


https://orcid.org/0000-0001-5779-2641
https://orcid.org/0000-0002-8392-211X
https://orcid.org/0000-0002-6647-5362

Cornelia Sattler et al.: Management and biodiversity of orchard meadows

References

Allan E, Bossdorf O, Dormann CF, Prati D, Gossner MM, Tscharntke T, Bliithgen N, Bellach
M, Birkhofer K, Boch S, Bohm S, Borschig C, Chatzinotas A, Christ S, Daniel R, Diekdt-
ter T, Fischer C, Friedl T, Glaser K, Hallmann C, Hodac L, Holzel N, Jung K, Klein AM,
Klaus VH, Kleinebecker T, Krauss J, Lange M, Morris EK, Miiller J, Nacke H, Pasali¢
E, Rillig MC, Rothenwdhrer C, Schall P, Scherber C, Schulze W, Socher SA, Steckel J,
Steffan-Dewenter |, Tiirke M, Weiner CN, Werner M, Westphal C, Wolters V, Wubet T,
Gockel S, Gorke M, Hemp A, Renner SC, Schoning |, Pfeiffer S, Konig-Ries B, Buscot
F, Linsenmair KE, Schulze ED, Weisser WW, Fischer M (2014) Interannual variation
in land-use intensity enhances grassland multidiversity. Proceedings of the National
Academy of Sciences of the United States of America 111(1): 308-313. https://doi.
org/10.1073/pnas.1312213111

Amann VG (2007) Untersuchungen zur Vogelwelt in Streuobstwiesen der Gemeinde
Nenzing (Vorarlberg, Austria). Vorarlberger Naturschau 20: 59-76.

Asbeck T, GroBmann J, Paillet Y, Winiger N, Bauhus J (2021) The use of tree-related
microhabitats as forest biodiversity indicators and to guide integrated forest man-
agement. Current Forestry Reports 7(1): 59-68. https://doi.org/10.1007/s40725-
020-00132-5

Babai D, Molnar Z (2014) Small-scale traditional management of highly species-rich
grasslands in the Carpathians. Agriculture, Ecosystems & Environment 182: 123—
130. https://doi.org/10.1016/j.agee.2013.08.018

Bailey D, Schmidt-Entling MH, Eberhart P, Herrmann JD, Hofer G, Kormann U, Herzog F
(2010) Effects of habitat amount and isolation on biodiversity in fragmented tradition-
al orchards. Journal of Applied Ecology 47(5): 1003-1013. https://doi.org/10.1111/
j-1365-2664.2010.01858.x

Bauschmann G (2005) Untersuchungen lber die Vogelwelt dreier unterschiedlich struk-
turierter Streuobstgebiete im mittleren Hessen. Beitrdge zur Naturkunde der Wetter-
au 11: 137-150.

Beigel H, Boehmer HJ, Distler H, Kappes G, Klein H, Raab B, Schiile P (1995) Lebensraum
Streuobstfldachen - Vorschlage zur Umsetzung von Artenschutzzielen. Materialien zur
Landlichen Entwicklung in Bayern 34: 1-183.

Bobiec A (2002) Living stands and dead wood in the Biatowieza forest: Suggestions
for restoration management. Forest Ecology and Management 165(1-3): 125-140.
https://doi.org/10.1016/S0378-1127(01)00655-7

Bosneck U, Hampel | (2013) Die Schutzgebiete der Landeshauptstadt Erfurt (Thiringen),
Teil XXI: Flora und Fauna des GLB ,Feldgehdlze, Streuobstwiesen und Quellbereiche
bei Salomonsborn“. VERNATE 32: 115-152.

Braun MS, Braun M, Wink M (2010) Siedlungsdichte des Gartenrotschwanzes
Phoenicurus phoenicurus in Streuobstflichen des Handschuhsheimer Feldes bei
Heidelberg. Ornithologische Jahreshefte fiir Baden-Wirttemberg 26: 31-37.

Binger L (1996) Erhaltung und Wiederbegriindung von Streuobstbestanden in
Nordrhein-Westfalen. Recklinghausen: Schriftenreihe der Landesanstalt fiir Okologie,
Bodenordnung und Forsten/Landesamt fur Agrarordnung NRW 9.

Burger F, Creutzburg F (2012) Die Stechimmen (Hymenoptera: Aculeata) der Lasur in
Gera. Veroffentlichungen der Museen der Stadt Gera — Naturwissenschaftliche Reihe
38:84-94.

Bussan SK (2022) Can cattle grazing benefit grassland butterflies? Journal of Insect
Conservation 26(3): 359-374. https://doi.org/10.1007/s10841-022-00373-8

Nature Conservation 55: 103-134 (2024), DOI: 10.3897/natureconservation.55.108688 124


https://doi.org/10.1073/pnas.1312213111
https://doi.org/10.1073/pnas.1312213111
https://doi.org/10.1007/s40725-020-00132-5
https://doi.org/10.1007/s40725-020-00132-5
https://doi.org/10.1016/j.agee.2013.08.018
https://doi.org/10.1111/j.1365-2664.2010.01858.x
https://doi.org/10.1111/j.1365-2664.2010.01858.x
https://doi.org/10.1016/S0378-1127(01)00655-7
https://doi.org/10.1007/s10841-022-00373-8

Cornelia Sattler et al.: Management and biodiversity of orchard meadows

Carvell C (2002) Habitat use and conservation of bumblebees (Bombus spp.) under
different grassland management regimes. Biological Conservation 103(1): 33-49.
https://doi.org/10.1016/S0006-3207(01)00114-8

Cejka M, Holusa J, Skokanova H (2018) Mowed orchards of the thermophyticum in
Central Europe as vanishing refugia for steppe spiders. Agroforestry Systems 92(3):
637-642. https://doi.org/10.1007/s10457-016-0026-9

Connell JH (1978) Diversity in tropical rain forests and coral reefs. Science 199(4335):
1302-1310. https://doi.org/10.1126/science.199.4335.1302

Degenbeck M (2003) Zur Situation der Streuobstbestédnde in Bayern. Streuobst in der
Kulturlandschaft. Schriftenreihe der Bayerischen Landesanstalt fiir Landwirtschaft
1(6/03): 12-24.

Degenbeck M (2021) Streuobstwiesen schiitzen durch Niitzen - Erfolg versprechende
Ansédtze der Landwirtschaftsverwaltung in Bayern. Berichte lber Landwirtschaft.
Zeitschrift fir Agrarpolitik und Landwirtschaft 99(2): 1-29.

Dengler J, JaniSova M, Torok P, Wellstein C (2014) Biodiversity of Palaearctic grass-
lands: A synthesis. Agriculture, Ecosystems & Environment 182: 1-14. https://doi.
org/10.1016/j.agee.2013.12.015

Denk M, Wittig R (1999) Die Vegetation der Streuobstwiesen im Main-Taunus-Kreis.
Botanik und Naturschutz in Hessen 11: 11-40.

Diekmann M, Andres C, Becker T, Bennie J, Bliiml V, Bullock JM, Culmsee H, Fanigliulo M,
Hahn A, Heinken T, Leuschner C, Luka S, Meilner J, Miiller J, Newton A, Peppler-Lis-
bach C, Rosenthal G, van den Berg LJL, Vergeer P, Wesche K (2019) Patterns of long-
term vegetation change vary between different types of semi-natural grasslands in
Western and Central Europe. Journal of Vegetation Science 30(2): 187-202. https://
doi.org/10.1111/jvs. 12727

Dolezal J, Maskova Z, Lep$ J, Steinbachova D, de Bello F, KlimeSova J, Tackenberg O, Ze-
mek FS, Kvét J (2011) Positive long-term effect of mulching on species and functional
trait diversity in a nutrient-poor mountain meadow in Central Europe. Agriculture, Eco-
systems & Environment 145(1): 10-28. https://doi.org/10.1016/j.agee.2011.01.010

Ebeling A, Hines J, Hertzog LR, Lange M, Meyer ST, Simons NK, Weisser WW (2018)
Plant diversity effects on arthropods and arthropod-dependent ecosystem func-
tions in a biodiversity experiment. Basic and Applied Ecology 26: 50-63. https://doi.
org/10.1016/j.baae.2017.09.014

Eckstein K, Albrecht H (2006) Der naturschutzfachliche Wert von Streuobstwiesen
im Raum Hohenlohe und sein Bezug zu Standort und Nutzung. In: Blichs W (Ed.)
Moglichkeiten und Grenzen der Okologisierung der Landwirtschaft- wissenschaftliche
Grundlagen und praktische Erfahrungen - Beitrdge aus dem Arbeitskreis
JAgrarokologie”. Biologischen Bundesanstalt fiir Land- und Forstwirtschaft Berlin
und Braunschweig, Berlin und Braunschweig, 116-124.

Eeraerts M, Smagghe G, Meeus | (2019) Pollinator diversity, floral resources and
semi-natural habitat, instead of honey bees and intensive agriculture, enhance polli-
nation service to sweet cherry. Agriculture, Ecosystems & Environment 284: 106586.
https://doi.org/10.1016/j.agee.2019.106586

Egli L, Meyer C, Scherber C, Kreft H, Tscharntke T (2018) Winners and losers of na-
tional and global efforts to reconcile agricultural intensification and biodiversity
conservation. Global Change Biology 24(5): 2212-2228. https://doi.org/10.1111/
gch.14076

Eichler M, Hohmann M, Rausch G, Stehling L, Wolf T (2001) Grunddatenerfassung zu
Monitoring und Management des FFH-Gebietes “Streuobstwiesen von Darmstadt-

Nature Conservation 55: 103-134 (2024), DOI: 10.3897/natureconservation.55.108688 125


https://doi.org/10.1016/S0006-3207(01)00114-8
https://doi.org/10.1007/s10457-016-0026-9
https://doi.org/10.1126/science.199.4335.1302
https://doi.org/10.1016/j.agee.2013.12.015
https://doi.org/10.1016/j.agee.2013.12.015
https://doi.org/10.1111/jvs.12727
https://doi.org/10.1111/jvs.12727
https://doi.org/10.1016/j.agee.2011.01.010
https://doi.org/10.1016/j.baae.2017.09.014
https://doi.org/10.1016/j.baae.2017.09.014
https://doi.org/10.1016/j.agee.2019.106586
https://doi.org/10.1111/gcb.14076
https://doi.org/10.1111/gcb.14076

Cornelia Sattler et al.: Management and biodiversity of orchard meadows

Eberstadt/Prinzenberg und Eichwéldchen.” Biro filir Vegetationskunde und
Landschaftsokologie, Darmstadt.

Elias D, Tischew S (2016) Goat pasturing—A biological solution to counteract shrub en-
croachment on abandoned dry grasslands in Central Europe? Agriculture, Ecosys-
tems & Environment 234: 98-106. https://doi.org/10.1016/j.agee.2016.02.023

Ellenberg H (1991) Okologische Veradnderungen in Biozénosen durch Stickstoffeintrag.
In: Henle K, Kaule G (Eds) Arten- und Biotopschutzforschung fiir Deutschland. For-
schungszentrum, Jiilich, 75-90.

Ellenberg H, Weber HE, Wirth W, Dill R, Werner W (2001) Zeigerwerte von Pflanzen in
Mitteleuropa. 3 edn. Scripta Geobotanica 18, Goltze, Gottingen.

Erlach A (1994) Okologie des Streuobstbaues. Griine Reihe des Lebensministeriums 7:
57-102.

Ernst LM, Tscharntke T, Batary P (2017) Grassland management in agricultural vs. for-
ested landscapes drives butterfly and bird diversity. Biological Conservation 216:
51-59. https://doi.org/10.1016/j.biocon.2017.09.027

EU (2018) Regulation (EU) 2018/848 of the European Parliament and of the Council of
30 May 2018 on organic production and labelling of organic products and repealing
Council Regulation (EC) No 834/2007. Official Journal of the European Union L150:
1-92.

Eurostat (2021) Land Use Statistics. Eurostat, Luxemburg. https://ec.europa.eu/eu-
rostat/statistics-explained/index.php?title=Land_use_statistics

Fletcher Jr RJ, Didham RK, Banks-Leite C, Barlow J, Ewers RM, Rosindell J, Holt RD, Gon-
zalez A, Pardini R, Damschen El, Melo FPL, Ries L, Prevedello JA, Tscharntke T, Laura-
nce WF, Lovejoy T, Haddad NM (2018) Is habitat fragmentation good for biodiversity?
Biological Conservation 226: 9-15. https://doi.org/10.1016/j.biocon.2018.07.022

Forejt M, Syrbe RU (2019) The current status of orchard meadows in Central Europe:
Multi-source area estimation in Saxony (Germany) and the Czech Republic. Moravian
Geographical Reports 27(4): 217-228. https://doi.org/10.2478/mgr-2019-0017

Frank K, Wissel C (1998) Spatial aspects of metapopulation survival - From model re-
sults to rules of thumb for landscape management. Landscape Ecology 13(6): 363—
379. https://doi.org/10.1023/A:1008054906030

Gaisler J, Pavll L, Nwaogu C, Pavlll K, Hejcman M, Pavld VV (2019) Long-term effects
of mulching, traditional cutting and no management on plant species composition of
improved upland grassland in the Czech Republic. Grass and Forage Science 74(3):
463-475. https://doi.org/10.1111/gfs.12408

Gardiner T (2018) Grazing and Orthoptera: A review. Journal of Orthoptera Research
27(1): 3=11. https://doi.org/10.3897/jor.27.26327

GilhausK,Boch S, Fischer M, Holzel N, Kleinebecker T, Prati D, Rupprecht D, Schmitt B, Klaus
VH (2017) Grassland management in Germany: Effects on plant diversity and vege-
tation composition. Tuexenia 37: 379—-397. https://doi.org/10.14471/2017.37.010

Gliick E, Deutschle J, Bocker R (2004) Wie beeinflusst die Bewirtschaftung die Vegetation
von Streuobstwiesen? Berichte des Instituts fiir Landschafts- und Pflanzendkologie
der Universitat Hohenheim 13: 69-90.

Godmann O (2016) Ein Leben auf Streuobstwiese und in der Stadt — der Gartenschlafer
(Eliomys quercinus, L. 1766) in Wiesbaden. Jahrbiicher des Nassauischen Vereins fir
Naturkunde 137: 17-26.

Golawski A, Kasprzykowski Z (2021) Alternative foraging strategies in the white stork
Ciconia ciconia: The effect of mowing meadows. Agriculture, Ecosystems & Environ-
ment 319: 107563. https://doi.org/10.1016/j.agee.2021.107563

Nature Conservation 55: 103-134 (2024), DOI: 10.3897/natureconservation.55.108688 126


https://doi.org/10.1016/j.agee.2016.02.023
https://doi.org/10.1016/j.biocon.2017.09.027
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Land_use_statistics
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Land_use_statistics
https://doi.org/10.1016/j.biocon.2018.07.022
https://doi.org/10.2478/mgr-2019-0017
https://doi.org/10.1023/A:1008054906030
https://doi.org/10.1111/gfs.12408
https://doi.org/10.3897/jor.27.26327
https://doi.org/10.14471/2017.37.010
https://doi.org/10.1016/j.agee.2021.107563

Cornelia Sattler et al.: Management and biodiversity of orchard meadows

Grossmann J, Pyttel P (2016) Okologische Bewertung von Streuobstwiesen anhand
von Mikrohabitaten - ein Fallbeispiel. Mitteilungen des Badischen Landesvereins fir
Naturkunde und Naturschutz 1: 105-117.

Griiebler MU, Schaller S, Keil H, Naef-Daenzer B (2013) The occurrence of cavities in
fruit trees: Effects of tree age and management on biodiversity in traditional Euro-
pean orchards. Biodiversity and Conservation 22(13-14): 3233-3246. https://doi.
org/10.1007/s10531-013-0581-6

Guerrero |, Morales MB, Onate JJ, Geiger F, Berendse F, de Snoo G, Eggers S, Part T, Bengts-
son J, Clement LW, Weisser WW, Olszewski A, Ceryngier P, Hawro V, Liira J, Aavik T, Fisch-
er C, Flohre A, Thies C, Tscharntke T (2012) Response of ground-nesting farmland birds
to agricultural intensification across Europe: Landscape and field level management fac-
tors. Biological Conservation 152: 74-80. https://doi.org/10.1016/j.biocon.2012.04.001

Haddad NM, Brudvig LA, Clobert J, Davies KF, Gonzalez A, Holt RD, Lovejoy TE, Sexton JO,
Austin MP, Collins CD, Cook WM, Damschen El, Ewers RM, Foster BL, Jenkins CN, King
AJ, Laurance WF, Levey DJ, Margules CR, Melbourne BA, Nicholls AQ, Orrock JL, Song
DX, Townshend JR (2015) Habitat fragmentation and its lasting impact on Earth's
ecosystems. Science Advances 1(2): 1-10. https://doi.org/10.1126/sciadv.1500052

Hammel K, Arnold T (2012) Understanding the loss of traditional agricultural systems: A
case study of orchard meadows in Germany. Journal of Agriculture, Food Systems, and
Community Development 2: 119-136. https://doi.org/10.5304/jafscd.2012.024.011

Handlechner G, Schmidthaler M (2019) Apfel & Birnen - Schitze der Streuobstwiesen.
2™ edn. Verein der Mostbarone, Ohling, 288 pp.

Hanski 1, Gilpin ME (1997) Metapopulation Biology, Ecology, Genetics, and Evolution.
Academic Press, San Diego, CA, 512 pp.

Harpole WS, Sullivan LL, Lind EM, Firn J, Adler PB, Borer ET, Chase J, Fay PA, Hauti-
er Y, Hillebrand H, MacDougall AS, Seabloom EW, Williams R, Bakker JD, Cadotte
MW, Chaneton EJ, Chu C, Cleland EE, D’Antonio C, Davies KF, Gruner DS, Hagenah
N, Kirkman K, Knops JMH, La Pierre KJ, McCulley RL, Moore JL, Morgan JW, Prober
SM, Risch AC, Schuetz M, Stevens CJ, Wragg PD (2016) Addition of multiple lim-
iting resources reduces grassland diversity. Nature 537(7618): 93-96. https://doi.
org/10.1038/nature19324

Hautier Y, Zhang P, Loreau M, Wilcox KR, Seabloom EW, Borer ET, Byrnes JEK, Koerner SE,
Komatsu KJ, Lefcheck JS, Hector A, Adler PB, Alberti J, Arnillas CA, Bakker JD, Brud-
vig LA, Bugalho MN, Cadotte M, Caldeira MC, Carroll O, Crawley M, Collins SL, Daleo
P, Dee LE, Eisenhauer N, Eskelinen A, Fay PA, Gilbert B, Hansar A, Isbell F, Knops JMH,
MacDougall AS, McCulley RL, Moore JL, Morgan JW, Mori AS, Peri PL, Pos ET, Power
SA, Price JN, Reich PB, Risch AC, Roscher C, Sankaran M, Schiitz M, Smith M, Stevens
C, Tognetti PM, Virtanen R, Wardle GM, Wilfahrt PA, Wang S (2020) General destabi-
lizing effects of eutrophication on grassland productivity at multiple spatial scales.
Nature Communications 11(1): 1-9. https://doi.org/10.1038/s41467-020-19252-4

Henle K, Davies KF, Kleyer M, Margules C, Settele J (2004) Predictors of species sensi-
tivity to fragmentation. Biodiversity and Conservation 13(1): 207-251. https://doi.
org/10.1023/B:BIOC.0000004319.91643.9¢

Henle K, Alard D, Clitherow J, Cobb P, Firbank L, Kull T, McCracken D, Moritz RFA, Niemela
J, Rebane M, Wascher D, Watt A, Young J (2008) Identifying and managing the conflicts
between agriculture and biodiversity conservation in Europe - A review. Agriculture, Eco-
systems & Environment 124(1-2): 60-71. https://doi.org/10.1016/j.agee.2007.09.005

Henle K, Hiittner M-L, Kasperidus H, Kramer J, Résler M, Bartelt S, Brimmer A, ClauB3 B,
ClauB J, Délétroz C, Sattler C, Rumiantceva N, Scherfose V (2024) Streuobstbestande

Nature Conservation 55: 103-134 (2024), DOI: 10.3897/natureconservation.55.108688 127


https://doi.org/10.1007/s10531-013-0581-6
https://doi.org/10.1007/s10531-013-0581-6
https://doi.org/10.1016/j.biocon.2012.04.001
https://doi.org/10.1126/sciadv.1500052
https://doi.org/10.5304/jafscd.2012.024.011
https://doi.org/10.1038/nature19324
https://doi.org/10.1038/nature19324
https://doi.org/10.1038/s41467-020-19252-4
https://doi.org/10.1023/B:BIOC.0000004319.91643.9e
https://doi.org/10.1023/B:BIOC.0000004319.91643.9e
https://doi.org/10.1016/j.agee.2007.09.005

Cornelia Sattler et al.: Management and biodiversity of orchard meadows

in Deutschland. Naturschutzfachliche Bedeutung, Bestandssituation und Hand-
lungsempfehlungen. BfN-Schriften 679: 1-156.

Herrmann JD, Bailey D, Hofer G, Herzog F, Schmidt-Entling MH (2010) Spiders associ-
ated with the meadow and tree canopies of orchards respond differently to habi-
tat fragmentation. Landscape Ecology 25(9): 1375-1384. https://doi.org/10.1007/
s$10980-010-9518-6

Herzog F (1998) Streuobst: A traditional agroforestry system as a model for agroforest-
ry development in temperate Europe. Agroforestry Systems 42(1): 61-80. https://doi.
org/10.1023/A:1006152127824

Hilszczanski J (2018) Ecology, diversity and conservation of saproxylic hymenopteran
parasitoids. In: Ulyshen MD (Ed.) Saproxylic Insects, Diversity, Ecology and Conserva-
tion. Springer International Publishing AG, Cham, Switzerland, 193-216. https://doi.
org/10.1007/978-3-319-75937-1_6

Hoff U (2003) Vermarktungskonzepte von Streuobst im Landkreis Bamberg. Streuobst
in der Kulturlandschaft. Bayerische Landesanstalt fiir Landwirtschaft (LfL), Freising,
28-32.

Holt RD (1996) Food Webs in Space: An Island Biogeographic Perspective. In: Polis GA,
Winemiller KO (Eds) Food Webs: Integration of Patterns and Dynamics. Chapman &
Hall, New York, 313-323. https://doi.org/10.1007/978-1-4615-7007-3_30

Horak J (2014a) Fragmented habitats of traditional fruit orchards are important for dead
wood-dependent beetles associated with open canopy deciduous woodlands. Natur-
wissenschaften 101(6): 499-504. https://doi.org/10.1007/s00114-014-1179-x

Hordk J (2014b) Insect taxa with similar habitat requirements may differ in response
to the environment in heterogeneous patches of traditional fruit orchards. Jour-
nal of Insect Conservation 18(4): 637-642. https://doi.org/10.1007/s10841-014-
9667-z

Hordk J, Peltanova A, Podavkova A, Safarova L, Bogusch P, Romportl D, Zasadil P
(2013) Biodiversity responses to land use in traditional fruit orchards of a rural agri-
cultural landscape. Agriculture, Ecosystems & Environment 178: 71-77. https://doi.
org/10.1016/j.agee.2013.06.020

Horék J, Rom J, Rada P, Safafova L, Koudelkové J, Zasadil P, Halda JP, Holusa J (2018)
Renaissance of a rural artifact in a city with a million people: Biodiversity responses
to an agro-forestry restoration in a large urban traditional fruit orchard. Urban Ecosys-
tems 21: 263-270. https://doi.org/10.1007/s11252-017-0712-z

Israel C (2002) Populationsckologische Untersuchungen am Siebenschléfer Glis glis (L.,
1766) auf Streuobstwiesen. Martin-Luther Universitdt Halle-Wittenberg

Jagel A, Buch C, Schmidt C (2020) Artenvielfalt auf einer Obstwiese - Eine
Bestandsaufnahme in Bochum/Nordrhein-Westfalen. Jahrbuch des Bochumer
Botanischen Vereins 11: 96-170.

Jerrentrup JS, Wrage-Monnig N, Réver KU, Isselstein J (2014) Grazing intensity affects
insect diversity via sward structure and heterogeneity in a long-term experiment. Jour-
nal of Applied Ecology 51(4): 968-977. https://doi.org/10.1111/1365-2664.12244

Johst K, Drechsler M, Thomas J, Settele J (2006) Influence of mowing on the persistence
of two endangered large blue butterfly species. Journal of Applied Ecology 43(2):
333-342. https://doi.org/10.1111/j.1365-2664.2006.01125.x

Johst K, Drechsler M, Mewes M, Sturm A, Watzold F (2015) A novel modeling approach
to evaluate the ecological effects of timing and location of grassland conserva-
tion measures. Biological Conservation 182: 44-52. https://doi.org/10.1016/j.bio-
con.2014.11.033

Nature Conservation 55: 103-134 (2024), DOI: 10.3897/natureconservation.55.108688 128


https://doi.org/10.1007/s10980-010-9518-6
https://doi.org/10.1007/s10980-010-9518-6
https://doi.org/10.1023/A:1006152127824
https://doi.org/10.1023/A:1006152127824
https://doi.org/10.1007/978-3-319-75937-1_6
https://doi.org/10.1007/978-3-319-75937-1_6
https://doi.org/10.1007/978-1-4615-7007-3_30
https://doi.org/10.1007/s00114-014-1179-x
https://doi.org/10.1007/s10841-014-9667-z
https://doi.org/10.1007/s10841-014-9667-z
https://doi.org/10.1016/j.agee.2013.06.020
https://doi.org/10.1016/j.agee.2013.06.020
https://doi.org/10.1007/s11252-017-0712-z
https://doi.org/10.1111/1365-2664.12244
https://doi.org/10.1111/j.1365-2664.2006.01125.x
https://doi.org/10.1016/j.biocon.2014.11.033
https://doi.org/10.1016/j.biocon.2014.11.033

Cornelia Sattler et al.: Management and biodiversity of orchard meadows

Kajtoch t (2017) The importance of traditional orchards for breeding birds: The prelim-
inary study on Central European example. Acta Oecologica 78: 53-60. https://doi.
org/10.1016/j.actao.2016.12.010

Kampfer-Lauenstein A, Lederer W (2007) Naturhohlen in Baumen als Brutplatz und
Tageseinstand fur den Steinkauz Athene noctua. Charadrius : Zeitschrift fur Vogelkunde,
Vogelschutz und Naturschutz in Rheinland und in Westfalen 42: 201-207.

Kilian S (2016) Streuobst - unverzichtbar fiir unsere Kulturlandschaft. Schriftenreihe
der Bayerischen Landesanstalt fiir Landwirtschaft (LfL) Freising-Weihenstephan, 8:
29-39. https://www.lfl.bayern.de/mam/cms07/publikationen/daten/schriftenreihe/
kulturlandschaftstag-2016-wildtiere-agrarlandschaft_Ifl-schriftenreihe.pdf#page=29

Kleijn D, Rundléf M, Scheper J, Smith HG, Tscharntke T (2011) Does conservation on
farmland contribute to halting the biodiversity decline? Trends in Ecology & Evolution
26(9): 474-481. https://doi.org/10.1016/j.tree.2011.05.009

Kleyer M, Biedermann R, Henle K, Obermaier E, Poethke HJ, Poschlod P, Schroder B,
Settele J, Vetterlein D (2007) Mosaic cycles in agricultural landscapes of North-
west Europe. Basic and Applied Ecology 8(4): 295-309. https://doi.org/10.1016/j.
baae.2007.02.002

Kornprobst M (1994) Bayerisches Staatsministerium fir Landesentwicklung und Um-
weltfragen Lebensraumtyp Streuobstwiesen - Landschaftspflegekonzept Bayern.
Band I1.5. Bayerisches Staatsministerium fiir Landesentwicklung und Umweltfragen
und Bayerische Akademie fiir Naturschutz und Landschaftspflege, Miinchen, 221 pp.

Krause J, Stiftung HS, Otte V, Heinken T (2017) Die Moos- und Flechtenflora auf Ap-
fel- und Kirschbaumen in Plantagen im Potsdamer Raum. Verhandlungen des Bota-
nischen Vereins Berlin Brandenburg 149: 135-151.

Lalouckova K, Skrivanova E (2019) Antibiotic resistance in livestock breeding: A review.
Scientia Agriculturae Bohemica 50(1): 15-22. https://doi.org/10.2478/sab-2019-
0003

Langensiepen |, Otte A (1994) Hofnahe Obstbaum-bestandene Wiesen und Weiden im
Landkreis Bad To6lz - Wolfratshausen. Standortkundliche und nutzungsbedingte Dif-
ferenzierungen ihrer Vegetation. Tuexenia 14: 169-196.

Lécuyer L, Alard D, Calla S, Coolsaet B, Fickel T, Heinsoo K, Henle K, Herzon |, Hodg-
son |, Quétier F, McCracken D, McMahon BJ, Melts |, Sands D, Skrimizea E, Watt A,
White R, Young J (2022) Conflicts between agriculture and biodiversity conservation
in Europe: Looking to the future by learning from the past. Advances in Ecological
Research 65: 3—-56. https://doi.org/10.1016/bs.aecr.2021.10.005

Leuschner C, Ellenberg H (2017) Ecology of Central European Non-forest Vegetation:
Coastal to Alpine, Natural to Man-made Habitats (Vegetation Ecology of Central Eu-
rope Volume II). Springer International Publishing, Cham, Switzerland, 1093-1093.
https://doi.org/10.1007/978-3-319-43048-5

Lichtenberg EM, Kennedy CM, Kremen C, Batary P, Berendse F, Bommarco R, Bosque-
Pérez NA, Carvalheiro LG, Snyder WE, Williams NM, Winfree R, Klatt BK, Astrom S, Ben-
jamin F, Brittain C, Chaplin-Kramer R, Clough Y, Danforth B, Diekotter T, Eigenbrode SD,
Ekroos J, Elle E, Freitas BM, Fukuda Y, Gaines-Day HR, Grab H, Gratton C, Holzschuh
A, Isaacs R, Isaia M, Jha S, Jonason D, Jones VP, Klein AM, Krauss J, Letourneau DK,
Macfadyen S, Mallinger RE, Martin EA, Martinez E, Memmott J, Morandin L, Neame
L, Otieno M, Park MG, Pfiffner L, Pocock MJO, Ponce C, Potts SG, Poveda K, Ramos
M, Rosenheim JA, Rundlof M, Sardifias H, Saunders ME, Schon NL, Sciligo AR, Sidhu
CS, Steffan-Dewenter |, Tscharntke T, Vesely M, Weisser WW, Wilson JK, Crowder DW
(2017) A global synthesis of the effects of diversified farming systems on arthropod

Nature Conservation 55: 103-134 (2024), DOI: 10.3897/natureconservation.55.108688 129


https://doi.org/10.1016/j.actao.2016.12.010
https://doi.org/10.1016/j.actao.2016.12.010
https://www.lfl.bayern.de/mam/cms07/publikationen/daten/schriftenreihe/kulturlandschaftstag-2016-wildtiere-agrarlandschaft_lfl-schriftenreihe.pdf#page=29
https://www.lfl.bayern.de/mam/cms07/publikationen/daten/schriftenreihe/kulturlandschaftstag-2016-wildtiere-agrarlandschaft_lfl-schriftenreihe.pdf#page=29
https://doi.org/10.1016/j.tree.2011.05.009
https://doi.org/10.1016/j.baae.2007.02.002
https://doi.org/10.1016/j.baae.2007.02.002
https://doi.org/10.2478/sab-2019-0003
https://doi.org/10.2478/sab-2019-0003
https://doi.org/10.1016/bs.aecr.2021.10.005
https://doi.org/10.1007/978-3-319-43048-5

Cornelia Sattler et al.: Management and biodiversity of orchard meadows

diversity within fields and across agricultural landscapes. Global Change Biology
23(11): 4946-4957. https://doi.org/10.1111/gcb.13714

Lopez-Sanchez A, Perea R, Roig S, Isselstein J, Schmitz A (2020) Challenges on the con-
servation of traditional orchards: Tree damage as an indicator of sustainable grazing.
Journal of Environmental Management 257: 110010. https://doi.org/10.1016/j.jen-
vman.2019.110010

MacArthur RH, Wilson EO (1967) The Theory of Island Biogeography. Princeton Univer-
sity Press, Princeton, 203 pp.

Mader JH (1982) Die Tierwelt der Obstwiesen und intensiv bewirtschafteten Obstplanta-
gen im quantitativen Vergleich. Natur und Landschaft 57: 171-177.

Mihlenberg M, Slowik J (1997) Kulturlandschaft als Lebensraum. Quelle & Meyer, Wieb-
elsheim, 312 pp.

Navarro LM, Pereira HM (2015) Rewilding abandoned landscapes in Europe. In: Pereira
HM, Navarro LM (Eds) Rewilding European Landscapes. Springer, Heidelberg, New
York, Dordrecht, London, 3—24. https://doi.org/10.1007/978-3-319-12039-3_7

Ockermdiller E (2018) Erhebung der Wildbienenfauna (Apidae) in Streuobstwiesen im
Naturpark Obst-Hlgel-Land (Oberosterreich). Unveroffentlichter Projektbericht im
Auftrag des Vereins Naturpark Obst-Hiigel-Land, Marienkirchen, 41 pp.

Ockinger E, Eriksson AK, Smith HG (2006) Effects of grassland abandonment, resto-
ration and management on butterflies and vascular plants. Biological Conservation
133(3): 291-300. https://doi.org/10.1016/j.biocon.2006.06.009

Oppermann R, Briemle G (2009) Artenreiche Wiesen und Weiden — Umfang und Bedeu-
tung in Baden-Wirttemberg. In: Schreiber K-F, Brauckmann, H-J, Broll, G, Krebs S,
Poschlod P (Eds) Artenreiches Griinland in der Kulturlandschaft 35 Jahre Offenhal-
tungsversuche Baden-Wiirttemberg. verlag regionalkultur, Heidelberg, 49-62.

Paesel HK, Schmitz A, Isselstein J (2019) Heterogeneity and diversity of orchard grass-
land vegetation in Central Germany: Role of tree stock, soil parameters and site man-
agement. Agroforestry Systems 93(3): 825-836. https://doi.org/10.1007/s10457-
017-0178-2

Palma JHN, Graves AR, Burgess PJ, Keesman KJ, van Keulen H, Mayus M, Reisner Y,
Herzog F (2007) Methodological approach for the assessment of environmental ef-
fects of agroforestry at the landscape scale. Ecological Engineering 29(4): 450-462.
https://doi.org/10.1016/j.ecoleng.2006.09.016

Pavll L, Gaisler J, Hejcman M, Pavld VV (2016) What is the effect of long-term mulch-
ing and traditional cutting regimes on soil and biomass chemical properties, species
richness and herbage production in Dactylis glomerata grassland? Agriculture, Eco-
systems & Environment 217: 13-21. https://doi.org/10.1016/j.agee.2015.10.026

Pe'er G, Dicks LV, Visconti P, Arlettaz R, Baldi A, Benton TG, Collins S, Dieterich M, Gregory
RD, Hartig F, Henle K, Hobson PR, Kleijn D, Neumann RK, Robijns T, Schmidt J, Shwartz
A, Sutherland WJ, Turbé A, Wulf F, Scott AV (2014) EU agricultural reform fails on bio-
diversity. Science 344(6188): 1090-1092. https://doi.org/10.1126/science.1253425

Plieninger T, Bieling C, Gerdes H, Ohnesorge B, Schaich H, Schleyer C, Trommler K, Wolff
F (2010) Okosystemleistungen in Kulturlandschaften: Konzept und Anwendung am
Beispiel der Biospharenreservate Oberlausitz und Schwabische Alb. Natur und Land-
schaft 85: 187-192.

Plieninger T, Levers C, Mantel M, Costa A, Schaich H, Kuemmerle T (2015) Patterns
and drivers of scattered tree loss in agricultural landscapes: Orchard meadows in
Germany (1968-2009). PLOS ONE 10(5): 1-19. https://doi.org/10.1371/journal.
pone.0126178

Nature Conservation 55: 103-134 (2024), DOI: 10.3897/natureconservation.55.108688 130


https://doi.org/10.1111/gcb.13714
https://doi.org/10.1016/j.jenvman.2019.110010
https://doi.org/10.1016/j.jenvman.2019.110010
https://doi.org/10.1007/978-3-319-12039-3_7
https://doi.org/10.1016/j.biocon.2006.06.009
https://doi.org/10.1007/s10457-017-0178-2
https://doi.org/10.1007/s10457-017-0178-2
https://doi.org/10.1016/j.ecoleng.2006.09.016
https://doi.org/10.1016/j.agee.2015.10.026
https://doi.org/10.1126/science.1253425
https://doi.org/10.1371/journal.pone.0126178
https://doi.org/10.1371/journal.pone.0126178

Cornelia Sattler et al.: Management and biodiversity of orchard meadows

Poschwitz H (2009) Hecken, Feldgeholze und Streuobstwiesen, schiitzenswerte
Rickzugsgebiete fiir Pflanzen und Tiere. Oeko-Jagd 3: 42-47.

Prieto-Ramirez AM, Rohler L, Cord AF, Pe'er G, Rédder D, Henle K (2020) Differential
effects of habitat loss on occupancy patterns of the eastern green lizard Lacerta
viridis at the core and periphery of its distribution range. PLOS ONE 15(3): €0229600.
https://doi.org/10.1371/journal.pone.0229600

Putze M, Eisenberg A, Hanft M, Moser F, Langgemach T (2009) Telemetrie von
Steinkduzen (Athene noctua) im Havelland. Otis 17: 59-68.

Rakosy D, Motivans E, Stefan V, Nowak A, Swierszcz S, Feldmann R, Kiihn E, Geppert
C, Venkataraman N, Sobieraj-Betlinska A, Grossmann A, Rojek W, Pochrzast K,
Cielniak M, Gathof AK, Baumann K, Knight TM (2022) Intensive grazing alters the
diversity, composition and structure of plant-pollinator interaction networks in Cen-
tral European grasslands. PLOS ONE 17(3): 1-21. https://doi.org/10.1371/journal.
pone.0263576

Rombke J, Duis K, Egeler P, Gilberg D, Schuh C, Herrchen M, Hennecke D, Holzle LE,
Heilmann-Thudium B, Wohde M, Wagner J, Diiring R-A (2019) Comparison of the
environmental properties of parasiticides and harmonisation of the basis for envi-
ronmental assessment at the EU level. Umweltbundesamt, Dessau-Roflau (Texte
44/2019). https://www.umweltbundesamt.de/sites/default/files/medien/1410/pub-
likationen/2019-05-09_texte_44-2019_properties-of-parasiticides.pdf

Rémermann C, Bernhardt-Rémermann M, Kleyer M, Poschlod P (2009) Substitutes for
grazing in semi-natural grasslands - Do mowing or mulching represent valuable al-
ternatives to maintain vegetation structure? Journal of Vegetation Science 20(6):
1086-1098. https://doi.org/10.1111/j.1654-1103.2009.01106.x

Rook AJ, Tallowin JRB (2011) Grazing and pasture management for biodiversity benefit.
Animal Research 52(2): 181-189. https://doi.org/10.1051/animres:2003014

Résler M (1992) Geféhrdung der Streuobstwiesen in Ballungsraumen. Beihefte zu den
Veroffentlichungen fiir Naturschutz und Landschaftspflege in Baden-Wiirttemberg
66:83-101.

Rosler M (1996) Erhaltung und Foérderung von Streuobstwiesen — Analyse und Konzept
- Modellstudie, dargestellt am Beispiel der Gemeinde Boll. 2" edn. Gemeinde Bad
Boll, Bad Boll., 261 pp.

Rosler S (2002) Natur- und Sozialvertréaglichkeit des Integrierten Obstbaus - Ein Vergleich
desintegriertenunddes dkologischenNiederstammobstbaus sowie des Streuobstbaus
im Bodenseekreis, unter besonderer Berlicksichtigung ihrer historischen Entwicklung
sowie von Fauna. Fachbereich Stadtplanung/Landschaftsplanung, Universitat Kassel,
Kassel, 429 pp.

Rosler M (2016) Streuobstwiesen - “Echte” Hochstamme sind wichtig fiir den Natur-
schutz. Deutsche Baumschule: 30—32.

Ruzi¢kova H, Halada L (2005) Orchard meadows of Banské Stiavnica town (Central Slo-
vakia). Polish Botanical Studies 19: 211-218.

Sélek M, Svobodova J, Zasadil P (2010) Edge effect of low-traffic forest roads on bird
communities in secondary production forests in Central Europe. Landscape Ecology
25(7): 1113-1124. https://doi.org/10.1007/s10980-010-9487-9

Samnegard U, Alins G, Boreux V, Bosch J, Garcia D, Happe AK, Klein AM, Mifiarro M,
Mody K, Porcel M, Rodrigo A, Roquer-Beni L, Tasin M, Hambéck PA (2019) Manage-
ment trade-offs on ecosystem services in apple orchards across Europe: Direct and
indirect effects of organic production. Journal of Applied Ecology 56(4): 802-811.
https://doi.org/10.1111/1365-2664.13292

Nature Conservation 55: 103-134 (2024), DOI: 10.3897/natureconservation.55.108688 131


https://doi.org/10.1371/journal.pone.0229600
https://doi.org/10.1371/journal.pone.0263576
https://doi.org/10.1371/journal.pone.0263576
https://www.umweltbundesamt.de/sites/default/files/medien/1410/publikationen/2019-05-09_texte_44-2019_properties-of-parasiticides.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/1410/publikationen/2019-05-09_texte_44-2019_properties-of-parasiticides.pdf
https://doi.org/10.1111/j.1654-1103.2009.01106.x
https://doi.org/10.1051/animres:2003014
https://doi.org/10.1007/s10980-010-9487-9
https://doi.org/10.1111/1365-2664.13292

Cornelia Sattler et al.: Management and biodiversity of orchard meadows

Saure C (2016) Streuobstwiesen in Sachsen-Anhalt und ihre Bedeutung fiir Bienen,
Wespen und Schwebfliegen (Hymenoptera part.; Diptera: Syrphidae). Naturschutz im
Land Sachsen-Anhalt 53: 3—-54.

Schoof N, Luick R (2019) Antiparasitika in der Weidetierhaltung. Ein unterschatzter Fak-
tor des Insektenriickgangs? Naturschutz und Landschaftsplanung 51: 486-492.

Schoof N, Luick R, Beaufoy G, Jones G, Einarsson P, Ruiz J, Stefanova V, Fuchs D, Wind-
mailer T, Hotker H, Jeromin H, Nickel H, Schumacher J, Ukhanova M (2019) Griin-
landschutz in Deutschland - Treiber der Biodiversitat, Einfluss von Ordnungsrecht,
Molkereiwirtschaft und Auswirkungen der Klima- und Energiepolitik. BfN-Skript 539:
1-260.

Schuboth J, Krummbhaar B (2019) Untersuchungen zu den Arten der Streuobstwiesen in
Sachsen-Anhalt. Berichte des Landesamtes fiir Umweltschutz Sachsen-Anhalt (Hal-
le) 2019(2): 1-408.

Schwenninger HR, Wolf-Schwenninger K (2012) Wildbienen als Bestduberpotenzial
von Streuobstwiesen. Ermittlung der Wildbienenarten als Bestduberpotenzial von
Streuobstwiesen und Entwicklung eines speziellen MaRnahmenkonzepts zu ihrer
dauerhaften Forderung. Landesanstalt fir Umwelt, Messungen und Naturschutz
Baden-Wiirttemberg, Karlsruhe, 136 pp.

Sebestyén |, Monostory K, Hirka G (2018) Environmental risk assessment of human and
veterinary medicinal products - Challenges and ways of improvement. Microchemical
Journal 136: 67-70. https://doi.org/10.1016/j.microc.2017.08.012

Settele J, Margules C, Poschlod P, Henle K [Eds] (1996) Species Survival in Frag-
mented Landscapes. Kluwer Academic Publishers, Dordrecht, 381 pp. https://doi.
org/10.1007/978-94-009-0343-2

Sheil D, Wunder S (2002) The value of tropical forest to local communities: Com-
plications, caveats, and cautions. Conservation Ecology 6(2): 1-14. https://doi.
org/10.5751/ES-00458-060209

Siemann E, Tilman D, Haarstad J, Ritchie M (1998) Experimental tests of the depen-
dence of arthropod diversity on plant diversity. American Naturalist 152(5): 738~750.
https://doi.org/10.1086/286204

Simon L, Rihl D (1992) Begleituntersuchungen zum Biotopsicherungsprogramm “Streu-
obstwiesen.”. Beitrage zur Landespflege in Rheinland-Pfalz 15: 1-719.

Smil V (2001) Enriching the World. MIT Press, Cambridge, MA, 358 pp. https://doi.
org/10.7551/mitpress/2767.001.0001

Socher SA, Prati D, Boch S, Miiller J, Baumbach H, Gockel S, Hemp A, Schoning |, Wells
K, Buscot F, Kalko EKV, Linsenmair KE, Schulze ED, Weisser WW, Fischer M (2013)
Interacting effects of fertilization, mowing and grazing on plant species diversity
of 1500 grasslands in Germany differ between regions. Basic and Applied Ecology
14(2): 126—-136. https://doi.org/10.1016/j.baae.2012.12.003

Stappen SB (2016) Streuobst als Objekt der Kulturlandschaftspflege - Eine Bestandsauf-
nahme fur Nordrhein-Westfalen und eine Ableitung von PflegemalRnahmen fir die
Gemeinde Alfter aus historisch-geographischer Sicht. PhD thesis, Rheinische Fried-
rich-Wilhelms-Universitat zu Bonn, Bonn.

Steffan-Dewenter | (2003) Importance of habitat area and landscape context for species
richness of bees and wasps in fragmented orchard meadows. Conservation Biology
17(4): 1036-1044. https://doi.org/10.1046/j.1523-1739.2003.01575.x

Steffan-Dewenter |, Leschke K (2003) Effects of habitat management on vegetation and
above-ground nesting bees and wasps of orchard meadowsin Central Europe. Biodiver-
sity and Conservation 12(9): 1953-1968. https://doi.org/10.1023/A:1024199513365

Nature Conservation 55: 103-134 (2024), DOI: 10.3897/natureconservation.55.108688 132


https://doi.org/10.1016/j.microc.2017.08.012
https://doi.org/10.1007/978-94-009-0343-2
https://doi.org/10.1007/978-94-009-0343-2
https://doi.org/10.5751/ES-00458-060209
https://doi.org/10.5751/ES-00458-060209
https://doi.org/10.1086/286204
https://doi.org/10.7551/mitpress/2767.001.0001
https://doi.org/10.7551/mitpress/2767.001.0001
https://doi.org/10.1016/j.baae.2012.12.003
https://doi.org/10.1046/j.1523-1739.2003.01575.x
https://doi.org/10.1023/A:1024199513365

Cornelia Sattler et al.: Management and biodiversity of orchard meadows

Stevens C, Dupré C, Dorland E, Gaudnik C, Gowing DJG, Bleeker A, Diekmann M, Alard D,
Bobbink R, Fowler D, Corcket E, Mountford JO, Vandvik V, Aarrestad PA, Muller SDN,
Dise NB (2010) Nitrogen deposition threatens species richness of grasslands across
Europe. Environmental Pollution 158(9): 2940-2945. https://doi.org/10.1016/j.en-
vpol.2010.06.006

Stuart SN, Chanson JS, Cox NA, Young BE, Rodrigues ASL, Fischman DL, Waller RW
(2004) Status and trends of amphibian declines and extinctions worldwide. Science
306(5702): 1783-1786. https://doi.org/10.1126/science.1103538

Sturm A, Drechsler M, Johst K, Mewes M, Watzold F (2018) DSS-Ecopay — A decision
support software for designing ecologically effective and cost-effective agri-environ-
ment schemes to conserve endangered grassland biodiversity. Agricultural Systems
161: 113-116. https://doi.org/10.1016/j.agsy.2018.01.008

Szabé AR, Ernst LM, Gallé R, Batary P (2022) Grassland type and presence of manage-
ment shape butterfly functional diversity in agricultural and forested landscapes. Glob-
al Ecology and Conservation 35: 1-11. https://doi.org/10.1016/j.gecco.2022.e02096

Talle M, Dedk B, Poschlod P, Valké O, Westerberg L, Milberg P (2016) Grazing vs. mowing:
A meta-analysis of biodiversity benefits for grassland management. Agriculture, Eco-
systems & Environment 222: 200-212. https://doi.org/10.1016/j.agee.2016.02.008

Thiem K, Bastian O (2014) Steckbriefe fiir ausgewahlte landschaftspragende historische
Kulturlandschaftselementtypen im Freistaat Sachsen. Schriftenreihe des LFULG 18:
1-271.

Tonelli M, Verdu JR, Zunino ME (2017) Effects of grazing intensity and the use of veteri-
nary medical products on dung beetle biodiversity in the sub-mountainous landscape
of Central Italy. Peerd 5: 1-23. https://doi.org/10.7717/peerj.2780

Tonelli M, Verdu JR, Morelli F, Zunino M (2020) Dung beetles: Functional identity, not
functional diversity, accounts for ecological process disruption caused by the use of
veterinary medical products. Journal of Insect Conservation 24(4): 643-654. https://
doi.org/10.1007/s10841-020-00240-4

Tscharntke T, Tylianakis JM, Rand TA, Didham RK, Fahrig L, Batary P, Bengtsson J, Clough
Y, Crist TO, Dormann CF, Ewers RM, Friind J, Holt RD, Holzschuh A, Klein AM, Kleijn D,
Kremen C, Landis DA, Laurance W, Lindenmayer D, Scherber C, Sodhi N, Steffan-Dewenter
|, Thies C, van der Putten WH, Westphal C (2012a) Landscape moderation of biodiversity
patterns and processes - eight hypotheses. Biological Reviews of the Cambridge Phil-
osophical Society 87(3): 661-685. https://doi.org/10.1111/j.1469-185X.2011.00216.x

Tscharntke T, Clough Y, Wanger TC, Jackson L, Motzke |, Perfecto |, Vandermeer J,
Whitbread A (2012b) Global food security, biodiversity conservation and the future
of agricultural intensification. Biological Conservation 151(1): 53-59. https://doi.
org/10.1016/j.biocon.2012.01.068

Ulitzka MR (2013) Zur Bedeutung von Totholz fiir Fransenfliigler auf Streuobstwiesen
(Thysanoptera). Entomologische Zeitschrift 123: 11-17.

Ullrich B (1987) Streuobstwiesen. In: Holzinger HJ (Ed.) Die Végel Baden-Wiirttembergs.
Band 1.1: Gefdhrdung und Schutz, Artenschutzprogramm Baden-Wirttemberg,
Grundlagen, Biotopschutz. Ulmer, Stuttgart, 551-570.

Van Puyvelde S, Deborggraeve S, Jacobs J (2018) Why the antibiotic resistance crisis
requires a One Health approach. The Lancet. Infectious Diseases 18(2): 132-134.
https://doi.org/10.1016/S1473-3099(17)30704-1

Vowinkel K (2017) Die Avizonose einer Streuobstwiese am Schénbuch: Ergebnisse
einer Siedlungsdichte-Untersuchung 2016 im Vergleich mit 1993. Ornithologische
Jahreshefte fiir Baden-Wiirttemberg 33: 45-57.

Nature Conservation 55: 103-134 (2024), DOI: 10.3897/natureconservation.55.108688 133


https://doi.org/10.1016/j.envpol.2010.06.006
https://doi.org/10.1016/j.envpol.2010.06.006
https://doi.org/10.1126/science.1103538
https://doi.org/10.1016/j.agsy.2018.01.008
https://doi.org/10.1016/j.gecco.2022.e02096
https://doi.org/10.1016/j.agee.2016.02.008
https://doi.org/10.7717/peerj.2780
https://doi.org/10.1007/s10841-020-00240-4
https://doi.org/10.1007/s10841-020-00240-4
https://doi.org/10.1111/j.1469-185X.2011.00216.x
https://doi.org/10.1016/j.biocon.2012.01.068
https://doi.org/10.1016/j.biocon.2012.01.068
https://doi.org/10.1016/S1473-3099(17)30704-1

Cornelia Sattler et al.: Management and biodiversity of orchard meadows

Vuidot A, Paillet Y, Archaux F, Gosselin F (2011) Influence of tree characteristics and
forest management on tree microhabitats. Biological Conservation 144(1): 441-450.
https://doi.org/10.1016/j.biocon.2010.09.030

Wassen MJ, Venterink HO, Lapshina ED, Tanneberger F (2005) Endangered plants persist
under phosphorus limitation. Nature 437(7058): 547-550. https://doi.org/10.1038/
nature03950

Wassen MJ, Schrader J, van Dijk J, Eppinga MB (2021) Phosphorus fertilization is erad-
icating the niche of northern Eurasia’s threatened plant species. Nature Ecology &
Evolution 5(1): 67-73. https://doi.org/10.1038/s41559-020-01323-w

Wiche O, Nigmann U, Achtziger R (2015) Beziehungen zwischen Zikadengemeinschaften
und dem Mahdregime sowie der Vegetation in Streuobstwiesen (Hemiptera:
Auchenorrhyncha). Cicadina 15: 1-20.

Young OP (2015) Predation on dung beetles (Coleoptera: Scarabaeidae): A literature re-
view. Transactions of the American Entomological Society 141(1): 111-155. https:/
doi.org/10.3157/061.141.0110

Yuan ZY, Jiao F, Li YH, Kallenbach RL (2016) Anthropogenic disturbances are key to
maintaining the biodiversity of grasslands. Scientific Reports 6(1): 1-8. https://doi.
org/10.1038/srep22132

Zahn A, Tautenhahn K (2016) Beweidung mit Schafen. In: Berkart-Aicher B, Zahn A,
Zehm A, Adelman W (Eds) Online-Handbuch “Beweidung im Naturschutz.” Akademie
fuir Naturschutz und Landschaftspflege (ANL), Laufen.

Zarabska D, Gutova A, Christofolini F, Giordiani P, Lackovicova A (2009) Epiphytic lichens
of apple orchards in Poland, Slovakia, and Italy. Acta Mycologica 44(2): 151-163.
https://doi.org/10.5586/am.2009.013

Zarnovi¢an H, Kollar J, Skodova | (2017) Grassland communities of traditional orchards
in the Western Carpathians (Slovakia). Acta Societatis Botanicorum Poloniae 86(2):
1-16. https://doi.org/10.5586/asbp.3552

Zarnovi¢an H, Kanka R, Kollar J, Vyskupova M, Sivecka A, Ticha A, Fasungova S, Krsia-
kova D (2020) Traditional orchard management in the Western Carpathians (Slo-
vakia): Evolution between 1955 and 2015. Biologia 75(4): 535-546. https://doi.
org/10.2478/s11756-020-00434-w

Zarnovi¢an H, Kollar J, Falt'an V, Petrovié F, Gabor M (2021) Management and land cover
changes in the Western Carpathian traditional orchard landscape in the period after
1948. Agronomy (Basel) 11(2): 366. https://doi.org/10.3390/agronomy11020366

Supplementary material 1
Complete list of references

Authors: Cornelia Sattler, Julian Schrader, Marie-Luise Hiittner, Klaus Henle

Data type: docx

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/natureconservation.55.108688.suppl1

Nature Conservation 55: 103-134 (2024), DOI: 10.3897/natureconservation.55.108688 134


https://doi.org/10.1016/j.biocon.2010.09.030
https://doi.org/10.1038/nature03950
https://doi.org/10.1038/nature03950
https://doi.org/10.1038/s41559-020-01323-w
https://doi.org/10.3157/061.141.0110
https://doi.org/10.3157/061.141.0110
https://doi.org/10.1038/srep22132
https://doi.org/10.1038/srep22132
https://doi.org/10.5586/am.2009.013
https://doi.org/10.5586/asbp.3552
https://doi.org/10.2478/s11756-020-00434-w
https://doi.org/10.2478/s11756-020-00434-w
https://doi.org/10.3390/agronomy11020366
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/natureconservation.55.108688.suppl1

	Effects of management, habitat and landscape characteristics on biodiversity of orchard meadows in Central Europe: A brief review
	Abstract
	Introduction
	Methods
	Part I: Patterns of species diversity in orchard meadows across spatial scales and their drivers
	Structure and microhabitats
	Local scale: effects of patch size and isolation
	Surrounding landscapes
	Regional scale

	Part II: Management of orchards
	Maintenance of structural diversity of the understory
	Grazing as management option
	Management by mowing
	Effects of abandonment and management intensification
	Effects of extensive tree management on species richness
	Summary conservation and management recommendations

	Conclusions
	Acknowledgements
	Additional information
	References

