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ABSTRACT 

Species-rich semi-natural grassland are valuable habitats in the agricultural 
landscape as they may contain a high diversity of both plant and animal species, 
as well as provide essential ecosystem services like pollination. To keep these 
habitats open and to maintain the biodiversity in them, management like 
grazing or mowing is necessary. Due to changed agricultural practices many 
semi-natural grasslands have been lost, e.g. due to secondary succession after 
abandonment or use of more intense management practices. As limited 
resources are available for the management and restoration of semi-natural 
grasslands, research is needed to find the best available management method 
that maintains biodiversity at a low cost. Therefore, the overall aim of this thesis 
was to use existing data to compare effects of different management methods 
and explore their effect on the biodiversity of semi-natural grasslands. More 
specifically, effects of grazing vs. mowing, different mowing frequencies and 
different mowing techniques were investigated using data from Swedish, 
European and global studies, with the aim of using the results to formulate 
management recommendations.  

Paper I investigated the effect of mowing using a sickle bar mower or a grass 
trimmer at a 5-cm or 0-cm cutting height on plant indicator species of good 
management for species richness, poor management and excess nitrogen. 
Analyses of data from a Swedish 11-year field experiment revealed that over 
time, there was no difference in the odds of finding indicators of any type for any 
of the mowing techniques. This suggest that there is a similar effect of mowing 
using a sickle bar mower and a grass trimmer on the floristic composition of 
semi-natural grasslands.  

Paper II and III investigated effects of different management methods using a 
Swedish long-term, multi-site field experiment. Paper II compared effects of 
grazing vs. mowing and paper III compared effects of annual mowing and 
mowing every third year. Both papers used meta-analyses to compare effect on 
plant indicator species of good management for species richness and poor 
management. Additionally, paper II examined effects of indicators of excess 
nitrogen, while paper III also examined effects on plant species richness and 
diversity and species-wise responses. For paper II, analyses revealed an increase 
in the odds of finding indicators of good management for species richness in 
mowed plots and increased odds of finding indicators of excess nitrogen in 
grazed plots. For paper III, meta-analyses revealed a small drop in plant species 
richness and diversity, and an increase in woody and tall-grown species, when 
mowing every third year. However, there were no difference in the odds of 
finding indicators of good management for species richness or poor 
management between mowing frequencies. These results suggest that mowing 
is  a  better  long-term  management  method  compared  to  grazing  in  semi- 



ABSTRACT 

ii 
 

natural grasslands in southern Sweden, while annual mowing have a slightly 
more positive effect compared to mowing every third year.  

Paper IV and V investigated management effects on a larger scale, by 
systematically reviewing studies comparing effects of grazing vs. mowing or 
different mowing frequencies on grassland flora and fauna, and analysing the 
data using meta-analysis. The included mowing frequencies were annual 
mowing vs. mowing every fifth, third or second year, or mowing two, three or 
four times a year. Paper IV analysed data from 35 studies from across the globe, 
and revealed a slightly more positive effect of grazing on the biodiversity of semi-
natural grasslands. However, results differed for different grassland 
characteristics like e.g. geography, grassland type and previous management. 
Paper V analysed data from 29 European studies, and revealed a more positive 
effect of mowing more frequently than once per year. However, the differences 
were small and varied for different grassland characteristics. For example, a 
higher mowing frequency was better in more productive grasslands. These 
results suggest that grazing is slightly better than mowing and that mowing less 
frequently, e.g. every other year, can be a viable management method in less 
productive grasslands, as a way of using limited funds more efficiently. 

The results from the papers included in this thesis suggest that different 
management methods have different effects on the biodiversity of semi-natural 
grasslands. However, in many cases these differences are relatively small. Thus, 
to a certain extent one of the most important factors for semi-natural grassland 
biodiversity seems to be the fact that management occurs at all, while the actual 
management methods is of less importance. Hence, choosing the most suitable 
management method for a certain situation should be based on conservation 
aims, grassland conditions, the previous management practice used, the cost of 
management, the availability of different management methods and previous 
research. 
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POPULÄRVETENSKAPLIG SAMMANFATTNING 

Näringsfattiga ängs- och hagmarker är en viktig del av jordbrukslandskapet, då 
de ofta innehåller en hög artrikedom av både växt- och djurarter, samtidigt som 
de bidrar till upprätthållandet av viktiga ekosystemtjänster som exempelvis 
pollinering. För att bevara diversiteten i dessa habitat är det viktigt att de sköts 
på rätt sätt, via exempelvis bete eller slåtter, eftersom dessa skötselmetoder 
motverkar igenväxning av gräsmarker, samtidigt som de bibehåller de 
näringsfattiga förhållandena genom avlägsnandet av biomassa. På grund av 
intensifierade jordbruksmetoder har många artrika ängs- och hagmarker gått 
förlorade. Detta beror bland annat på att skötsel upphört på grund av för låg 
avkastning, eller en ökad användning av gödsling som förändrat förhållandena 
i gräsmarkerna. Med anledning av detta har många av de arter som är bundna 
till denna habitattyp blivit mer ovanliga och hotade. Begränsade resurser är 
tillgängliga för skötsel och restaurering av ängs- och hagmarker och därför 
behövs forskning som undersöker effekten av olika skötselmetoder, för att hitta 
de som har mest positiv effekt till en så låg kostnad som möjligt. Det 
övergripande målet med denna avhandling var därför att undersöka effekten av 
olika skötselmetoder på diversiteten i ängs- och hagmarker, för att ta fram 
passande skötselrekommendationer.  

Slåtter med verktyg som gräsröjare, som sliter sönder vegetationen, har länge 
ansetts ha en negativ effekt i jämförelse med skärande verktyg som exempelvis 
lie eller slåtterbalk, men få studier har undersökt detta. I artikel I undersöktes 
därför effekten av olika slåttermetoder på växter, i en ängsmark i södra Sverige. 
De undersökta metoderna var slåtter med slåtterbalk och slåtter med gräsröjare 
på två olika klipphöjder (o eller 5 cm). Effekterna undersöktes på indikatorarter 
för god hävd, brist på hävd och överskott av kväve. Resultaten visade att oddsen 
för att hitta de olika indikatorarterna inte skiljde sig mellan slåttermetoderna, 
vilket tyder på att de har en liknande effekt på vegetationen i ängsmarker. 

Artikel II jämförde effekten av bete och slåtter och artikel III effekten av slåtter 
en gång per år och slåtter vart tredje år. Bägge artiklarna använde sig av data 
från ett långtidsexperiment som utfördes i elva olika gräsmarker i södra Sverige, 
och jämförde skötseleffekter på växtindikatorarter för god hävd och brist på 
hävd. Artikel II undersökte även effekten på indikatorarter för överskott av 
kväve medan artikel III även tittade på effekter på artrikedom och diversitet, 
samt effekter på individuella arter. I artikel II visade analyserna att oddsen att 
hitta indikatorer för god hävd ökade med slåtter medan oddsen att hitta 
indikatorer för överskott av kväve ökade med bete. Analyserna i artikel III visade 
på en liten minskning av artrikedomen och diversiteten samt en ökning av 
vedarter och högväxta arter vid slåtter vart tredje år. Det fanns dock ingen 
skillnad i oddsen att hitta indikatorarter för god hävd eller brist på hävd mellan 
de  två  slåtterfrekvenserna.  Dessa  resultat  tyder  på  att  slåtter  är  en  bättre 
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skötselmetod. jämfört med bete, medan slåtter en gång per år har en något mer 
positiv effekt jämfört med slåtter vart tredje år.  

Artikel IV och V undersökte effekten av skötselmetoder på en större skala, 
genom att systematiskt gå igenom, granska och analysera data från studier som 
undersökt effekterna av bete och slåtter och olika slåtterfrekvenser, på floran 
och faunan i ängs- och hagmarker. Artikel IV analyserade data från 35 studier 
från hela världen som jämfört bete och slåtter, och fann en något mer positiv 
effekt av bete jämfört med slåtter på diversiteten av växt- och djurarter. Dock 
skiljde sig effekterna beroende på förhållandena i de undersökta gräsmarkerna, 
exempelvis beroende på geografi, gräsmarkstyp och tidigare skötsel. Artikel V 
analyserade data från 29 europeiska studier som jämfört slåtter en gång per år 
med slåtter vart femte, tredje eller vartannat år, eller slåtter två, tre eller fyra 
gånger per år. Analyserna visade på en något mer positiv effekt av slåtter oftare 
än en gång per år, men skillnaderna mellan slåtterfrekvenserna var små och de 
skiljde sig beroende på förhållandena i gräsmarkerna. Exempelvis så var en 
högre slåtterfrekvens bättre i mer produktiva gräsmarker. Resultaten från dessa 
två artiklar tyder på att bete är något bättre än slåtter, och att i mindre 
produktiva gräsmarker kan slåtter mer sällan än en gång per år, exempelvis 
vartannat år, vara ett sätt att använda de begränsade resurserna tillgängliga för 
skötsel på ett mer effektivt sätt.  

Resultaten från artiklarna i denna avhandling visar att olika skötselmetoder har 
olika effekt på diversiteten i ängs- och hagmarker. Dock var dessa skillnader 
relativt små, vilket tyder på att i viss utsträckning är den viktigaste faktorn att 
skötsel faktiskt sker, medan själva skötselmetoden är av mindre betydelse. 
Därför är det viktigt att basera valet av skötselmetod i ett specifikt fall på 
bevarandemål, abiotiska förhållanden, tidigare skötselmetoder, kostnaden och 
tillgängligheten för olika skötselmetoder samt tidigare forskning.  
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1 INTRODUCTION 

Due to ongoing changes in agricultural practices and landscapes, the 
conservation of biodiversity associated with traditionally managed semi-natural 
grasslands have become increasingly more important. For the development of 
relevant management recommendations, there is a need for research 
investigating management effects on semi-natural grasslands. In this thesis, 
papers investigating effects of grazing, mowing and different mowing 
techniques and frequencies have been used to formulate management 
recommendations that facilitate the conservation of biodiversity in semi-natural 
grasslands.  

1.1 Semi-natural grasslands and their importance 

Semi-natural grasslands are defined as open habitats with a grass- and forb-
dominated vegetation, with a low proportion of woody species (Crofts & 
Jefferson 1999). Grasslands in general have been formed in climates not suitable 
for woody vegetation (e.g. steppe or prairie), or are kept open by natural 
disturbances such as fire or the presence of wild megaherbivores. Semi-natural 
grasslands have been formed by human activities since the Neolithic Age 
(Bradshaw & Mitchell 1999, Gibson 2009, Pärtel et al. 2005). Traditional 
agricultural practices used during several centuries have created and 
maintained these habitats (Hejcman et al. 2013), and they have traditionally not 
been subjected to use of inorganic fertilizers or pesticides.  

There are several different types of semi-natural grasslands, which occurs in 
different climates, and on different soil types and moisture conditions. The three 
main types of semi-natural grasslands occurring in Europe are neutral or 
mesotrophic grasslands, which usually occurs on moderately moist mineral soils 
with neutral soil pH; calcareous grasslands, which typically exists on dry soil on 
pervious calcareous bedrock; and wet grasslands, which exists on soils with a 
high ground-water table for most of the year (Crofts & Jefferson 1999). Different 
types of semi-natural grasslands contain distinct vegetation and are 
characterized by different plant species. Many of these species are confined to 
this habitat type, as they have adapted to and depend on conditions like those 
present in semi-natural grasslands (e.g. nutrient and light conditions).  

Semi-natural grasslands can maintain a very high biodiversity (Pärtel et al. 
2005, Wallis De Vries et al. 2002) and harbour a high number of both plant (e.g. 
Chytrý et al. 2015, Verrier & Kirkpatrick 2005, Zhou et al. 2002) and animal 
species (e.g. D’Aniello et al. 2011, Pärt & Söderström 1999). Some meadows in 
the central part of Europe belong to the most species-rich habitats within the 
landscape (Wilson et al. 2012), and in Northern Europe up to 60 plant species 
per square meter have been reported (Kull & Zobel 1991). This biodiversity is 
one  important factor for the stability  of food webs in grasslands and supply  of 
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the essential ecosystem services provided by semi-natural grasslands (Balvanera 
et al. 2006, Haddad et al. 2011, Hooper et al. 2005). For example, flower-rich, 
natural areas such as semi-natural grasslands are important habitats for wild 
pollinators of crops (Öckinger & Smith 2007), with decreasing pollinator 
diversity, visitation rate and fruit set with increasing distance to natural habitats 
(Garibaldi et al. 2011) or loss of natural areas. This habitat type also provides 
water regulation (e.g. flood and drought prevention), as grasslands are 20% 
more effective than cropland in reducing water runoff (Hönigová et al. 2012). 
The vegetation in semi-natural grasslands also protects from soil erosion as e.g. 
plant roots helps prevent the loss of top soil (Bazzoffi 2009). Furthermore, semi-
natural grasslands and the biodiversity in them provide recreation and 
contribute to human aesthetics (Figure 1). 

 

 
Figure 1 | Ecosystem services potentially delivered by semi-natural grasslands. 
Adapted from Lamarque et al. 2011.  

 

1.2 The importance of management of semi-natural grasslands 

Management, in the form of e.g. clearing of trees and bushes and grazing or 
mowing (i.e. removal of biomass by livestock or cutting of vegetation with 
subsequent removal of the cut material), is required to support species-rich 
semi-natural grasslands. This is to prevent afforestation and to keep these 
habitats open, as it prevents encroachment of woody species and subsequent 
loss of species (e.g. Hansson & Fogelfors 2000, Köhler et al. 2005, Schreiber et 
al. 2009), and to promote biodiversity through increased light availability and 
the depletion of nutrients (Al-Mufti et al. 1977, Einarsson & Milberg 1999, 
Oelmann et al. 2009). This in turn may limit the ability of competitive species 
to achieve dominance (Knop et al. 2006) and prevent the loss of plant species 
that are adapted to e.g. high light availability and low nutrient levels. Based on 
previous research and ecological theories on the importance of disturbance 
levels,   spatial   and   temporal  heterogeneity  and  meta-communities   for   bio- 
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diversity (Box 1), there is a clear association between high species richness, 
occurrence of rare species and the management of semi-natural grasslands 
(Klimek et al. 2007, Pykälä 2003). 

 

 

 

 

 

 

Box 1 | Ecological theories explaining high plant diversity  

Several ecological theories attempt to explain the high species diversity in semi-
natural grasslands and the link to management. Fundamental for these is niche 
theory, as defined by Grinell or Hutchinson (Leibold 1995), which state that for 
coexistence species must occupy different ecological niches or competitive 
exclusions between species will occur. A plant species’ niche consists of its resource 

needs, habitat requirements and environmental tolerance, e.g. nutrient and water 
requirements, pH and temperature tolerance, and is also highly affected by the 
competition between species. In addition, favourable conditions for e.g. flowering, 
seed set, germination and seedling establishment (i.e. the regeneration niche) are 
important parts of a species’ niche, to ensure species survival over time (Crawley 
1997, Grubb 1977). In short, a habitat with many different potential niches can 
contain a higher species richness. In semi-natural grassland habitats, management 
(among others) affects which niches are available. 

One theory which clearly links high species richness and management is the 
intermediate disturbance theory, which states that plant diversity is highest at 
intermediate levels of disturbance (e.g. grazing or annual mowing). At high 
disturbances the pool of adapted species is low, as few species can occupy a niche 
with high disturbance. This leads to the dominance of a few species and a lower 
diversity. At low disturbances competitive exclusions occur, as species more tolerant 
to low disturbance levels outcompete less tolerant species, also leading to lower 
diversity. At intermediate management levels the dominance of a few species is 
prevented, at the same time as the pool of potential colonist species is high, i.e. 
species that can occur in early or late successional stages can coexist (Crawley 1997).  

Other theories state that the heterogeneity of grasslands is important for species 
diversity. High spatial heterogeneity is expected to increase species diversity, as it 
signifies that more and different niches are available, potentially leading to higher 
diversity. Management (grazing in particular) can be expected to increase the spatial 
heterogeneity, e.g. through the creation of small patches with varying species 
composition due to the trampling and nutrient input from dung (Adler, 2001, 
Crawley 1997). In addition, temporal heterogeneity is considered important for 
biodiversity. Within and between different seasons and years the conditions 
affecting species may differ, thereby affecting species communities and diversity. 
Temporal variability is mostly created by changing abiotic conditions, but can also 
be affected by management as e.g. vegetation height is affected by whether or not 
management has occurred, and flowering and seed set can be affected by the timing 
of management, in turn potentially affecting the diversity (Chesson 1986, Crawley 
1997, Eriksson et al. 2015, Humbert et al. 2012).  
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Since the second half of the 20th century agricultural practices have been 
modernized and intensified, with increasing use of inorganic fertilizers and 
pesticides to increase yields. As a consequence, the use of traditional 
management methods like grazing and mowing has decreased, and considerable 
area of grasslands have been abandoned, been converted to arable land or high-
yielding grasslands or been converted to forests through tree planting or natural 
succession (Firbank 2005, Milberg 1995, Moog et al. 2002, Wahlman & Milberg 
2002). For example, approximately 90% of the area of semi-natural grassland 
in Sweden have been converted to other habitat types during the 21st century 
(Eriksson et al. 2002, Ihse 1995), and trends are similar for the rest of Europe 
(Figure 2) (e.g. Biró et al. 2013, Dobrev et al. 2014, Ridding et al. 2015). This loss 
of semi-natural grassland area has a large negative effect on the species in them, 
negatively affecting biodiversity and increasing the risk of extinction (Bullock et 
al. 2011). Habitat loss also increase the isolation of habitats in the landscape, e.g. 
making species dispersal and subsequent successful colonization more difficult 
(Fahrig 2003). Because of this, the preservation of semi-natural grasslands is of 
high conservation priority. Because of the intensification of agricultural 
practices, subsidies from e.g. The European Union or the governments of 
individual countries have been used to protect semi-natural grasslands and 
maintain more traditional management practices, but the funds are limited 
(European Commission Directorate General for Agriculture and Rural 
Development, 2005). This makes it difficult to maintain expensive management 
methods like mowing (Schreiber et al. 2009, Török et al. 2011). In addition, the 
number of available livestock herds for grazing are decreasing (Kumm 2003), as 
an increasing number of potential grazers in Europe are kept in stables and fed 
silage (Poschlod 2015). Hence, it is very important to use a management method 

Box 1 | Continued. 

Another important concept for biodiversity is that of meta-communities, and the 
trade-off between a species’ competitive ability and dispersal ability. In a patchy 
landscape with several semi-natural grassland habitats situated relatively close 
together, it is possible for high biodiversity to be maintained, as species that are 
weak competitors in one grassland may be able to disperse to other grasslands with 
less competition, thereby promoting species coexistence (Holyoak et al. 2005). For 
this dispersal to be possible and successful, management of grassland patches is 
important to ensure the occurrence of suitable patches available for dispersal. 

Debate on which of these theories (or combination of theories) are most likely to 
contribute most to our understanding of the high species diversity in semi-natural 
grasslands and why, is ongoing. There are empirical and theoretical studies both in 
favour and disfavor of all these theories, but discussion of this is beyond the scope 
of this thesis. 
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that maintain the high biodiversity of semi-natural grasslands, at the same time 
as it is cost-effective and practically achievable. 

 

 

Figure 2 | The reduction and fragmentation of semi-natural grassland areas between 
1877 (left) and 2016 (right), N-NW of Ulrika in Östergötland, southern Sweden. The 
left map is based on digitalisation of the Swedish District economic map 
(Häradsekonomiska kartan) available from Lantmäteriets historical map archive. The 
right map is based on the GDS Terrain Map Vector (Lantmäteriet CC0), with grassland 
positions based on information from the TUVA database and CadasterENV Sweden 
ver. 1.0. 

 

1.3 Grazing and mowing and their effects on semi-natural grasslands 

Grazing and mowing are the most common management methods used in semi-
natural grasslands. Other, less common, management options include burning 
of vegetation outside of the growing season and mulching, where the vegetation 
is cut in a similar way as for mowing but where the cut material is crushed and 
left in the grassland (Deák et al. 2014, Doležal et al. 2011). Grazing has been used 
since the Neolithic Period, when the domestication of livestock led to grazing of 
forests and clearings adjacent to settlements (and the creation of semi-natural 
grasslands). The application of mowing was introduced in the Roman Period 
and from the European Medieval Age onwards mowing for hay and grazing 
became vital parts of the mixed farming system that developed in Europe 
(Hejcman et al. 2013, Poschlod & Wallis De Vries 2002). Hay-making was 
closely associated with the winter-stabling of livestock, summer grazing and 
availability  of  manure for fertilization of arable fields (Pedersen  &  Widergren 
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2011). Today, grazing may occur at different points during the growing season 
or throughout the entire season, usually depending on the grassland 
productivity, stocking rate and the amount of livestock available. In addition, in 
meadows mown during the summer, aftermath grazing is often applied (Gilhaus 
& Hölzel 2016, Holechek 1988, Kumm 2003). Mowing usually takes place 
towards the end of summer (late July to August). However, mowing dates often 
differ between years (Eriksson et al. 2015) and in some cases mowing is 
performed more than once during the growing season (e.g. at the beginning and 
end of summer), or more seldom (e.g. every other year), also depending on 
grassland productivity (Crofts & Jefferson 1999, Ekstam et al. 1988). 
Traditionally, mowing was performed using scythes, but from the second half of 
the 20th century onwards the use of mechanical tools like sickle bar mowers and 
tractor-pulled mowers became increasingly more common (Ekstam et al. 1988). 

The plant communities in semi-natural grasslands differ depending on abiotic 
conditions and the regional species pool. However, the management method 
used also affects plant communities, as different methods have different effects 
on the vegetation (e.g. Catorci et al. 2014, Hansson & Fogelfors 2000, Köhler et 
al. 2005, Schreiber et al. 2009), and contributes to the creation of different types 
of niches available for grassland species. For example, grazing is more selective 
compared to removing all vegetation at once by mowing, as plant species are 
grazed to a varying extent depending on e.g. the preference of the grazer and 
plant palatability (some plant species have evolved defence mechanisms such as 
prickliness or poisonousness to protect against grazing). Trampling and nutrient 
input from dung further differentiate grazing from mowing (Moretto & Distel 
1999, Rook et al. 2004). As a consequence, grazing usually creates a spatially 
heterogeneous vegetation consisting of small patches with different species 
composition (Adler et al. 2001), while the removal of all vegetation at once 
through mowing creates a more spatially homogenous plant community 
throughout a grassland (Lepš 2014). Mowing promotes plant species with early 

flowering and seed set to ensure seed dispersal before mowing occurs. For the 
same reason, mowing may also promote species that can regrow and set seed 
after management occurs (Brys et al. 2004, Chaudron et al. 2016). Effects of 
management also differ for other organism groups. Nectar-feeding insects are 
favoured by less intense management methods that ensure a high abundance of 
nectar-plants throughout the growing season, e.g. low intensity grazing (Milberg 
et al. 2016, Potts et al. 2003, Sjödin 2007). For animals such as birds, insects 
and small mammals, more intense management like mowing can have a more 
negative effect compared to grazing, as a consequence of the rapid loss of the 
vegetation that harbour these animals (Bellamy et al. 2000, Vickery et al. 2001, 
Wallis De Vries 2007). Furthermore, the plant and animal communities created 
and maintained by different management methods can, and have been, altered 
by changed management practices or the cessation of management.
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1.4 Studies investigating effects of grazing and mowing 

As it is important to find the management method that best preserve the semi-
natural grassland biodiversity, several studies have focused on comparing 
effects of grazing and mowing, but results vary widely. Studies focusing on plant 
species have found results in favour of grazing (e.g. During & Willems 1984, 
Gilhaus et al. 2017, Schläpfer et al. 1998), mowing (e.g. Catorci et al. 2014, 
Wahlman & Milberg 2002) or both (e.g. Kahmen et al. 2002, Koncz et al. 2014). 
Studies evaluating effects on animal species such as insects have similarly found 
results in favour of both grazing (e.g. D’Aniello et al. 2011, Saarinen & Jantunen 
2005) and mowing (e.g. Radlmair & Laußmann 1997). Hence, there is no clear 
answer to the question of whether grazing or mowing have the most positive 
effect on grassland biodiversity.  

Results also vary for studies examining effects of grazing (on its own or in 
comparison with other management methods), and in addition to e.g. grassland 
type and previous management, it is important to consider the impact of the 
grazing intensity when evaluating grazing effects. Grazing intensity is a 
combination of the grassland productivity and removal rate (i.e. the length of 
the grazing period and the stocking rate), stocking rate (i.e. the amount of 
livestock per area unit) and animal type used (e.g. cattle, sheep or horses). Many 
of the studies investigating effects of grazing intensity suggest that a low to 
moderate stocking rate is best for grassland biodiversity (Deng et al. 2014, Török 
et al. 2016, van Noordwijk et al. 2012). However, other studies suggest that the 
livestock type can also be a very important factor for biodiversity (Tóth et al. 
2016), due to the difference in e.g. body size, physiology and selectivity of 
different grazer types. For example, smaller herbivores select higher quality food 
compared to larger animals, and sheep are considered more selective grazers 
compared to cattle (Rook et al. 2004, Stewart & Pullin 2008). Studies 
investigating effects of rotational grazing, i.e. grazing during two or more shorter 
periods throughout the growing season, suggest that rotational grazing has 
similar effects as grazing at a low intensity (Jacobo et al. 2006, Lagendijk et al. 
2017).  

The mowing regime used in semi-natural grasslands, i.e. the mowing frequency, 
mowing date and mowing technique used, differs somewhat for different 
regions and grassland types, and there are no clear, general conclusions from 
studies examining effects of mowing. Studies focusing on the effect of different 
mowing frequencies, e.g. annual mowing compared to mowing two times a year 
or every other year, on grassland biodiversity have found results in favour of 
mowing at least two times a year (e.g. Noordjik et al. 2009, Simões et al. 2013, 
Szépligeti et al. 2018) and mowing annually compared to more frequent cuts 
(e.g. Everwand et al. 2014, Jantunen et al. 2007, Kőrösi et al. 2014). In addition, 

some  studies  have found more positive effects of mowing less  frequently  than 
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once per year (e.g. Gosteli 1996, Ryser et al. 1995). Some studies have examined 
effects of the timing of mowing on grassland biodiversity. Humbert et al. (2012) 
found a more positive effect of mowing in summer compared to spring- or 
autumn-mowing for plant species, while a later cut was better for invertebrate 
species. Other studies have also found a more positive effect of a later cut for 
invertebrate species (e.g. Bruppacher et al. 2016, Valtonen et al. 2006), while 
Beltman et al. (2003) revealed similar effect of different mowing dates on plant 
diversity. Very few studies have evaluated effects of mechanical mowing 
techniques compared to scythes or other mechanical techniques. A Swedish 
study by Svensson et al. (2009) did not reveal any differences in the effect on 
grassland flora when mowing using a sickle bar mower or a grass trimmer, in 
disagreement with the general management recommendations for meadows 
used in Sweden (Ekstam et al. 1988). Studies focused on the effects on 
invertebrates have found negative effects of mechanical mowing techniques 
(especially those using rotary mowers) (e.g. Humbert et al. 2009).  

As evident from the studies comparing effects of different management 
methods, techniques and intensities, results differ between studies and it is 
therefore difficult to draw general conclusions on management effects on 
biodiversity. Many studies are short-term studies, making conclusions less 
certain. In addition, it is often challenging to directly compare results from 
different studies as they are performed in different types of grasslands with 
different plant and animal communities, reports effects on different types of 
organisms and use different methods and experimental designs. Hence, it is 
uncertain if the conclusions from a specific study are useful outside of a limited 
local area, and it becomes difficult to make general recommendations on which 
management methods ensure positive effects on semi-natural grassland 
biodiversity. Therefore, there is a need for studies that mitigate the differences 
between studies and arrive at more general results and conclusions.  

1.5 Meta-analysis 

Meta-analysis is a method designed to overcome differences between studies 
investigating a particular research question and to detect a general response. 
The concept of meta-analysis was initiated by Glass (1976), and can be defined 
as 

A set of statistical methods for combining the magnitudes of outcomes 
(effect sizes) across different data sets addressing the same research 
question.  

    (Koricheva et al. 2013, p. 8) 

In short, meta-analysis makes it possible to analyse results from several primary 
research studies at once, with the aim of finding an overall answer to a specific 
research  question.  This  makes  it  possible  to  compare  studies  regardless  of 
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differences in e.g. experimental setup or examined populations, and to draw 
more general conclusions. In addition, meta-analyses take the variance and 
sample size into account (giving more weight to studies with low variance and 
large sample size), as well as assess the magnitude of the mean effects (the effect 
size, Table 1) and analyse sources of variation among studies. This makes meta-
analysis superior to methods that disregard the magnitude and precision of the 
effect, e.g. vote-counting. For vote-counting, researchers only count the number 
of studies finding significant positive results, significant negative results and 
non-significant results, and draw (sometimes erroneous) conclusions from this 
(Borenstein et al. 2009, Koricheva & Gurevitch 2014, Koricheva et al. 2013). 
Meta-analysis has led to the development of systematic reviews. This is a type of 
review where researchers use explicit methods and protocols to search for and 
identify all studies investigating a particular question and then critically 
apprises these to find the studies that are possible and relevant to include in 
analyses. The data from these studies are then synthesised using meta-analysis 
(Pullin & Stewart 2006). 

 

Table 1 | Examples of some of the most common effect sizes used (especially within 
biology). Information based on Koricheva et al. 2013. 

Effect size Effect size family Formula Use 

Standardized 
difference in 
means (d) 

Difference family d = ͞x1 - ͞x2 / σ  
where ͞x is the mean and σ 
is the standard deviation 
based on either or both 
populations 

Used to compare 
means between 
studies, where the 
means have been 
measured on different 
scales 

Response 
ratio (RR) 

Difference family ln RR = ln x͞1 - ln ͞x2  
where ͞x is the mean 

Used to compare the 
ratio of two means 

Odds ratio 
(OR) 

Categorical family OR = AD / BC  
where A is the number of 
responses of group 1, B is 
the number of responses 
of group 2, C is the 
number of non-responses 
in group 1 and D is the 
number of non-responses 
in group 2 

Used to compare the 
ratio of the odds of an 
event occurring in one 
group relative to the 
odds of the same event 
occurring in the other 
group 

Pearson's 
correlation 
coefficient (r) 

Correlation family z = 1/2ln(1 + r / 1 - r)  
where z is the Fisher's z-
transformation, and r is 
the correlation coefficient 

Used for comparison of 
the correlation between 
two paired variables. 
Usually transformed 
using Fisher’s z-
transformation. 
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The methods for meta-analysis were initially developed in medicine and various 
social sciences (O’Rourke 2007), e.g. to examine treatment effects on medical 
conditions on a large scale. Within ecology and evolutionary biology, meta-
analysis was introduced as an analysis tool in the early 1990’s and have since 
become increasingly more important due to the benefits of this analysis method. 
For example, in 2012 more than 40 meta-analyses were published in the field of 
plant biology alone (Koricheva & Gurevitch 2014, Koricheva et al. 2013). 

Despite the many strengths of meta-analysis, some things must be considered 
when performing meta-analyses. It is argued that meta-analysis should not be 
applied on too heterogeneous data, e.g. including studies with large differences 
in the experimental design or studies measuring effect on different response 
variables. The reason for this is the difficulty in drawing meaningful conclusions 
– unless the goal is to generalise across e.g. different species and/or ecosystems 
(Koricheva et al. 2013). Another problem is the fact that many primary studies 
do not report the essential data needed for meta-analyses, e.g. the variance or 
sample size. This often leads to study exclusion and potential loss of 
information. Other potential limitations are the presence of publication bias, 
which arises when relevant studies are not included for some reason or because 
statistically significant results are more likely to be published compared to 
studies finding no differences in effects; and the failure to test the robustness of 
the results using sensitivity analyses, which test the impact of individual studies 
on the overall results (the robustness is lower if one or a few studies highly 
influence the mean effect size) (Dwan et al. 2013, Koricheva & Gurevitch 2014). 
However, these problems can be mitigated (see Koricheva & Gurevitch (2014) 
for potential ways of overcoming lack of measures of variance or sample size, 
and e.g. Borenstein et al. (2009) for information on tests for publication bias 
and sensitivity analyses).  

1.5.1 Prospects of using meta-analysis when evaluating management effects 

in semi-natural grasslands 

Meta-analysis is useful to overcome the problems with primary studies 
comparing management effects on grassland biodiversity. This analysis method 
makes it possible to, e.g., simultaneously analyse several studies comparing 
management effects, for different types of grasslands, organisms and 
experimental designs, and arrive at more robust conclusions. Usually, 
management decisions for semi-natural grasslands are based on the personal 
experience of semi-natural grassland managers, and ideally also on information 
from primary studies investigating management effects. By basing these 
decisions on experience and results from studies using meta-analysis methods 
instead, it becomes possible to let more robust conclusions guide management 
choices (Pullin et al. 2004). In addition, evaluating a multitude of primary 
studies can prove a difficult and time-consuming task for the policy makers and 
managers  responsible  for  deciding  management  plans.  Therefore,  reviews 
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incorporating meta-analysis may be more time-efficient, especially if the 
reviews are aimed specifically towards policy-makers and managers (Milberg 
2014).  

There are a few examples of studies using meta-analysis methods to investigate 
management effects in semi-natural grasslands. Humbert et al. (2016) found 
negative effects of nitrogen addition on plant biodiversity in mountain 
grasslands, and Humbert et al. (2012) found that delaying mowing from spring 
to fall or early summer to later in the season had a negative effect on plant 
species, while delaying mowing generally had a positive effect on invertebrate 
species. Newton et al. (2009) found positive effects of grazing on lowland 
heathlands in north-western Europe. A review by Marriott et al. (2004) found 
more positive effects of low intensity management practices in upland areas 
(note that this study did not use meta-analysis methods). These examples 
suggest the potential usefulness of meta-analysis for finding the best available 
management method.  
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2 GENERAL AIMS 

The overall aim of this thesis was to use existing field trials and data to compare 
the effects of different management methods, and explore how efficient these 
are at preserving the biodiversity of semi-natural grasslands. In more detail, the 
aims were to: 

I compare effects of grazing vs. mowing, different mowing frequencies 
and different mowing techniques on plant species, using data from 
field experiments performed in Swedish semi-natural grasslands 
(paper I-III), 

II compare effects of grazing vs. mowing and different mowing 
frequencies on semi-natural grassland biodiversity, using studies 
from Europe and the rest of the world to reach more general and 
robust conclusions on management effects (paper IV and V), 

III use the results to make management recommendations based on the 
method(s) with the most beneficial effects.  
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3 METHODS 

3.1 Comparing management effects in Swedish semi-natural grasslands 

Paper I-III analysed data from two Swedish field experiments evaluating 
different management effects on the biodiversity, in one or eleven sites 
respectively. Paper I compared effects of different mowing techniques, paper II 
compared effects of grazing and mowing and paper III compared effects of 
annual mowing and mowing every third year. 

3.1.1 Study sites and experimental design 

The study site for paper I was Sättra ängar, a nature reserve located in the county 
of Östergötland, south-eastern Sweden (Figure 3-4). The experimental site was 
located in a meadow within the nature reserve which had been mowed since at 
least the 17th century, but was used as a pasture between 1938 and the early 
1970s. The experiment was established in 2001 in a part of the meadow that had 
been mowed annually since the 1970s using a scythe or a sickle bar mower. 
Three different mowing techniques were investigated, i) mowing using a sickle 
bar mower at a 5-cm cutting height (control), ii) mowing using a grass trimmer 
at a 5-cm cutting height and iii) mowing using a grass trimmer at a 0-cm cutting 
height. Treatment plots were 2 x 4 m, replicated five times per treatment. 
Mowing of each treatment took place in late July, with aftermath grazing by 
cattle or horses. Vegetation sampling took place before mowing in 2001-2005, 
2008 and 2012, by recording the presence of vascular plant species in 40 
permanent 10 x 10 cm subplots per treatment plot. For more information, see 
paper I and Svensson et al. (2009).  

 

 

Figure 3 | The site and experimental layout used in paper I. Photo is of the ten eastern 
experimental plots, taken a few weeks after mowing in 2015. At that time, individual 
treatment plots could not be distinguished by eye. Photo: Per Milberg. Line drawing: 
Malin Tälle
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The study sites for paper II and III were situated at nine locations in southern 
Sweden, with two locations having two experimental sites each (Figure 4). These 
sites had different soil type and land-use history, contained different plant 
communities and had differing productivity. The management experiment in 
these sites were started in the 1970s, with the aim of comparing effects of seven 
different management methods. Paper II and III focused on four of these, 
namely grazing, annual mowing, mowing every third year and abandonment 
(control). These management methods were applied to 5 x 20 m treatment plots, 
replicated two times per treatment and site. Plots with grazing were mainly 
grazed by cattle, but also sheep or horses, at varying grazing intensities. Plots 
with mowing were cut in late July or early August, using scythes or sickle bar 
mowers. Vegetation sampling took place before mowing, recording the presence 
or cover of vascular plant species in five permanent subplots per treatment plot, 
although the number of subplots differed somewhat between years and sites. 
For a majority of sites the sampling occurred three times, at the start of the 
experiment in the early 1970s, in 1980 and in 1986, when financing of the 
management experiment ended. However, for some sites, sampling only took 
place at the start and end of the experiment. For more information see paper II, 
III and Hansson (1991).  

 

 
Figure 4 | Location of the study sites used in paper II and III. Ekenäs and Tagel had 
two experimental sites each. The Sättra site was located within the same nature reserve 
as the site investigated in paper I. The photo is of the Bråbo site in 2012, when some of 
the management methods were still applied. Trees in the background are in the control 
plot, while plots with annual mowing are in the foreground. Photo and map: Malin 
Tälle.  
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3.1.2 Analysis methods 

For paper I-III meta-analysis methods were used to analyse the data. This was 
mainly to facilitate analyses of data collected in different years (paper I) or 
across sites where slightly different experimental designs and survey methods 
were used (paper II and III), and to follow the development of the vegetation for 
the different management methods over time. Meta-analyses for all papers were 
performed using the meta-analysis tool Comprehensive Meta-analysis version 2 
(Biostat Inc. 2006). For more information on the analysis methods used, see the 
respective paper.  

For paper I and II the focus of the analyses were the effects of the different 
management methods on the occurrence of plant indicator species. Several 
different Swedish indicator systems were used (Table 2), categorizing species as 
indicators of i) good management for species richness, ii) poor management or 
iii) excess nitrogen. The occurrence of the indicator species in the different 
treatments were analysed using odds ratios (see Table 1). The best management 
method for the preservation of biodiversity were consider the one resulting in 
high odds of finding indicators of good management for species richness and 
low odds of finding indicators of poor management and excess nitrogen. Paper 
I also investigated management effects over time by performing a Principle 
Response Curve analysis using the software CANOCO 5 (ter Braak & Šmilauer 

2012), with time and mowing technique used as explanatory variables.  

Paper III included meta-analyses of the effects of the two mowing frequencies 
on the odds of finding indicator species, similar as for paper I and II. In addition, 
this paper investigated the effects of the mowing frequencies and the 
unmanaged control on the plant species richness and diversity, using the 
response ratio (see Table 1). Paper III also investigated species-wise responses 
to the treatments, to explore how the occurrence of individual species differed 
for the different treatments, and included comparisons of mowing every third 
year and the unmanaged control.  

3.2 Comparing management effects reported in the literature 

Paper IV and V systematically reviewed published studies comparing effects of 
grazing and mowing or different mowing frequencies on both flora and fauna in 
semi-natural grasslands, and used meta-analysis to analyse the data that was 
found. For both papers the literature was systematically reviewed using similar, 
pre-determined protocols. For more information on the methods used, see the 
respective paper. 

3.2.1 Retrieving the data 

Studies comparing grazing and mowing or the different mowing frequencies 
(annual mowing vs. mowing every fifth, third or second year and mowing two, 
three  of  four  times  per  year)  were  searched  for  in  the  databases  Scopus, 
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Table 2 | Description of the indicator systems used for paper I-III 

Indicator system Description Indicator types Included in 

Bertilsson & Paltto 

(2003) 

Regional indicator system 

developed for the province of 

Västergötland, south-western 

Sweden, for the evaluation of 

the grazing management 

status in semi-natural 

grasslands 

Good management 

for species richness, 

Poor management, 

Excess nitrogen 

Paper I, II 

Ekstam & Forshed 

(1992) 

Classifies Swedish plant 

species according to the rate 

at which they are lost during 

secondary succession and 

their preference for nitrogen 

availability. E.g. indicators of 

Good management for species 

richness disappears early in 

succession and grows in sites 

poor in nitrogen. 

Good management 

for species richness, 

Poor management, 

Excess nitrogen 

Paper I-III 

Larsson & Ekstam 

(1987) 

Developed to assist in the 

development of a Swedish 

national inventory of semi-

natural grasslands 

Good management 

for species richness 

Paper I 

Swedish EPA 

(Naturvårdsverket, 

2011) 

Based on the species listed as 

defining seven different 

Swedish grassland types in 

Natura 2000, according to the 

Swedish Environmental 

Protection Agency 

 

Good management 

for species richness 

Paper I 

 

Biological Sciences, Biological Abstracts and Agricola, using specific search 
terms (Table 3). Both papers used similar criteria when determining which 
studies to include. For example, only studies examining an outcome relevant for 
the conservation of biodiversity in semi-natural grasslands were included in 
analyses (e.g. excluding studies focusing on biomass production) as well as 
studies where the desired outcome was clear from a conservation viewpoint (e.g. 
including studies reporting mean species richness but excluding studies 
reporting on mean soil nitrogen content). Furthermore, the included studies had 
to present data in the form of estimates with variance and sample size. Paper IV 
included studies performed all over the world while paper V only included 
studies performed in Europe. For each included study, data and information on 
study characteristics like grassland type, altitude and previous management 
were compiled.
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3.2.2 Analysis methods 

Paper IV analysed data from 35 studies, comparing the standardized difference 
in means between treatments. For paper V, data from 29 studies were analysed, 
using the response ratio to compare effects between treatments (see Table 1). 
However, to avoid bias due to small sample sizes, Lajeunesse’s (2015) method 

for calculating response ratios was used. Both papers used random effects 
models, where the weights given to the individual studies in the analyses are 
based on both within and between study variance (Borenstein et al. 2009). The 
effects were analysed including all studies, and with studies grouped based on 
explanatory variables, where studies with similar characteristics were analysed 
together (Table 3). For both papers, sensitivity analyses were performed to test 
the robustness of the conclusions, by assessing the impact of individual studies 
on the combined effect. If any study has a large impact on the results compared  

 

Table 3 | The search terms used for the literature search in paper IV-V. * indicates a 
wildcard.  

Study Comparison Search terms Explanatory variables 

Paper IV Grazing vs. 

mowing 

mow* OR scythe* AND 

graz* AND 

grassland* OR meadow* OR 

pasture* OR fen* OR heath* 

Altitude, Geography, 

Grassland type, Grazer 

type, Mowing date, 

Treatment used, Use of 

fertilizers, Historical 

management, Recent 

management, Organism, 

Outcome, Data type, Study 

length, Study quality 

Paper V Annual mowing 

vs. mowing 

every 5th, 3rd or 

2nd year and 2, 3 

or 4 times a 

year  

Mow* OR hay* OR scythe* 

OR harvest* OR cut* AND 

frequenc* OR intensit* OR 

regime* OR month* OR 

“every other” OR “every 

second” OR “every third” OR 

“mow* time” OR “mow* date” 

OR “harvest* date” OR “hay* 

time” OR “cut* date” OR “cut* 

time” OR season* OR 

interval* AND 

grassland* OR meadow* OR 

fen* OR heath* OR wetland* 

OR marsh* OR bog* OR 

reed* AND 

management 

Altitude, Contintentality, 

Geography, Grassland type, 

Length of growing season, 

Soil moisture, Historical 

management, Recent 

management, Organism, 

Outcome, Study length 



METHODS 

20 
 

to other studies the robustness is considered low (Philibert et al. 2012). Both 
papers also investigated the presence of publication bias using Egger’s 

regression asymmetry test (Egger et al. 1997). Publication bias arises when 
published work is more likely to be positive or statistically significant than 
unpublished results, leading to an over-estimation of management effects 
(Dwan et al. 2013). 
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4 SUMMARY OF PAPERS 

Paper I: Mowing for biodiversity: grass trimmer and knife mower perform 

equally well 

Background and aim 

Mowing using mechanical instruments that cut the vegetation, e.g. sickle bar 
mowers, is considered superior to mechanical instruments that tears off the 
plant material, e.g. grass trimmers. However, almost no studies have compared 
the effects of these mowing techniques on grassland vegetation. Using a 11-year 
field experiment performed in a Swedish semi-natural grassland, the aim of 
paper I was to compare effects of mowing using a sickle bar mower and a grass 
trimmer at a 5-cm and 0-cm cutting height. Effects were examined on the plant 
species richness and the odds of finding plant indicator species of i) good 
management for species richness, ii) poor management and iii) excess nitrogen, 
based on four Swedish indicator systems. In addition, differences in effects over 
time were examined using a Principle Response Curve. 

Results and conclusions 

Over time, there was no difference in the odds of finding indicators of any type, 
for any of the mowing techniques. In addition, there was only small effects on 
the number of plant species, and the Principle Response Curve did not reveal 
any differences in effects between mowing techniques. This suggests that there 
is a similar effect of mowing using a sickle bar mower and grass trimmer on the 
floristic composition of semi-natural grasslands. 
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Paper II: The conservation benefit of mowing vs grazing for management 

of species-rich grasslands: a multi-site, multi-year field experiment 

Background and aim 

Management methods like grazing or mowing are needed to preserve semi-
natural grasslands, but as management is costly and funds are limited it is 
important to use the most beneficial management method. Using a long-term 
Swedish field experiment performed in eleven different grassland sites, the aim 
of paper II was to compare the effect of grazing and mowing. Effects were 
examined on the odds of finding plant indicator species of i) good management 
for species richness, ii) poor management and iii) excess nitrogen, based on two 
Swedish indicator systems. In addition, this paper also compared the effect of 
grazing at different intensities with mowing.  

Results and conclusions 

There was an increase in the odds of finding indicators of good management for 
species richness in mowed plots and an increase in the odds if finding indicators 
of excess nitrogen in grazed plots. There was a more negative effect of grazing 
when using a “low” compared to a “normal” grazing intensity. This suggest that 

mowing is a better long-term management method compared to grazing in 
Swedish semi-natural grasslands and that a low grazing intensity should be 
avoided.  
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Paper III: The biodiversity cost of reducing management intensity in 

species-rich grasslands: mowing annually vs. every third year 

Background and aim 

Mowing is an important management method for semi-natural grasslands. As it 
is costly to perform it is important to investigate the biodiversity benefits of 
different mowing frequencies. Using a Swedish field experiment performed in 
eleven grassland sites, the aim of paper III was to compare the effect of annual 
mowing and mowing every third year. Effects were investigated on the plant 
community and plant diversity and the odds of finding plant indicator species 
of i) good management for species richness and ii) poor management.  

Results and conclusions 

Mowing every third year resulted in a small drop in plant species richness and 
diversity, with a majority of species occurring less frequently with this treatment 
(with the exception of woody species). However, there was no difference in the 
odds of finding indicators of good management for species richness or poor 
management between the mowing frequencies. When comparing mowing every 
third year to the unmanaged control, the loss of biodiversity was about half as 
large when mowing every third year. This suggests that annual mowing has a 
more positive effect, but as the differences were relatively small between 
frequencies, mowing every third year could still be a viable management option 
that is potentially more cost-effective.  
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Paper IV: Grazing vs. mowing: a meta-analysis of biodiversity benefits 

for grassland management 

Background and aims 

Most studies comparing effects of grazing and mowing have a limited scope, e.g. 
only investigating effects in one grassland or for one type of organism. 
Therefore, it is difficult to reach more general and robust conclusions and give 
useful management recommendations. Using meta-analysis to analyse the 
results of many studies at once is a way to mitigate these difficulties. In paper 
IV, the aim was to systematically review studies comparing effects of grazing and 
mowing on the flora and fauna of semi-natural grasslands and analyse the data 
using meta-analysis.  

Results and conclusions 

In total, 35 studies from all over the world involving 148 response variables, was 
included in the analyses and the results revealed a slightly more positive effect 
of grazing compared to mowing on the biodiversity of semi-natural grasslands, 
but the differences between treatments were small. Results varied for different 
grassland characteristics such as geography, grassland type and previous 
management, with grazing and mowing having a similar effect or mowing 
having a more positive effect in certain cases. These results suggest that specific 
grassland conditions should be considered when determining the most suitable 
management method, but that generally, grazing should be the preferred 
management method in semi-natural grasslands.  
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Paper V: Similar effects of different mowing frequencies on the 

conservation value of semi-natural grasslands in Europe 

Background and aim 

The evaluation and comparison of effects of different management intensities 
on a larger scale is often challenging. Hence, there are few conclusive results 
from studies examining effects of different mowing frequencies across Europe. 
In paper V studies comparing effects of annual mowing with mowing every fifth, 
third or second year or mowing two, three or four times a year on semi-natural 
grassland flora and fauna was systematically reviewed and analysed using meta-
analysis.  

Results and conclusions 

In total, 29 European studies involving 117 response variables were included in 
the analyses and the results revealed a more positive effect of more frequent 
mowing. However, the differences in effects between mowing frequencies were 
small and with varying results for different grassland characteristics. For 
example, a higher mowing frequency was mostly better in more productive 
grasslands. These results suggest that mowing less frequently, e.g. every other 
year, can be a viable management method in less productive semi-natural 
grasslands, and a way of using the limited funds available for management more 
efficiently. 

 

 



 

26 
 



 

27 
 

5 DISCUSSION 

Management is vital for the preservation of semi-natural grasslands (e.g. Klimek 
et al. 2007), but the funds available for management through e.g. grazing and 
mowing are limited. To recommend a management method for use in semi-
natural grasslands, it is therefore important that it preserves the high diversity 
of the plant and animal species that depend on this habitat type over a long time 
period. In addition, a recommended management method should maintain a 
community rich of desired species and disfavour undesired species (e.g. invasive 
species or species that are fast growing, nutrient demanding and strong light 
competitors). Paper I-V used data from Swedish experimental trials and studies 
from Europe and the rest of the world, to compare management effects on 
different types of organisms and in different types of grasslands, with the aim of 
developing specific management recommendations.  

5.1 Effects of mowing techniques 

Among conservation managers, using mowing techniques that tears the plant 
material (e.g. grass trimmers) is considered inferior to using techniques that cut 
the vegetation (e.g. scythe or sickle bar mower) (Ekstam et al. 1988, Sandberg & 
Thylén 1999). The results from paper I could not confirm these perceived 
negative effects of mowing using a grass trimmer compared to a sickle bar 
mower, even when using a very low cutting height (0 cm). Analyses revealed no 
change in the odds of finding any indicator species (Figure 5) and only small 
changes in the plant species richness, regardless of the mowing technique used.  

One crucial aspect of mowing is the removal of the cut material, as this removal 
helps maintain the low nutrient conditions that benefit diverse semi-natural 
grasslands and helps prevent the accumulation of litter (Oelmann et al. 2009). 
It is possible that the perceived negative effects of mowing using a grass trimmer 
emerged from cases where the cut material was not removed after mowing, 
which is known to have a negative effect on the vegetation (Loydi et al. 2013, 
Ruprecht et al. 2010, Schreiber et al. 2009). Another reason could be the 
difficulty in actually removing the fragmented plant material resulting from 
mowing using a grass trimmer. However, if this is the case, it is unclear if enough 
plant material is left to cause vegetation changes, as negative effects of remnant 
litter on biodiversity only occurs at relatively high litter densities (Kelemen et al. 
2014, Loydi et al. 2013). Besides, the odds of finding indicators of poor 
management and excess nitrogen were unchanged over time in paper I, 
indicating no significant accumulation of litter.  

It is important to note that the field experiment in paper I was performed in a 
grassland that had been managed using mainly mowing for a very long time. 
Hence, it already had a species rich vegetation with indicator species for well-
managed grasslands. It is possible that effects of mowing using a grass trimmer 
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or sickle bar mower may differ in newly restored grasslands without a desired 
vegetation composition. Mowing using a grass trimmer could still be useful 
during restoration, as it facilitates easier removal of the woody and tall-grown 
vegetation that results from abandonment (Ekstam et al. 1988).  

 

 
Figure 5 | Change in ln(odds ratio) (CI95%) of plant indicator species of good 
management for species richness and poor management in a Swedish field experiment 
(paper I), when mowing using sickle bar mower or grass trimmer. Filled symbols 
represent mowing with a grass trimmer at 5 cm, open symbols mowing at 0 cm. A 
positive value signifies higher odds of finding indicators when mowing using sickle bar 
mower, a negative value signifies higher odds when mowing using grass trimmer. The 
indicators are based on Ekstam and Forshed (1992) (see Table 2). 

 

5.2 Effects of grazing vs. mowing 

Previous studies comparing effects of grazing and mowing on plant or animal 
species have found varying results, with some in favour of grazing and others in 
favour of mowing (e.g. Bonari et al. 2017, Catorci et al. 2014, Kahmen et al. 2002, 
Radlmair & Laußmann 1997, Saarinen & Jantunen 2005, Schläpfer et al. 1998). 
In paper II, meta-analyses of data from eleven Swedish semi-natural grasslands 
revealed a more positive effect of mowing compared to grazing, as the odds of 
finding indicators of good management for species richness increased with 
mowing while the odds of finding indicators of excess nitrogen increased with 
grazing (Figure 6). In paper IV, the meta-analyses of data from 35 different 
studies revealed a more positive effect of grazing on biodiversity. Hence, the 
results between the two papers seem contradictory.
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Figure 6 | Change in ln(odds ratio) (CI95%) of plant indicator species when comparing 
grazing and mowing in a Swedish field experiment performed in 11 grasslands (paper 
II). A positive value signifies higher odds of finding indicators with mowing, a negative 
value signifies higher odds with grazing. The indicators are based on Ekstam and 
Forshed (1992) (see Table 2).  

 

The mechanisms involved in the varying effects of grazing and mowing found in 
previous studies and in paper II and IV are unclear. It is possible that the 
treatments may have different, positive or negative, effects depending on e.g. 
the grassland characteristics or organism type. For example, some species traits 
are favoured by the selective nature of grazing (e.g. prickliness or 
poisonousness), while others are favoured by mowing (e.g. depressed rosette 
leaves, late flowering and seed set) (Catorci et al. 2011, Chaudron et al. 2016, 
Moretto & Distel 1999, Rook et al. 2004). Grazing is generally more gradual and 
non-intrusive compared to mowing (Oates 1995) and creates more spatially 
heterogeneous vegetation (Adler et al. 2001, Olff & Ritchie 1998), which may 
promote biodiversity (see Box 1). The homogenous plant community resulting 
from mowing may decrease species competition and result in increased species 
evenness (Fischer & Wipf 2002, Lepš 2014). Grazing facilitates the recycling of 

nutrients through dung and urine and increases the turnover of nutrients, 
thereby affecting the vegetation (De Mazancourt et al. 1988, Lepš 1995), and the 

removal of all flowering plants at once through mowing may negatively affect 
nectar-feeding insects (Milberg et al. 2016). Therefore, varying effects across 
different studies are not that surprising.  

It is important to note that for paper II and IV, the difference between 
treatments were actually quite small. For paper II, the maximum change in 
ln(odds ratio) was o.4, which corresponds to a standardized difference in means 
of 0.22, while for paper IV, the difference in means was generally around 0.15. 
A standardized difference in means below 0.3 is considered a small difference 
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in effects between treatments (Cohen 1992). In addition, paper II measured 
effects on plant indicator species while paper IV measured effects on plant and 
animal species diversity. In fact, in paper II the mean plant species richness per 
5 m2 decreased over ca. 15 years, from 49.91±14.26 to 48.09±15.84 for grazing 
and 46.91±14.47 to 45.64±16.46 for mowing (mean±SD), indicating that there 
is a similar effect of grazing and mowing on species richness over time. In other 
words, effects of grazing and mowing were actually quite similar in the two 
papers. This is probably, at least in part, due to the combination of positive and 
negative effects of the management methods, which in this case resulted in 
overall neutral effects. 

Paper II also compared the effects of different grazing intensities (low vs. 
normal/high) to annual mowing. Analyses revealed a more negative effect of a 
low grazing intensity compared to mowing, while a normal/high grazing 
intensity had a similar positive effect as annual mowing. This is in accordance 
with the intermediate disturbance hypothesis (see Box 1) and may be an effect 
of tall-grown species limiting e.g. light availability when grazing at a low 
intensity (Einarsson & Milberg 1999, Golodets et al. 2010). In contrast, results 
from previous studies have revealed a more positive effect of both a low and a 
normal/moderate grazing intensity (Stewart & Pullin 2008, Török et al. 2016, 
Yang et al. 2006). One potential reason for this contrast in effects compared to 
previous studies (aside from differing study design and grassland conditions) 
might be that the classification of the grazing intensity in paper II is based on 
the subjective assessment of the fieldworker who visited all experimental sites 
and was not based on the livestock number or grassland productivity (Hansson 
1991). It might therefore be difficult to directly compare the results from paper 
II with other studies, as the estimation of the grazing intensity depends on e.g. 
grassland productivity. To facilitate comparisons between studies, a measure of 
grazing intensity that is more valid and reliable would be welcome, i.e. a 
measure that is consistent and accurate (Golafshani 2003) for different 
grassland conditions and animal types and that takes grassland productivity 
into account. One possibility is using livestock units (LU) to categorise the 
grazing intensity, which expresses the number of animals of different age or size 
that can be sustained in a certain grassland area. For example, a 10 ha grassland 
that can sustain 15 dairy cows or 100 medium sized sheep have a LU of 1.5 per 
ha (Chesterton 2006). However, it might still be difficult to evaluate what 
constitutes a too low or high grazing intensity, if LU is only presented to specify 
the number of animals per ha in an area, and not actually the number of animals 
that can be sustained in that area.  

Paper IV compared the overall effect of grazing and mowing, but also focused 
on the effects depending on different explanatory variables, with varying results 
for different grassland characteristics (Figure 7). It is important to consider that 
for the analyses of the effects of different characteristics (so called explanatory 
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variables), only a low number of studies could be included in analyses. In 
addition, results for some of these explanatory variables may be confounded. 
For example, the positive effect of grazing in some dry grasslands might not 
result from the dry conditions, but actually be an effect of the fact that dry 
grasslands have traditionally seldom been cut (Dolek & Geyer 2002); and the 
effect of management on the outcome measured might be connected to the 
organisms measured, e.g. as effects on biomass was only measured for 
earthworms. Since effects differed for different explanatory variables, it is 
important to consider specific grassland conditions when making management 
recommendations.  

 

 
Figure 7 | Standardized difference in means (CI95%) for the comparison of grazing vs. 
mowing based on meta-analysis of 35 studies (paper IV). A negative value signifies 
more positive effects of grazing and a positive value signifies more positive effects of 
mowing. Overall effects when including all studies and effects when grouping studies 
based on the grazer or vegetation type used. Numbers in parentheses are the number 
of response variables included in the analyses for each class. 
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5.3 Effects of different mowing frequencies 

Studies investigating effects of different mowing frequencies on grassland 
biodiversity have found results in favour of mowing at least two times a year, 
annual mowing and less frequent cuts (e.g. Jantunen et al. 2007, Noordjik et al. 
2009, Ryser et al. 1995). In paper III, data from eleven Swedish field 
experiments revealed that annual mowing had a more positive effect on species 
richness and diversity and the majority of individual plant species, compared to 
mowing every third year. When comparing mowing every third year and 
abandonment, it was revealed that the loss of biodiversity was about half as large 
when mowing every third year. However, the differences between mowing 
frequencies over time were quite small. The ln(response ratio) rarely exceeded 
0.1, which is the equivalent of comparing a species richness of 20 and 22 species. 
In addition, the odds of finding indicators of good management for species 
richness and poor management were similar between the treatments (Figure 8). 
In other words, the richness and abundance of species may have changed some 
over time, but the vegetation composition remained quite similar. In paper V, 

 

 
Figure 8 | A) ln(response ratio) (CI95%) for species richness and other diversity 
measures and B) change in ln(odds ratio) (CI95%) of plant indicator species, when 
comparing annual mowing and mowing every third year in a Swedish field experiment 
performed in eleven grasslands (paper III). In A) a negative value signifies a more 
positive effect with annual mowing, in B) a negative value signifies higher odds of 
finding indicators with mowing every third year. 
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the meta-analyses of data from 29 European studies revealed only small 
differences in effects across the investigated mowing frequencies. However, it 
was generally the case that a higher mowing frequency was better in more 
productive grasslands, e.g. grasslands with longer growing season, wet 
grasslands and grassland with a previously high management intensity (e.g. 
with previous application of fertilizers) (Figure 9), which is something that can 
be expected based on literature (e.g. Fay et al. 2008, Karlík & Poschlod 2014, 
Park et al. 2016). Thus, both paper III and V suggest only small differences 
between mowing frequencies.  

The surprisingly minor differences in effects of different mowing frequencies 
probably has a few different reasons. Effects of mowing at a lower mowing 
frequency may be negative, as this may impair the seed generation and/or plant 
growth  due  to a denser  canopy  or  higher  litter  accumulation  (Kelemen et al. 

 

 
Figure 9 | Ln(response ratio) (CI95%) for the comparison of six different mowing 
frequencies to annual mowing, based on meta-analysis of 29 studies (paper V). A 
negative value signifies a more positive effect of annual mowing and a positive value 
signifies a more positive effect of the respective mowing frequency. Grey lines 
represent the ln(response ratio) (CI95%) when analysing less frequent mowing than 
once per year or more frequent mowing than once per year together. A) is the overall 
effects, B) is effects when grouping studies based on the altitude of the study site and 
C) is effects when grouping based on the growing season in the study area. 
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2013, Loydi et al. 2013), or increase competition from tall-grown species (Kiær 
et al. 2013, Lamb et al. 2009). Mowing at a higher mowing frequency can also 
be expected to have some negative effects, as it might supress the flowering and 
seed set of certain species (Kahmen & Poschlod 2008, Poschlod et al. 2011). It 
is also possible that a lower or higher mowing frequency only marginally affects 
e.g. species richness, while still influencing e.g. species abundance, or that these 
treatments causes grassland specialist to be replaced by generalists. However, 
this did not seem to be the case based on the results from paper III and V, e.g. 
as the odds of finding indicators of good management for species richness and 
poor management remained unchanged. It is important to note that some 
previous studies have found little effect of management intensity. For example, 
Batáry et al. (2010) found no effect of management intensity on species number 
and abundance of bees and insect-pollinated plants and Dicks et al. (2017) found 
mostly positive to neutral effects of decreased management intensity in a 
number of European studies, indicating that similar effects of different mowing 
frequencies are not that unexpected.  

The conclusions from paper III should be interpreted together with the fact that 
this paper focused on plant species. For example, relaxed management 
intensities have been found to be beneficial for many nectar-feeding insects 
(Littlewood et al. 2012, van Klink et al. 2015) as well as e.g. ground beetles and 
spiders (Cizek et al. 2012). Nevertheless, paper V actually found a trend towards 
a more positive effect of mowing twice a year on insects. Thus, the conservation 
aim (e.g. plants vs. insects) must be considered when making management 
recommendations.  

5.4 The robustness of the conclusions 

As evident from the effect sizes calculated in the papers included in this thesis, 
the difference in effects between the management methods were quite small, 
especially when considering the overall mean effect sizes. However, one 
important consideration is also the robustness of the results and how this 
impacts the conclusions. The experimental trials in paper I-III ran for a 
relatively long time (over ten years) and for paper II and III the trials ran across 
eleven different grassland sites. In addition, paper IV and V included 35 and 29 
studies respectively, which is considered an intermediate number of studies to 
include in meta-analysis (Philibert et al. 2012). Sensitivity analyses are an 
important part of meta-analyses in systematic reviews to test the robustness of 
results to assumptions and decisions made in the analysis (Koricheva & 
Gurevitch 2014). Sensitivity analyses in paper IV and V revealed that no study, 
response variable or explanatory variable had any unjustifiably large impact on 
the results. 
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The aim of this thesis was not to evaluate the use of meta-analysis to investigate 
management effects in semi-natural grasslands. Nevertheless, it turned out that 
meta-analysis was helpful in synthesising results and enable comparisons across 
different grassland sites or studies. For example, due to the nature of the data 
used in paper II and III it would have been more difficult to evaluate 
management effects without using meta-analysis, as conditions and to some 
extent also experimental design differed between sites. This was evident from 
e.g. paper III, where effects of mowing frequencies differed between sites 
(Figure 10). Thus, it may be problematic to base general conclusions on only a 
single study, which may have low generalisability. Without meta-analysis it 
would also have been impossible to reach more general conclusions based on 
the many studies included in paper IV and V. 

 

 
Figure 10 | Ln(response ratio) (CI95%) for the number of species in paper III. A 
negative value signifies lower species richness with mowing every third year compared 
to annual mowing. Note the difference in effects across the sites.  

 

However, it is also important to consider the potential pitfalls when using meta-
analysis to investigate general management effects. One such consideration is 
the presence of bias in some form. This can be publications bias, which may arise 
when relevant studies are excluded from analyses for some reason (e.g. as 
studies with non-significant results are less likely to be published, or that studies 
does not present usable data) (Dwan et al. 2013). No presence of publication 
bias was found in paper IV or V. Another form is spatial bias, which arise when 
it is more likely that studies from certain areas are included in meta-analyses. 
Most often this type of bias is a consequence of more studies being performed 
in more economically developed countries or continents (e.g. Europe or North 
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America). The presence of this type of bias makes it less relevant to draw 
conclusions on e.g. a global scale (Gonzalez et al. 2016). In paper IV and V, this 
type of bias was probably present, as the global meta-analysis in paper IV mostly 
included studies from Europe, while the European meta-analysis in paper V 
mostly included studies from Western Europe. Thus, when drawing conclusions 
and making management recommendations based on these papers, it is 
probably more useful to focus on effects for specific grassland conditions 
compared to the overall effect. The length of studies is another type of bias that 
needs to be considered (Gonzalez et al. 2016). Many studies investigating 
management effects in semi-natural grasslands are of relatively short duration, 
often below ten years, at the same time as it is expected that changes due to e.g. 
management effects will take a long time to become evident (Milberg et al. 2014, 
Tilman et al. 1994), potentially leading to erroneous conclusions. Analyses in 
paper IV and V revealed differing management effects over time (e.g. a more 
positive effect of mowing compared to grazing over time in paper IV), which 
should be considered when drawing conclusions.  

Together, the length of the studies in paper I-III, the number of studies included 
in paper IV and V and the sensitivity analyses performed, indicate that any 
substantial differences between management methods would be evident in the 
results. However, while the general conclusions in paper IV and V may be valid, 
the presence of bias and the fact that effects differed depending on e.g. grassland 
type and organism, probably makes it more relevant to focus on effects for 
specific explanatory variables and grassland conditions instead of the overall 
results.  

5.5 Evaluation of the effect outcome 

The papers included in this thesis used different outcomes to measure the effect 
of the management methods on the biodiversity of semi-natural grasslands. The 
outcomes measured were species richness (paper IV and V, among other similar 
outcomes), occurrence of indicator species (paper II) or both (paper I and III). 
However, it is somewhat unclear which outcome is most relevant to use when 
evaluating management effects on the biodiversity of semi-natural grasslands. 
Ideally, a measure of biodiversity should have both high reliability and validity, 
i.e. be representative for the investigated populations and accurately measure 
what it intends to (Golafshani 2003). As aims are often based on developing 
management recommendations, an effect outcome should be applicable, 
comparable and representative across different types of species and grassland 
conditions, have a low amount of subjectivity and be a relevant outcome from a 
grassland conservation viewpoint.  

Generally, the goal of studies focusing on the conservation of semi-natural 
grasslands has been to maximise the species richness. One reason for this is the 
fact  that  it  is  relatively  straightforward  to  assess  the  species  richness  and 
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density, thus providing a simple way of comparing management methods. 
However, because of differing regional species pools and abiotic conditions 
between grasslands, comparisons of species richness are only possible within 
specific grasslands or between very similar grasslands. Comparisons of species 
richness or density across studies may also be misleading, as the sampling effort, 
e.g. the size and number of survey plots, often differ between studies (Gotelli & 
Colwell 2001). The difficulties in comparing species richness across sites and 
studies are possible to overcome by comparing effect sizes instead, e.g. by 
comparing the standardised mean difference in species richness between 
treatments and grasslands (Koricheva et al. 2013). Nevertheless, it is unclear 
what the species richness actually signifies regarding the conservation value of 
semi-natural grasslands (for this thesis, a semi-natural grassland of high 
conservation value is defined as a well-managed grassland with a high diversity 
of desired grassland species). A high species richness is often assumed to be an 
indicator of a high conservation value, or at least that it provides an insight into 
the state of ecological processes, but this is not necessarily the case (Fleishman 
et al. 2006). For example, the plant species richness says little about the actual 
structure of the plant community, as a community with high species richness 
but low evenness is quite different from one with similar richness (and species), 
but with more evenly distributed species abundances. The identity of species is 
also important, at least when conservation is the main objective, as a grassland 
with many common or generalist species is less important to preserve as one 
with many rare or specialist species. Thus, the outcome in focus should be a 
species-rich community consisting of desirable grassland species, and not only 
species richness in itself. Another important factor to consider is the scale at 
which the species richness is measured. The species richness per m2 is probably 
more sensitive to changes compared to the species richness of an entire 
grassland. From a meta-community perspective it is also important to consider 
the species richness both within a site and in the surrounding landscape (see 
Box 1). In addition, it is possible that different management methods affect the 
community structure (e.g. identity and abundance of species) more than the 
actual species richness. This is especially true in short-term studies, where it is 
doubtful if management changes have had time to eliminate the occurrence of a 
species, but may still have decreased its abundance (e.g. Milberg et al. 2014), i.e. 
the presence of extinction debt (Kuussaari et al. 2009).  

Indicator species is an option to using species richness for evaluation of 
management effects. Indicator species are usually easily monitored organisms 
that are native, rare or threatened, play an important role in maintaining 
ecological function and are capable of detecting both short- and long-term 
ecological changes (Fleishman et al. 2006, Siddig et al. 2016). Using indicator 
species may be more useful than using species richness to evaluate management 
effects. This is a consequence of indicator species potentially being more directly 
connected  to  the conservation value of semi-natural grassland and  that  these 
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reveal more about the identity of species and the community structure. For 
example, indicator species can be used to monitor changes in the number of 
desirable or undesirable species from a conservation viewpoint. It has also been 
suggested that indicator species may provide a good proxy for species richness 
(e.g. Gilby et al. 2017). This actually turned out to be the case based on the data 
from paper II and III, which revealed an increasing species number per 5 m2 

with increasing numbers of indicators of good management (Figure 11). 
However, as for species richness, it is only relevant to compare presence of 
indicators between different grasslands and studies using effect sizes, e.g. 
comparing the ratio of indicators and non-indicators of well-managed 
grasslands. In addition, it is important to only use indicator systems developed 
for relevant conditions and regions, as the reliability of an indicator system 
decreases outside of its intended area of use (Jansson et al. 2009). There are 
some further limitations to using indicator species: A review of how ecologist 
select and use indicator species by Sidding et al. (2016) state that often the 
selection criteria for the indicators are subjective; the connection between an 
indicator, the environmental context and conservation value can be unclear; 
there can be methodological difficulties in defining and using indicator species; 
and future environmental and climatic changes might influence how useful a 
current indicator species or system might be.  

One potential substitute to using species richness or indicator species to 
evaluate management differences is investigating effects on the distribution of 
plant functional traits and/or the functional diversity. These are measures of the 
extent   of   functional   differences   between   species   in  a   community,   often 

 

 

Figure 11 | The relationship between the number of indicators of good management 
and the species richness per 5 m2 in the experimental sites included in paper II and III. 
Each point is the mean (±SD) of the two blocks in each site. The site marked with an 
asterisk only used 3 m2. The slope of the linear regression is 0.629 (F1, 9 = 15.21,  
p = 0.004). The indicator system is based on Ekstam and Forshed (1992) (see Table 2).
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represented by the number of functional traits or groups. A high diversity of 
functional traits or groups is desirable as it ensures the stability of food webs 
and maintain ecological processes and ecosystem services (Tilman 2001). 
Studies have found different functional plant traits to be favoured by different 
types of grassland management and it may therefore be a good way of evaluating 
management effects (e.g. Kahmen et al. 2002, Louault et al. 2005). However, it 
is  often more time-consuming and difficult to estimate functional diversity,  as 
it requires knowledge on e.g. species traits and/or taxonomy, and might 
therefore not be a convenient substitute to e.g. species richness (Petchey & 
Gaston 2002, Tilman 2001).  

Evidently, there are both positive and negative aspects of using species richness, 
indicator species and functional diversity to evaluate management effects on the 
biodiversity of semi-natural grasslands. For a reliable and valid assessment of 
management effects, it is probably most useful to consider both the species 
richness and effects on indicator species (this approach was used in paper I and 
III). In addition, the use of different types of outcomes potentially strengthens 
the possibility of including studies in future meta-analyses, with the best 
scenario being the use of the same outcomes across all studies. However, it 
might be somewhat unclear which conclusions to draw if effects differ for 
different outcomes. This was the case in paper III, where annual mowing had a 
more positive effect on species richness while the mowing frequencies had 
similar effects for the indicators. In such cases, the size of the effect and the 
management aims must be considered when drawing conclusions. For example, 
if the aim is purely conservation, with no direct consideration of e.g. ecosystem 
services, it is probably most relevant to focus on effects on indicator species. 

5.6 Management implications 

One of the aims of this thesis was to provide management recommendations for 
semi-natural grasslands based on the results from the included papers, as a part 
of the growing field of evidence-based conservation. This type of conservation 
involves the assembly of information from many different sources with the aim 
of finding the best available evidence in support of e.g. the use of a particular 
management method in semi-natural grasslands. This evidence can then be 
used to support managers and policy makers in choosing a suitable management 
practice (Pullin & Knight 2004, Sutherland et al. 2004). Overall, the results from 
the papers included in this thesis have increased the evidence-base regarding 
management effects, and they can be used by researchers, managers and policy-
makers to make more informed management choices.  

The results from paper I suggest a greater management flexibility, as mowing 
using a grass trimmer and sickle bar mower had similar effects, and thus can 
both be recommended for use in semi-natural grasslands. For large areas with 
level surface the use of sickle bar mowers is probably more time-efficient, while 
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grass trimmers may be a more suitable alternative in small grasslands or 
grasslands with steep slopes or stony ground (Priha 2003, Stenholm Jakobsen 
2015). However, the cultural value of traditional mowing using scythes is a 
possible consideration when deciding on a mowing technique. In addition, while 
not studied in paper I, effects on other organisms than plants are another 
important consideration. Negative effects of mechanical mowing techniques, in 
particular rotary mowers compared to bar mowers (e.g. sickle bar mowers), have 
been found on both vertebrate (e.g. amphibians, turtles) and invertebrate 
species (e.g. butterflies, grasshoppers), usually due to direct mortality during 
mowing (Humbert et al. 2009, 2010). Therefore, the specific conservation aim 
(e.g. plants vs. insects) must be considered when picking mowing techniques. It 
is important to note that these recommendations are based on an experiment 
performed in one Swedish semi-natural grassland. Therefore, confirmatory 
studies performed in more grasslands across Europe, involving additional 
mowing techniques and organisms are needed for more general conclusions to 
be possible.  

According to results from paper II, mowing had the most positive effect on 
plants in semi-natural grasslands in southern Sweden. However, as differences 
were small between grazing and mowing, both methods can be recommended in 
semi-natural grasslands. This was also the case in paper III, where annual 
mowing and mowing every third year had relatively similar effects and can be 
recommended for use. This also suggest a greater management flexibility, as the 
management can be chosen based e.g. on costs, availability of livestock and 
conservation aims. 

When considering grassland in general, and not only those in southern Sweden, 
the overall effect of grazing and mowing was similar in paper IV, with grazing 
having a slightly more positive effect on the biodiversity. Nevertheless, it is 
probably most relevant to base management recommendations for a specific 
grassland on the results of comparisons of explanatory variables like e.g. 
grassland type or previous management. The same is true for paper V, which 
revealed that perhaps the most important factor is that mowing is performed 
while the mowing frequency is of less importance, but where effects also differed 
for different grassland characteristics. From a cost-perspective, grazing is 
probably less expensive than annual mowing (e.g. based on subsidies to Swedish 
farmers for management of semi-natural grasslands of high conservation value1; 
Swedish Board of Agriculture 2017). If mowing is used, it is effective enough to 
perform mowing more seldom than annually, at least in less productive 
grasslands. For example, mowing every other year could mean that the area of 
mowed   grasslands   could  be  considerably   extended.   However,   effectively  

                                                      
1 2 800 SEK/ha for grazing vs. 4 500 SEK/ha for mowing in 2017.  
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decreasing the amount of subsidies to private farmers for each grassland might 
decrease the incentive to keep up management despite the decreased 
management cost per grassland. Nevertheless, less frequent mowing could still 
be an alternative in the public or non-profit sector. 

Together, the small differences in effects in the papers included in this thesis 
suggest that to a certain extent, one of the most important factors for semi-
natural grassland biodiversity is that management occurs at all. The actual 
management method or intensity used is of less importance. Therefore, the most 
suitable management method for a certain situation should be based on the 
previous management practice used, grassland conditions, the cost of 
management, the availability of different management methods and previous 
research. In addition, as effects may differ for different organisms or grassland 
characteristics (as evident in paper IV and V) the conservation aim must also be 
considered when choosing management method.  

5.7 Further research topics 

The papers included in this thesis and other studies examining management 
effects on semi-natural grassland biodiversity have contributed to the current 
understanding of management effects. However, for a more complete picture of 
management effects and management implications and to facilitate more 
informed management decision, further research is necessary.  

This thesis has focused on effects of grazing and mowing, but there are other 
management options available. One such option is mulching, where the 
vegetation is cut in a similar way as for mowing, but where the cut material is 
crushed and left in the grassland, a method often used as an alternative to 
abandonment (Doležal et al. 2011, Gaisler et al. 2013). Studies examining effects 
of mulching have concluded that mulching has a similar effect as grazing or 
mowing at a similar intensity (Kahmen et al. 2002, Mašková et al. 2009). 

Another option is burning of semi-natural grassland vegetation during late 
winter or early spring, before the start of the growing season, to remove excess 
biomass and woody species (Deák et al. 2014). Previous short-term studies have 
mainly found positive effects of burning compared to other management 
methods, with higher plant and insect biodiversity in burned plots (Hermanova, 
2011, Larsson & Persson 2012), while longer-term studies have found mostly 
negative effects of burning (Köhler et al. 2005, Milberg et al. 2014, 2018, Moog 
et al. 2002). However, there is a need for further research on effects of mulching 
and burning in different types of grasslands and organisms. For example, there 
is a lack of studies examining effects on insects, or the effect of mulching outside 
of central Europe. In addition, there is a need for meta-analyses examining 
effects of these management methods, specifically as both burning and 
mulching may be more cost-effective compared to grazing and mowing. 



DISCUSSION 

42 
 

There is a lack of studies examining effects of grazing intensity on grassland 
biodiversity. By examining the effect of e.g. continuous vs. rotational grazing, 
different grazing intensities, different timing of grazing and effects of grazing in 
different types of grasslands and for different organisms, it will become easier 
to select suitable grazing regimes for specific species or grassland conditions. In 
addition, there is a need for researchers (and managers) to be clearer in the 
characterisation of the grazing intensity and not rely on characterization based 
on personal assessments, like e.g. “continuous grazing” or “high grazing 
intensity”. Using e.g. Livestock Units will simplify the evaluation of effects of 

grazing intensities.  

Studies focusing on effects of different mowing techniques on both biodiversity 
in general and individual plant species are also needed. More techniques need 
to be included in analyses as well as more grassland types. If the effects of more 
techniques are known, managers can select techniques based on the needs of 
individual species and the availability of different mowing machines. It would 
also be useful to compare effects on a larger scale using meta-analyses. In 
addition, there is a need for large-scale meta-analysis studies examining effects 
of different mowing dates (e.g. mowing at the beginning or end of summer), to 
further improve management recommendations.  

There is also a need for studies directly examining the cost and time-
consumption of different management methods for different situations. In 
addition, there is a need to make the research performed more readily available 
for the community as a whole, to ensure that the best available evidence is used 
when management plans are made. As the use of systematic reviews and meta-
analyses are important tools when making management recommendations, 
another important consideration is the quality of future studies. Studies of low 
quality, or studies lacking vital information on e.g. experimental design might 
be impossible to include in future meta-analyses. Therefore, it is important for 
researchers to examine management effects in several study sites, with the 
same, clearly defined treatments between sites and more than one replicate 
within each site. The use of consistent nomenclature which clearly defines what 
represents e.g. a replicate, is also necessary. In addition, it is extremely 
important to present data in a usable way (e.g. means and variance), and not 
only p-values, to limit the exclusion of studies. For example, for paper IV, the 
full text of 525 studies were examined in detail and 190 of these had to be 
excluded from analyses due to lack of data.  

5.8 Conclusions 

The papers included in this thesis suggest that different management methods 
have different effects on the biodiversity of semi-natural grasslands, but that in 
general, these differences were quite small. Thus, one of the most important 
factors  for the conservation of semi-natural grassland biodiversity seems to  be 
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the fact that management occurs at all, while the actual management method 
and its intensity are of less importance. Hence, choosing the most suitable 
management method in a certain situation should be based on conservation 
aims, grassland conditions, the previous management practice used, the cost of 
management, the availability of different management methods and previous 
research.  
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