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Abstract 

A significant proportion of Europe's species-rich grasslands are semi-natural habitats. 

They have a long history of traditional management. Several studies have been car- 

ried out to conserve them, resulting in the establishment of subsidised conservation 

management schemes. On the other hand, many of these conservation management 

schemes have failed to provide locally adaptive solutions to maintain the diversity and 

functional status of species-rich grasslands. In addition, few studies have compared the 

conservation effectiveness of different levels of management complexity. The levels of 

management complexity in our study are based on how different management types 

(e.g. grazing and mowing etc.) and how different herbage removal intensities (e.g. lower 

and higher grazing intensities) are combined within and between years. To investigate 

this, we compared the overall effects of management complexity, herbage removal in- 

tensity and management type on plant diversity, plant functional type dominance rela- 

tionships and plant physiognomy. Our field sampling was carried out in the sandy me- 

so-xeric grasslands of the Turjan Region of the Great Hungarian Plain (Central Hungary). 

We sampled nine 2 m x 2 m plots per grassland site (n = 12), recorded all the rooted 

plant species and estimated their percentage cover in each plot. High level of manage- 

ment complexity had significant positive effects on plant diversity, grazing had positive 

effects on plant diversity and phanerophyte density, while the studied levels of herbage 

removal intensity had no effect on diversity, plant functional types or plant physiogno- 

my. In parallel, mowing and/or low levels of management complexity had some negative 

effects on conservation value (e.g. lower Shannon and Simpson diversity). In this land- 

scape, the dominance of grazing and the more complex management is more optimal 
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Introduction 

A significant proportion of European landscapes are cultural landscapes that 

have been transformed and managed by humans (Plieninger et al. 2006; Dahl- 

strom et al. 2013). The majority of the grasslands in these landscapes are 

semi-natural, i.e. created and actively maintained by local communities (Maurer 

et al. 2006; Marini et al. 2007; Niedrist et al. 2009). Nevertheless, the number of 

endemic species in these grasslands is exceptionally high in Europe, underlining 

their high conservation value (Hobohm and Bruchmann 2009; Habel et al. 2013). 

Species-rich, semi-natural grasslands have been managed for centuries by 

small family farms to provide summer forage in pastures and to produce win- 

ter fodder in hay meadows for livestock (Babai and Molnar 2014). Economic, 

socio-cultural and political factors, such as intensification and abandonment, 

have led to the disappearance of extensive grassland management systems 

across Europe since the mid-twentieth century (Bakker and Berendse 1999; 

MacDonald et al. 2000; Ockinger et al. 2006). As a result, the habitat mosaic of 

the cultural landscapes has changed, with fragmentation and disappearance 

(scrub encroachment, afforestation) of species-rich semi-natural grasslands 

having occurred, while the biodiversity of these habitats has declined (Eriksson 

et al. 2002; Krauss et al. 2004; Ockinger and Smith 2006; Flynn et al. 2009; Lal- 

iberte et al. 2010). 

As semi-natural grasslands have been developed and maintained by human 

management, active and adaptive nature conservation management should be 

implemented to maintain the species composition and vegetation structure of 

these habitats. Through a long learning process, nature conservation aimed 

to mimic the patterns and disturbance regimes of former non-intensive, tradi- 

tional grassland management (Szépligeti et al. 2018; Kun et al. 2021). These 

principles recognise the importance of the co-formation of the vegetation and 

extensive management and the adapted nature of the species pool to the for- 

mer management practices (Poschlod et al. 1998). 

Conservation management of grasslands should also draw on the experience 

of local communities still practising traditional and adaptive grassland manage- 

ment (cf. Niedrist et al. (2009); von Glasenapp and Thornton (2011)), as in the 

case of experiments in conservation biology (e.g. Vadasz et al. (2016)). One of 

the most significant trends in conservation management research is the over- 

simplified ‘one-factor’ view, where ecologists study the effects of only one man- 

agement factor, mostly focusing on the general effects of management type 

(mostly grazing and/or mowing) and management intensity (Talle et al. 2016; 
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T6rdk et al. 2018; Kun et al. 2021). The explanatory power of these specialised 

and generic few-factor models often has major limitations in their applicability 

to specific and local grassland conservation practices (Vadasz et al. 2016; Kun 

et al. 2019). Therefore, more effective and practice-orientated nature conserva- 

tion also requires more detailed and comprehensive studies to fill the knowledge 

gaps on the complex, locally specific effects of different management factors 

(e.g. locally appropriate management types, regimes, spatial and temporal appli- 

cations etc.) on species-rich grasslands (Babai et al. 2015; Kun et al. 2021). One 

of the potentially important management factors for grassland conservation that 

should be investigated is how different management factors are applied spatial- 

ly and/or temporally on grasslands (Allan et al. 2014). Based on some previous 

studies (Vadasz et al. 2016; Kun et al. 2019), the spatial and temporal applica- 

tion of management types (e.g. grazing or mowing) or different herbage removal 

intensities (temporal speed of grazing or mowing, based on standard livestock 

unit and mowing frequency, see Table 1) can represent management complexi- 

ty. Levels of management complexity are based on how different management 

types (e.g. grazing or mowing) and different management intensities are varied 

within and between years on a given grassland (see Table 1 for details). With 

more knowledge about the appropriate application of levels of management 

complexity, we would be able to more effectively adapt our conservation objec- 

tives in different grassland conservation management cases (Kun et al. 2019). 

In this study, we aim to reveal the effects of management complexity, man- 

agement intensity levels and management types on plant diversity, plant func- 

tional type dominance relationships and plant physiognomy in species-rich 

meso-xeric, sandy grasslands of central Hungary. We hypothesise that high 

management complexity and low herbage removal intensity will positively af- 

fect plant diversity, plant functional state and physiognomy. We also hypothe- 

sise that grazing, in particular, has a positive effect on higher plant diversity and 

less graminoid (Poales) cover, more forbs and shrubs (Phanerophytes) cover. 

Our specific question is: How do low and high levels of management complexi- 

ty affect plant diversity, vegetation physiognomy and plant functional type cov- 

er in relation to management type and herbage removal intensity? 

Table 1. A list and an introduction to the management factors and their categories and sub-categories. 

Management factor categories Management factor subcategories 

Type of grassland management (T) | Mowing (M): Mechanical mowing at the end of June or the first half of July with 10-15 cm of 

Herbage removal intensity (/) 

Management complexity (C) 

stubble. See details of management complexity later in this Table. 

Grazing (G): Pastures are mainly grazed by cattle from the end of April to the beginning of 

October each year. Shepherds often work with them. 

Combined (C): Mowing and grazing are combined within the same year or between years. For 

more details, see management complexity later in this Table. 

Low: Grazing at < 0.5 Standard Livestock Units (SLU) per hectare or mown once a year. 

LUI value: 0.1 (Schneiders et al. 2011). 

High: Grazing at > 0.5 Standard Livestock Units (SLU) per hectare or mown once a year 

followed by grazing in the same year. LUI value: 0.2 (Schneiders et al. 2011). 

Low: Grazing with a standard sequence of two grazing units per year or one mowing with 10% 

uncut per year or one mowing per year combined with subsequent grazing. 

High: Mowing and grazing combined between years or grazing with different start times 

between years in a four-year rotation. 
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Methods 

Study area 

The study sites are located in the Turjan Region of the Great Hungarian Plain 

along the Danube in central Hungary, in the northern Kiskunsag area. The study 

sites are relatively close to each other, within a circle of about 10 km diameter 

around the neighbouring villages of Kunpeszér, TatarsszentgyOrgy and Kuna- 

dacs (Appendix 1). The climate is mainly continental with sub-Mediterranean 

influences. The average annual temperature is 10.5-11 °C, while the average 

annual precipitation is 500-550 mm (Kocsis 2018). The potential natural vege- 

tation is the Euro-Siberian steppic woods with Quercus spp. A significant part of 

the region consists of semi-natural Molinia meadows, which are mown or grazed 

by cattle and Pannonic sand steppes. These grasslands are mainly grazed by 

Hungarian Grey cattle and Charolais breeds and, to a lesser extent, by sheep. 

Most of the studied sites have been modified by local people in the past and 

present, through woodcutting and long-term grazing (Molnar et al. 2022). Some 

of the grasslands studied are old fields, abandoned several decades to a few cen- 

turies ago. These areas are fully regenerated and are well developed. Their spe- 

cies pool, species composition and physiognomy do not differ significantly from 

the other grasslands studied. Constant management is essential in these grass- 

lands to prevent reforestation and the spread of some native disturbance-toler- 

ant or invasive alien species (Erdélyi et al. 2023). Over the past century, a network 

of drainage canals has been constructed throughout the area, resulting in the 

drying out of wet grasslands and the creation of a significant amount of drier 

grassland (Télgyesi et al. 2022). All of the grasslands studied are meso-xeric 

habitats, representing the transitional zone between the Molinia meadows (Mo- 

linion caeruleae) and the dry Pannonic sand steppes (Festucion vaginatae), with 

a similar vegetation composition and state of development. This species-rich 

grassland covers a large area in the study area; but it is threatened in a regional 

and wider context. The meso-xeric grassland habitats are important for the whole 

Eurasian forest-steppe zone and can be considered as its species-rich grassland 

component (Mathar et al. 2016; Willner et al. 2019). The dominant and character- 

istic graminoid (Poales) species of the studied grasslands include Chrysopogon 

gryllus, Brachypodium pinnatum and Molinia caerulea and some forb species, 

such as Serratula tinctoria, Sanguisorba officinalis, Peucedanum cervaria, Beton- 

ica officinalis and Genista tinctoria, as well as some Hungarian protected forb 

species, such as Ophrys sphegodes, Iris spuria, Centaurea scabiosa subsp. sadle- 

riana etc. All the grasslands studied are part of the Kiskunsag National Park. As 

a result, these grasslands have been managed according to conservation princi- 

ples in the last decades which means a lower management intensity and a more 

complex management in space and time in general. Conservation is carried out 

throughout the study area by the Kiskunsag National Park Directorate. 

Data collection 

The surveys were conducted in June 2018 on 12 grassland sample sites, all 

of which were at least 5 ha and at most 10 ha in size (Appendix 1). Three of 

the sites were mown, six were pastures with varying levels of herbage remov- 

al intensity and complexity and, in three grasslands, these had combined use 
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(both mowing and grazing). For each study site, nine plots (2 m x 2 m each) 

were located in the inner zone of the grassland to exclude edge effects. In each 

grassland, a random starting point was chosen and the plots were sampled 

along two parallel line transects with a maximum length of 200 m and a mini- 

mum distance of 4 m between plots (Appendix 2). 

The coordinates of the plots were recorded by GPS. Data were collected from 

108 plots in the 12 grassland sites mentioned above, nine plots per site (see 

Appendices 1 and 2). During sampling, we recorded each vascular plant spe- 

cies found in the sample plots and visually estimated its percentage cover. In 

addition, we visually estimated four vegetation physiognomic characteristics: 

1) percent litter cover, 2) total plant cover, 3) the amount of bare soil surface 

and 4) average plant height. Average plant height was estimated using a tape 

measure and reported in centimetres. Due to overlapping layers of vegetation, 

total plant cover in plots could exceed 100%. 

We defined plant functional types (PFTs) as groups of species based on three 

growth forms: forbs including non-grassy herbs, graminoids (Poales) including 

grasses, sedges and rushes and phanerophytes including shrubs and small 

trees (Raunkiaer 1934; Box 1996; Kirdly 2009). We calculated the proportions of 

PFTs in each plot by summing the cover values of the species assigned to them. 

At each grassland site, we recorded three management factors at different 

levels, including intensity of herbage removal (I, with low and high levels), com- 

plexity of management (C, with low and high levels) and different types of man- 

agement (T, including grazing, mowing and combined types) (Table 1). Prior to 

our field sampling, we interviewed the conservation practitioners of the later 

sampled grasslands of the National Park Directorate and sampled grassland 

sites were selected, based on low and high levels of complexity and herbage re- 

moval intensity of management, as well as management types (grazing, mow- 

ing or combined). On each of the sampled grassland sites (n = 12), all three 

management factor categories (T, I, C) were applied, but only one subcategory 

of each management factor category was applied, for example, on a grazed 

site (one management type), only low or only high level of herbage removal in- 

tensity and only low or only high level of management complexity were applied 

(see Appendix 3). These management techniques on grasslands have been 

stable in the last decades and were only started by the Kiskunsag National 

Park Directorate in the Turjan Region (see Vadasz et al. (2016)). 

Data analysis 

We calculated diversity measures, namely species number, Shannon index and 

Simpson index, from the plant species and estimated percent cover data re- 

corded in each plot. The use of both diversity indices was important because 

the Shannon diversity index is more sensitive to the higher proportion of rare 

(often specialist) species, while the Simpson index is more sensitive to the bal- 

ance of more dominant species. We built linear and generalised linear mixed 

effects models (with ‘Imer’ and ‘glmer’ functions from the ‘Ime4’ package) to 

test the effect of management factors T, I and C as three fixed factors on plant 

diversity indices, on the abundance of PFTs and on vegetation physiognomy. 

Different families of distributions (Gaussian and Gamma) were used to treat 

each differently distributed dependent variable in the modelling (the ‘gamma_ 
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test’ function from the ‘goft’ package was used). In our analyses, site was a ran- 

dom factor in all models. To assess model fit, marginal R?,, was applied (Ives 

2019) from the ‘MuMIn’ package in R 3.5.1. The beta R’,, statistic (Edwards et 

al. 2008) was applied using the ‘r.squaredLR’ function to assess the best-fitting 

model amongst those run with each factor (T, | and C) separately as a predic- 

tor. The levels of the fixed factors T, | and C were compared using the LMER 

Tukey post hoc test with the Bonferroni adjustment method (Hothorn et al. 

2009) from the ‘multcomp’ package and with the ‘glht’ function. PERMANOVA 

analysis (with the ‘adonis’ function from the ‘vegan’ package) was used to in- 

vestigate general patterns in species composition via possible effects of man- 

agement factors. Principal component analysis (PCA) (using the ‘pca’ function 

from the ‘vegan’ package) was used to investigate the relationships between 

plant diversity, plant functional types and physiognomic factors in relation to 

different management factors. Our analyses were performed in the R 3.5.1 (R 

Core Team 2018) software environment (R Core Team 2018). 

Results 

Management type, levels of herbage removal intensity and management com- 

plexity had similarly strong effects on species number based on model fits (R? 

> 0.320, Table 2). There were no differences between low and high levels of 

herbage removal intensity for diversity, plant functional types and physiognomic 

factors. High levels of management complexity resulted in significantly higher 

Shannon and Simpson diversity (Fig. 1). In the case of T, grazing and combined 

management resulted in significantly higher Shannon and Simpson diversity 

than mowing and grazing had significantly higher phanerophyte cover than mow- 

ing, but no significant difference in species number was observed (Appendix 4). 

With PFT categories as dependent variables, management type showed a 

strong relationship with graminoid and forb cover (Table 3). Grazed sites had 

a significantly higher proportion of phanerophyte cover than mown sites and 

combined sites were between the two (Appendix 4). Herbage removal inten- 

sity showed a strong relationship with forb and graminoid cover, but a weaker 

a.) b.) c.) 
——<— <<) #p ll 

aed | 

} E —-- 

— | 2 ee | eee T T ; 

Low High Low High Mown Grazed Combined 

Management complexity Management complexity Management types 

25 
a 

a b ab 

Shannon diversity Simpson diversity 

Phanerophytes cover (%) 

Figure 1. Significant differences in diversity and cover of phanerophytes in grasslands 

with low and high management complexity and different management types. Only mod- 

els with minimum R?’,, 2 0.100 fit (see Tables 2-4) and significant differences (Appen- 

dices 4-6) were selected for inclusion. Significance of differences between groups is 

based on the LMER Tukey post hoc tests. Significant differences (p < 0.05) between 

factor levels are indicated by letters (‘a’ and ‘b’) above the boxplots. Non-significant dif- 

ferences are indicated by the letters ‘ab’. 
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relationship with phanerophyte cover (Table 3). There were no significant dif- 

ferences between the levels of herbage removal intensity (Appendix 5). C had 

a stronger relationship with the forbs and graminoid groups, but a weaker rela- 

tionship with the phanerophyte group (Table 3). Apart from these relationships, 

no significant differences were found between C levels for PFTs (Appendix 6). 

T, | and C strongly influenced average plant height, litter cover and total plant 

cover, in general (Table 4). On the other hand, no significant differences in av- 

erage plant height, litter cover and total plant cover were observed between 

grasslands exposed to different levels of T, ] and C (Appendices 4-6). 

The two main components were presented in relation to forbs and graminoid 

(Poales) cover, based on principal component analysis. Higher graminoid cover 

was associated with mowing and higher forbs cover was mostly associated 

with grazing and combined management was intermediate between mowing 

and grazing (Fig. 2). High herbage-removal intensity was associated with higher 

graminoid cover and low herbage-removal intensity was associated with higher 

forbs cover (Fig. 3). A high level of management complexity was associated 

with higher forbs cover and a low level of management complexity was asso- 

Table 2. Effects of different management factors, namely T: management type; /: herb- 

age removal intensity of management; C: management complexity, on diversity mea- 

sures in terms of model fit. Goodness-of-fit is expressed as R’,, values. 

Species number Shannon diversity Simpson diversity 
Management factors 

R? R? R?2 

ifs 0.324 0.096 0.057 

! 0.325 0.023 0.011 

Cc 0.324 0.072 0.053 

Table 3. Effects of different management factors, namely T: management type; I: herb- 

age removal intensity of management; C: management complexity in relation to forbs, 

graminoid and Phanerophyte cover. Goodness-of-fit is also presented in R’,, values. 

Forb species Graminoid species Phanerophyte species 

Management factors cover (%) cover (%) cover (%) 

R?2 R?2 R?2 

ia 0.368 0.430 0.121 

| 0.365 0.420 0.075 

a 0.368 0.415 0.097 

Table 4. Effects of different management factors, namely T: management type; I: herb- 

age removal intensity of management; C: management complexity in relation to physiog- 

nomic factors in relation to grasslands. Goodness-of-fit is also presented in R’, , values. 

: - Total plant Bare soil Average plant height 
Litter cover (%) ‘ “ ; 

Management factors cover (%) surface (%) in plots (cm) 
R? R? R? R? 

ip. 0.579 0.709 0.120 0.355 

! 0.572 0.705 0.090 0.298 

c 0.559 0.703 0.115 0.318 
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PC1 

Figure 2. Principal Component Analysis of diversity indices, plant functional type cov- 

er and physiognomic factors across management types. The diversity indices exam- 

ined are species number (sp_num), Shannon (Sha) and Simpson (Sim) diversity. Plant 

functional type cover includes graminoids (Gram.), forbs and phanerophytes (Phane- 

ro.). Plant physiognomic factors are average plant height (height), total plant cover 

(full_cov), bare soil surface (bare_soil) and litter cover (litter_cov). Management types: 

mown, grazed and combined management. The direction, width and different colours 

of the ellipses in the figure show us the relationship between the samples of different 

management types. The length and direction of the arrows show the explanatory power 

and relationship of each variable studied with management types and other variables. 

-10 -5 0 3 

PC1 

Figure 3. Principal Component Analysis of diversity indices, plant functional type cover 

and physiognomic factors across herbage removal intensity levels. The meaning of the 

abbreviations used in this Figure is given in the legend to Fig. 2. 

ciated with higher graminoid cover (Fig. 4). Further details on the importance 

of the principal components, based on the proportion of variance explained by 

them, can be found in Appendix 8. 
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PC2 

-10 5 0 5 

PC1 

Figure 4. Principal Component Analysis of diversity indices, plant functional type cover 

and physiognomic factors across management complexity levels. The meaning of the 

abbreviations used in this Figure is given in the legend to Fig. 2. 

Discussion 

Effects of different management, plant functional type cover and 

physiognomic factors on grassland diversity 

Different management types, mainly mowing and low and high levels of herb- 

age removal intensity and management complexity, significantly affected the 

species composition and dissimilarity ratios of the grasslands studied (Fig. 1, 

Appendix 7). In addition, we found a strong positive effect of high management 

complexity (C) on species number and, to a lesser extent, on Shannon and 

Simpson diversity and forbs and a negative effect on predominantly perennial 

and clonal graminoids (Figs 1, 4). The C increases when different management 

types (T) and herbage removal intensities (I) are varied in space and time (see 

Table 1; Vadasz et al. (2016)). Certain species or groups of species are likely to 

prefer certain combinations of T and J, while they may become locally extinct if 

other combinations are practised for a long time. When C is high, many combi- 

nations of T and / occur at least once within a time-frame of a few years, provid- 

ing opportunities for most species to experience a favourable year, preventing 

extinction (Catorci et al. 2014; Kun et al. 2021). For physiognomic factors (e.g. 

litter cover and average plant height), C levels did not play a significant role and 

these variables are better determined by the type of management. 

Although different T choices played a less important role in influencing com- 

positional diversity, the choice of the appropriate management type was also 

significant: grazing had a more positive effect on phanerophytes than mowing 

(Appendix 4). This difference can be explained by the most extensive, profes- 

sional cattle grazing on the studied grasslands and by the selective and struc- 

turing grazing behaviour of cattle (i.e. cattle avoid shrubs etc.) and/or other 

grazers (Dumont et al. 2012; Molnar et al. 2020). The presence of phanerophyte 

species and their adequate control by grazing can lead to greater structural or 

physiognomic heterogeneity of grasslands. The effect of grazing is in contrast 
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to that of mowing machines, which cut all plants uniformly in mid-summer with 

a low stubble height. As a result, mown sites could become more homogeneous 

in vegetation structure. By creating microhabitats and increasing structural 

variability by allowing a greater cover of phanerophyte species (mostly native 

shrubs, such as Crataegus monogyna, Prunus spinosa etc.), extensive grazing 

can contribute to the generative reproduction of herbaceous plants in grass- 

lands (Kelemen et al. 2017). Furthermore, the application of grazing, mowing 

or a combination of both also resulted in slight differences in Jaccard-based 

species composition (but not low or high I and C levels) (Appendix 7). We argue 

that these phenomena may positively influence species richness. The nurturing 

effect of shrub species may help the generative and vegetative reproduction 

of grassland species in the actively managed natural and semi-natural grass- 

land communities in the forest-steppe zone (Kelemen et al. 2017). On the oth- 

er hand, it is fundamental to keep the phanerophyte cover within an optimal 

range (~ 1-10%), which prevents reforestation. An extensive grazing regime 

can be an efficient way to optimally control the number of shrubs on grasslands. 

Like shrubs, many forbs can be considered important microhabitat and struc- 

ture-providing species, based on our field observations (e.g. Serratula tinctoria, 

Sanguisorba officinalis and Genista tinctoria). Due to several rare and special- 

ist members (e.g. /ris spuria, Centaurea scabiosa subsp. sadleriana and Ophrys 

spp., etc.), native, annual and characteristic forbs are also important conserva- 

tion targets. The occurrence and diversity of forbs in European steppe or for- 

est-steppe grasslands have a long evolutionary history (Brathen et al. 2020). 

The increase of clonal, often highly competitive graminoid species with high- 

er biomass production can reduce plant diversity (Deak et al. 2011; Hazi et al. 

2011; Szentes et al. 2012) and suppress conservation target species in grass- 

lands (K6r6si et al. 2014; Szépligeti et al. 2018), for example, several native forb 

species and their proportions (Figs 2-4). Therefore, the optimal and continu- 

ous control of clonal, competitive graminoids and the maintenance of optimal 

proportions of native and often specialist forbs is important in conservation 

practices for high nature value grasslands (Kun et al. 2021). This is most likely 

to be facilitated by high levels of management complexity and low levels of 

herbage removal intensity grazing (Figs 2-4). On the other hand, there was no 

significant difference between low and high levels of spatio-temporal complex- 

ity, herbage removal intensity or management type on graminoid cover, based 

on linear mixed model post hoc tests and, therefore, further studies are needed 

to analyse these relationships. 

Importance and challenges of studying the management complexity 

and other management factors in grassland conservation locally and 

across regions 

Based on our results, special attention should be paid to the multiplicity of man- 

agement factors (e.g. different management types or herbage removal intensity 

levels), including their spatio-temporal variability (Kun et al. 2021). We argue that 

taking these aspects into account can provide practitioners and stakeholders with 

more straightforward guidelines for conserving and restoring grassland diversity 

in the Turjan Region. Local and regional scale case studies, as well as large-scale, 

comprehensive and comparative analyses of the effectiveness of different grass- 
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land conservation management techniques on different high nature value grass- 

land communities in different regions, should be carried out in the future to gain 

more detailed and broader knowledge (see, for example, Fischer and Wipf (2002); 

Socher et al. (2012); Vadasz et al. (2016); Kun et al. (2019); Rac et al. (2020)). 

This should provide a more complex view of the relationship between manage- 

ment practices and conservation objectives at the regional level, which could help 

to adapt grassland management to local conditions and challenges. Due to the 

often poor explanatory power of one-factor models, controversial management 

practices may arise in several cases (Babai et al. 2015; Kun et al. 2019), which 

may lead to locally ineffective conservation management (Vadasz et al. 2016). 

On the other hand, although we found that high management complexity 

is beneficial for grassland conservation, it may be difficult to apply such man- 

agement complexity and the same methods in practice in other regions, for 

example, for several individual farmers. Our conclusions are most relevant in 

terms of the exact management complexity which we have investigated in our 

study. Each region is different in terms of management possibilities and en- 

vironmental factors. It can be difficult to graze a site one year and mow it the 

next or to vary the intensity of management. It is also important to note that 

spatially and temporally complex management can be achieved in more ways 

than we have explored in our study. There are other and/or simpler ways, for ex- 

ample, mowing only every other year, mowing at the beginning of summer one 

year and at the end of summer the next. The use of different grazing animals 

and the leaving of uncut lines in different places on a grassland between years 

can also be effective tools for more complex management, depending on local 

conservation objectives and opportunities. 

However, there are often practical difficulties in applying multiple aspects of 

management to the modelling of community diversity. Including more explan- 

atory variables in a model requires larger sample sizes and a more balanced 

sample distribution (Harrison et al. 2018). Ideally, all possible factor combina- 

tions should be present in sufficient replicates without spatial autocorrelation 

across the study area. However, ongoing management plans are typically de- 

signed to meet different, often non-scientific, objectives and the actual man- 

agement design rarely satisfies statistical assumptions. One can sample what 

is out there and if certain combinations of factors simply do not exist in reality, 

they will not be present in the statistical model. This increases multicollinearity 

in the models and makes it more difficult to distinguish the effects of different 

management factors (Graham 2003). This is a likely explanation for why the 

explanatory power of management type, intensity and complexity was similar 

in our models. Balanced sampling designs are relatively easier to achieve in ex- 

periments where factor levels and spatial structure can be varied to meet sta- 

tistical requirements. On the other hand, more detailed assessments, based on 

multiple management factors in different parts and regions of Europe, would 

allow us to identify more comprehensively and accurately what should be in- 

cluded in conservation systems at larger scales, as well as in local practices. 

Implications 

Our aim was to collect, organise and compare the elements of the hard-to- 

compare, mosaic-like landscape of use according to various parameters, using 
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systematic sampling and to quantify and generalise the treatment results ob- 

tained mainly through experience. We must emphasise as an important mes- 

sage to legislators and developers of support schemes that because each site 

is different, generalisation is limited. 

High levels of management complexity and grazing as a management type 

are more positive and have a greater significance for grassland conservation (i.e. 

result in higher plant diversity, higher proportion of forbs etc.) than the intensity of 

herbage removal in our study area. At the same time, mowing and/or low levels 

of management complexity may have some negative effects on conservation val- 

ue. These analyses can be used to identify what are the strong or direct and less 

strong or indirect effects in the conservation of high nature value grasslands. Fur- 

ther research is needed to verify these relationships across a wider range of differ- 

ent study systems in order to provide generalisable guidelines for conservation. 
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Figure A1. Study area and location of the twelve sampled meso-xeric grassland sites 

(Knipl and Siimegi 2012). 

Appendix 2 

Figure A2. Distances between an elevation of Molinia meadows and fens and a sandy 

steppe zone. For the field sampling, nine plots were established along two transects 

in each grassland site. The distance between two transects was at least 10 m and the 

distance between the quadrats was at least 4 m. 

Appendix 3 

Table A1. Sampling design in the study area with factor combinations at each site and number of replicates. 

Number of sites | Management type Herbage removal Management Number of management Number of plots 

intensity complexity factor combinations per site 

1 Mown Low Low 1 9 

2 Mown Low Low 1 9 

3 Mown Low Low 1 9 

4 Grazed Low : High Zz 9 

5 Grazed Low High 2 9 

6 Grazed High Low 3 9 

7, Grazed High Low 3 9 

8 Grazed High | Low 3 9 

9 Grazed High High 4 9 

10 Combined Low Low 5 9 

11 Combined Low High 6 9 

12 Combined High High 7 9 
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Appendix 4 

Table A2. Differences in PFT cover and diversity indices between different management 

types (mowing: M, grazing: G and combined: C) of semi-natural grasslands. The Table 

shows means and standard deviations of PFT groups and diversity indices. Significant 

differences in LMER Tukey post hoc tests between different management types are in- 

dicated by the letters ‘a’, ‘b’ and ‘c’. 

MOWN GRAZED COMBINED 

Species number 34.143.2a 34.9+5.8a 35.443.5a 

Shannon diversity 1.640.4a 1.9+0.3b 1.8+0.3b 

Simpson diversity 0.6+0.2a 0.7+0.1b 0.7+40.1b 

Forbs cover (%) 19.0411.9a 24.4415.2a 31.1420.2a 

Graminoid cover (%) 82.2+11.3a 74.3418.2a 57.8+22.2a 

Phanerophytes cover (%) 2.24+1.7a 5.14+3.8b 4.0+4.0ab 

Mean plant height (cm) 31.4412.8a 26.7+8.4a 21.0+8.4a 

Total plant cover (%) 94.0+3.3a 95.6+3.1a 87.6+8.7a 

Bare soil surface (%) 0.6+0.4a 1.6+1.6a 1.841.9a 

Litter cover (%) 5.7+3.3a 3.8+2.7a 10.9+7.7a 

Appendix 5 

Table A3. Effects of herbage removal intensity of management on plant diversity and 

cover of PFTs. Table shows means and standard deviations of PFT cover and diversity 

indices. Results are based on LMER Tukey post hoc tests. Significant differences be- 

tween different intensity levels are indicated by the letters ‘a’ and ‘b’. 

LOW HIGH 

Species number 34.344.7a 35.644.6a 

Shannon diversity 1.740.4a 1.840.4a 

Simpson diversity 0.740.1a 0.7+0.1a 

Forbs cover (%) 26.4419.1a 22.54+11.3a 

Graminoid cover (%) 66.9+21.3a 79.5+15.1a 

Phanerophytes cover (%) 4.44+3.9a 3.7+3.3a 

Mean plant height (cm) 25.94+10.8a 26.5+9.2a 

Total plant cover (%) 91.3+6.8a 96.043.3a 

Bare soil surface (%) 1.3+1.7a 1.6+1.6a 

Litter cover (%) 8.0+5.9a 3.2+2.4a 
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Appendix 6 

Table A4. Differences between two levels of management complexity (low and high) on 

plant diversity and plant functional types. Table shows means and standard deviations 

of PFT cover and diversity indices. Results are based on LMER Tukey post hoc tests. Sig- 

nificant differences between different levels of management complexity are indicated 

by the letters ‘a’ and ‘b’. 

Species number 

Shannon diversity 

Simpson diversity 

Forbs cover (%) 

Graminoid cover (%) 

Phanerophytes cover (%) 

Mean plant height (cm) 

Total plant cover (%) 

Bare soil surface (%) 

Litter cover (%) 

Appendix 7 

LOW 

35.03.8a 

1.740.4a 

0.64+0.1a 

24.24+17.2a 

76.3#21.2a 

3.442.9a 

29.7410.2a 

94.44.54 

1.0+0.9a 

5.243.9a 

HIGH 

34.6+5.8a 

1.940.4b 

0.7+0.1b 

25.6415.3a 

66.3416.2a 

9.2+4.3a 

22.2+8.6a 

91.547.5a 

1.842.0a 

7.346.8a 

Table A5. Differences in species composition dissimilarity between management 

types and levels of herbage removal intensity and management complexity, based on 

PERMANOVA analyses and Jaccard dissimilarity index. 

Df 

T 2 

Residuals 105 

Total 107 

I 1 

Residuals 106 

Total 107 

C 1 

Residuals 106 

Total 107 

Appendix 8 

33126 

28.332 

31.458 

0.980 

30.478 

31.458 

1.783 

29.675 

31.458 

Sums of Sqs | Mean Sqs 

1.563 

0.270 

0.980 

0.288 

1.783 

0.280 

F-test 

5.792 

3.409 

6.368 

R2 

0.099 

0.901 

1.000 

0.031 

0.969 

1.000 

0.057 

0.943 

1.000 

Pr(> F) 

6.067 *** 

0.001 *** 

COO st 

Table A6. Proportion of principal components expressed by eigenvalues, explained and 

cumulative proportions and their contribution to the variance. 

PC1 PC2 PC3 PC4 PC5 PC6 PC7 

Eigenvalue 724.490 | 179.844 | 50.093 14.880 7.097 2.952 0.420 

Explained share 0.739 0.184 0.051 0.015 0.007 0.003 0.000 

Cumulative share 0.739 0.923 0.974 0.989 O97 0.100 1.000 
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