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Abstract

Extensive land-use is crucial to conserve semi-natural wet grasslands, which are hotspots of Central
European biodiversity and a habitat for numerous rare species. Yet, as extensive land-use became
economically unviable, insufficient or inappropriate management increasingly threatens these habitats,
resulting in habitat degradation. Ongoing species losses, also in managed wet grasslands, suggest that
current regimes might need optimization. Efficient conservation of remaining wet grasslands requires
management concepts that are both cost-effective and sustainable, and simultaneously ensure high
biodiversity.

While annual mowing is widely used and generally considered suitable, grazing is viewed more
critically and remains less commonly implemented. However, grazing is gaining attention as a cost-
effective alternative that additionally ensures biomass utilization. For both mowing and grazing, uncer-
tainties remain concerning optimal intensity, timing, techniques or livestock type, particularly in inter-
action with site-conditions.

We reviewed 60 peer-reviewed studies conducted in 16 European countries to assess the effects of
mowing and grazing on species diversity and vegetation composition in wet to moist, oligo- to eu-
trophic grasslands. We compared these findings to selected conservation-oriented (German-language,
mostly non-peer-reviewed) management recommendations. Finally, we evaluated critical factors for
successful conservation and identified research gaps.

Mowing had increasingly positive effects with up to two annual cuts, especially in meso- to
eutrophic grasslands. Negative effects were often linked to suboptimal timing, affecting species dis-
proportionately. Spatial and temporal diversification of mowing was beneficial to balance necessary
nutrient depletion with protection of sensitive species.

Grazing, was frequently achieving conservation goals, too. Yet, grazing was described as less pre-
dictable and more complex due to multiple interacting factors. Continuous monitoring and flexible on-
demand management was essential for successful grazing.
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Across both regimes, high soil moisture, increasing risks for soil compaction by machinery or tram-
pling, and fine-scale heterogeneity in productivity and disturbance sensitivity posed challenges. Mosaic
mowing or adaptive grazing through herd management or fencing effectively minimized these risks and
maximized biodiversity outcomes.

In sum, both mowing or grazing can effectively maintain species-rich wet grasslands, but grazing
only if funding and logistics allow continuous adaptations to site-conditions. Indeed, a combination of
both regimes holds the highest conservation potential, because their flexible, complementary use sup-
ports a wider range of species and mitigates regime-specific limitations such as biomass utilization in
mowing or uneven vegetation structures under grazing.

Keywords: Calthion, Caricion, Conservation, Grazing, Management, Meadow, Molinion, Mowing,
Pasture

Erweiterte deutsche Zusammenfassung am Ende des Artikels

1. Introduction

Semi-natural wet grasslands are among the most species-rich grassland communities in
Central Europe (Dengler et al. 2020, Janssen et al. 2016). They are vital for conservation as
habitats for numerous specialized species (Ryslavy etal. 2020, Schneider etal. 2023,
Straubinger et al. 2023) and provide key ecosystem services like carbon sequestration
(Soussana et al. 2007) and water retention (Zhao et al. 2020).

Species-rich wet grasslands developed through traditional extensive (i.e. low input, low
output; Lep§ 1999) land use on moist or wet soils with organic or mineral topsoil layers
(Ellenberg et al. 2010). Until the 18" century, they were typically managed by combinations
of mowing and grazing (Middleton et al. 2006, Kapfer 2010b, Messlinger et al. 2018, Stroh-
wasser 2018, Bird et al. 2019). Over the past two centuries, grazing became less common,
and wet grasslands have been primarily mown for hay or bedding material (Dierschke &
Briemle 2008, Kapfer 2010a, Poschlod et al. 2009).

Following agricultural intensification, extensive wet grassland management has largely
become economically unviable (Zimmermann 2016, Donath et al. 2021). This is due to wet
grasslands’ relatively low forage value (Burkart et al. 2004, Wagner & Britz 2024, cf.
Bowskill etal. 2023), the declining demand for bedding material in livestock farming
(Kiessling & Zehm 2014), and the difficulty of accessing wet soils with heavy machinery
(Ndrmann et al. 2021, Bowskill et al. 2023). Consequently, both abandonment and agri-
cultural intensification (e.g., via drainage) have resulted in substantial habitat loss (Poschlod
et al. 2009, EEA 2020).

Nowadays, the remaining wet grasslands are among the most endangered habitat types in
the EU (Janssen et al. 2016, Brondizio et al. 2019, Schneider et al. 2023) and face ongoing
declines in habitat quality and species richness (Janssen et al. 2016, Metzing et al. 2018,
Diekmann et al. 2019, Klinkovska et al. 2024). Besides hydrological deterioration (Joyce
et al. 2016, Dengler et al. 2020, Mauchamp et al. 2024) and eutrophication (Bergamini et al.
2009, Diekmann etal. 2019), inappropriate management is considered a main threat
(McGinlay et al. 2017, Messlinger et al. 2018, Herzon et al. 2022, NLWKN 2024).

While extensive biomass removal is a prerequisite to conserve species-rich, semi-natural
wet grasslands (Ellenberg et al. 2010), this is now rarely integrated in sustainable socio-eco-
nomic cycles (Kiessling & Zehm 2014, Herzon et al. 2022). The ecosystem service of bio-
mass provisioning has become a disservice (Haines-Young & Potschin 2018), as the labor-
and cost-intensive removal of biomass now typically requires financial subsidies or other
support for conservation-oriented management (Hansson et al. 2012, Schneider et al. 2023,

156



NLWKN 2024). Moreover, the optimal intensity of mowing and grazing must be adjusted to
the site-specific productivity, vegetation composition, and conservation objecttives (Grime
1973, Dierschke & Briemle 2008). As a result, there is frequent need for cost-effective, sus-
tainable management concepts that simultaneously ensure the highest possible conservation
value.

Fluctuating groundwater levels and periodically waterlogged soils pose another chal-
lenge in wet grasslands. The intensity, timing, and technique of mowing or gazing must be
adjusted to prevent sward damage and soil compaction (Stammel & Kiehl 2004, Nérmann
et al. 2021). In mowing regimes, the mowing frequency and timing influence total and per-
event nutrient removal (Bowskill et al. 2023) and affect species selectively by interfering
with different stages of their life cycles. Similarly, mowing should be scheduled during drier
periods of low groundwater levels and conducted with appropriate equipment to protect
sensitive (e.g., periodically inundated) areas (Dierschke & Briemle 2008). In grazing
regimes, key factors to optimize management include stocking rates, grazing duration and
timing (Bunzel-Driike et al. 2019, Di Virgilio et al. 2019), and livestock type, along with
species-specific foraging behavior (Rook et al. 2004) and trampling effects (Bir¢ et al. 2019,
Sienkiewicz-Paderewska et al. 2020). Stocking rates and grazing periods must be adapted to
site productivity and grazing tolerances of typical flora and fauna (Di Virgilio et al. 2019).
Additionally, selective foraging behavior can create heterogeneous vegetation structures
with simultaneous over- and under-grazed areas (Metera et al. 2010, Schaich & Barthelmes
2012, Mirski 2022). Thus, grazing often needs additional fencing or herding techniques
(‘adaptive grazing’) to align with conservation objectives (Di Virgilio et al. 2019).

Annual mowing in summer is often regarded the optimal management for species-rich
wet meadows (Burkart et al. 2004, Dierschke & Briemle 2008, Schneider et al. 2023) and
predominantly implemented in Central Europe (Rasran et al. 2007a, Hejeman et al. 2013,
Kapfer, 2010a, Tille et al. 2016, Dullau et al. 2019, Hartmann & Metz 2025). In contrast,
extensive grazing of wet grasslands remains rare (Zahn 2014, Bir6 et al. 2019) and is often
considered unsuitable (Middleton et al. 2006, Rasran et al. 2007a), due to the vulnerability of
wet soils and certain characteristic species (Bir¢ et al. 2019, Nérmann et al. 2021, Stammel
et al. 2006, Meysel & Martin 2021). However, considering that historical management of
wet grasslands often combined grazing and mowing (Bir6 et al. 2019, Kapfer 2010a, Stroh-
wasser 2018, Zimmermann 2016) and current positive management experiences with grazing
(e.g., Enge 2009, Wolff et al. 2020, Adert et al. 2022, Neuhduser et al. 2022, Wagner & Britz
2024, Schrautzer & Martens 2025), extensive grazing might also effectively maintain
species-rich wet grasslands.

Grazing is gaining attention for wet grassland conservation (Steidl 2002, Zahn 2014,
Bir6 et al. 2019, Adert et al. 2022, Schrautzer & Martens 2025) mainly due to the high costs
of mowing (To6rok et al. 2011) and biomass removal (Kiessling & Zehm 2014, Wehn et al.
2018). These labor-intensive tasks are often not fully compensated by subsidies (Adert et al.
2022, Herzon et al., 2022, Bowskill et al. 2023, Schneider et al. 2023) and increase the risk
for inadequate management decisions (Dullau et al. 2019). The financial limitations become
further exacerbated by landscape eutrophication and prolonged growing seasons with
climate change, as both increase site productivity and likely necessitate higher mowing
frequencies (Bergamini et al. 2009, Bowskill et al. 2023, Bochniak et al. 2024, Hartmann &
Metz 2025). Besides utilization for biogas production (DVL 2014, 2024, Narmann et al.
2021), large-scale extensive grazing emerges as a potentially cost-effective management
strategy (Steidl 2002, Mann & Tischew 2010a, Zahn 2014, Bunzel-Driike 2019).
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Identifying the most suitable management requires to carefully evaluate the effectiveness
of various management options for conserving species-rich wet grasslands (Burton & Riley
2018, Bird et al. 2019, Kun et al. 2019). To this aim, a systematic literature review of topic-
related research is a valuable approach (Pullin & Stewart 2006). Previous reviews have
analyzed general effects and relevant parameters for mowing (Télle et al. 2018), grazing (Di
Virgilio et al. 2019, Metera et al. 2010, Newton et al. 2009), or burning (Valko et al. 2014)
on semi-natural grasslands in general (Rosenthal et al. 2012). However, as management
effects vary depending on the biotic and abiotic conditions of the grassland type (Télle et al.
2018), a reviews’ conclusions improve when it solely includes studies conducted in a focal
habitat (Télle et al. 2018). To our knowledge, only one review accounted for the conditions
unique to wet grasslands and evaluated grazing and burning specifically for oligo- to mildly
mesotrophic fens (Middleton et al. 2006). Therefore, the available knowledge about manage-
ment effects on meso- to eutrophic wet and moist grasslands deserves a synthesis.

This systematic literature review aims to fill this gap and derive management recom-
mendations for wet grassland conservation. Therefore, we analyzed 60 studies that i) were
conducted within a conservation context; ii) investigated the effects of mowing and/or graz-
ing on iii) vegetation composition and/or species diversity iv) within oligo- to eutrophic, wet
and moist grasslands v) in Europe. The suitability of the measures for conserving species-
rich wet grasslands is evaluated, discussed, and the synthesized results are compared to
management recommendations and practical experiences from applied (non-peer reviewed)
literature.

The following research questions were addressed: (1) What is the current state of re-
search? Which mowing or grazing regimes and adaptations have been studied or compared?
(2) How do mowing and grazing, with their different adaptations, affect species diversity and
vegetation composition in wet grasslands? (3) Is the effectiveness and suitability of mowing
and grazing judged differently in scientific peer-reviewed studies than in practice-oriented
‘grey’ literature? (4) What gaps in existing research should be addressed?

2. Material and Methods

2.1 Search strategy

To investigate the effects of mowing and grazing on species diversity and vegetation composition
in semi-natural wet grasslands, we performed a systematic literature search (Pullin & Stewart 2006),
following the PRISMA approach (Moher et al. 2010).

The Web of Science™ database (Clarivate 2023) was searched for peer-reviewed publications with
the following keywords in the title, abstract, or topic search (TS) field: wet OR humid AND meadow*
OR fen OR grassland* OR pasture* AND management OR mow* OR cut* OR graz* OR land use;
(* indicates a wild card). This search yielded 997 publications (March 29, 2023; Fig. 1).

Only studies meeting the following criteria were assessed: (i) the research was conducted in Europe,
(i1) within a conservation context (e.g., conservation or restoration), (iii) in the below defined focal or
associated habitat types, and (iv) examined the effects of mowing and/or grazing on (v) vegetation di-
versity and/or composition.

34 publications (3,4%) met all criteria, a proportion comparable to other ecological reviews (e.g.,
Télle et al. 2016: ~1%; Valko et al. 2014: ~1.3%; van Klink et al. 2015: ~17%). To identify additional
relevant studies, we used their reference lists and added those cited studies that met our criteria,
resulting in the inclusion of further 26 publications. In total, 60 studies were included into the analysis,
which we consider to be representative rather than complete, based on our knowledge of the relevant
literature.
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Fig. 1. Flow Chart of the systematic literature search of peer-reviewed studies.

Abb. 1. Schematischer Ablauf der systematischen Literaturrecherche innerhalb peer-reviewter Studien.

In a final step, we compared the results that were synthesized from peer-reviewed scientific litera-
ture to commonly used conservation practices (chapter 3.3 and 3.5). To that aim, we used grey literature
deemed representative for the topic based on our expertise. We focused on comprehensive overviews
and management guidelines from public authorities or NGOs and less frequently used opinion papers or
single case studies.

2.2 Focal Habitats

The focal habitats of this review comprise moist to semi-wet grasslands ranging from oligo- to
eutrophic conditions (Fig.2), corresponding to EUNIS habitat types R37, R35, and R36 and the
phytosociological alliances Molinion caeruleae, Calthion palustris, and Deschampsion cespitosae
(EUNIS classifications: Chytry et al. 2020; phytosociological nomenclature: Mucina et al. 2016). In
addition, we included publications examining ecologically related habitat types (hereafter called
associated habitats). These include: 1) wetter grasslands characterized by tall or small sedge commu-
nities (e.g., EUNIS type Q53, Q41) which develop into focal habitats under extensive management;
ii) mesic grasslands with slightly drier soil conditions (e.g., EUNIS type R 22), as the focal habitats
might develop into them if hydrologically deteriorated; and iii) wet tall-herb fringes, which establish
following abandonment of focal habitats.

To account for varying classification systems across publications, we synthesized different pan-
European classification systems (Table 1). In case a publication characterized the study area based on
plant species composition, we classified them as either focal or associated habitats by comparing the
described floristic assemblages to the dominant, characteristic and differential species typical of our
focal or associated habitat types.
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R18 Perennial rocky cakareous grassland

of subatlantic-submediterranean Europe
Xerobromion erecti
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Ranunculus repens — Alopecurus
pratensis compositions

R55 Lowland moist or wet taltherb and
fern fringe
Filipendulo ulmariae-Lotetalia uliginosi
R35 Moist or wet mesotrophic to eutrophic hay meadow
Calthion palustris, Deschampsion cespitosae
R37 Temperate and boreal moist or R36 Moist or wet mesotrophic to
wet oligotrophic grasshnd eutrophic pasture
Maolinion caeruleae
053 Tall-sedge bed
Magnocaricion elatae
Q41 Alkalne, calcareous, carbonate-rich
small-sedge spring fen
Caricion davallianae

moist (R3)

wet (Q)

—

natural extensive intensive

Fig. 2. Focal (hatched) and associated habitat types (dotted) of this review. Ecogram axes represent soil
moisture and land-use intensity. The boundary lines should be interpreted as transition zones between
plant communities. Ecogram created following the model of Dierschke & Briemle (2008: 60), with
habitat names according to EUNIS habitat classification (Chytry et al. 2020) and phytosociological
names given in italics (Mucina et al. 2016).

Abb. 2. Kernhabitate (gestreift) und Randhabitate (gepunktet), auf die sich dieses Review bezieht. Die
Achsen des Okogramms zeigen die Bodenfeuchtigkeit und Nutzungsintensitit. Grenzlinien sind als
Ubergangsbereiche zwischen Pflanzengesellschaften zu interpretieren. Das Okogramm orientiert sich
an der Vorlage von Dierschke & Briemle (2008: 60); Habitatnamen gemifl EUNIS-Klassifikation
(Chytry et al. 2020) angepasst; pflanzensoziologische Namen (kursiv) nach Mucina et al. 2016.

2.3 Assessment of the Effects of Mowing and Grazing

We analyzed the publications’ full texts, mainly focusing on the result and discussion sections, for
the following aspects: We assessed whether mowing and grazing increased plant diversity (Supple-
ment S1 — col. 6, Supplement S2 — col. 5) and promoted vegetation compositions indicative of higher
habitat quality (Supplement S1 — col. 7, Supplement S2 — col. 6 and Supplement S2 — cols. 5 & 6), we
synthesized the studies” significant effects or, in case studies were non-quantitative, their descriptive
results. In addition, we documented details how vegetation responded to management (Supplement S1
and S2, col. named description of vegetation development and example species) and recorded the
authors’ overall conclusions (Supplement S1 — col. 5, Supplement S2 — subheadings in green, pale
green and red lines, Table 2 — col. 4) regarding the success of the applied regimes in maintaining or
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Table 1. Synthesis of different habitat classification systems: EUNIS (Chytry et al. 2020), European
Red List of habitat types (Janssen et al. 2016), Habitat types listed in Annex I of the EU Habitats Direc-
tive (92/43/EEC) and phytosociological names of related alliances (Mucina et al. 2016); in accordance
with (EEA 2022).

Tabelle 1. Synopse verschiedener Lebensraumklassifikationssysteme: EUNIS (Chytry etal. 2020),
Europédische Rote Liste der Lebensraumtypen (Janssen et al. 2016), Anhang-I-Lebensraumtypen der
Fauna-Flora-Habitat-Richtlinie (92/43/EWG) sowie zugehérige pflanzensoziologische Verbande (Mu-
cina et al. 2016); in Ubereinstimmung mit den Angaben der Europaischen Umweltagentur (EEA 2022).

Name Alliances EUNIS  Annex I Red List conservation
code habitat code  Habitat Type status EU 28+

Low and medium altitude hay ~ Arrhenaterion R22 6270 E2.1a vulnerable
meadow; mesic permanent R21 6510 E22
pasture of lowlands and
mountains
Moist or wet mesotrophic to Calthion, R35 6510 E3.4a endangered
eutrophic hay meadow and Deschampsion ~ R36 6450 E 3.4b
pastures 6440
Temperate and boreal moist or ~ Molinion R37 6410 E3.5 endangered
wet oligotrophic grassland
Small-sedge base-rich fen and ~ Caricion Q41 7230 D4.la endangered

calcareous spring mire

Tall-sedge beds Magnocaricion Q53 X C52 vulnerable

restoring species-rich wet grasslands. In each last column (Supplement S1, S2 and Table 2) we collect-
ed contraints, additional measurements that had been conducted or other observations that were high-
lighted by the respective authors. In cases where the focal or associated habitats were embedded within
heterogeneous vegetation complexes — particularly common in grazing studies — we also considered the
authors’ conclusions on the conservation effectiveness of the management regime at the study area
level.

We opted for a qualitative synthesis over a meta-analysis for two main reasons: (i) the heterogene-
ity and incomplete reporting of relevant key factors (e.g., frequency, timing, machinery etc.) limited
a nuanced meta-analysis (Box la, ¢), while (ii) an exploratory approach better reflected/comprised the
site-specific complexity in wet grassland management that we considered of greater value for applied
conservation.

3. Results and Discussion

3.1 Dataset Description

The 60 reviewed publications investigated grasslands across 16 European countries, with
a focus on Central Europe (63%; Fig. 3). The defined focal habitat type was investigated in
55%, associated habitat types characterized by wetter conditions in 30%, and more mesic
habitat types were analyzed in 16% of studies (Fig. 4).

Site descriptions often lacked key environmental details, such as hydrology (e.g.,
groundwater levels, flooding regimes) and soil characteristics (e.g., soil type, pH, nutrient
content). Moreover, standardized habitat classifications were frequently missing. Thus, habi-
tat types had to be synthesized, or, in some cases, reconstructed based solely on species
inventories. The missing standardized terminology hampers cross-study comparability and
constrains habitat-specific reviews, as relevant studies may be missed in literature searches
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Countries-2024-EPSG:3035

Fig. 3. Distribution of the 16 study countries. The total number exceeds the total publications due to
two study countries reported in Hajkova et al. (2022).

Abb. 3. Verteilung der 16 Untersuchungslédnder. Die Summe iibersteigt die Anzahl der eingeschlos-
senen Publikationen, da in Hajkova et al. (2022) zwei Lander beriicksichtigt wurden.

(Pullin & Stewart 2006). To enhance comparability, a unified framework like the EUNIS
classification system should be employed consistently across Europe in both peer-reviewed
and applied research (Chytry et al. 2020).

A total of 67% of the reviewed publications (n =40) investigated mowing regimes
(Supplement S1), 23% (n = 14) focused on grazing (Supplement S2). The effects of mowing
were mostly assessed (n =33) by comparing mown areas with unmown controls. 16 mowing
studies compared reintroduced mowing to previous abandonment. 18 studies compared dif-
ferent mowing regimes, including mowing once per year versus twice per year, mowing
versus mulching, or mowing with versus without fertilization. Grazing effects were evalu-
ated by comparing grazed versus abandoned sites (n = 3) or by examining transitions be-
tween former and current management regimes, like the switch from mowing to grazing
(n =4). Five studies assessed grazing effects through exclosures within the same area and
three documented developments under grazing over time.

Notably, only 10% of the 60 reviewed publications directly compared mowing and
grazing simultaneously within the same habitat (Table 2). This is consistent with broader
patterns in grassland research (Télle et al. 2016). The persisting scarcity of comparative
studies — despite calls for them as early as two decades ago (Jantunen 2003) — underscores
the continued need for experimental and large-scale designs evaluating these management
regimes side by side (Box 1c, d).
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Fig. 4. Distribution of habitat types within the 60 reviewed publications, grouped by investigated
management regime. The total exceeds the number of publications, as study sites were heterogeneous
or studies investigated several sites. For definitions of the focal and associated habitat types see
Figure 2.

Abb. 4. Verteilung der Habitattypen in den 60 analysierten Publikationen, gruppiert nach Bewirtschaf-
tungsregime. Die Summe {ibersteigt die Anzahl der Publikationen, da Untersuchungsgebiete heterogen
waren oder mehrere Standorte beriicksichtigt wurden. Die Kern- und Randhabitate sind in Abbildung 2
definiert.

The median duration since the management regimes had been implemented within study
sites was five years (range: 1-27 years; Fig. 5). Only 27% of the mowing regimes and 27%
of the grazing regimes had durations of three years or less, while more than half of the
studies (regardless of management regime) covered management durations of seven years or
more.

Thus, the majority of studies assessed management effects in habitats that were unlikely
to be biased by initial deterioration following reintroduced management (Jantunen 2003),
and sufficiently developed to reflect also time-lagged vegetation responses (Gibson &
Brown 1992, Zobel et al. 1996), particularly as target species re-establish slowly (Schrautzer
et al. 2016, Velbert et al. 2017, Schwartze et al. 2021).

Regarding study duration, 43% of all studies qualified as long-term sensu Bakker et al.
(1996) with > 10 observational years, while 33% compared the different managements only
at a single timepoint, although often across multiple locations. Due to short-term funding,
study durations below five years are common in ecological research (De Bello et al. 2020),
despite their limited ability to disentangle management effects from interannual variation
(Di Virgilio et al. 2019). This underscores the continued importance of long-term ecological
research (Zhang etal. 2023; Box lc,d). In sum, we consider the reliability and gener-
alizability of the included studies as relatively high, particularly due to the extended
durations of management applications in most sites.
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Fig. 5. Duration since investigated management regimes were implemented, where reported; in some
cases, durations were estimated by the authors. Note that this does not always reflect the actual study
length, as 20 studies compared the different regimes only within a single year. The total number ex-
ceeds that of reviewed publications, as some included multiple sites with distinct management histories.

Abb. 5. Zeitraum seitdem die untersuchten Bewirtschaftungsregime eingesetzt waren, sofern ange-
geben; in einigen Féllen wurden Zeitrdume geschitzt. Diese Angaben spiegeln nicht zwingend die Stu-
diendauer wider, da 20 Arbeiten die unterschiedlichen Bewirtschaftungen nur innerhalb eines Jahres
verglichen. Die Summe {ibersteigt die Anzahl der Studien, da teilweise mehrere Standorte eingeschlos-
sen waren.

3.2 Effects of Mowing

In 85% of mowing studies, mowing increased plant species richness, and in 70% it
improved vegetation composition. Mowing promoted rare habitat specialists such as
Dactylorhiza majalis, Parnassia palustris, Lychnis flos-cuculi, and rare Carex species, while
it reduced generalist species, dominant competitors, and mean Ellenberg indicator values for
nutrients (Supplement S1).

3.2.1 Mowing Frequency

65% of mowing studies examined the effects of annual mowing, while 33% investigated
mowing twice per year (Fig. 6, Supplement S1 and Table 2). Only two studies assessed
higher mowing frequencies, while five tested less frequent mowing (e.g., every two — three
years). Three studies examined mowing in combination with aftermath grazing, and four
evaluated mulching as a management tool. Two studies did not specify mowing frequency.

Overall, the positive effects of mowing increased up to a frequency of two cuts per year.
Mowing frequencies every two to three years were generally insufficient to suppress
successional processes, harboring only about half as many specialized species than annually
mown sites. Nonetheless, compared to complete abandonment, low-frequency mowing
resulted in smaller losses of specialists — about half as severe — and was thus considered
preferable when abandonment is the only alternative.

164



35

30

v
c
h=l
©
L 25
a
3
Q.
S5 20
)
o)
E 15
3
c
10
5 .
| L B [
mulching <1/a 1/a 1/a + post- 2/a > 2/a not
grazing specified

Fig. 6. The frequency of different mowing regimes tested in 60 reviewed publications (Supplement S1),
including studies comparing mowing and grazing (Table 2). The total exceeds the number of public-
cations, as some studies examined multiple regimes. Mulching means cutting without biomass removal,
< 1/a is mowing less than once per year, 1/a is mowing once per year, 1/a + postgrazing is mowing once
plus aftermath grazing later in the season, 2/a is mowing twice per year, > 2/a more frequent mowing
than twice per year.

Abb. 6. Haufigkeit der in den 60 Publikationen untersuchten Mahdregime (Beilage S1), einschlieBlich
Studien mit Vergleich von Mahd und Beweidung (Tab. 2). Die Summe iibersteigt die Anzahl der Publi-
kationen, da einige Studien mehrere Mahdregime untersuchten. Mulchen bezeichnet das Méhen ohne
Biomasseentnahme, < 1/a weniger als einmal jahrlich, 1/a einmal jahrlich, 1/a + Nachbeweidung ein-
malige Mahd mit anschlieBender extensiver Beweidung im weiteren Jahresverlauf, 2/a zweimal jéhr-
lich, > 2/a héufiger als zweimal jahrlich.

Compared to abandonment or mulching, mowing once and mowing twice per year
positively affected vegetation composition. While these results appear expectable for semi-
natural habitats, the eight studies comparing mowing once directly to mowing twice per year
provide important insights into suitable mowing frequencies: They consistently reported
improved outcomes for mowing twice. Namely, mowing twice per year was more effective
at suppressing dominant species and increasing nutrient depletion, and benefited more low-
growing specialists than mowing once. Also, mowing twice shifted vegetation composition
faster towards the target communities and increased species richness more substantially.
However, most of these studies were conducted in rather nutrient-rich or slightly drier
habitats (e.g., Calthion, Arrhenatheretalia) or (at least slightly) degraded habitats (Box 1c).
Particularly under such conditions, mowing twice proved effective in facilitating the
development of species-rich wet grasslands. Studies reporting negative effects of mowing
twice per year attributed this to co-occurring fertilization or the limited availability of target
species in the seedbank.
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3.2.2 Mowing time

In single-cut regimes, mowing typically occurred between May and September, peaking
in June — July (57%). In two-cut systems, the first cut typically occurred between May and
July, followed by a second cut in August or September.

Notably, negative effects of mowing on species richness or composition were frequently
attributed to suboptimal timing. The timing of biomass removal determines how effectively
mowing counteracts eutrophication and the dominance of tall-growing species (Bowskill
et al. 2023). Late-season mowing is less effective in nutrient depletion, as more nutrients
have already been translocated to belowground organs (Martinez-Vilalta et al. 2016), where-
as early summer mowing more effectively suppresses competitive species but can harm late-
flowering species (e.g., Succisa pratensis, Sanguisorba officinalis, Betonica officinalis).
Two-cut systems, which avoid late-flowering species in the first cuts, can be beneficial. In
annual early-cut regimes, higher regrowth until the next season or thick litter layers
occasionally inhibited the germination of light-demanding species in the following spring. In
such cases, late autumn mowing helped to reduce litter accumulation, benefitting light-
demanding target species, such as Dactylorhiza majalis.

3.2.3 Mowing Technique

Only 55% of the publications reported the mowing technique. Hand scythes were the
most common technique reported (n = 14), followed by brush cutters and sickle mowers
(n =4 each), and tractor-mounted mowers (n = 3). Mowing with hand scythes generally led
to positive outcomes, while sickle mowers showed the highest proportion of negative
outcomes. However, due to the limited sample size and potential confounding factors such as
fertilization or mowing frequency, no general conclusions could be drawn regarding the
effects of mowing technique (Box 1a, c).

3.3 Assessment of mowing in practice-oriented ‘grey’ literature

Practice-oriented recommendations generally align with the findings of the peer-re-
viewed studies but are often tailored more tightly to specific plant communities.

Two-cut regimes are recommended for mesotrophic to moderately eutrophic wet grass-
lands, such as Alopecurus pratensis — dominated meadows (Nérmann et al. 2021), moist
variants of Arrhenatheretalia (Strobel & Holzel 1994, Szépligeti et al. 2016), and Caltha
palustris or Cirsium oleraceum — rich meadows (Schneider et al. 2023). These species-rich
habitats often combine species of productive grasslands and wetland communities (4Arrhe-
natheretalia, Molinietalia, Calthion) that are well-adapted to extensive two-cut regimes
(Strobel & Hoélzel 1994, Dullau et al. 2019, Burkart et al. 2004, NLWKN 2024). In contrast,
single-cut regimes are advised for low-productive, wet habitats harboring specialists like
Trollius europaeus, Scorzonera humilis, or small Carex species (Strobel & Holzel 1994,
Schwartze et al. 2021). These regimes are also advised for Scirpus sylvaticus meadows,
sedge-rich fens, and Molinia meadows (NLWKN, 2022, 2024).

Typically, two-cut systems have their initial cut from mid to late June, followed by
a second cut from late August onwards. Many species are adapted to this regime and may
even flower twice per year (Strobel & Holzel 1994). On more productive sites, an earlier
first cut (late May to early June) followed by a minimum ten-week interval allows for seed
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maturation while promoting light-demanding, less competitive species. Long-term data (e.g.,
Schwartze et al. 2021) confirm that such a regime — conducted over decades - can support
rare species like Dactylorhiza majalis and Ophioglossum vulgatum.

However, several authors cautioned that applying typical two-cut regimes constantly
with fixed temporal or spatial application hampers species where seeds mature only after late
June, and suggested to delay mowing until July (Janeckova et al. 2006, Dullau et al. 2019,
Wagner & Britz 2024). Also, delaying mowing into July is recommended to protect the
nestlings of meadow birds. However, later mowing may not remove enough nutrients and
promote species disproportionally, for instance by favoring unwanted, invasive or poisonous
species (Wagner et al. 2023) and excluding target species (Burkart et al. 2004, NLWKN
2024). Therefore, late single cuts are advised chiefly for Molinion communities on nutrient-
poor, wet soils, while the same timing on meso- to eutrophic sites promotes tall-herb (e.g.,
Filipendulion) and reed communities (e.g., Magnocaricion) and ultimately reduces species
richness (Zimmermann 2016, Schneider et al. 2023).

To avoid that certain species are persistently promoted and others repeatedly suppressed,
several practice-oriented studies theoretically recommend spatially and temporally variable
mowing regimes (Zimmermann 2016, NLWKN 2024). However, in practice, such flexible
regimes are often unattainable, mainly because subsidy regulations (e.g., AUKM in
Germany) restrict mowing to fixed dates or phenological stages of certain species. Such
regulatory frameworks incentivize uniform management even though flexibility would be
ecologically preferable. Indeed, flexible regimes match traditional management practices
(Zimmermann 2016, Burton & Riley 2018, Wehn etal. 2018) and ease to avoid soil
degradation by aligning management timing to suitable (i.e., drier) hydrological conditions
(Nitsche & Nitsche 1994, Strobel & Holzel 1994). Particularly in permanently wet sites or
rainy seasons, and where heavy machinery is used, delaying mowing times into mid to late
summer is recommended (Dierschke & Briemle 2008, Schneider et al. 2023). To enable
both, flexible and soil-conserving management, the use of or support for specialized mowing
equipment (e.g., lightweight; adapted tire systems) is advised (Middleton etal. 2006,
Nérmann et al. 2021).

3.4 Effects of Grazing

The following results and discussions relate to extensive grazing, with stocking rates
between 0.2 and 1.5 livestock units per hectare as defined by Dierschke & Briemle (2008).
Only 7 out of the 14 studies quantified stocking rates directly, ranging from 0.12 to 1.12
livestock units per hectare for year-round grazing and 0.35 to 0.9 LU/ha for summer grazing.
The remaining studies described their grazing regimes as extensive.

Half of the studies reported exclusively positive effects, with grazing contributing to the
development of target communities (Supplement S2 and Table 2). This was primarily
attributed to the creation of establishment niches for or the increase of rare and characteristic
species, and effective suppression of dominant species. Grazing increased species richness in
71% of the studies and improved species composition in 79%. Four studies cautiously
assessed grazing overall positive, but mentioned high nutrient availability and limited seed
banks as establishment barriers for target species. However, 29% reported deteriorating
species composition due to increasing grasses and ruderals. Three studies reported reduced
species richness due to trampling of sensitive, rare species or (organic) soil compaction
(1 study).
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Grazing in heterogeneous landscapes with varying productivity and grazing sensitivity in
patches presented challenges. Three studies in heterogeneous sites assessed grazing
negatively, reasoning that moist patches with lower forage quality were avoided, causing
undergrazing in moist sites and overgrazing in preferred patches. On the contrary, other
studies in heterogeneous sites highlighted increased structural and compositional diversity
by grazing.

3.4.1 Grazing Period

Eight studies investigated year-round grazing, eight summer grazing (May — October),
two studies assessed rotational grazing (i.e., short grazing intervals of 1-2 weeks), and two
studies did not specify the grazing period (Supplement S2 and Table 2).

Year-round grazing improved species composition, with increases in both generalists and
specialists. The higher grazing pressure during winter was breaking established grazing
patterns and suppressing dominant species such as Carex acuta and Cirsium arvense.
However, supplementary feeding in winter was required due to low forage value and might
introduce excess nutrients.

Summer grazing yielded positive results in three of the five studies (Supplement S2),
promoting rosette-forming and low-growing target species. Grazing also effectively sup-
pressed dominants (e.g., Phragmites australis), when it coincided with their sensitive life
stages (e.g., early growth). Rotational grazing yielded mixed results: one study reported
positive effects, while another — using sheep — found negative outcomes due to unsuitable
foraging behviour in moist patches.

3.4.2 Livestock Type

Most studies (93%) used cattle, with varying outcomes. The specific effects of horses
remain unclear due to mixed grazing with cattle and ambiguous evaluations (positive: Mann
& Tischew, 2010; moderately positive: Gilhaus et al. 2014). The only study involving sheep
and goats (Koch et al. 2017) reported negative effects, although without explicitly linking
them to livestock type. Torok et al. (2014) mentioned greater biodiversity for traditional
(Hungarian Grey cattle) than commercial breeds.

3.5 Assessment of grazing in practice-oriented ‘grey’ literature

Practice-oriented literature corroborates the findings of the reviewed studies: extensive
grazing (sensu Dierschke & Briemle 2008) can be effective for maintaining wet grasslands
(Nédrmann et al. 2021) and enhance faunal and floral diversity (Schwartze et al. 2021). In this
literature, successful grazing regimes involved besides cattle also water buffalo (Enge 2009,
Floper 2024, NABU Brandenburg 2024), sheep (Narmann et al. 2021), and mixed herds with
cattle and horses (Zahn 2014, Neuh&user et al. 2022, Schrautzer & Martens 2025).

Concerns persisted primarily that trampling effects, might cause soil compaction, sward
damage (Strobel & Holzel 1994), and harm to valuable species (Bunzel-Driike et al. 2019,
Meysel & Martin 2021, Schwartze et al. 2021, Wagner & Britz 2024). However, there is
evidence that carefully adapted grazing may also support rare specialists, such as Caltha
palustris (Enge 2009), Drosera rotundifolia, gentians, and orchids (Dactylorhiza, Orchis)
(Schley & Leytem 2004).

A key prerequisite for success is careful, site-adapted grazing management, where
fencing or guiding herds can prevent harm to sensitive species and vulnerable patches
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(Nérmann et al. 2021, Neuhduser et al. 2022). Moreover, timing grazing periods to avoid
sensitive juvenile or flowering phases of target species and match periods with lower water
tables was emphasized for successful grazing (Stammel et al. 2003, Narmann et al. 2021).

While year-round grazing can diminish competitive species due to low forage quality in
winter, it also increases trampling pressure. Consequently, practical recommendations
generally consider continuous grazing unsuitable for wet grasslands (NLWKN 2024).
Instead, rotational grazing with short grazing phases during low water levels (e.g., late June
to August) is recommended (Quinger et al. 1995, NLWKN 2024). If hydrological conditions
permit, autumn grazing, when most wet grassland species (flora and fauna) have completed
their development, may also be considered (Strobel & Holzel 1994). Another benefit of
rotational grazing is the greater flexibility to adjust grazing intensities to sensitive species or
patches (Zahn 2014, Nérmann et al. 2021) to prevent over- and undergrazing in hetero-
geneous sites.

Notably, it was consistently emphasized that even carefully optimized grazing will
hardly reproduce the structural and compositional characteristics of traditionally mown
systems (Steidl 2002, Metera et al. 2010, Zahn 2014, Hajkov4 et al. 2022). Thus, grazing is
repeatedly considered unsuitable or only moderately suitable for maintaining typical
Calthion (Rasran et al. 2007b, Schneider et al. 2023) or Molinion meadows (Burkhart et al.
2004, NLWKN 2022).

Box 1. Research Gaps

a) Insufficient detail on management strategies:
Key parameters were often missing across mowing and grazing studies, such as precise cutting dates,
frequency, and mowing techniques, as well as stocking density, grazing duration, livestock breed, and
demographics. This lack of standardized reporting limits both comparability across studies and the
transferability of findings to management practice.

b) Underrepresentation and limited diversity in grazing studies:

Grazing was addressed in only 33% of the reviewed publications (Supplement S2 and Table 2) and
primarily involved cattle. Besides a general underrepresentation of grazing studies (Zhang et al. 2023),
effects of different livestock types (Isselstein et al. 2007) and different breeds or ages within species
(Pauler et al. 2020, Koncz et al. 2020) remain largely unexplored.

¢) Need for nuanced, site-specific comparisons:

Most studies compared management effects only to abandonment, offering limited insight into optimal
regimes. There is a clear need for more systematic comparisons of frequency, density, timing and
technique or livestock types, particularly regarding site-specific conditions (e.g., Milberg et al. 2017,
Marriott et al. 2014). This gap is striking, given that many studies highlight the importance of flexible,
adaptive management to achieve conservation goals.

d) Conclusion:

A clear need persists for controlled, replicable, and ideally long-term field studies to disentangle the
complex interactions between alternative management options and site conditions, and to facilitate
evidence-based, site-adapted management strategies.

170




4. Synthesis

As a prerequisite that mowing or grazing can effectively contribute to wet grassland
conservation, site conditions (i.e., hydrology, nutrients, seed bank quality and species pool)
need to match the envisioned target community (Supplement S1, S2 and Table 2; last
column). Both management regimes were evaluated positively in cases where they reduced
nutrients, aboveground biomass, competitive, tall-growing species, and increased low-
growing, light-demanding specialists.

High soil moisture posed a key challenge in wet grassland management, as it increased
the risk of sward damage or soil compaction from trampling or heavy machinery.
Additionally, many wet grasslands harbored heterogeneous microtopographies and edaphic
conditions and a mosaic of plant communities with different productivity and disturbance
sensitivity. This heterogeneity necessitated spatially and temporally differentiated
management, for instance via mosaic cutting patterns or active herd management.

4.1 Synthesis for Mowing

Compared to abandonment, both single- and two-cut regimes had overall positive effects
on the composition and species richness of wet grasslands. The ‘grey’ literature and peer-
reviewed studies agreed that two-cut and flexible mowing regimes were best suited for
meso- to eutrophic moist meadows, while wetter and oligotrophic Molinion meadows rather
required single-cut regimes. Negative effects of mowing resulted mostly from suboptimal
timing, e.g. late cuts removed not enough nutrients and single summer cuts allowed too
dense regrowth in the following season. Conversely, fixed-timed early or two-cut mowing
occasionally impeded late-flowering species. To reconcile the required nutrient removal
(achieved via early or two-cut mowing) with the protection of valuable flora and fauna,
spatially and temporally diversified mowing regimes were recommended.

Our results demonstrate a mismatch between common practice and conservation
requirements because single-cut mowing — mostly conducted in mid- to late June — is the
dominant management practice in European wet grasslands (Kapfer 2010a, Hejcman et al.
2013, Télle etal. 2016). High nutrient availability and competition often hampered rare
specialists in single-cut (summer) regimes (Bergamini et al. 2009, Bochniak et al. 2024,
Hartmann & Metz 2025). Despite their ecological benefits, two-cut regimes with flexible
timing are often impossible in practice because subsidy regulations impose fixed mowing
dates and because a second cut outside the drier summer period may necessitate costly
specialized machinery (Kiessling & Zehm 2014, Narmann et al. 2021, Bowskill et al. 2023).
Moreover, in areas where the use of biomass as bedding material has been re-established
(DVL 2014, 2024, Kiessling & Zehm 2014), technical limitations may arise as early cut
material is often too wet for this purpose (Ndrmann et al. 2021).

4.2 Synthesis for Grazing

Peer-reviewed and ‘grey’ literature largely agreed that extensive cattle grazing can
promote wet grassland conservation when appropriate nutrient levels and sufficient target
species are present. In addition to overall increasing plant diversity, grazing can benefit
habitat specialists by lowered competition and additional seed dispersal and establishment
niches (Mann & Tischew 2010, Kohler et al. 2023). Only few studies reported negative
effects, namely trampling damage to sensitive species (Kiichler et al. 2009, Koch et al. 2017,
Sienkiewicz—Paderewska et al. 2020) and compaction of organic soils (Stammel et al. 2003).
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However, especially ‘grey’ literature emphasized the complexity of grazing as multiple
factors like area size and heterogeneity, livestock type and breed, foraging behavior, and
livestock health interact dynamically. Further, practice-oriented literature considered year-
round grazing less suitable, while recommending spatially and temporally flexible regimes
like rotational grazing (Zahn 2014, Narmann et al. 2021). Such regimes might better achieve
conservation targets as they reduce trampling pressure and promote more homogeneous
vegetation patterns (Hajkova et al. 2022).

Although grazing can meet conservation objectives, both peer-reviewed and practice-
oriented sources emphasized that it requires constant monitoring and flexibility to adjust
grazing regimes (Schrautzer et al. 1996, Bunzel-Driike et al. 2019, Sienkiewicz—Paderewska
et al. 2020, Meysel & Martin 2021, Adert et al. 2022, Schrautzer & Martens 2025) and thus
experienced livestock managers. The continuous need to adjust grazing parameters and the
higher uncertainty about vegetation responses may partly explain the cautious perception of
grazing despite its generally positive ecological outcomes. Whether such continuously
adapted, extensive grazing regimes can be more cost-efficient than mowing, remains
questionable. In addition, the limited number of studies (Box 1b) and the recurrent emphasis
on site-specificity and complexity, make it difficult to derive robust, broadly applicable
management recommendations.

4.3 Mowing or Grazing?

To assess whether mowing or grazing is more suitable for maintaining a good
conservation status of species-rich wet grasslands, the six studies directly comparing both
regimes provide particularly valuable insights. Five of these found mowing and grazing to be
equally effective. More notably, they highlighted that combining both regimes supported
especially high biodiversity, as each benefitted different species groups. Recommendations
for such combined regimes are also found in practice-oriented literature, specifically
extensive mowing with aftermath grazing (Ndrmann et al. 2021, Schneider et al. 2023).
Given that regimes with grazing before and after mowing had been widespread for centuries,
it is plausible that this combination promotes both higher species diversity and ecological
resilience (Kapfer 2010b, Messlinger et al. 2018, Strohwasser 2018).

Moreover, grazing and mowing regimes fulfill different conservation aims: Mowing
creates more homogeneous vegetation patterns (Tédlle etal. 2016), which eases the
evaluation of conservation efforts (Steidl 2002) but reduces beta diversity (Touzard et al.
2002, Giisewell & Le Nédic 2004, Vannucchi et al. 2022, Bochniak et al. 2024). Grazing
systems, even if well-managed, result in unconsumed plant residues (Zahn 2014), patchy
swards (Vickery et al. 2001), and spatially variable vegetation patterns (Metera et al. 2010).
Thus, grazing systems support higher structural heterogeneity and a broader range of species
(Télle et al. 2016) but are less predictable regarding their outcomes.

In general, regimes that are spatially and temporally diversified and tailored to site
conditions offer the greatest conservation potential while minimizing the risk of favoring
unwanted, invasive or poisonous species or excluding target species. This is especially
critical today, as only few, often small fragments of species-rich wet grasslands remain.
These sites need to fulfill multiple ecological functions simultaneously, such as harboring
rare species, buffering against climate impacts, and preserving genetic diversity. In the past,
wet grasslands were abundant, thus, species losses in one site could be compensated by
populations in neighboring sites. Nowadays, the remaining fragments can no longer afford
such losses. Local declines are more likely to cause irreversible genetic erosion or local
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extinction. To sustain high species diversity under these conditions, particularly in the face
of climate change (Wehn etal. 2018), it is crucial to establish financial and policy
frameworks that support flexible, site-specific management alongside with long-term
ecological monitoring (Bowskill et al. 2023).

Erweiterte deutsche Zusammenfassung

Problemstellung — Extensive Landnutzung ist von zentraler Bedeutung fiir den Erhalt von arten-
reichen Feuchtgriinlindern, die einen Hotspot der mitteleuropdischen Biodiversitit darstellen und
zahlreichen seltenen Arten einen Lebensraum bieten. Da eine extensive Nutzung jedoch wirtschaftlich
kaum mehr tragféhig ist, sind Feuchtgriinlinder zunehmend durch unzureichende oder ungeeignete
Bewirtschaftung gefahrdet. In der Folge verschlechtert sich die Habitatqualitét und wertgebende Arten
gehen zuriick. Zum Erhalt der verbliebenen Feuchtgriinldnder sind Managementkonzepte notwendig,
die sowohl kosteneffizient und nachhaltig als auch forderlich fiir die Biodiversitit sind.

Die annuelle Mahd wird derzeit am haufigsten eingesetzt und gilt als geeignet fiir den Erhalt von
Feuchtgriinland. Eine Beweidung wird hingegen seltener umgesetzt und héufig kritischer bewertet. Der
anhaltende Riickgang wertgebender Arten trotz naturschutzfachlicher Pflege wirft jedoch die Frage auf,
ob und wie bestehende Managementregime {iberdacht und angepasst werden miissen. In diesem Zusam-
menhang riickt die Beweidung zunehmend als potenziell kosteneffiziente und nachhaltige Alternative
zur Mahd in den Fokus — nicht zuletzt, weil sie zugleich eine Verwertungsmoglichkeit der anfallenden
Biomasse bietet. Sowohl fiir Mahd als auch fiir Beweidung bestehen jedoch weiterhin offene Fragen zu
optimaler Intensitdt, Zeitpunkt, Technik bzw. eingesetzten Tierarten, insbesondere in Abhéngigkeit von
standortlichen Gegebenheiten.

Methode — Um die Wirkungen von Mahd und Beweidung auf Artenvielfalt und Vegetationszusam-
mensetzung in oligo- bis eutrophen, feuchten bis nassen Griinldindern (Abb. 2) zu bewerten, wurden
60 Studien aus 16 europdischen Landern analysiert. Die Ergebnisse wurden mit ausgewahlten praxis-
nahen, meist nicht-peer-reviewten, deutschsprachigen Veroffentlichungen aus dem Naturschutz ver-
glichen. Auf dieser Grundlage wurden zentrale Faktoren fiir ein naturschutzfachlich erfolgreiches
Management identifiziert sowie bestehende Forschungsliicken (Box 1) benannt.

Ergebnisse — Voraussetzung fiir einen erfolgreichen Beitrag von Mahd und/oder Beweidung zum
Erhalt von Feuchtgriinland war, dass wesentliche Standortfaktoren, wie Wasserhaushalt, Néhrstoffver-
fligbarkeit und das verfugbare Artenspektrum mit den Bedingungen des Zielhabitats iibereinstimmten
oder angepasst wurden.

Mahd: Positive Effekte auf die Artenvielfalt und Komposition nahmen bis zu einer Frequenz von
zwei Schnitten pro Jahr zu, insbesondere in meso- bis eutrophen Feuchtgriinldindern. Fiir oligotrophere
und nassere Standorte waren meist einschiirige Regime geeigneter. Negative Effekte der Mahd waren
meist auf ungiinstige Schnittzeitpunkte zurtickzufiihren, da diese entweder nicht ausreichend Néhrstoffe
entzogen oder bestimmte Artengruppen (z.B. spitblithende Arten) iiberproportional zuriickdrdngten.
Um den Zielkonflikt zwischen effizientem Néhrstoffentzug und dem Schutz sensibler Arten zu
entschérfen, waren raumlich und zeitlich diversifizierte (zweischiirige) Mahdregime besonders wirk-
sam. Auflerdem zeichnet sich ab, dass ein (standortangepasstes) Abweichen von der aktuell do-
minierenden Bewirtschaftungsform der einschiirigen Mahd im (friithen) Sommer dem Artenreichtum
europdischer Feuchtwiesen zutrdglich sein konnte.

Beweidung: Auch die Beweidung wirkte in vielen Fillen naturschutzfachlich positiv. Jedoch wurde
sie von wissenschaftlicher wie praxisnaher Literatur als schwerer kalkulierbar und komplexer in der
Umsetzung beschrieben. Als entscheidende Erfolgsfaktoren erwiesen sich ein kontinuierliches Moni-
toring sowie ein aktives, flexibel anpassbares Herdenmanagement — insbesondere hinsichtlich Be-
satzdichte, Beweidungszeitpunkt und -dauer. Die Notwendigkeit, Beweidungsparameter regelméfig an
standortliche Gegebenheiten anzupassen, verbunden mit der Unsicherheit beziiglich resultierender
Vegetationsmuster, erklart womdglich die verbreitete Zuriickhaltung gegeniiber der Beweidung. Hinzu
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kommt eine vergleichsweise geringe Zahl an replizierten und hinsichtlich Anpassungsoptionen dif-
ferenzierten Beweidungsstudien (Box 1), sodass sich insgesamt nur eingeschrénkt generalisierte, belast-
bare Handlungsempfehlungen ableiten lassen.

Herausforderungen: Unabhingig vom gewihlten Regime stellte die hohe Bodenfeuchte in
Feuchtgriinldndern eine zentrale Herausforderung dar, da sie die Gefahr von Bodenverdichtung oder
Schiadigung der Grasnarbe — etwa durch schwere Maschinen oder Trittschdden — deutlich erhohte.
Hinzu kam die kleinteilige strukturelle Heterogenitdt dieser Lebensrdume: Unterschiede in Produk-
tivitdt und Storungssensitivitdt fiihrten dazu, dass einzelne Bereiche leicht iiber- oder unternutzt
wurden. Beide Herausforderungen konnten durch rdumlich und zeitlich differenzierte Manage-
mentansdtze adressiert werden — beispielsweise durch mosaikartige Mahd oder standortangepasste
Beweidung mithilfe gezielter Herdenfiihrung.

Fazit — Ob Mahd oder Beweidung besser geeignet ist, um artenreiche Feuchtgriinlander langfristig
zu erhalten, ldsst sich am treffendsten wie folgt beantworten: (i) Beide Regime wirken grundsitzlich
positiv — sofern ausreichende personelle, finanzielle und logistische Ressourcen vorhanden sind, um
eine kontinuierliche und flexible Anpassung an lokale Standortbedingungen zu gewahrleisten. Dies gilt
insbesondere fiir die Beweidung, bei der teils kiirzere Anpassungsintervalle erforderlich sind. ii) Die
Kombination beider Regime bietet das grofite naturschutzfachliche Potenzial. Durch ihren komple-
mentdren Einsatz konnen unterschiedliche Artengruppen gefordert und zugleich regimebedingte
Schwichen ausgeglichen werden — etwa hinsichtlich der Verwertung anfallender Biomasse bei der
Mahd oder der Entstehung heterogener Vegetationsstrukturen unter Beweidung.
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Supplement S1. Overview of mowing studies: habitat type, mowing frequency per year (e.g., 0x = abandonment), compared management (mowing frequency or other), overall evaluation of the authors which
regime performed better (= better results), effects on diversity and composition, as well as a description of observed developments or author-reported notes and limitations.

Code details: + = positive; - = negative; ~ = similar; o = alpha-diversity; B = beta-diversity; R3 = EUNIS type R3 (seasonally wet and wet grasslands) and subtypes; focal habitat; R2= EUNIS type R2 (mesic
grassland) and subtypes; mesic direction from focal habitat; Q = EUNIS type Q (wetlands) and subtypes (mainly Q4, some Q5); wet direction from focal habitat; A = former use as arable land; H = authors
mentioned heterogeneous area (several types).

Beilage S1. Uberblick iiber die Studien zur Mahd: Habitattyp, Mahdfrequenz, VergleichsgroBe, Gesamtbewertung, welches Regime bessere Ergebnisse erzeugte, Wirkung auf Diversitit und Komposition,
Beschreibung der beobachteten Entwicklungen und von den Autor*innen hervorgehobene Bemerkungen oder Einschriankungen. Erkldrungen zu den Codierungen am Tabellenende.

Code-Details: + = positiv; - = negativ; ~ = dhnlich; o = alpha-Diversitit; } = beta-Diversitit; R3 = EUNIS-Typ R3 (Feucht- und Nassgriinland) und Subtypen; Focushabitat; R2= EUNIS-Typ R2 (mesophiles
Griinland) und Subtypen; mesische Richtung vom Fokushabitat; Q = EUNIS-Typ Q (Stimpfe und Moore) und Subtypen (im wesentlichen Q4, einige Q5); nasse Richtung vom Fokushabitat; A = frithere
Nutzung als Acker; H = Autoren erwahnten heterogenes Areal (mehrere Typen).

reference habitat mowing compared to better results effects on description of vegetation development and example species constraints/ additional
type freq./yr “div.  _comm. D (if given) measures/ authors notes
positive: less dominant species (Carex acuta, Phragmites australis,
Jensen & Meyer . .
2001 R3 2x—-3x  Ox 2x > 0x +a + Carex canescens ); more specialized species (Lotus pendunculatus,
Lychnis flos-cuculi, Viola palustris )
+a positive: in R3 plus fertilizer increase in diversity when mown 3x in R2 economic &
. 4x (R2 4x (R2), 3 . i logical ai t;
Copetal. 2009 R3,R2 x (R2), x (R2), Xf . fertilized > mown Gx) 1nstea.d of 2x . . . . .eco ogica élms WerF: et
3x, 2x 2x plus fertilizer -a negative: more tall-growing, generalist species (e.g., Filipendula in R3 mowing 2x without
(4x) ulmaria ) in R3 and more grasses in R2 fertilizer is better
positive: less dominant species; lowered indicator values for nitrogen;
Sand-Jensen et al. o . . Lo .
2019 R3 2x 0x 2x > 0x +a i more specialized and rare species (Dactylorhiza majalis; Selinum
carvifolia, Carex spp.)
mulch 2x > 3x mulch.
PavlG etal. 2016 R2 2x ) > 2x mulch. +a NA  positive: more target species
(1x-3x); 0x
> 1x mulch. > 0x
Berendse et al. mulch. 2% > 2x mulch. posn.lv?: less ger}erahst species (Lolium perenn?, Poa pmt?nszs ); more %mtlal hydrological .
R3, A 2x +a + specialized species (Ranunculus repens, Lychnis flos-cuculi, improvements & topsoil
1992 (1x-2x) > 1x mulch. . . . .
Thalictrum flavum, Ajuga reptans, Carex panicea; C. hostiana ) removal
ositive: i) more specialized, ii) more low-growing, I1I) more rare initial hydrological
Oomes et al. 1996 R3, A 2x mulch. (2x) 2x > 2x mulch. +a A postive: ) P P BLOWIE, . improvements & topsoil
species (e.g., Viola persicifolia ); lowered indicator values for nitrogen
removal
Oelmann et al itive: more stress tolerant ies; lowered indicator values for no new establishment of
© etak R3 2x 2x plus fertilizer 2x > 2x plus fertilizer ~+a ) posttive: more Stess fole spectes, lowete cator vatues fo species due to limited
2009 nitrogen
seedbank
Bochniak etal.  H . o e 1= 0k . " g(.)snn./e: iess dommfmt]spemes; more specialized species (Crepis
2024 (R3,R2) , 5 iennis , Lotus corniculatus )
Hajkova et al. o " positive: more specialized species (D. majalis, Linum catharticum,
2009 Q 2x 1x, 0x 2x > 1x> 0x Polygala amarella )
-p
Hajkova et al. R3,Q 2% I, 0x 2% > 1x> Ox o " pos.1t1v.e: more spec?ahzed sp§c1es (Carex flava, C. nigra, Eriophorum
2022 latifolium, Parnassia palustris)
positive: less dominant species; more stress tolerant species; more
+(2x) ~ o ) X
+ specialized species (L. flos-cuculi, Ranunculus flammula , Juncus
Poptcheva et al. (1x) . . L .
2009 R3 2x 1x, Ox 2x > 1x > 0x filiformis); lowered indicator values for nitrogen
negative: annual mowing im summer (July): litter accumulation; annual
mowing in autumn (Sept): more tall-growing species
. H (R3
Kulik et al. 2019 Q,(R2)’ 2x 1x, 0x 2x > 1x > 0x +a NA
Szépligeti et al. R2 % 1x spring; 2x > autumn . " positive: less tall-growing species (here Solidago gigantea ); more low-
2016 Ix autumn; 0 > spring > 0x growing species
Velbert et al. . . 1x spring; 2x > autumn +a (fX) ) Posm.vez less fiommant, tall-growing species; more light-demanding, low
2017 1x autumn; 0 > spring > 0x ~¢ (BX) ETOWINg spectes
Pechetal 2015 R3 Ix—2x  0Ox x> Ox P " posn.lvez less domma.nt species (M. caerulea); more low-growing
species (Luzula multiflora )
Billeter et al. . " pOS}tlYe: less don.nnant speges (grasses); n}ore specialized species (D.
2007 Q Ix 0x Ix>0x majalis, Parnassia palustris, Carex davalliana)
negative: decline of late-blooming species (Succisa pratensis )
Galvanek et al. . " posHth:f more .spec1ahzed species (e.g., Primula farinosa ); more
2015 Q 1x 0x 1x > 0x generalist species
negative: consistently high abundances of P. australis
Peinting.er. & Q Ix 0x Ix > 0x o " p(?sitive: less Phytomass; more specialized species (e.g., C. panicea,
Bergamini 2006 Linum catharticum )
" " positive: less phytomass; more specialized species (e.g., Linum
Valko et al. 2012 H (R3, R2 1x 0x 1x > 0x @ catharticum, Viola canina)
-B negative: decline of late-blooming species (Succisa pratensis )
Torék et al. 2009 R3 Ix 0x 1x > Ox P " p(?smvez l.ess ph.ytomass% more specmhze.d species (Leontodon hispidus,
Viola canina ); increase in seedbank quality
Opdekamp et al. R3 Ix 0x 1x > Ox +a + positive: more low-growing, light-demanding species
2012 -B
Gerard et al. 2008 R3 Ix 0x Ix > 0x . " posn?ve: less.dommant species; more low-growing grasses; more rosette- .regular inundation .
forming species increases seedbank quality
1x plus fertilizer, . +a + positive: more low-growing species; more establishment niches
. 1x > dominant removal . . . ) o .
Leps 1999 R3 1x dom. removal, .. negative: less late-blooming species (Sanguisorba officinalis, Betonica
> 1x plus fertilizer > 0x o
0x officinalis’)
1x plus fertilizer, . +a + positive: more low-growing species; more establishment niches
. 1x > dominant removal . . . . - .
Leps 2014 R3 1x dom. removal, .. negative: less late-blooming species (Sanguisorba officinalis, Betonica
> 1x plus fertilizer > 0x -B o
0x officinalis’)
I;:fra il;f; 2015 R3 Ix 0x ~ ~ ~ no significant differences in the first year after mowing
—a gos;?lve: rlr}o.re specu;lzed s;)eme.s (Myosotis palustris, Crepis paludosa, effects of hydrological
Kotos 2012 Q 1x 0x 1x > 0x ~ Jaium uugmosum, Fod pa L{strzs ) . cond. stronger than
limitations: permament flooding counteracted mowing and re- mowin
established sedge beds £
~a ~ positive: more specialized species effects of hydrological
Kotos 2018 Q 1x 0x Ix > 0x limitations: permanent flooding reduced diversity and promoted tall- cond. stronger than
growing sedges mowing
Kolos & +a postitive: less dominant species; more specialized species (D. majalis)  effects of hydrological
Banaszuk 2013 R3 Ix 0x Ix > 0x negative: after 10 yrs of earlier mowing and hydrological deterioration ~ cond. stronger than
increased dominant species; less specialized species mowing
. ~/+  positive: more annuals and late-blooming species; lowered litter layer
Vannucchi et al. . . . . .
2022 R2 1x 0x 1x > 0x oo B negative: abandonment increased diversity of generalist species and
’ ruderals
Touzard et al. . Ix & o e ox o A iosmv.e: lesls pl}ytom?sls; less :?mmelmt species (Phalaris arundinacea,
2002 post-g. A grostis stolonifera ); lowered litter layer
-p
positive: less tall-growing species (M. caerulea ); less nitrophilous
Sundberg 2012 R3 Ix & g.  grazing 1x & g. > grazing +a + species (U. dioica ); more specialized species (Carex flacca, Primula
farinosa)
Ix & +~a partly positive: more generalist species negative effects due to
Kulik 2014 R3 ost 1x, 0x 0x > 1x > post-g. negative: less specialized species; less specialized, rare species hydrological conditions
Poste. (D. majalis, Gentiana pneumonanthe ) and early mowing dates
0x 1x > Ox . " positive: more specialized species (e.g., Lychnis flos-cuculi ); constant comparison of different
Edwards & abundance of C. acuta; . .. )
Kucera 2019 R3,Q max. 1x regimes in time (1x 2019;
2x - 3x 2x > 1x -a - negative: less structures and lowered diversity 2-3x 1965)
Swacha et al. . . . . . . .
2018 R3 biannual 0x biannual > 0x +a + positive: less dominant species (Solidago gigantea ) and shrubs
Milberg et al. R3.R2 triannual. 1x 1x > triannual -a = species loss when mown ev. 3rd y. is only one third compared to species
2017 . loss when abandonend
0x triannual > 0x +a +
Giisewell & Le . . +a p051t1ye: more spegla.hzed species; less litter . . increase of species in wet
Lo H (R3, Q) triannual  0x triannual > 0x negative: less specialized species; more generalist species; more shrub .
Nédic 2004 -B - . o areas often in lanes
seedlings; general homogenisation
mowing > 0x o " positive: less dominant species; more specialized species (in eutrophic
Kozub et al. 2019 Q NA 0x (eutroph. areas) areas) - , , o
0x > mowing e ) negative: less specialized and rare species; less late-blooming species (in
(oligotr. areas) oligotrophic areas)
Diemer et al. . positive: less dominant species (here M. caerulea ); lowered vegetation
NA 0 >0 + + . L
2001 Q x fmowing = TX ¢ height; more specialized Juncaceae and Cyperaceae
. e . o o/n. .
Bodis etal. 2021 R3 once rnulc.hmg, N —u _ pf)sm\{e. less litter (.when mown 30%, when burned 83%); no effect on stuqy focused on reduction
burning diversity after mowing once of litter
Menichino et al. pos1t1VF:: lo.wered vegetation height; slightly more specialized species heterogeneity of the area
Q once 0x once >/~ 0x +/~a +/~o (L. salicaria)

2016

. . . leads to varying effects
negative: more dominant species (P. australis ) 1yimne
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Supplement S2. — Overview of grazing studies, organized by the general effect of grazing (positive, moderately positive, negative), and including habitat type, regime, comparison treatment, effects on
diversity and composition, as well as details on vegetation development and additional remarks.
Code datails: + = positive; - = negative; ~ = similar; a = alpha-diversity; B = beta-diversity; R3 = EUNIS type R3 (seasonally wet and wet grasslands) and subtypes; focal habitat; R2 = EUNIS type R2 (mesic
grassland) and subtypes; mesic direction from focal habitat; Q = EUNIS type Q (wetlands) and subtypes (mainly Q4, some Q5); wet direction from focal habitat; A = former use as arable land; H = authors

mentioned heterogeneous area (several types).

Beilage S2. Uberblick iiber die Studien zur Beweidung, geordnet nach grundsitzlicher Wirkung der Beweidung (positiv, eingeschrinkt positiv, negativ) und Habitattyp, Regime, VergleichsgroBe, Wirkung auf

Diversitdt und Komposition, inklusive Details zur Vegetationsentwicklung und Anmerkungen.
Code-Details: + = positiv; - = negativ; ~ = dhnlich; a = alpha-Diversitit; § = beta-Diversitéit; R3 = EUNIS-Typ R3 (Feucht- und Nassgriinland) und Subtypen; Focushabitat; R2= EUNIS-Typ R2 (mesophiles
Griinland) und Subtypen; mesische Richtung vom Fokushabitat; Q = EUNIS-Typ Q (Siimpfe und Moore) und Subtypen (im wesentlichen Q4, einige Q5); nasse Richtung vom Fokushabitat; A = frithere

Nutzung als Acker; H = Autoren erwihnten heterogenes Areal (mehrere Typen).

reference habitat regime compared to effects on description of vegetation development and example species (if constraints/ additional
type div comp given) measures/ authors notes
positive effects, development towards target habitat
1 hyt d1 tation height; i i i .
Ausden et al. ‘ ess phytomass an owered vegetation eight; increase in species grazing patterns;
Q year-round grazing exclosure +o;+ P ) richness but constant number of low-growing or rare species; more - . . .
2005 L . increase in beta-diversity
specialized species
Kulik etal. 2023 R3 year-round grazing earlier management o N more specia}ized species due to establishment niches; higher indicator
(1x mow) values for nitrogen
. . . . fter 5 bund f
year-round grazing less ruderal species (C. arvense ); more specialized species (Cnidium a er. ?/ears 2 u.n ances o
. ” +a + . specialized species comparable
+ adjacent donor sites dubium) . .
former arable land, to sites with hay-transfer
Mann & Tischew . grazing as restauration .
R3,A  year-round grazing . . . . . - . effects of hydrological
2010 . with comparison of (-a) ©) sowing negatively affected establishment of specialized species o, .
+ sowing . conditions stronger than grazing
different methods
year-round grazing +a + more specialized species
+ hay transfer
Schaich et al. H (R3, yea r-round grazing . . L . effects of hydrological
+ improvements of exclosure +a + less dominant species; more specialized and rare species ... .
2010 R2) conditions stronger than grazing
hydrology
continuous grazing better than
Pykild 2005 R2 continum.ls grazing abandonment ta . higher diversity in life-forms (m(?re Cha@ae—;HemikryptoRhytes, b}lt re-establ%shed graz?ng;
(not specified) less Geophytes ); more low-growing species; less tall-growing species  re-established grazing better
than abandonment
. 1 tation height; 1 inant ies (P. australis;
Torok et al. 2014 R3 summer grazing exclosure +a + 0wer~ec.1 vegetation iStght, fess .domlnan _Species (P australis
Elytrigia repens ); more specialized species
Vinther & Hald . new .est.ablishme.nt of specialized spe(.:ies; higher abundances of initial mowing before grazing
2000 R3 summer grazing abandonment +a + specialized species; more herbs, hemikryptophytes and geophytes; started
more sedges
~ partly positive effects; limitations and neccessity of further measurements
lowered indicator values for nitrogen; higher abundances of specialized
species; no new establishment of specialized species and constant
Bakker & T . . . ies ri
HZer(?tr 200 Ser R3, A rotational grazing development over time ~a +) species richness
Limitations: positive development but missing of targets due to
high site productivity and depleted seedbank
+
hi hoér with slightly higher grazing intensity more low-growing and rosette
intfnsi ) forming species typical for target habitat; but also more unpalatable
vy species
. . ;B
former intensive use;
Gilhaus et al. year-round grazing results after 15 years ¢ . L . . . grazing patterns;
R3, A . . . . lower with lower grazing intensity more structural diversity and more tall- - . N
2014 (two different intensities) of grazing in two ntensit - . fes ( Solid oantea ) increase in beta-diversity
different intensities 1n.efsﬁl y growing species (e.g., Solidago gigantea
Limitations: no establishemt of rare specialized species due to
high site productivity and depleted seedbank; more grazing
indicator species;
. . . continuous grazing better than
continuous erazin more low-growing species; constant amount of rare species re-established erazing:
Pykéld 2003 R2 158 g abandonment +a ~ oL . L . . grazing;
(not specified) Limitations: no establishment of rare specialized species due to re-established grazing better
high site productivity and depleted seedbank than abandonment
derat i . . .o .
lezt z;tsiﬁgz)mg NA ~/(+)  slighty higher abundances of specialized species
irﬁzmg | | exclosure NA + less generalist species; more specialized species (Lotus penduculatus ) large effects of topsoil-removal
Rasran et al. 2007 R3, Q opsoliremova . L. . and hay-transfer and their
grazing higher abundances and amount of specialized species (Caltha o
NA + combination

+ hay transfer

palustris’)
Limitations: marginal establishment of specialized species due to
high site productivity and depleted seedbank

negative effects

Q rotational erazin comparison with status u
Koch et al. 2017 £ & in 1991 and 2014

Kiichler et al. H Q) summer grazing exclosure NA
2009
summer grazing o~ B
on organic soils I . ?
ong-term monitoring
Schrautzer ctal. H (R3, summer giamﬁg of 3 different areas : a;
2016 Q) on mineral soils B

more grasses; less specialized species (D.majalis )

negative development: grazing patterns from sheep negatively
affected wet areas

less specialized species; more grazing indicator species and dominant
species (P. australis ); shrub encroachment

negative development: too high site productivity led to negative
feedback with grazing patterns

less specialized species; more nitrophiluous species (U. dioica)

less tall growing species and ruderal species

negative development on organic and mineral soils because
heterogeneity of sites led to over- and undergrazing patterns with
degradation of valuable Calthion-patches

deteriorated hydrological cond.
led to mineralisation and too
high site productivity

improvements in hydrological
conditions;

herding techniques or fencing

neccessary for conservation of
high value grasslands
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