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 Semi-natural grasslands are widely recognized for their high ecological value and 

count among the most species-rich habitats in Europe. Yet, in the second half of 

the 20th century, traditional farming has been progressively replaced by more 

intensive management and semi-natural grasslands have been systematically 

converted into arable lands, improved (i.e. intensified), or simply abandoned. As 

a remedy, agri-environment schemes (AES) have been introduced, yet these 

schemes could neither halt nor reverse the trend towards conversion, 

intensification or abandonment. Maintaining and/or restoring semi-natural 

grasslands is a top priority, but nevertheless represents a real conservation 

challenge, especially regarding their invertebrate assemblages. 

This PhD thesis investigated, at the field scale and through a fully 

randomized experimental block design, the effects of four different mowing 

regimes on the biodiversity of extensively-managed meadows. The main aim was 

to identify mowing regime(s) that could best improve the effectiveness, 

regarding biodiversity conservation, of current AES grasslands. The four 

investigated mowing regimes were; 1) mowing regime according to the Swiss 

AES prescriptions for extensively managed hay meadows, i.e. first cut not before 

15 June (control meadows, hereafter C-meadows); 2) first cut not before 15 July 

(delayed treatment, D-meadows); 3) first cut not before 15 June and second cut 

not earlier than 8 weeks after the first cut (8W-meadows); and 4) refuge left 

uncut on 10-20% of the meadow area (R-meadows). These mowing treatments 

were applied during three years (2010 to 2012), to evaluate direct (after the 

mow) and cumulative (carry-over from one year to the next) effects. To get a 

thorough appraisal of the different managements, responses of primary and 

secondary consumers, as well as pollinators were considered: Auchenorrhyncha 

and Araneae (chapter 5), orthopterans (chapter 3) and wild and honey bees 

(chapter 4). In addition, a literature review was carried out at the beginning of 

the project to synthesize current knowledge and to identify research gaps on the 

effects of delaying the first mowing date upon plants and invertebrates in 

European meadowland (Chapter 2).   

In July, D-meadows harboured higher abundances of orthopterans, bees, 

Auchenorrhyncha and Araneae compared to the other mowing regimes, i.e. when 

all meadows had been cut but D-meadows, confirming a strong direct negative 

effect of mowing on field invertebrates. A cumulative positive effect could be 

evidenced for Orthoptera and Araneae, namely that measures implemented a 
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 given year had carried-over effects discernable the following spring, before any 

mowing intervention. Surveys among farmers revealed that 8W- and C-meadows 

were managed similarly, which was confirmed by similar abundances and species 

richness of invertebrates between these two mowing regimes. Leaving uncut 

refuges had several positive effects on the investigated invertebrate populations. 

In spring, abundance of orthopterans and wild bees were doubled in R-meadows 

compared to C-meadows, pointing to a cumulative effect from one year to the 

next. For both taxa, species richness was also higher in these treatments than in 

controls. 

Maintaining and restoring semi-natural grasslands is not only of major 

conservation concern worldwide, but also one of the most heavily subsidized 

conservation measures, especially in Europe. The present thesis demonstrates 

that delaying grass mowing and/or leaving uncut refuges when mowing would 

improve the effectiveness, and thus return on investment, of current AES. 

Notwithstanding that the management measures were tested within extensively 

managed meadows under Swiss AES, conclusions can be applied far beyond the 

Swiss border and in other grassy habitats other than hay meadows. 

Abstract
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 1.1 The green revolution: its impact on farmland and biodiversity 

As the 21st century dawned, the growing human population and the increasing 

purchasing power in emerging countries have been accentuating the need for 

agricultural goods (Lee et al. 2012). Agriculture was traditionally asked to produce 

food and fibre, but nowadays the production of energy is added to these missions, 

making expectations for agriculture even higher than before (Pingali 2012). Based 

on the outcomes of the so-called green revolution, the prolongation of the 

agricultural revolution of the 17th century, new farming practices took place after 

the World War II with severe consequences on biodiversity (Krebs et al. 1999; 

Robinson & Sutherland 2002). Nowadays, governments and international NGOs 

are confronted to a crucial dilemma, namely guaranteeing a productive agriculture 

while minimising its impact on the environment (Foley et al. 2011).  

 Threats on biodiversity depend on local and historical conditions. Regions 

where agriculture is developing are facing a problem of land conversion into 

farmland (Tollefson 2010). This conversion takes roots in the Borlaug dilemma 

(named after the father of the green revolution: Norman Borlaug), where areas 

are converted into intensive farming with high yield, while biodiversity occurring in 

other places is preserved. This paradigm was recently reformulated within the land 

sharing/land sparing framework (Balmford, Green & Phalan 2012). Regions that 

are prone to land sharing are usually areas with traditional farming practices such 

as European cultural landscapes. Long-established management is withdrawing in 

favour of new farming practices, and traditional farmland that gives refuge to 

many species is nowadays threatened (Bignal & McCrackent 1996). Despite that 

few new areas were recently converted into farmland in Europe, the existing ones 

were simplified, if not cleared, and became unsuitable for many species 

(Tscharntke et al. 2005). 

 The green revolution was designed to extirpate famine in the world and to 

heal the trauma due to food restriction during World War II in Europe. This 

revolution was made possible with the help of different economic and 

technological developments. Firstly, products like pesticides and artificial fertilizers 

were for the first time affordable for a majority of farmers. The second factor is 

the reasonably cheap machinery (Warren, Lawson & Blecher 2008). Use of heavy 

machinery required modification of the landscape as a third element of the green 

revolution, with the removal of semi-natural structures like high-stem orchards or 
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 hedgerows, simplifying the landscape and fragmenting the populations of 

numerous species (Frey-Ehrenbold et al. 2013). As a fourth component, numerous 

crops were abandoned and the remaining ones were strongly selected in order to 

maximise yield. Therefore, many locally adapted crop species and varieties were 

definitively lost. These new tools allowed an optimisation and a rationalisation of 

food production, where places suitable for a certain type of production were 

completely turned to monoculture (Tscharntke et al. 2005). Less productive areas 

were assigned to less demanding crops or animal husbandry. Ultimately, the less 

accessible and almost unproductive areas were abandoned.  

 In some regions, these farming practices were highly subsidized. The Treaty 

of Rome, establishing the European Economic Community (EEC), gave birth to the 

oldest European common policy in 1962: the Common Agricultural Policy (CAP). 

The first version of the CAP aimed to develop the living standard of farmers and to 

provide stable food supply at an affordable price for consumers. One of the aims 

of the CAP was also to limit the competition between the members of the EEC and 

thus to protect the farmers at national level. These improvements were so 

effective in Europe that overproduction became an issue at the beginning of the 

1980’s (Donald et al. 2002). About at the same time, environmental 

consciousness arose in the public, calling for a profound shift in the orientation of 

the CAP.  

 

1.2 Emergence and efficiency of the agri-environment schemes 

(AES) 

 

The extensification of farming practices ruled by the CAP was an opportunity to 

mitigate the biodiversity erosion observed in intensified farmland. This took place 

in the legal framework called agri-environment schemes (AES). All EU members 

are requested to define their AES aims and procedures for achieving the 

requirements of the PAC (Anonymous 1985). For countries with intensive farming 

practices, the main aim is the reduction of environmental risks. These risks are 

linked to the overuse of fertilizers or other chemicals, soil erosion and biodiversity 

loss (European Commission 2005). 

 Although AES are apparently favouring biodiversity, these measures have 

only mixed benefits (Kleijn et al. 2001; Kleijn & Sutherland 2003; Kleijn et al. 

2006). Different reasons make restoration ecology in farmland challenging, such 
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 as increase of nitrogen deposition due to the massive use of fossil fuel (with 

modification of soil chemistry); landscape fragmentation and limitation of the 

genetic exchange between populations; disappearance of source populations 

(Knop, Schmid & Herzog 2008); absence of a truly functional seed bank; no 

previous experience that could have been used as model in establishing and 

applying such nature friendly regulations (Bakker & Berendse 1999; Kleijn et al. 

2001). This gap of knowledge has also favoured a system where subsidies are 

allocated with respect to the implementation of AES measures (inputs) rather than 

their actual outcomes for biodiversity (outpus; Gibbons et al. 2011). This 

approach is suitable for some aims of the AES such as the limitation of the 

application of fertilizers or chemicals or the protection of soils against erosion, 

because this data could be easily monitored, even on a yearly basis (FOAG 2012). 

In contrast, evaluation of their effects on biodiversity necessitates a fine-tuned 

appreciation of the actual outputs of such subsidies.  

 

1.3 The Swiss context 

 

When compared to EU, Switzerland is an exception regarding historical and 

political aspects, but farming practices encouraged by the green revolution 

evolved in a comparable way. Even if Switzerland was not directly involved in 

World War II, food needs were an issue during this time period. Moreover, the 

particular geographical situation of this mountainous country makes any type of 

farming difficult. To face the co-occurring problems of the limited domestic 

production and the restricted access to imported resources, measures to maximise 

the production of agricultural goods were taken through the Wahlen plan (after 

Friedrich Traugott Wahlen, agronomist). This plan marked the start of the 

evolution of Swiss farmland toward a cleared landscape that continued after World 

War II along the development of the green revolution. Intensification of farming 

practices was also uneven in Switzerland. Relatively flat areas that are easily 

accessible were intensified first. The region that was mostly affected by this shift 

in management is the Swiss plateau, an area comprised between Lake Geneva 

and Lake Constance and representing about 30 % of the national territory. The 

other regions, especially in the mountainous areas, started to be intensified later, 

as a result of the technical improvement of machinery, allowing farmers to access 

and exploit steeper areas.  
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  Another particularity that has to be mentioned is that Switzerland does not 

belong to the European Union. However, numerous agreements were ratified 

between EU and Switzerland, and laws and rules that are edited in Switzerland are 

in compliance with the European norms. The agricultural policies aimed, since the 

middle of the 1990’s, at an extensification of the practices associated to a 

protection of the environment and are therefore comparable to the European AES. 

They aim to balance the use of fertilizers on farms, to practice crop rotation and to 

respect constraining animal welfare norms (Swiss Federal Council 1998). The most 

particular policy is the obligation for each farmer to have a part of their utilized 

agricultural area devoted to nature: the so-called ecological compensation areas 

(ECA). This last point is cited as an example for the greening of the CAP, meaning 

that Switzerland, though not being an EU member, could serve as a real-scale 

laboratory for developing future EU agro-ecological policies (Hart & Baldock 2011). 

 

1.4 Semi-natural grasslands and AES 

 

Grassland is a major emblematic habitat of traditional farmland in temperate 

regions. One of the traditional farming systems based on the co-occurrence of 

grassland and cropland, the so-called mixed farming management, uses the 

vicinity between animal husbandry and crops. The outputs generated by livestock, 

like manure or slurry, were traditionally transferred as inputs to cropland and thus 

maintained a low nutrient level in grasslands (Warren, Lawson & Blecher 2008).  

Benefits of mixed farming became less important due to the availability of 

artificial fertilizers and this management vanished in numerous places in favour of 

specialized farming, threatening at the same time the existence of semi-natural 

grasslands. In the regions where animal husbandry was abandoned, grasslands 

were converted into cropland. Regions with remaining grasslands were also 

intensified, meaning earlier and more frequent cuts for meadows (Čop, Vidrih & 

Hacin 2009). Moreover, the increase in yield due to intensification is associated 

with an important use of machinery that is harmful for biodiversity and makes it 

possible to manage much larger areas during a much shorter period of time 

(Humbert, Ghazoul & Walter 2009). Numerous species that could cope with the 

traditional management of grasslands, such as grey partridge (Perdrix perdrix L., 

1758), whinchat (Saxicola rubetra L., 1758), ortolan bunting (Emberiza hortulana 

L., 1758) or bats, are nowadays endangered (Donald et al. 2002; Britschgi, Spaar 
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 & Arlettaz 2006; Menz & Arlettaz 2012; Frey-Ehrenbold et al. 2013). Different 

reasons might explain not only the disappearance of these organisms, but also 

their inability to re-establish when alternative managements are in use. Beyond 

the detrimental effect of the mowing machines, food resources availability has 

been dramatically reduced, because invertebrates are also massively impacted by 

intensification (Britschgi, Spaar & Arlettaz 2006). This is true for insectivorous bird 

species, but numerous if not all granivorous bird species also feed their chicks with 

insects to guarantee the protein supply needed for growth (Menz & Arlettaz 2012). 

Another factor related to intensification is the evolution of a homogenous sward 

cover that reduces prey accessibility to birds (Schaub et al. 2010; Tagmann-Ioset 

et al. 2012).  

Grassland conservation is therefore of major concern and, not surprisingly, 

agricultural parcels registered within the Swiss AES are mainly grasslands, 

especially extensively managed hay meadows, which represent almost half of 

extant ECAs (FOAG 2012). The management of this type of ECA is regulated by 

the Swiss agricultural legislation. The main directives are: 1) at least one cut per 

year, not before 15 June; 2) no fertilizer allowed; 3) if problematic plant species 

could not be removed mechanically, use of herbicide is allowed, but only by topic 

spraying of the pest plants; 4) pasture allowed between 1 September and 30 

November, as long as grazing is not damaging the meadow; 5) the minimum 

enrolment duration of these meadows in the AES is six years (Swiss Federal 

Council 1998). Some other practices remain possible, such as the use of weeder 

harrow in spring or oversowing with adapted seed mixes for extensively managed 

grasslands. When compared to intensively managed grassland, some benefits for 

biodiversity could be evidenced, but they remain tiny to moderate (Knop et al. 

2006; Jeanneret et al. 2010).  

 

1.5 Aim and general design of this thesis 

 

Heterogeneity at temporal and/or spatial scale is considered as a major factor in 

preserving biodiversity in farmland (Benton, Vickery & Wilson 2003; Vickery & 

Arlettaz 2012). Notwithstanding the improvements realized with the present AES 

regulation and the increase of heterogeneity in the landscape, the first mowing 

suppresses within hours ECA meadows and therefore their attractiveness for 

biodiversity, leading to a suddenly homogenized landscape. This habit of mowing 
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 the great majority of ECA meadows on June 15th has even been termed the 

federal hay day by the farmers, showing the important synchrony of the 

phenomenon throughout Switzerland.  Thus the main aim of this thesis is to test if 

alternative management regimes could create some heterogeneity capable of 

improving natural conditions for meadowland biodiversity. Several management 

regimes that could potentially increase heterogeneity were investigated.  

These management measures could serve to improve the present ECA 

regulations for hay meadows, the most important semi-natural habitat within the 

Swiss agri-environment scheme. The measures proposed had to be easy to apply 

and to be fully compatible with modern farming practices so as to ensure their 

uptake by the ultimate end-users, the farmers. The following management 

regimes were tested: 

1) Extensively managed meadow with first cut not before 15 July, with no 

restriction on the number and frequency of subsequent cuts (D-meadow, 

with D for delayed).  

2) Extensively managed meadow with a maximum of two cuts per year and at 

least 8 weeks between the cuts, with first cut not before 15 June (8W-

meadow, with 8W for eight weeks).  

3) Extensively managed meadow with a rotational uncut refuge on 10–20% of 

the meadow area, meaning that a corresponding proportion of the area is 

left uncut each time the meadow is mown, with the location of the refuge 

being changed from one cut to the next to avoid vegetation succession; 

otherwise first cut not before 15 June (R-meadows, with R for refuge).  

4) Extensively managed meadow with standard Swiss AES regulation, i.e. first 

cut not before 15 June, but with no restriction on the number and frequency 

of subsequent cuts. These meadows constitute our control meadows (C-

meadows).  

The experimental plots were selected across the Swiss plateau, where 48 

meadows were selected, distributed in 12 regions (the replication unit). These 

meadows had to be registered as ECA since latest 2004, and to have a minimal 

size of 50 x 50 m. A full experimental block design was adopted, where the 

different management treatments were randomly allocated to one of the four 

meadows selected in a given region, such that each meadow represented one 

given management regime. One advantage of such a pragmatic approach, 

compared to many observational and correlative studies, is the ability to 

20 Chapter One



 

 

 disentangle the effects of our management regimes from other parameters that 

could influence the results, such as environmental variables or abiotic conditions. 

Conclusions drawn from such an experimental framework could be considered as 

extremely reliable and could therefore be extrapolated to a larger scale. Moreover, 

the potential functional problems of implementation that the farmers could 

encounter with these novel management regimes could be assessed directly, 

because the farmers were required to apply these measures by themselves. These 

treatments were applied during three years (2010 to 2012), to evaluate direct 

(after the mow) and cumulative, carry-over (from one year to the next) effects. 

The different taxonomic groups investigated are presented in the overview below. 

In order to facilitate the future application of these measures on a wide scale, 

the gap between science and policy had to be bridged. A pluri-disciplinary group of 

experts was created at the beginning of the project to build a catalogue of 

pragmatic evidence-based management recommendations for effective public 

actions (Sutherland et al. 2004; Arlettaz et al. 2010; Caudron, Vigier & 

Champigneulle 2012). Representatives of the local and national environment and 

agriculture offices were invited to join.  

 

1.6 Overview of the thesis 

 

The second chapter scans the extant literature on the effects of delaying mowing 

on biodiversity in European meadows. A systematic review approach combined 

with a meta-analysis was selected to provide an objective and clear assessment of 

the impact of mowing with respect to the time of the year. Effects on plant species 

richness, invertebrate species richness and invertebrate abundance were 

synthesized. Several gaps in knowledge were identified, which will partly be filled 

by the results of this PhD study. 

In the third chapter, the impact on orthopterans of the different 

management regimes described above was investigated. Orthoptera are a major 

component of ecological communities and food chains of grassland. The relatively 

large body size of some species renders them vulnerable to mowing; they could 

thus benefit from extensified meadow management (Humbert et al. 2010).  

In the fourth chapter, the impact of our management regimes was studied 

on solitary bees and bumblebees. The homogeneization of floral resources present 

in farmland strongly affects wild bees. Numerous AES are designed to boost these 
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 profitable pollinators, for instance wild flower strips, but the role that grassland 

could have in their promotion is understudied. Recommendations for an 

appropriate meadow management could therefore constitute a valuable 

complement to the existing schemes and policies.  

 The last, fifth chapter describes, via mid-term (three years) experiments, 

the effect of our management regimes on two taxonomic groups considered as 

highly appropriate for studying grassland biodiversity: Auchenorrhyncha and 

Araneae. The first group presents a broad range of species ranging from generalist 

species, quite resilient to management regime and disturbance, to species with 

high requirements regarding food resources and sensitive to disturbance level 

(Nickel 2003). Consequently this group is considered as an excellent bioindicator 

for evaluating the effects of mowing regimes. The second group, Araneae, could 

provide a valuable ecosystem service because all species are exclusively predators 

and thus play a crucial role in the control of pest species (Bell, Wheater & Cullen 

2001).  

 These chapters are followed by a general discussion that will summarize the 

outcomes of the different chapters and draw on perspectives for further research 

needed and recommendations for stakeholders. 
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 2.1 Abstract 

1. Background 

Meadows are regularly mown in order to provide fodder or litter for 

livestock and to prevent vegetation succession. However, the time of year 

at which meadows should be first mown in order to maximize biological 

diversity remains controversial and may vary with respect to context and 

focal taxa. We carried out a meta-analysis on the effects of delaying the 

first mowing date upon plants and invertebrates in European 

meadowlands. 

2. Methods 

We followed the review methodology of the Collaboration for 

Environmental Evidence partnership. ISI Web of Science, Science Direct, 

JSTOR, Google and Google Scholar were searched. We recorded all studies 

that compared the species richness of plants, or the species richness or 

abundance of invertebrates, between grassland plots mown at a 

postponed date (treatment) vs plots mown earlier (control). In order to be 

included in the meta-analysis, compared plots had to be similar in all 

management respects, except the date of the first cut that was (mostly 

experimentally) manipulated. They were also to be located in the same 

meadow type. Meta-analyses applying Hedges’d statistic were performed. 

3. Results 

Plant species richness reacted differently with respect to the date to which 

mowing was postponed. Delaying mowing from spring to summer had a 

positive effect, while delaying either from spring to fall, or from early 

summer to later in the season had a negative effect. Invertebrates were 

expected to show a strong response to delayed mowing due to their 

dependence on sward structure, but only species richness showed a clearly 

significant positive response. Invertebrate abundance was positively 

influenced in only a few studies.  

4. Conclusions 

The present meta-analysis shows that in general delaying the first mowing 

date in European meadowlands has either positive or neutral effects on 

plant and invertebrate biodiversity. Overall, there was also strong 

between-study heterogeneity, pointing to other major confounding factors, 

the elucidation of which requires further field experiments with both larger 
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 sample sizes and a distinction between taxon-specific and meadow-type-

specific responses.  

Keywords: cutting; grassland; restoration; systematic review
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 2.2 Background 

 

Farmland biodiversity has been dramatically affected by the green revolution [1] 

and concern about its decline already emerged in the late 1960s [2]. Concern 

has amplified during the past decade [e.g. 3, 4-7] as it is now recognized that 

farmland biodiversity plays a major role in many agroecosystem processes, such 

as grassland productivity, crop pollination, pest control and soil fertility [e.g. 8, 

9-12]. As a response, most countries have implemented agri-environment 

schemes (AES), in which farmers are subsidised to modify their farming practice 

to provide environmental benefits. AES mostly aim at protecting and restoring 

farmland biodiversity [13, 14]. They are voluntary programmes in which farmers 

usually receive direct payments for providing services that go beyond 

conventional agricultural practices, such as management of semi-natural 

habitats. Currently, about 30% of European farmland is under some sort of agri-

environmental contract [15]. 

 Low input (extensively managed) hay and litter meadows are among the 

most commonly implemented agri-environmental measures [13, 16]. The most 

important management action on these grasslands is mowing. Mowing 

vegetation at least once a year has a positive effect on vascular plant species 

richness, especially when cuttings are removed [17, 18]. However, since it has 

been demonstrated that early-summer mowing often has a detrimental effect on 

species richness of flowering plants, as it hampers completion of the reproductive 

cycle [17], later mowing is generally found to be more favourable for vascular 

plant biodiversity [19, 20].  

 Annual mowing has a contrasting effect on invertebrates [21, 22]. 

Although detrimental to many insects in the short term [23-28], mowing has a 

largely positive long term effect because it prevents the growth of bushes and 

trees and thus maintains semi-natural grasslands that are beneficial to a large 

number of heliophilous and thermophilous species [29]. It has also been 

suggested that delaying the date of first mowing could be positive for a multitude 

of invertebrates, including butterflies, spiders, grasshoppers and ground beetles 

that depend on various vegetation structures [30-35]. For vertebrates, the 

situation is different: mowing renders food resources suddenly available (e.g. 

insects and rodents) that were previously hidden in the sward. Foragers may 

congregate towards these rich, although ephemeral food supplies [36, 37]. On 
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 the other hand, ground-breeding birds are likely to be heavily penalised by early 

mowing [e.g. 38].  

 While most AES have the clear objective of restoring biodiversity and 

ecosystem services [13, 14, 39], they often bind farmers to threshold dates for 

agricultural operations. The date of the first mowing of meadows is usually 

defined as a trade-off between expected agricultural yield and supposed effects 

on wildlife. Given that this first mowing date is the most easily changed 

management practice [7, 31], it is the most likely to provide environmental 

benefits at little economical cost. Using a meta-analytical framework, we studied 

the currently available scientific literature about the pros and cons for 

biodiversity of delaying mowing in farmed European meadowland; we also 

identified major gaps in knowledge related to this theme. The synthesis will be 

useful to both agro-ecologists and policy-makers involved in farmland 

management. 

 

2.3 Methods 

 

We followed the review methodology of the Collaboration for Environmental 

Evidence partnership [40, 41]. 

 

2.3.1 Search strategy 

The following web databases were searched for relevant documents: ISI Web of 

Science, Science Direct, JSTOR, Google (100 first hits), Google Scholar (100 first 

hits). Searches were conducted in English, French and German using translations 

of the following logical search string: (mowing OR cutting) AND (meadow OR 

grassland) AND (biodiversity OR richness). The term "Europe" was not included 

in the search keywords as stated in the Review Protocol [41], because European 

studies that do not mention the term Europe may have been missed. Studies 

originating from extra European regions were excluded from the analyses. Any 

apparently relevant citations or links were followed one step away from the 

original hit. In addition, national and international experts on the subject were 

asked for any relevant literature and unpublished data. 
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 2.3.2 Study inclusion criteria  

All references retrieved from the web search (367) were scanned at the title, 

abstract and full text filter level by a first reviewer. From the 367 initial 

references, 200 (randomly selected) were rescanned by a second reviewer in 

order to check for inclusion consistency. The following inclusion criteria were 

used: 

• Relevant subjects: semi-natural grasslands that are mown annually, including 

conventionally managed grasslands, AES meadows, hay or litter meadows. 

• Types of intervention: first mowing date delayed (treatment). 

• Types of comparator: comparison with similar meadows or plots that are first 

mown on an earlier date (control). Treatment and control plots must be similar in 

all management respects, except the date of the first cut, and must be located in 

the same habitat type.  

• Types of outcome: species richness and/or abundance.  

Inclusion consistency was checked with kappa statistics, and agreement between 

the reviewers was satisfactory (k = 0.81) [42]. 

 

2.3.3 Data extraction 

Some studies reported more than one treatment (two or more delayed cuts) or 

more than one type of measurable outcome (e.g. species richness and 

abundance, or different taxonomic groups such as plants and invertebrates). In 

these cases, all comparisons were recorded as independent data points, and this 

is why there are more data points (units of analysis) than references [43, 44] 

(Fig. 1; Table 1). 

The following information was extracted from the studies for each data 

point: (1) taxon, (2) species richness or abundance, (3) standard deviation, (4) 

sample size, (5) study duration in years, (6) plot size of vegetation relevés or 

sampling methodology for invertebrates, (7) ordinal days of the early cut and (8) 

delayed cut, and finally (9) meadow type, classified as dry, mesophilous or wet. 

Additional potential sources of heterogeneity were also extracted such as 

fertilizer application, number of cuts per year, grazing activity, and 

biogeographical region where the study was carried out. Diversity indexes such 

as the Shannon index were recorded when present, but did not lead to sufficient 

data points for a meta-analysis (MA). 
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  Taxa were plants, invertebrates or a specific group of invertebrates. 

Standard deviations (SD) were usually retrieved from standard errors (SE) or 

variances. If no estimate of variance was provided, we requested it from the 

original authors. If original authors could not provide SD, or sample size was 

equal to one (i.e. no variance), the corresponding study was included only in the 

unweighted analyses (see statistical analysis section below). The ordinal days 

(day 1 = January 1st) of the early cut (control) and delayed cut (treatment) were 

used to calculate the number of days between the two mowing regimes. If the 

exact date of the early or delayed cut was unknown, but only the month was 

given, then the 15th of the month was used for calculations. If the terms “early” 

or “late” in a given month were mentioned, then the 7th or 24th, respectively, of 

that corresponding month were used.  

 Delaying cutting is often studied within a broader context of agricultural 

extensification for biodiversity, including reduced number of mowing events, 

changes in fertilizer inputs and/or type of fertilizer, oversowing, etc. Studies of 

cases in which delaying mowing occurred in the presence of such confounding 

factors could not be included in the MA as the effect of delaying the first cut 

cannot be separated from these other confounding factors [e.g. 32].  

 

2.3.4 Statistical analysis 

Meta-analyses were conducted on three groups of studies according to their 

measurable outcomes: 1) plant species richness; 2) invertebrate species 

richness; 3) invertebrate abundances. Studies on plant species richness lasted 

between two and 40 years, and if multiple time-points were available along the 

time series, only the data for the last year (longest time period) were considered. 

Studies on invertebrates were usually shorter, mostly three to four years, and 

due to a high inter-annual variation, these studies often reported biodiversity 

responses averaged across the years. Here we used these reported average 

values.  

The Hedges’d statistic was used to estimate effect size, Hedges’d equalling 

to the standardized mean difference between delayed and early cuts [45]: 

  
  ̅   ̅  

 
  

Where  ̅  and  ̅  are the means of the delayed and early cut outcomes,   is their 

pooled standard deviation, while the term   corrects for small sample bias [46]. It 

was calculated using the function escalc of the R package metafor [47]. 
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 Random- and mixed-effects models (mixed-effects models are random-

effects models with covariates) were chosen as it is now common practice for 

this kind of analysis [46]. Under random- and mixed-effects models, the true 

effect size, i.e. the effect size as if there were no sampling errors, can vary from 

study to study, but usually do so under a normal distribution [48, 49]. Here the 

Q test and I2 statistic were used to assess heterogeneity between studies. The Q 

test is the test of significance, and the I2 statistic estimates how much of the 

total variability in the mean effect size (composed of heterogeneity and sampling 

error) can be attributed to heterogeneity among the true effect size [47, 49]. 

First, the null model was generated. Then all univariate models including 

the following moderators were tested: ordinal day, time lapse (in days) between 

the early and the delayed cuts, study duration (in years), meadow type and plot 

size of the vegetation relevés. Multivariate models (various combinations of the 

above mentioned variables) were also explored. Further subgroup analyses were 

conducted to investigate the influence of key moderators separately. Models 

were ranked based on their AIC values (Akaike Information Criterion) and on the 

level of significance of the estimates [50]. Permutation tests were not always 

possible due to an insufficient number of data points, which limits the number of 

possible iterations. Therefore test statistics of the effect sizes and corresponding 

confidence intervals (CIs) referred to the normal distribution (Z test). Publication 

bias was assessed using funnel plots, by applying a regression test for funnel plot 

asymmetry [45, 47].  

 In addition to the proper weighted meta-analyses, unweighted meta-

analyses were performed using the response ratio as effect size. Response ratio 

(lr) is equal to the natural logarithm of the ratio of the delayed on the early cut 

date [45]. Note that this way a positive value means a positive effect of delaying 

mowing. 

     ( ̅  ̅ ⁄ ) 

Although less powerful than proper-weighted meta-analyses, this approach 

allows the inclusion of studies that did not report SD or where sample size was 

one, i.e. studies for which no Hedges’d could be calculated. Bootstrapping was 

used to calculate 95% confidence intervals (CI); if CI overlapped zero, the effect 

size was considered to be non significant. All statistics were performed using R 

version 2.13.0 [51]. 
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 2.4 Results and discussion  

 

367 references were retrieved from the web search; using these as a database, 

the influence on biodiversity of delaying the first mowing date could be 

investigated in 27 articles that matched inclusion criteria (Fig. 1). Subsequently, 

twelve references were excluded due to duplication or unsuitable data for an MA. 

Duplication happened when it was obvious that two studies based on the same 

experimental set up were looking at the same metric while either addressing 

different questions or considering different times. For example, the studies [52] 

and [53] investigated the impact of different mowing regimes on plant species 

richness in the same experimental set up, same plots, but one after 15 years, 

and the other after 22 years of management, respectively. In such cases, only 

the latest study (longest duration) was included in the MA. Nine additional 

studies were found in bibliography sections of the selected papers or obtained 

after contacting experts, which makes a total of 24 suitable studies submitted to 

the present MA (Fig. 1). In some studies more than one delayed cut or more 

than one invertebrate group were investigated, resulting in a total of 55 data 

points (Table 1). From these 55 data points, 35 deal with plant species richness, 

ten with invertebrate species richness, and ten with invertebrate abundance. In 

eleven cases (nine for plant species richness, one for invertebrate species 

richness and one for invertebrate abundance), the study did not reported SD, or 

sample size equalled one. Consequently, these data points could only be included 

in the MA assessing response ratio. Two suitable studies on seed shed and seed 

bank were also found, but not included because their very specific focus was too 

marginal with respect to our main research question [20, 54]. An additional file 

shows the included data points in more detail [see Additional file 1]. 

 Postponing the first mowing date is a widespread agri-environmental 

measure in Europe, though it is usually coupled with other measures such as 

reduction of fertilizer applications. This makes sense from an agronomical point 

of view since postponing mowing must be accompanied by reduced hay 

productivity in order to avoid over-mature grass laying on the ground and/or 

mouldering at the time of mowing. It would then be difficult to separate the 

effects of postponing mowing from the effect of fertilizer reduction. Therefore, 

most of the studies included in the present MA concern extensively managed 

grasslands with no fertilizer application and a single cut per year. 
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2.4.1 Effects on plant species richness 

Results based on the response ratio qualitatively converged with the Hedges’d 

estimates. Therefore, only the results of the weighted meta-analysis based on 

the Hedges’d are presented below due to their superior explanatory power. An 

additional file shows the results of the unweighted meta-analysis based on the 

response ratio [see Additional file 3]. 

  In the null model, no overall significant effect of delaying the first mowing 

date was found as regards plant species richness (mean Hedges’d = 0.017 with 

95% CI -0.237 – 0.2716, z = 0.134, P = 0.882, Fig. 2). However, heterogeneity 

between studies was significant (Q = 56.88, d.f. = 25, P < 0.001, I2 = 54%), 

indicating that the true effect size does vary from one study to the next. With 

study duration (in years) included in the model as a moderator, no significant 

influence of that moderator on the effect size was discerned (slope = 0.016 with 

95% CI -0.019 – 0.051, z = 0.878 P = 0.380, Fig. 3a). 

 In further univariate models, a significant negative influence of the date of 

the early cut (control) was established (slope = -0.015 with 95% CI -0.025 – -

0.005, z = -2.878, P = 0.004, Fig. 3b). This means that the earlier the cut in the 

year, the more pronounced the effect on biodiversity of delaying the first cut. On 

the other hand, when the early cut occurred late in the season (July to August), 

delaying it had no, or even a negative, effect on plant species richness. Between 

studies heterogeneity was significant (Q = 43.12, d.f. = 24, P = 0.010), 

indicating again that other moderators may also influence the effect sizes. On the 

contrary, the date of the delayed cut did not significantly influence the effect size 

(slope = -0.007 with 95% CI -0.013 – 0.001, z = -1.805, P = 0.071), although it 

did explain some of the heterogeneity. 

In order to further investigate this issue and to evaluate the extent to 

which heterogeneity can be explained by variation in this moderator (first 

mowing date), two subset MAs were conducted. The first included only the data 

points with an early cut in spring (before July 1) associated with a delayed cut in 

summer (July to September); the second included all other combinations of early 

and delayed cuts (spring to fall, early summer to late summer and summer to 

fall, but excluded one early spring to late spring study [55]). In the first case, 

mean Hedges’d became significantly positive (mean Hedges’d = 0.388 with 95% 

CI 0.092 – 0.684, z = 2.569, P = 0.010, Fig. 2b). Between studies heterogeneity 
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 was significant (Q = 24.88, d.f. = 14, P = 0.036), while I2 (40%) was not. In the 

second case, mean Hedges’d became significantly negative (mean Hedges’d = -

0.504 with 95% CI -0.763 – -0.246, z = -3.828, P < 0.001, Fig. 2c). 

Heterogeneity was not significant (Q = 4.56, d.f. = 9, P = 0.871), indicating that 

these latter studies provided consistent results. 

Note that none of the models including one or more moderators (study 

duration, mowing date, time interval between mowings, habitat type, and plot 

size of the vegetation relevés) performed better that the null model according to 

AIC values [Additional file 4]. In addition, no asymmetry was detected in any 

funnel plots, which rules out any publication bias effect [Additional file 2]. 

 

2.4.2 Effects on invertebrate species richness 

A significant positive effect of delaying the first mowing date on invertebrate 

species richness was found (mean Hedges’d = 0.511 with 95% CI 0.129 – 0.893, 

z = 2.6217, P = 0.009, Fig. 4). Heterogeneity was not significant (Q = 14.97, 

d.f. = 8, P = 0.060). No significant influence was found concerning the number 

of years during which a study was carried out (slope = 0.154 with 95% CI -0.074 

to 0.382, z = 0.117, P = 0.186). No models including a moderator performed 

better that the null model according to AIC values [Additional file 4]. No 

asymmetry was detected in funnel plots [Additional file 2]. 

 

2.4.3 Effects on invertebrate abundance 

Delaying the first mowing date was found to have no significant effect on 

invertebrate abundance (mean Hedges’d = -0.053 with 95% CI -0.889 – 0.783, 

z = -0.1249, P = 0.901, Fig. 5). However, the resulting Q-Q plot was not 

satisfactory, while the funnel plot showed a significant asymmetry in the 

distribution of the data points due to the two outlying studies of Morris [56, 57]. 

Excluding Morris’s studies from the analysis resulted in model assumptions and 

funnel plot becoming satisfactory, with a significant positive effect of delaying the 

first mowing date (mean Hedges’d = 0.533 with 95% CI 0.222 – 0.844, z = 

3.3564, P = 0.001, Fig. 5a), even in the absence of heterogeneity (Q = 6.59, d.f. 

= 6, P = 0.360). The apparent generality of this result must be treated with 

caution, however, as it is based on only two independent experiments. Model 

ranking accounting for all studies, including Morris’s studies, showed that the 

model that included the dates of both early and delayed mowing had a lower AIC 
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 value, with a negative effect for early mowing (slope = -2.130 with 95% CI -

3.017 – -1.241, z = -4.6989, P < 0.001) and a positive effect of delayed mowing 

(slope = 5.607 with 95% CI 3.283 – 7.930, z = 4.730, P < 0.001) [see 

Additional file 4]. This means that effect size is greater the earlier the first 

mowing and later the delayed mowing. The influence of study duration was not 

investigated because all study durations were either 3 or 4 years. 

 

2.4.4 Limitations of available information 

The main limitation of this systematic review is the low number of data points 

stemming from an even lower number of studies (Table 1), which precluded 

investigations on specific invertebrate taxa, and on the influence of several 

moderators. As a consequence, only the main general effects of postponing 

mowing could be clearly investigated. Moreover, in the MA there was great 

heterogeneity in plant species richness, indicating that other factors 

(moderators) than delaying the first mowing probably influence the effect size. 

While the date of the first mowing was found to be an important factor, study 

duration was not (Fig. 3). It was also expected that heterogeneity would be 

influenced by the great variety of meadow types involved. However, no analyses 

could be conducted on this factor due to the highly unbalanced distribution of the 

habitats among the data points (n = 36 mesophilous meadows; 16 wet 

meadows; 3 dry meadows). Moreover, from the sixteen wet meadow data points, 

nine could not be included in the weighted MA. Additional management factors 

such as fertilizer application, occurrence of a second cut, seed oversowing, and 

autumn grazing would also influence the effect size, but they could not be 

investigated for the same reasons. Note that the most common management 

practice (42 data points out of 55) was no fertilizer application, no grazing and a 

single cut per year. 

 Study design could also play a role. While most studies were experimental, 

three used a purely observational approach [31, 58, 59]. Experimental 

frameworks also differed greatly in sample sizes, plot sizes and sampling 

methodologies, which additionally affect the probability of detecting changes. 

Publication bias was not apparent from the funnel plots; however, some 

biogeographical bias might be present as most studies originated from the UK 

[see Additional file 1]. 
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 2.5 Conclusions 

 

The present study shows that, overall, delaying the first mowing date in 

European meadows has either positive or neutral effects on plant and 

invertebrate biodiversity. Our MA also provides evidence for a sheer between-

study heterogeneity, emphasizing that factors other than mowing date might 

play an important role, a topic which deserves further investigations. These 

findings have particular relevance to all agri-environment schemes (AES) where 

the date of first mowing is strictly regulated. They are also important for the 

management of low input meadows, where delaying mowing may improve and 

secure primary production. It is known that primary productivity in more diverse 

plant communities is more stable and resilient to disturbances [60]. In addition 

to agricultural grasslands, open nature reserves are often mown [e.g. 61, 62]. 

When conservation is the primary goal of such management, the first possible 

mowing date should be considered carefully.  

 Plant species richness reacted differently according to the way mowing was 

postponed. Delaying mowing from spring to summer had a positive effect, while 

delaying either from spring to fall, or from early summer to late summer, or from 

summer to fall had a negative effect (Fig. 2). The time interval between two 

mowing events was expected to have a greater positive impact the longer the 

time interval between cuts, though the time interval, in fact, appeared to be not 

significant.  

 Invertebrates were expected to show an even stronger response to 

delayed mowing than plants, due to their heavy dependence on vegetation 

structure [33, 63, 64] and high susceptibility to mechanized harvesting 

processes [65]. However, only invertebrate species richness showed a clear 

overall significant positive response (Fig. 4), while no effect was detected on 

invertebrate abundance. It was only after removing two studies [56, 57] 

contradicting basic MA assumptions that delaying the first mowing date was 

found to have a positive effect on invertebrate abundance (Fig. 5). 

 The types of meadow considered in this review – both from a 

phytosociological viewpoint (e.g. Arrhenatherion, Mesobromion, Filipendulion or 

Caricion) and a functional perspective (e.g. hay or litter meadow) – are also 

believed to interact with the effects of delaying mowing. Unfortunately, the 

variety of meadow types across studies yielded an insufficiently balanced sample 
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 to enable investigation of the influence of that moderator. For the same reason, 

we had to renounce analysing specific invertebrate taxa, notwithstanding that 

responses are also expected to vary with respect to taxa body size, mobility, and 

life history traits [27, 61, 66, 67]. 

Extensification of grassland management practices is known to positively 

affect general plant and invertebrate biodiversity [e.g. 32, 68, 69], which is 

confirmed by this MA. However, contrary to some other studies [e.g. 70], we 

could not evidence any conservation conflicts between our two main focal taxa 

(plants and invertebrates), when some practices benefit one taxon to the 

detriment of the other. 

 

2.5.1 Evidence of effectiveness and management recommendations 

This review confirms that postponing of mowing from spring (May-June) to 

summer (July-September) is appropriate to promote plant and invertebrate 

diversity. In contrast, postponing mowing from spring to fall (October-

November) or from early summer (July) to late summer or fall should be avoided 

as it will have a negative impact on the vegetation. Invertebrates might still 

benefit from it but these two postponing schemes could not be differentiated due 

to a too small sample size. Regarding wet and litter meadows, a late cut 

(September or later) is usually recommended [71], but unfortunately we are not 

in a position to confirm this recommendation, in the absence of habitat specific 

analyses. 

 When postponing mowing cannot be done at the field scale, leaving uncut 

grass areas within the cultivated landscape matrix can be an alternative solution 

to favour plants and animals [see also 72, 73-75]. At the landscape scale, 

creating a mosaic of different mowing regimes will increase species diversity, as 

there is no single appropriate mowing time that suits all organisms [33, 53, 76]. 

In addition to the date of first mowing, a low annual cutting frequency also 

promotes wild plants [77] and invertebrates [78, 79]. There was no single study 

on birds that complied with our selection criteria. In effect, none of the studies 

consisted of field experiments, accounting for potential confounding factors. 

However, all studies on ground-nesting birds recommend postponing mowing 

until after fledglings have left the nests [e.g. 80, 81-84]. These management 

recommendations do not apply everywhere and must be related to the socio-

economic context. For example, in highly fertilized systems (high intensity 
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 management) biodiversity is generally too low for these measures to have 

positive effects [e.g. 85]. 

 

2.5.2 Further research 

Our review focuses solely on the general effect of delaying the first mowing date 

upon plant and invertebrate species richness as well as invertebrate abundance. 

Some general trends could be extracted from the scientific literature, but there is 

still considerable uncertainty concerning the estimated effect sizes, since the 

influence of several moderators has barely been investigated. Altogether, 

invertebrates were far less documented than plants, with only seven studies of 

the impact of delaying mowing on species richness and/or abundance, and even 

these showed a major geographical bias (six studies from the UK and one from 

Finland). Clearly this is not sufficient to get the full picture: further long-term, 

experimental investigations of target taxonomic groups and species regarding 

responses to mowing regimes are needed. This lack of invertebrate studies is 

true not only for mowing but also for all factors that may influence grassland 

invertebrates, such as grazing, habitat fragmentation and management intensity 

[86]. Only experimental work can disentangle the effects of various, often 

concommitant management practices (e.g. mowing date and fertilizer 

application). Additionally, landscape characteristics are known to influence 

communities of plants and animals within farmland, and should therefore be 

accounted for in any attempt to model the effects of management practices on 

those communities [87].  
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Figure 1. Flow diagram reporting the number of records identified, excluded and 

added during the literature research process. 
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Figure 2. Forest plot showing the effect of delaying the first mowing date on 

plant species richness. The Forest plot is divided in three sections according to 

postponing schedule: a) study that delayed the first cut from early spring to late 

spring, b) studies that delayed the first cut from spring (May-June) to summer 

(July-August-September), and c) studies that delayed the first cut from spring to 

fall, early summer to late summer or summer to fall. Effect sizes are Hedges’d, 

i.e. the standardized mean differences between delayed and early cuts. The 

squares and bars represent the mean values and 95% confidence intervals of the 

effect sizes, while the size of the squares reflects the weight of the studies. The 

combined effects (sub-summary and summary) appear as diamonds and the 

vertical dashed line represents the line of no effect.  
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Figure 3. Standardized mean differences (Hedges’d) of the effect of delaying the 

first mowing date on plant species richness as a function of a) study duration (in 

years), or b) the date of the early cut (control plot). The size of the dots reflects 

the weight of the study.
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Additional file 1: Detailed information on each data point, including 

weighted and unweighted effect sizes

Source (reference) Journal

Months of early 

cut-delayed cut

1 Beltman et al. 2003 Bull. Geobota. Inst. ETH May-July

2 Bissels et al. 2004 Appl. Veg. Sci. June-Sept

3 Bobbink and Willems 1991, exp. 1 Biol. Conserv. June-Aug

4 Bobbink and Willems 1991, exp. 1 Biol. Conserv. June-Nov

5 Bobbink and Willems 1991, exp. 1 Biol. Conserv. Aug-Nov

6 Bobbink and Willems 1991, exp. 2 Biol. Conserv. Aug-Nov

7 Cop et al. 2009 Grass Forage Sci. earlyJune-lateJune

8 Fenner and Palmer 1998 Field Studies June-Aug

9 Hegland et al. 2001 J. Appl. Ecol. lateJune-lateJuly

10 Hellström et al. 2006 Anna. Bot. Fennici June-Aug

11 Kirkham and Tallowin 1995 Grass Forage Sci. May-July

12 Kirkham and Tallowin 1995 Grass Forage Sci. May-Aug

13 Kirkham and Tallowin 1995 Grass Forage Sci. May-Sept

14 Kirkham and Tallowin 1995 Grass Forage Sci. July-Aug

15 Kirkham and Tallowin 1995 Grass Forage Sci. July-Sept

16 Kirkham and Tallowin 1995 Grass Forage Sci. Aug-Sept

17 Köhler et al. 2005 Perspect. Plant Ecol. Evol. Syst. July-Oct

18 Marriott et al. 2003 Grass Forage Sci. June-Oct

19 Parr and Way 1988 J. Appl. Ecol. June-July

20 Smith et al. 1996b Grass Forage Sci. June-July

21 Smith et al. 1996b Grass Forage Sci. June-Sept

22 Smith et al. 1996b Grass Forage Sci. July-Sept

23 Smith et al. 2000 J. Appl. Ecol. June-July

24 Smith et al. 2000 J. Appl. Ecol. June-Sept

25 Smith et al. 2000 J. Appl. Ecol. July-Sept

26 Woodcock et al. 2007 J. Appl. Ecol. May-July

27 Bakker et al. 2002 Appl. Veg. Sci. July-Sept

28 Oomes and Mooi 1981 Vegetatio May-June

29 Oomes and Mooi 1981 Vegetatio May-Aug

30 Oomes and Mooi 1981 Vegetatio May-Sept

31 Oomes and Mooi 1981 Vegetatio June-Aug

32 Oomes and Mooi 1981 Vegetatio June-Sept

33 Oomes and Mooi 1981 Vegetatio Aug-Sept

34 Oomes and Mooi 1981 Vegetatio MaySept-JuneSept

35 Selinger-Looten and Muller 2001 Rev. Ecol (Terre Vie) earlyJune-lateJune

36 Blake et al. 2011 Agric. Ecosyst. Environ. May-July

37 Fenner and Palmer 1998 Field Studies June-Aug

38 Morris 1979 J. Appl. Ecol. May-July

39 Morris 1981 J. Appl. Ecol. May-July

40 Potts et al. 2009 J. Appl. Ecol. May-July

41 Potts et al. 2009 J. Appl. Ecol. May-July

42 Valtonen et al. 2006 Anim. Bio. Conserv. July-Aug

43 Valtonen et al. 2006 Anim. Bio. Conserv. July-Aug

44 Woodcock et al. 2007 J. Appl. Ecol. May-July

45 Morris and Rispin 1987 J. Appl. Ecol. May-July

46 Blake et al. 2011 Agric. Ecosyst. Environ. May-July

47 Morris 1979 J. Appl. Ecol. May-July

48 Morris 1981 J. Appl. Ecol. May-July

49 Potts et al. 2009 J. Appl. Ecol. May-July

50 Potts et al. 2009 J. Appl. Ecol. May-July

51 Potts et al. 2009 J. Appl. Ecol. May-July

52 Valtonen et al. 2006 Anim. Bio. Conserv. July-Aug

53 Valtonen et al. 2006 Anim. Bio. Conserv. July-Aug

54 Woodcock et al. 2007 J. Appl. Ecol. May-July

55 Morris and Rispin 1987 J. Appl. Ecol. May-July

continued
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Additional file 1 (continued)

* Plot size, only for vegetation relevés

Country Taxa

Outcome

metric Habitat

Plot size

[m
2
]*

1 Ireland Plants sp. richness meso 1

2 Germany Plants sp. richness wet 1

3 Netherlands Plants sp. richness meso 0.25

4 Netherlands Plants sp. richness meso 0.25

5 Netherlands Plants sp. richness meso 0.25

6 Netherlands Plants sp. richness meso 0.0625

7 Slovenia Plants sp. richness wet 0.49

8 UK Plants sp. richness meso 0.25

9 Netherland Plants sp. richness dry 4

10 Finland Plants sp. richness dry 0.25

11 UK Plants sp. richness wet 0.25

12 UK Plants sp. richness wet 0.25

13 UK Plants sp. richness wet 0.25

14 UK Plants sp. richness wet 0.25

15 UK Plants sp. richness wet 0.25

16 UK Plants sp. richness wet 0.25

17 Switzerland Plants sp. richness meso 36

18 UK, Scotland Plants sp. richness meso 0.25

19 UK Plants sp. richness meso 0.0225

20 UK Plants sp. richness meso 1

21 UK Plants sp. richness meso 1

22 UK Plants sp. richness meso 1

23 UK Plants sp. richness meso 4

24 UK Plants sp. richness meso 4

25 UK Plants sp. richness meso 4

26 UK Plants sp. richness meso 1

27 Netherlands Plants sp. richness meso 4

28 Netherlands Plants sp. richness wet 2

29 Netherlands Plants sp. richness wet 2

30 Netherlands Plants sp. richness wet 2

31 Netherlands Plants sp. richness wet 2

32 Netherlands Plants sp. richness wet 2

33 Netherlands Plants sp. richness wet 2

34 Netherlands Plants sp. richness wet 2

35 France Plants sp. richness wet 0.0625

36 UK Auchenorrhyncha sp. richness meso NA

37 UK Invertebrates sp. richness meso NA

38 UK Heteroptera sp. richness meso NA

39 UK Auchenorhyncha sp. richness meso NA

40 UK Bumblebees sp. richness meso NA

41 UK Butterflies sp. richness meso NA

42 Finland Butterflies sp. richness meso NA

43 Finland Diurnal.moths sp. richness meso NA

44 UK Beetles sp. richness meso NA

45 UK Coleoptera sp. richness meso NA

46 UK Auchenorrhyncha abundance meso NA

47 UK Heteroptera abundance meso NA

48 UK Auchenorhyncha abundance meso NA

49 UK Bumblebees abundance meso NA

50 UK Butterflies abundance meso NA

51 UK Butterfly.larvae abundance meso NA

52 Finland Butterflies abundance meso NA

53 Finland Diurnal.moths abundance meso NA

54 UK Beetles abundance meso NA

55 UK Coleoptera abundance meso NA

continued
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Additional file 1 (continued)

Early cut

(control)

Delayed cut

(treatment)

Nb. of days

between Control Treatment

1 135 196 61 4 4

2 166 258 92 9 8

3 175 219 44 8 8

4 175 311 136 8 8

5 219 311 92 8 8

6 219 311 92 2 2

7 156 176 20 16 16

8 166 227 61 3 3

9 179 204 25 9 3

10 166 227 61 10 10

11 144 192 48 6 6

12 144 217 73 6 6

13 144 245 101 6 6

14 192 217 25 6 6

15 192 245 53 6 6

16 217 245 28 6 6

17 196 288 92 6 6

18 154 276 122 24 24

19 169 198 29 8 8

20 165 202 37 18 18

21 165 244 79 18 18

22 202 244 42 18 18

23 165 202 37 36 36

24 165 244 79 36 36

25 202 244 42 36 36

26 135 196 61 12 12

27 196 258 62 1 1

28 135 166 31 4 4

29 135 227 92 4 4

30 135 258 123 4 4

31 166 227 61 4 4

32 166 258 92 4 4

33 227 258 31 4 4

34 135 166 31 4 4

35 158 175 17 1 1

36 135 196 61 12 12

37 166 227 61 3 3

38 142 198 56 4 4

39 142 198 56 4 4

40 135 196 61 12 12

41 135 196 61 12 12

42 190 217 27 18 18

43 190 217 27 18 18

44 135 196 61 12 12

45 142 198 56 4 4

46 135 196 61 12 12

47 142 198 56 4 4

48 142 198 56 4 4

49 135 196 61 12 12

50 135 196 61 12 12

51 135 196 61 12 12

52 190 217 27 18 18

53 190 217 27 18 18

54 135 196 61 12 12

55 142 198 56 4 4

continued

day of the first cut Sample size

Ordinal
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Additional file 1 (continued)

Study duration

in year SD provided Hedges'd

Response

ratio

Variance of

Hedges'd

1 11 Yes -0.5398 -0.0817 0.5182

2 20 Yes 0.7387 0.1523 0.2522

3 2 Yes -0.0321 -0.0056 0.2500

4 2 Yes -0.4815 -0.0938 0.2572

5 2 Yes -0.4950 -0.0882 0.2577

6 4 Yes -1.9021 -0.6838 1.4522

7 6 Yes -0.7695 -0.1509 0.1343

8 13 Yes 1.6436 0.2247 0.8918

9 40 Yes 0.4789 0.1429 0.4540

10 5 Yes 0.5555 0.1767 0.2077

11 2 Yes 1.6316 0.1194 0.4443

12 2 Yes 1.8181 0.1322 0.4711

13 2 Yes 1.3182 0.0800 0.4057

14 2 Yes 0.1612 0.0128 0.3344

15 2 Yes -0.5594 -0.0393 0.3464

16 2 Yes -0.7459 -0.0521 0.3565

17 22 Yes 0.0272 0.0037 0.3334

18 6 Yes -0.3585 -0.1594 0.0847

19 11 Yes 0.3302 0.0392 0.2534

20 4 Yes 0.2229 0.0287 0.1118

21 4 Yes -0.3794 -0.0600 0.1131

22 4 Yes -0.5555 -0.0887 0.1154

23 8 Yes 0.6062 0.1532 0.0581

24 8 Yes -0.0597 -0.0128 0.0556

25 8 Yes -0.6920 -0.1661 0.0589

26 3 Yes 0.0397 0.0121 0.1667

27 25 No NA 0.0741 NA

28 7 No NA 0.0000 NA

29 7 No NA -0.0370 NA

30 7 No NA -0.0370 NA

31 7 No NA -0.0370 NA

32 7 No NA -0.0370 NA

33 7 No NA 0.0000 NA

34 7 No NA -0.0561 NA

35 5 No NA -0.0445 NA

36 3 Yes 0.0769 0.0188 0.1668

37 13 Yes 1.5481 0.1823 0.8664

38 3 Yes -1.4870 -0.2651 0.6382

39 3 Yes -0.2598 -0.0198 0.5042

40 4 Yes 0.3114 0.6217 0.1687

41 4 Yes 1.4059 1.1507 0.2078

42 NA Yes 0.5539 0.2036 0.1154

43 NA Yes 0.8208 0.2573 0.1205

44 3 Yes 0.7430 0.1159 0.1782

45 2 No NA -0.0721 NA

46 3 Yes -0.5986 -0.2631 0.1741

47 3 Yes -3.1328 -1.2231 1.1134

48 3 Yes -3.6746 -0.8692 1.3439

49 4 Yes 0.6201 2.9832 0.1747

50 4 Yes 0.2931 0.7309 0.1685

51 4 Yes 0.7318 0.5729 0.1778

52 NA Yes 0.9912 0.5616 0.1248

53 NA Yes 0.9095 0.5058 0.1226

54 3 Yes 0.6619 0.2269 0.1758

55 2 No NA -0.3185 NA

Effect sizes
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 Additional file 2: Funnel plots of the meta-analyses 

 

Effects of delaying the first mowing date on plant species richness 

Funnel plot 1: Refers to all studies of the Forest plot Fig. 2 of the article. The 

study effect sizes (Hedges’d) are plotted as a function of their standard errors. 
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 Funnel plot 2: Refers to the studies that delayed the first cut from spring (May-

June) to summer (July-August-September) of the Forest plot Fig. 2b of the 

article. 
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 Funnel plot 3: Refers to the studies that delayed the first cut from spring to fall, 

early summer to late summer or summer to fall of the Forest plot Fig. 2c of the 

article. 
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 Effects on invertebrate species richness 

Funnel plot 4: Refers to all studies of the Forest plot Fig. 4 of the article. 
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 Effects on invertebrate abundance 

Funnel plot 5: Refers to all studies of the Forest plot Fig. 5 of the article. 
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 Funnel plot 6: Refers to all studies of the Forest plot Fig. 5a of the article. 
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 Additional file 3: Results of the unweigthed meta-analyses 

 

In addition to the proper weighted meta-analyses (see main text), unweighted 

meta-analyses were performed using the response ratio as effect size. Response 

ratio (lr) is equal to the natural logarithm of the ratio of the delayed on the early 

cut date (Gurevitch et al. 2001). Note that this way a positive value means a 

positive effect of delaying mowing. 

     ( ̅  ̅ ⁄ ) 

Although less powerful than proper-weighted meta-analyses, this approach 

allows the inclusion of studies that did not reported SD or where sample size was 

one, i.e. studies for which no Hedges’d could be calculated. In our case it allowed 

the inclusion of nine extra studies on plants species richness and one extra study 

on invertebrate (Coleoptera) species richness and abundance (see Table 1 main 

text for references). All studies were given the same weight and bootstrapping 

was used to calculate 95% confidence intervals (CI); if CI overlapped zero, the 

mean effect size was considered non significant. The original effect sizes (lr) of 

each study are provided in the “Additional file 1”. 
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 Effects of delaying the first mowing date on plant species richness 

 

No overall significant effect of delaying the first mowing date on plant species 

richness was found (mean lr = 0.017 with 95% CI -0.070 – 0.028, Fig. 1). 

 

Figure 1. Histogram of the 10’000 boostraps (samples with replacement) for 

plant species richness, including all postponing schedule. Number of study 

included = 35. Mean effect size (lr) = -0.017 (red line on the figure), median = -

0.015, and 95% CI = -0.070 – 0.028. 

 

When including only the studies with an early cut in spring (before July 1) 

associated with a delayed cut in summer (July to September), mean lr became 

significantly positive (mean lr = 0.050 with 95% CI 0.010 – 0.091, Fig. 2). When 

including only the studies with all other combinations of early and delayed cuts 

(spring to fall, early summer to late summer and summer to fall, but excluding 
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 one early spring to late spring study (Cop et al. 2009)), mean lr became 

significantly negative (mean lr = 0.092 with 95% CI -0.190 – -0.026, Fig. 3). 

 

 

Figure 2. Histogram of the 10’000 boostraps (samples with replacement) for 

plant species richness, including only studies with an early cut in spring (May or 

June) associated with a delayed cut in summer (July to September). Number of 

study included = 19. Mean effect size (lr) = 0.050 (red line on the figure), 

median = 0.050, and 95% CI = 0.010 – 0.091. 
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Figure 3. Histogram of the 10’000 boostraps (samples with replacement) for 

plant species richness, including only studies with spring to fall delayed cuts, 

early summer to late summer delayed cuts, and summer to fall delayed cuts 

(excluding spring to summer cuts). Number of study included = 15. Mean effect 

size (lr) = 0.092 (red line on the figure), median = -0.087, and 95% CI = -0.190 

– -0.026. 
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 Effects on invertebrate species richness 

 

A significant positive effect of delaying the first mowing date on invertebrate 

species richness was found (mean lr = 0.222 with 95% CI 0.010 – 0.486, Fig. 4). 

 

Figure 4. Histogram of the 10’000 boostraps (samples with replacement) for 

invertebrate species richness. Number of study included = 10. Mean effect size 

(lr) = 0.222 (red line on the figure), median = 0.216, and 95% CI = 0.010 – 

0.486. 
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 Effects on invertebrate abundance 

 

No significant effect of delaying the first mowing date on invertebrate abundance 

was found (mean lr = 0.072 with 95% CI -0.352 – 0.446, Fig. 5). For 

comparison with the weighted meta-analysis, excluding Morris’s studies from the 

analysis also led to significant positive effect of delaying the first mowing date on 

invertebrate abundance (mean lr = 0.352 with 95% CI 0.082 – 0.582, Fig. 6). 

 

Figure 5. Histogram of the 10’000 boostraps (samples with replacement) for 

invertebrate abundance. Number of study included = 10. Mean effect size (lr) = 

0.072 (red line on the figure), median = 0.082, and 95% CI = -0.352 – 0.446. 
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 3.1 Abstract 
Semi-natural grasslands are widely recognized for their high ecological value. 

They often count among the most species-rich habitats, especially in traditional 

cultural landscapes. Maintaining and/or restoring them is a top priority, but 

nevertheless represents a real conservation challenge, especially regarding their 

invertebrate assemblages. The main goal of this study was to experimentally 

investigate the influence of four different mowing regimes on orthopteran 

communities and populations: (1) control meadow (C-meadow): mowing regime 

according to the Swiss regulations for extensively managed meadows declared as 

ecological compensation areas, i.e. first cut not before 15 June; (2) first cut not 

before 15 July (delayed treatment, D-meadow); (3) first cut not before 15 June 

and second cut not earlier than 8 weeks from the first cut (8W-meadow); (4) 

refuges left uncut on 10-20% of the meadow area (R-meadow). Data were 

collected two years after the introduction of these mowing treatments. 

Orthopteran densities from spring to early summer were five times higher in D-

meadows, compared to C-meadows. In R-meadows, densities were, on average, 

twice as high as in C-meadows, while mean species richness was 23% higher in 

R-meadows than in C-meadows. Provided that farmers were given the 

appropriate financial incentives, the D- and R-meadow regimes could be 

relatively easy to implement within agri-environment schemes. Such meadows 

could deliver substantial benefits for functional biodiversity, including sustenance 

to many secondary consumers dependent on field invertebrates as staple food. 

 

Keywords: Biodiversity; Bush cricket; Conservation; Cutting; Grasshopper; 

Haying 
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 3.2 Introduction 
 

Extensively managed grasslands are among the most species-rich habitats of the 

Palaearctic, typifying its characteristic cultural landscapes. These low input 

grasslands are considered of high natural value, inhabited as they are by many 

threatened plant and animal taxa (Veen et al., 2009). Biodiversity-rich 

grasslands have suffered dramatically from the green revolution: they have been 

systematically converted into arable lands, improved (i.e. intensified), or simply 

abandoned (Poschlod and WallisDeVries, 2002; Torok et al., 2011). Grassland 

intensification interventions include an increase of fertilizer input, application of 

pesticides, and reseeding, all of which results in increased grass production, 

enabling earlier and more frequent cuts, or higher grazing intensity. 

Concurrently, mechanization improved, field sizes expanded, and farming 

practices temporally and spatially simplified the matrix, leading to a massive 

homogenization of the agricultural landscape (Robinson and Sutherland, 2002). 

Most changes linked to farming intensification negatively impact grassland 

biodiversity, by eliminating plant, invertebrate and vertebrate populations (e.g. 

Wilson et al., 1999; Vickery et al., 2001; Marini et al., 2008; Wesche et al., 

2012). To counteract this, many European countries have implemented targeted 

grassland agri-environment schemes (AES). Despite these incentives for more 

environmentally friendly management practices, such as reduced, or no fertilizer 

application, these conservation schemes have so far had only limited success 

(e.g. Kleijn et al., 2006; Knop et al., 2006; Aviron et al., 2009). 

Mowing is a common practice in extensively managed grasslands and is 

considered to be one of the most efficient management options to fulfil the needs 

of the field flora (Grime, 2001; Schaffers, 2002). Thus, it is not surprising that 

the influence of mowing on plant communities has been intensively studied by 

conservation biologists and restoration ecologists (e.g. Bakker et al., 2002; Cop 

et al., 2009; Torok et al., 2011; Valko et al., 2012). In comparison, the influence 

of mowing on field invertebrates as received relatively little research attention 

(Littlewood et al., 2012). It is only recently that the impact of the regime and 

technique of mowing on invertebrates has been properly quantified (Humbert et 

al., 2009; Humbert et al., 2012b). 
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 In 2010, we launched an ambitious research programme with a double 

objective: 1) to better appraise the influence of different mowing regimes on 

invertebrates, and 2) to propose management measures that can be easily 

implemented by farmers. A multidisciplinary group of experts was created at the 

beginning of the programme, which included, among others, representatives of 

local and national environment and agriculture offices. This early collaboration 

was intended to overcome the conventional gap that exists between science, 

policy and practice, by building, from the outset, a catalogue of pragmatic 

evidence-based management measures for effective public actions (Sutherland 

et al., 2004; Arlettaz et al., 2010; Braunisch et al., 2012; Caudron et al., 2012). 

The research programme took place on the Swiss Plateau in extensively 

managed meadows, declared as ecological compensation areas (ECA) by the 

Swiss AES (Swiss Federal Council, 1998). We focused on ECA meadows because 

they currently are, among the Swiss lowland grasslands, those that harbour the 

less impoverished biodiversity.  

Orthopterans were selected as a model taxon because they are key 

components of food chains within grasslands; principally herbivores, they 

represent an important food source for many predators, such as insectivorous 

vertebrates (Arlettaz et al., 1997; Wilson et al., 1999; Baur et al., 2006). In 

addition, orthopterans are considered to be good indicators of grassland 

ecosystem health as they readily respond to management intensification, which 

negatively affects species richness and population density (Van Wingerden et al., 

1992; Marini et al., 2008). 

The aim of this paper was to study how the different investigated mowing 

regimes affect orthopteran species richness and population sizes. The standard 

regulation for lowland ECA meadows stipulates a first cut not before 15 June. 

This practice is the most widely implemented AES option throughout Switzerland, 

covering 6.3% of the agricultural area (OFAG, 2012); it served as a control 

baseline in our experiments. It must be clear, however, that this measure is 

already considered to be an active management strategy aimed at promoting 

biodiversity in farmland. The following three management treatments were 

derived from the basic prescriptions of these control meadows. The first 

experimental mowing treatment stipulated delaying the first cut by one month. 

While the influence of delayed mowing on field invertebrates has been shown to 

90 Chapter Three



 

 

 be neutral or positive (reviewed in Humbert et al. (2012b)), its effects have never 

been specifically investigated on orthopterans. Predictions are thus not so easy 

to formulate. On the one hand, delaying mowing from 15 June to 15 July might 

have positive effects because it might give time to some orthopterans to 

reproduce before any mowing intervention. On the other hand, a summer cut 

may negatively impact the demography of larger organisms (including 

orthopterans) that typically have a longer developmental stage, i.e. a later 

phenology, compared to smaller organisms (Humbert et al., 2010b). The second 

experimental treatment limited the number of cuts to two per year, with a 

minimum of eight weeks in between. It has been established that reducing or 

limiting the number of cuts per year favours invertebrates (Helden and Leather, 

2004; Marini et al., 2008), although it remains unclear if limiting the number of 

cuts to two provides better biodiversity outcomes than mowing regimes with 

non-prescribed number and frequency of cuts. The third experimental mowing 

treatment stipulated that each time the meadow was mown, an uncut grass area 

had to be left as a refuge. We hypothesized that this treatment would have a 

pronounced positive effect through basically two mechanisms: first, leaving 

uncut areas mitigate the directly negative mechanical impact of the harvesting 

process (Humbert et al., 2012a); second, uncut grass will enhance orthopteran 

fitness by providing continuity of shelter and food resources, which suddenly 

disappears over the area of the meadow which has been mown (Gardiner and 

Hassall, 2009). 

The present study addresses these different issues through field-scale 

experiments, in which treatments consisted in specific targeted mowing regimes 

by farmers, with a given treatment being randomly attributed to a meadow. The 

major advantage of such an experimental approach, over a traditional 

correlational study, is that it better accounts for confounding factors, such as the 

influence of surrounding landscape features or the fact that AES are 

systematically applied in more marginal, i.e. less optimal agricultural land, 

thereby enabling firm, evidence-based recommendations to be drawn for 

meadowland management. 
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 3.3 Material and methods 
 

3.3.1 Study sites 

In 2010, 48 extensively managed hay meadows, registered as ECA since at least 

2004 were selected in 12 study regions (with 4 meadows per region) across the 

Swiss Plateau (in the cantons of Vaud, Fribourg, Neuchâtel, Bern, Aargau and 

Basel-Landschaft; see Appendix A for exact coordinates). The meadows were 

situated between 390 and 833 m altitude. The four meadows in a single region 

were all located within 3.5 km radius, but were separated by a minimal distance 

of 440 m. The regions themselves were at least 5 km distant from each other 

(border to border). The average size of a meadow was 0.8 ha (range: 0.3 – 1.7 

ha).  

 

3.3.2 Experimental design 

A randomized block design was adopted, where different management regimes 

were applied within each region, the latter representing the blocks, such that 

treatment replicates were across the regions, thus ensuring data independence. 

Within each region, the following management patterns (with abbreviations), 

consisting of different mowing regimes, were randomly assigned to the four 

meadows: 

(1) Extensively managed meadow with first cut not before 15 June, but with 

no restriction on the number and frequency of subsequent cuts (standards 

for ECA meadows according to Swiss regulations). These meadows 

constitute our baseline and are henceforth called control meadows (C-

meadows) although they actually represented a specific management 

targeting biodiversity. 

(2) Extensively managed meadow with first cut not before 15 July, with again 

no restriction on the number and frequency of subsequent cuts (D-

meadow, with D for delayed). 

(3) Extensively managed meadow with a maximum of two cuts per year and 

at least 8 weeks between the cuts, with first cut not before 15 June (8W-

meadow, with 8W for eight weeks). 

(4) Extensively managed meadow with a rotational uncut refuge on 10–20% 

of the meadow area, meaning that a corresponding proportion of the area 
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 is left uncut each time the meadow is mown, with the location of the 

refuge being changed from time to time to avoid vegetation succession; 

otherwise first cut not before 15 June (R-meadows, with R for refuge). 

Other management constraints included no fertilizer or pesticide application as 

well as grazing allowed only between 1 September and 30 November as specified 

in the present ECA regulations (Swiss Federal Council, 1998). The experiment 

started in spring 2010, with the random assignment of the different mowing 

regimes to the meadows; orthopterans were sampled in 2012. 

 

3.3.3 Orthopteran sampling 

The density of orthopterans (number of individuals per m2) was measured using 

a biocenometer made of a net fastened around a strong circular wire so as to 

provide a total capture area of exactly 1 m2. This technique is equivalent to the 1 

m2 box quadrat approved sampling methodology described by Badenhausser et 

al. (2009), except that our device was circular. The biocenometer was thrown 

into the field, and all trapped orthopterans belonging to the super families 

Tettigonioidea and Acridoidea (juveniles and adults) were recorded visually. 

Orthopteran density was measured five times between 20 May and 17 August: 

twice before any mowing intervention; once at the end of June – beginning of 

July, when C-meadows, 8W-meadows and R-meadows had been mown, but not 

D-meadows; and twice after 25 July when all meadows had been mown at least 

once. Sampling took place on sunny days between 9 am and 6 pm. In each 

meadow, 16 x 1 m2 samples were regularly taken across the meadow, along 2-4 

(depending on meadow shape) parallel transects at a distance of 10 m, but 

excluding a 10 m buffer zone around the meadow border in order to minimize 

edge effects (Knop et al., 2006). In R-meadows, during the last three sampling 

sessions, eight extra samples were taken from the uncut area of a meadow, in 

addition to the 16 samples collected in the mown area outside the refuges. 

The mean orthopteran density per meadow was calculated over the 16 

samples. However, the initial developmental stages (< 1 cm body length) were 

not included in the datasets because the detectability of early nymphs may vary 

between cut and uncut meadows. Adult orthopterans were identified to species 

level while juveniles (nymphs) were simply classified into their sub-order 

(Caelifera or Ensifera). In order to obtain a full picture of orthopteran species 
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 richness, two persons proficient at orthopteran identification carried out a 15 min 

qualitative visual and acoustic survey in each meadow during the three summer 

sampling sessions (3rd, 4th and 5th session). Species richness was then calculated 

as the addition of species found with the biocenometer and during the visual 

surveys. 

 

3.3.4 Statistical analysis 

Effects of mowing regimes were analyzed with generalized linear mixed models. 

Response variables were orthopteran density and species richness; they were 

analyzed with either Poisson (density) or Gaussian (species richness) error 

distribution. Fixed effects were the four mowing regimes (C, D, 8W and R) and, 

when necessary, the sampling sessions, while regions (12 spatial replicates) 

were considered as a random effect. 

Density analyses were performed with three linear models, using three 

seasonal datasets that regrouped sampling sessions (first model: sessions 1 and 

2; second model; session 3; third model: sessions 4 and 5). In order to better 

appraise the influence of the mowing regime on the reproductive segment of the 

orthopteran populations, the same statistical analyses were then performed on 

adult density only, i.e. discarding nymphs. As species from the suborder Ensifera 

are, on average, larger than species from the suborder Caelifera, and given that 

these two suborders differ in terms of mobility and ecology (Reinhardt et al., 

2005), separate models on each suborder were run. We also investigated 

variation in species-specific responses, but only focusing on the most abundant 

ones. Finally, linear models were run with data from R-meadows only, testing 

whether, within these meadows, density in the uncut refuges differed from 

density in the cut area.  

In order to asses to which extent mowing regimes differed in their effects, 

planned orthogonal comparisons were additionally conducted by removing the 

control, or the control and D-treatment from the dataset. Model assumptions 

were checked and met for each analysis. All statistics were performed using R 

version 2.15.3 (R Core Team, 2013). 
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 3.4 Results 
 

3.4.1 Mowing regimes 

C-meadows (control) and 8W-meadows (8 weeks treatment) had very similar 

management regimes: they were both cut on average 1.9 ± 0.5 (mean 2010-

2012 ± standard deviation) times per year, with the first cut occurring on 

average on 22 June, and the second cut (if present) taking place at the end of 

August (see Table 1 for all cutting dates per year per treatment). R-meadows 

(refuge treatment) were cut on average 2.1 (± 0.4) times per year, with the first 

cut occurring on average on 21 June and the second cut on 19 August. D-

meadows (delayed treatment) were cut on average 1.6 (± 0.6) times a year, 

with the first cut occurring on average on 23 July and the second cut on 13 

September. In spring 2012, one D-meadow was unfortunately lost through 

conversion into a gravel-pit extraction site. 

 

3.4.2 Orthopteran density 

Mean orthopteran densities varied from 0.6 to 16 individuals per m2 and were 

clearly influenced by mowing regimes (Fig. 1a). Before mowing (first and second 

sampling sessions), mean orthopteran density was significantly higher in D-

meadows (mean ± standard error, SE, = 11.93 ± 3.34) and R-meadows (4.86 ± 

1.10) than in C-meadows (2.33 ± 0.6) and 8W-meadows (3.30 ± 0.75; all P < 

0.001, except for R-meadows vs 8W-meadows P = 0.002; see Table 2a for 

detailed model outputs). There were also significantly more orthopterans in D-

meadows than in R-meadows (P < 0.001), while 8W-meadows and C-meadows 

did not differ from each other (P = 0.086). During the third sampling session 

(i.e. after all meadows except D-meadows had been cut), orthopteran density 

was significantly higher in D-meadows (14.38 ± 3.20) compared to C-meadows 

(1.63 ± 0.76; P < 0.001), whereas densities in 8W-meadows (1.43 ± 0.39), R-

meadows (1.80 ± 0.37) and C-meadows did not differ from each other. During 

the fourth and fifth sampling sessions, i.e. after all meadows had been cut, there 

were significantly fewer orthopterans per m2 in D-meadows (0.89 ± 0.15) than in 

C-meadows (2.51 ± 0.66; P < 0.001), whilst densities in 8W-meadows (1.99 ± 

0.42), R-meadows (2.31 ± 0.44) and C-meadows did not differ from each other 

(Table 2a).  
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 When restricting the analysis to adult orthopterans, too few adult specimens 

were available from the first and second sampling sessions for any statistical 

testing (Fig 1b). During the third sampling session, there were significantly more 

adults in D-meadows (3.56 ± 1.97) than in C-meadows (0.19 ± 0.08; P < 0.001; 

Table 2b). Densities in 8W-meadows (0.24 ± 0.08), R-meadows (0.30 ± 0.10) 

and C-meadows did not differ. During the last two sampling sessions, there were 

significantly fewer adults per m2 in the D-meadows (0.61 ± 0.12) compared to 

C-meadows (1.20 ± 0.56; P = 0.015). Densities in 8W-meadows (1.04 ± 0.36), 

R-meadows (1.29 ± 0.31) and C-meadows did not differ.  

Analyses on Caelifera and Caelifera adults only (Fig. 1c and 1d; Table 2c and 

2d) showed exactly the same responses as overall orthopterans, i.e. the same 

statistical differences between regimes appeared. Analyses on Ensifera and 

Ensifera adults only (Fig. 1e and 1f; Table 2e and 2f) showed responses that 

were broadly the same, but not all comparisons were significant (at P = 0.05 

level). For example, no differences were found among regimes in sessions four 

and five. Note that Ensifera were at relatively low densities compared to 

Caelifera, which limited power in the analyses of the former taxon. 

The even more restricted analyses of species-specific responses to mowing 

regimes retained the following seven dominant species (number of meadows out 

of 47 harbouring the species): Chorthippus parallelus (47), Chorthippus 

biguttulus (46), Metrioptera roeselii (41), Mecostethus parapleurus (28), 

Tettigonia viridissima (25), Chorthippus brunneus (23), Gomphocerippus rufus 

(15). Analyses were limited to sampling sessions three, four and five; because 

nymphs recorded in sampling sessions one and two were not identified to species 

level. Species-specific responses showed the same trends as with all 

orthopterans pooled, but significant differences were detected only for C. 

parallelus: during the third sampling session, the density in D-meadows was 

significantly higher than in C-meadows, 8W-meadows and R-meadows (P < 

0.001 for all tests).  

After the first cut (samples from the third, fourth and fifth sessions), densities 

of orthopterans differed between uncut and cut areas within R-meadows (Fig. 

2a). While density inside uncut grass refuges (9.44 ± 3.00) was significantly 

higher compared to density outside them (1.80 ± 0.38; P < 0.001, Table 3a) 

during the third sampling session, the difference vanished during the fourth 
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 sampling session (mean ± SE density inside and outside refuge was 4.83 ± 1.24 

and 3.11 ± 0.69, respectively), reappearing only during the fifth sampling 

session, with density inside uncut grass refuges being higher (2.68 ± 0.68) than 

outside refuges (1.11 ± 0.34; P = 0.012; Table 3a). The same significant 

differences appeared when analysing Caelifera only, but no differences were 

detected when analysing Ensifera only (Fig. 2b and 2c; Table 3b and 3c). 

 

3.4.3 Orthopteran species richness 

Overall, 22 orthopteran species were recorded, of which six are red listed 

(Appendix A). Average (± SE) number of species per meadow was 6.38 ± 0.26 

(Fig. 3). There were significantly more species in R-meadows (7.42 ± 0.56) than 

in C-meadows (5.75 ± 0.49; P = 0.018) and D-meadows (6.00 ± 0.50; P = 

0.048), but not than in 8W-meadows (6.33 ± 0.47; P = 0.142; Table 4a). 

Species richness in C-meadows, D-meadows and 8W-meadows did not differ 

significantly. Additional analyses on species richness of Caelifera and Ensifera 

separated showed similar trends, but significant differences were detected only 

for Ensifera with more species in R-meadows (2.67 ± 0.43) than in C-meadows 

(1.58 ± 0.23; P =0.022; Table 4b and 4c; figures not shown). 

 

3.5 Discussion 
 

This study shows that relatively slight changes in grassland management 

practices, such as delaying mowing or leaving uncut grass refuges, can make a 

significant difference for biodiversity. Compared to our control meadows (C-

meadows; first cut not before 15 June, no grass refuge left), orthopteran density 

in the spring and early summer two years after the introduction of these 

alternative management measures were, on average, five times higher in 

meadows in which mowing was delayed by a month (D-meadows), and twice as 

high in meadows where an uncut refuge was maintained during mowing 

operations (R-meadows). Furthermore, we were able to show that, after just two 

years of this targeted management, leaving uncut grass refuges also promotes 

species richness among orthopterans. Delaying mowing, or leaving small patches 

of the grassland area uncut does not require extra work by farmers and would 

thus be readily implementable in extant agri-environment schemes (AES). The 
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 different experimental mowing regimes were readily implemented by the 

farmers, suggesting that these could be well-accepted measures providing 

financial compensation were made available for the reduction in hay production 

and nutritive value (Cop et al., 2009). 

These findings provide clear advice not only for improving biodiversity in 

extensively managed meadows or field margins under AES (e.g. Kleijn et al., 

2006; Badenhausser and Cordeau, 2012), but also for the management of high 

natural value grasslands beyond AES, buffer zones of wetland nature reserves, 

river and canal embankments, and road verges (Noordijk et al., 2009; Veen et 

al., 2009). By providing additional resources to upper trophic levels, all these 

measures will contribute to re-instating integral, functional food chains within 

modern agro-ecosystems.  

 

3.5.1 Impact of mowing regimes on orthopteran density 

A first major outcome of our experimental manipulation of mowing regimes is 

the demonstration of a so-called “cumulative” effect, namely that measures 

implemented in 2010 and 2011 had carried-over effects discernable in 2012. In 

fact, we observed tremendously increased densities of orthopterans on the first 

two sampling sessions in 2012, i.e. in spring prior to any mowing operation. A 

five times higher orthopteran density in spring 2012 in D-meadows, compared to 

baseline control C-meadows, means that massively increased egg production 

took place the previous year, due either to a larger number of reproducers 

and/or to a higher individual reproductive success (Grant et al., 1993). 

Definitely, delaying the first possible cut until 15 July (D-meadows) allowed 

many more orthopterans to reach adulthood and to reproduce, thanks to both 

continuous food supply and no mortality induced by the mowing operation itself 

before the first cut (68-82% mortality according to Humbert et al., 2010a). In 

fact, in D-meadows during the third sampling session (ca 4 July) there were 3.6 

adults orthopteran per m2 which is more than what was recorded at any other 

time of the season, and more than in any other mowing regimes. Delaying the 

first cut to 15 July in turn led to delaying the second cut to mid-September, 

when reproduction is over for most orthopterans (Baur et al., 2006), while it 

additionally contributed to fewer mean number of cuts per year in that 

treatment. The positive effect of the uncut grass refuge principally results from 
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 the same mechanisms as for delaying mowing. An earlier experiment has 

established that leaving 10% of the area of a meadow uncut can reduce 

orthopteran mortality by 30-35% (Humbert et al., 2012a). 

Later in the season (at the fourth and fifth sampling sessions), when all 

mowing operations are finished, any observed differences among mowing 

regimes mirror the combined immediate and cumulative effects of the various 

mowing patterns. D-meadows had significantly lower densities than the other 

mowing regimes, which contrasts with the mass densities they harboured until 

mid summer, but values in all regimes were extremely low compared to the 

situation from spring to midsummer. This dramatic decrease to a few 

orthopterans per m2 we observed confirms the overall severe negative impact of 

mowing on orthopterans (Humbert et al., 2010a). 

Within R-meadows, orthopteran density remained spatially heterogeneous for 

a while after the first cut. If a high density in the uncut refuge just after mowing 

is not surprising (Müller and Bosshard, 2010; Humbert et al., 2012a), a 

discernable effect until two weeks (ca 4 July) after mowing was reported for the 

first time. Uncut refuges thus not only enable orthopterans to avoid being 

mechanically eliminated by mowing, but they also provide shelter and food 

resources until the re-colonisation of the mown fraction of the meadow is again 

possible (see also Gardiner et al., 2002).  

A second important outcome is that both suborders, Caelifera and Ensifera, 

responded in the same way to the mowing regimes, i.e. they were both more 

abundant in the D- and R-treatments, and inside the uncut refuge area, showing 

that even if they have some different ecological requirements, these 

management measures can favour both suborders. Data were limited regarding 

species-specific conclusions, and only C. parallelus was sufficiently abundant and 

widespread to detect a positive effect of D-treatment on its population. 

Nevertheless, the impact of mowing regime on orthopteran density depends on 

the identity and environmental requirements of the dominant species, which 

were in this study mainly generalists (Reinhardt et al., 2005). 

Finally, the observation that orthopteran communities and population sizes did 

not differ between the 8W-meadows and the C-meadows is due to unexpectedly 

very similar mowing practices in these two regimes: actually, the average 

number of weeks between the first and second cut was 9.7 weeks in 8W-
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 meadows and 9.4 weeks in C-meadows, demonstrating that such a mowing 

prescription is meaningless.  

 

3.5.2 Impact of mowing regimes on orthopteran species richness 

There were, on average, 23% more species (n = 7.4) in R-meadows compared 

to C-meadows (n = 5.8), while the other two treatments did not increase species 

numbers. Knop et al. (2006) already found significantly more orthopteran 

species in Swiss extensively managed ECA hay meadows compared to 

conventionally managed, improved meadows. Here we demonstrate that, among 

extensively managed ECA hay meadows, species richness can be further 

increased if uncut grass refuges are left uncut when mowing. Leaving uncut 

areas increases local-scale habitat and sward heterogeneity, offering a broad 

palette of ecological niches that boost invertebrate diversity including 

orthopterans (Guido and Gianelle, 2001). Ensifera benefitted more than Caelifera 

from the measure (see also Braschler et al., 2009), which is easily explained by a 

general preference of the former for denser, more structured habitats (Baur et 

al., 2006).  

 

3.5.3 Conclusions and management recommendations 

This study provides strong evidence that, among extensively managed hay 

meadows, delaying the first mowing date from early to mid summer boosts 

orthopteran density, while leaving uncut grass refuges is an efficient measure 

favouring orthopteran species diversity and abundance. While landscape factors 

must be considered in agri-environmental conservation planning for most 

components of farmland biodiversity, this research suggests that specific 

conservation and restoration action for orthopterans inhabiting meadowland can 

be achieved by simple measures implemented at the field scale (see also 

Poniatowski and Fartmann, 2010). 

We recognize that these outcomes are not totally new. Delayed, and in 

particular partial or rotational mowing have already been recommended, not only 

for orthopterans (e.g. Guido and Gianelle, 2001; Marini et al., 2008; Braschler et 

al., 2009; Gardiner and Hassall, 2009; Müller and Bosshard, 2010; Humbert et 

al., 2012a), but also for several other grassland invertebrates that are sensitive 

to mechanized mowing, such as butterflies (both larvae and adults), bees and 
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 spiders (e.g. Buri et al. 2013 in prep; Baines et al., 1998; Dover et al., 2010; 

Humbert et al., 2010b; Cizek et al., 2012). This study, however, is the first that 

actually proves positive, immediate and cumulative (over three years) effects of 

such measures on an essential component of grassland food chains. Although it 

remains to be experimentally established to what extent other taxa of the upper 

trophic levels benefit from these measures, it is likely that an increased 

abundance of orthopterans will have positive effects on agro-ecosystem 

functioning and food web integrity given that this taxon constitutes a staple 

commodity for a great variety of insectivorous predators (e.g. Arlettaz et al., 

1997; Vickery et al., 2001; Kovacs-Hostyanszki et al., 2011). We also stress that 

the exact responses of orthopterans to the different mowing regimes might 

depend on the weather conditions of the previous and current years which, in 

turn, influence the phenological development of the species (Thorens, 1993; 

Gardiner and Hassall, 2009). In Switzerland, 2011 was the hottest year since the 

climatic records began in 1864, and it was also rather dry. Spring 2012 was 

relatively hot and sunny too, which may have advanced orthopteran 

development, while June and July were cooler and wetter than usual.  

Based on our principal findings, we formulate the following recommendations 

for improving agri-environmental measures, within the Swiss scheme and 

beyond. A fraction of extensively managed meadows should have their earliest 

possible mowing date postponed until mid summer (ca 15 July), while another 

fraction of these extensive meadows should maintain, including over winter, an 

uncut grass refuge on typically 10-20% of the grassland area (see also Schmidt 

et al., 2008). If implemented in concert across the matrix, these two measures 

are likely to produce additional positive effects through the increase of spatial 

habitat heterogeneity at the landscape scale (Benton et al., 2003). We believe 

that these rather simple measures could pave the way toward more efficient AES 

and sustainable agricultural management in the future. 
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 Table 2. Effect of mowing regimes on orthopteran densities (individuals m-2). 

Table refers to, and follows the same layout as Fig. 1. Density analyses were 

performed with generalized linear mixed models, using three seasonal datasets 

that regrouped sampling sessions (first model: sessions 1 and 2; second model; 

session 3; third model: sessions 4 and 5). Parameter estimates (differences 

between expected mean densities on log scale) are given for the paired regime 

comparisons and significant contrasts are highlighted in bold. Abbreviations are: 

(C) C-meadows: control meadows with first cut not before 15 June; (D) D-

meadows: mowing delayed by a month, i.e. after 15 July; (8W) 8W-meadows: as 

C-meadows, but minimum of 8 weeks between first and second cut; (R) R-

meadows: as C-meadows, but uncut refuge left over 10-20% of meadow area. 

 

Model (sampling sess.) 
and comparison 

(a) All       (b) Adults only   
Estimate SE P(>|z|)   Estimate SE P(>|z|) 

Model 1 (sess. 1 & 2) 
       D vs. C 1.547 0.141 <0.001 

 
- - - 

8W vs. C 0.288 0.168 0.086 
 

- - - 
R vs. C 0.719 0.155 <0.001 

 
- - - 

8W vs. D -1.270 0.126 <0.001 
 

- - - 
R vs. D -0.839 0.108 <0.001 

 
- - - 

R vs. 8W 0.431 0.142 0.002 
 

- - - 
Model 2 (sess. 3) 

       D vs. C 2.178 0.243 <0.001 
 

2.984 0.703 <0.001 
8W vs. C -0.130 0.332 0.696 

 
0.267 0.901 0.767 

R vs. C 0.103 0.313 0.741 
 

0.477 0.863 0.581 
8W vs. D -2.320 0.258 <0.001 

 
-2.733 0.625 <0.001 

R vs. D -2.087 0.233 <0.001 
 

-2.522 0.569 <0.001 
R vs. 8W 0.233 0.326 0.474 

 
0.210 0.785 0.789 

Model 3 (sess. 4 & 5) 
       D vs. C -1.104 0.268 <0.001 

 
-0.804 0.332 0.015 

8W vs. C -0.228 0.197 0.248 
 

-0.160 0.266 0.546 
R vs. C -0.139 0.193 0.471 

 
-0.037 0.257 0.887 

8W vs. D 0.852 0.277 0.002 
 

0.618 0.337 0.067 
R vs. D 0.940 0.274 0.001 

 
0.742 0.331 0.025 

R vs. 8W 0.089 0.205 0.664 
 

0.124 0.268 0.644 
                

Continued 
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 (continued) 

 (c) Caelifera only  (d) Caelifera adults only 
  Estimate SE P(>|z|)   Estimate SE P(>|z|) 
Model 1 (sess. 1 & 2) 

       D vs. C 1.603 0.154 <0.001 
 

- - - 
8W vs. C 0.359 0.181 0.058 

 
- - - 

R vs. C 0.789 0.168 <0.001 
 

- - - 
8W vs. D -1.255 0.134 <0.001 

 
- - - 

R vs. D -0.826 0.115 <0.001 
 

- - - 
R vs. 8W 0.430 0.150 0.004 

 
- - - 

Model 2 (sess. 3) 
       D vs. C 2.125 0.246 <0.001 

 
2.906 0.738 0.000 

8W vs. C -0.151 0.337 0.653 
 

0.141 0.972 0.885 
R vs. C 0.102 0.316 0.746 

 
0.455 0.909 0.617 

8W vs. D -2.289 0.264 <0.001 
 

-2.782 0.697 0.000 
R vs. D -2.035 0.236 <0.001 

 
-2.468 0.605 <0.001 

R vs. 8W 0.254 0.331 0.443 
 

0.314 0.854 0.713 
Model 3 (sess. 4 & 5) 

       D vs. C -1.128 0.272 <0.001 
 

-0.834 0.339 0.014 
8W vs. C -0.216 0.198 0.275 

 
-0.139 0.268 0.605 

R vs. C -0.157 0.195 0.419 
 

-0.066 0.263 0.802 
8W vs. D 0.888 0.281 0.002 

 
0.669 0.344 0.052 

R vs. D 0.947 0.279 0.001 
 

0.742 0.340 0.029 
R vs. 8W 0.059 0.206 0.775 

 
0.073 0.272 0.789 

                

 (e) Ensifera only  (f) Ensifera adults only 
  Estimate SE P(>|z|)   Estimate SE P(>|z|) 
Model 1 (sess. 1 & 2) 

       D vs. C 1.237 0.360 0.001 
 

- - - 
8W vs. C -0.163 0.464 0.725 

 
- - - 

R vs. C 0.273 0.417 0.513 
 

- - - 
8W vs. D -1.405 0.385 <0.001 

 
- - - 

R vs. D -0.969 0.327 0.003 
 

- - - 
R vs. 8W 0.436 0.432 0.314 

 
- - - 

Model 2 (sess. 3) 
       D vs. C 3.476 1.660 0.036 

 
3.582 2.344 0.127 

8W vs. C 0.606 2.030 0.765 
 

1.099 2.667 0.680 
R vs. C 0.154 2.225 0.945 

 
0.693 2.829 0.806 

8W vs. D -2.870 1.243 0.021 
 

-2.483 1.393 0.075 
R vs. D -3.322 1.541 0.031 

 
-2.888 1.682 0.086 

R vs. 8W -0.452 1.934 0.815 
 

-0.406 2.108 0.848 
Model 3 (sess. 4 & 5) 

       D vs. C 0.000 1.670 1.000 
 

0.000 1.670 1.000 
8W vs. C -2.485 4.163 0.551 

 
-2.485 4.163 0.551 

R vs. C 0.734 1.405 0.601 
 

0.734 1.405 0.601 
8W vs. D -2.485 4.178 0.552 

 
-2.485 4.178 0.552 

R vs. D 0.734 1.447 0.612 
 

0.734 1.447 0.612 
R vs. 8W 3.219 4.079 0.430 

 
3.219 4.079 0.430 
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 Table 3. Paired comparisons of orthopteran densities (individuals m-2) inside vs. 

outside (area of the meadow submitted to mowing) the uncut refuge within R-

meadows after the initiation of mowing operations (sampling sessions 3-5). Table 

refers to, and follows the same layout as Fig. 2. Density analyses were 

performed with generalized linear mixed models on each sampling session 

separately. Parameter estimates (differences between expected mean densities 

on log scale) are given for the paired comparisons and significant contrasts are 

highlighted in bold. 

Suborder(s), and sampling sess. Estimate SE P(>|z|) 
(a) All    Session 3 1.656 0.235 <0.001 
Session 4 0.350 0.222 0.116 
Session 5 0.867 0.346 0.012 
(b) Caelifera only 

   Session 3 1.609 0.239 <0.001 
Session 4 0.368 0.226 0.103 
Session 5 0.860 0.349 0.014 
(c) Ensifera only 

   Session 3 2.825 1.556 0.070 
Session 4 -0.270 1.368 0.844 
Session 5 1.163 2.708 0.668 
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 Table 4. Orthopteran species richness in relation to mowing regime. Table shows 

results for all orthopteran species (including both Caelifera and Ensifera), 

Caelifera species, and Ensifera species only. Data were analysed with linear 

mixed models, p-values and 95% confidence intervals (CI) were computed with 1 

million Markov chain Monte Carlo (MCMC) iterations. MCMC mean parameter 

estimates (differences between expected mean densities) are given for the 

paired regimes comparisons and significant contrasts are highlighted in bold. For 

abbreviations, see legend of Table 2. 

Suborder(s) and 
comparison MCMC mean Lower 

95% CI 
Upper 

95% CI 
MCMC 

P-value 
(a) All    D vs. C 0.242 -1.147 1.642 0.727 

8W vs. C 0.584 -0.798 1.930 0.391 
R vs. C 1.667 0.301 3.026 0.018 
8W vs. D 0.334 -1.074 1.761 0.633 
R vs. D 1.409 0.026 2.802 0.048 
R vs. 8W 1.085 -0.407 2.554 0.142 

(b) Caelifera    D vs. C 0.017 -0.913 0.891 0.975 
8W vs. C 0.166 -0.720 1.056 0.724 
R vs. C 0.585 -0.296 1.493 0.191 
8W vs. D 0.152 -0.783 1.056 0.749 
R vs. D 0.567 -0.325 1.518 0.209 
R vs. 8W 0.412 -0.535 1.379 0.377 

(c) Ensifera 
   D vs. C 0.235 -0.682 1.198 0.618 

8W vs. C 0.416 -0.509 1.347 0.369 
R vs. C 1.086 0.199 2.061 0.022 
8W vs. D 0.175 -0.815 1.235 0.735 
R vs. D 0.846 -0.137 1.922 0.102 
R vs. 8W 0.667 -0.366 1.660 0.192 
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 Figure 1. Seasonal (May-August 2012) density (mean ± standard error) of 

orthopterans in response to the four different mowing regimes. Each sampling 

session is represented by a single date that corresponds to the average of the 4-

12 days needed to complete the session. The figure is divided in six parts 

according to orthopteran suborder(s) and developmental stage: (a) all individuals 

(nymphs and adults of both Caelifera and Ensifera); (b) adults only; (c) Caelifera 

only; (d) Caelifera adults only; (e) Ensifera only; (f) Ensifera adults only. C-

meadows: control meadows (first cut not before 15 June); D-meadows: mowing 

delayed by a month, i.e. after 15 July; 8W-meadows (as C-meadows, but 

minimum of 8 weeks between first and second cut); R-meadows: as C-meadows, 

but uncut refuge left over 10-20% of meadow area. See Table 2 for statistical 

analyses.  
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4.1 Abstract  

Bees are a key component of biodiversity as they ensure a crucial ecosystem 

service: pollination. This ecosystem service is nowadays threatened, because 

bees suffer from agricultural intensification. Yet, bees rarely benefit from the 

measures established to promote biodiversity in farmland, such as agri-

environment schemes (AES). We experimentally tested if the spatio-temporal 

modification of mowing regimes within extensively managed hay meadows, a 

widespread AES, can promote bees. We applied a randomized block design, 

replicated 12 times across the Swiss lowlands, that consisted of three different 

mowing treatments: 1) first cut not before June 15 (conventional regime for 

meadows within Swiss AES); 2) first cut not before 15 June, as treatment 1 but 

with 15% of area left uncut serving as a refuge; 3) first cut not before 15 July. 

Bees were collected with pan traps, twice during the vegetation season (before 

and after mowing). Wild bee abundance and species richness significantly 

increased in meadows where uncut refuges were left, in comparison to meadows 

without refuges: there was both an immediate (within year) and cumulative 

(from one year to the following) positive effect of the uncut refuge treatment. An 

immediate positive effect of delayed mowing was also evidenced in both wild 

bees and honey bees. Conventional AES could easily accommodate such a simple 

management prescription that promotes farmland biodiversity and is likely to 

enhance pollination services.  

 

Keywords: bowl trap; bumblebees; solitary bees; ecological compensation 

areas; honey bees; postponed mowing 
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4.2 Introduction 

 

Animal pollination is an essential ecosystem service, without which more than 

80% of flowering plants could not properly set seeds [1] and many important 

food products would become difficult to grow [2]. Despite its key role, pollination 

is nowadays threatened by numerous factors [3]. For example, managed honey 

bees Apis mellifera are impacted by a global colony loss, which has recently 

decimated up to 53% of European colonies [3,4]. Alternative pollinators that are 

not directly managed by humans, like wild bees, are also threatened by habitat 

loss, landscape fragmentation, use of agro-chemicals, and general degradation of 

ecological resources [5,6]. This phenomenon is referred to as the “pollination 

crisis” [7], but see [8]. The pollination role of wild bees in food production has 

long been debated, but recent studies indicate it might be much more important 

than previously thought [9,10]. The situation for pollinators is likely to worsen in 

the future due to the rising demand for food production that will inevitably lead 

to further agricultural intensification, which will in turn translate into even more 

demand for, and pressure on pollination [10,11].  

The intensification of farming practices has been the main process eroding 

biodiversity in low-input farmland, which was the typical cultivated landscape 

across Europe until World War II [12-14]. Intensification is achieved via the 

application of fertilizers and pesticides, and through a growing reliance on heavy 

machinery that necessitates radical landscape simplification [15]. In order to 

counter this negative impact of agricultural intensification on biodiversity, agri-

environment schemes (AES) were established in the early 1990’s throughout 

Europe in order to encourage farmers to adopt more environmental friendly 

farming practices [16]. AES primarily aim at protecting and restoring farmland 

biodiversity, thus securing or even enhancing several ecosystem services, 

including pollination. Some AES like the sown wildflower strips and areas were 

specifically designed to promote pollinating insects, but their temporary based 

management misses the restoration of semi-natural habitats [17]. In 

comparison, extensively managed (low-input) grasslands established under AES 

regulations are widespread [16], usually harbouring more wild bees than high-

intensity grasslands [18,19]. However, several studies have established that 

these AES have only a moderate positive impact on overall biodiversity and bees 
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[20]. This calls for the development of more appropriate management practices 

that can favour biodiversity, including pollinating insects [21]. 

The main aim of this study was to test whether and how slight 

modifications of mowing regimes may improve wild bee biodiversity in 

extensively managed hay meadows, a widespread AES scheme [22]. These 

altered management regimes had to be easily implementable by farmers to 

ensure their potential future uptake; they consisted of 1) not mowing a fraction 

of the meadow so as to leave an uncut area as refuge that is expected to boost 

wild bee biodiversity by continuously providing them with food resources, 

essentially nectar and pollen, during the entire season; 2) delaying by one month 

the first cut in order to provide undisturbed meadows with flowers and other 

crucial resources during the whole peak of natural wild bee activity. These two 

experimental treatments were compared with the Swiss AES serving as ‘control’; 

the ecological compensation areas (ECA). Standard management for hay 

meadows complying with ECA regulations are: first cut not before 15 June and; 

with no uncut refuge left behind. These treatments were applied at the field 

scale, two years in a row (2010 and 2011), in order to test for both immediate 

(within season) and cumulative (from one year to the following) effects. For this 

purpose, wild bees were collected twice in 2011: firstly in June, before the onset 

of any mowing intervention in all meadows; secondly beginning of July, when 

meadows with uncut refuges and control meadows were mown, but not meadows 

with delayed mowing regimes. To our knowledge, this study is the first attempt 

to manipulate mowing regimes at the field scale to test whether such simple 

measures can promote bee diversity. Although drawn from the Swiss context, 

the resulting recommendations have far-reaching implications for the 

establishment of AES across Europe if not beyond. They will contribute to de 

development and implementation of pollinator-friendly management practices 

and could potentially complement wild-flower strips [23]. They are also timely 

given the current intention of the European Union to frame a more biodiversity-

friendly common agricultural policy [23]. In order to avoid jeopardizing essential 

components of biodiversity such as the guilds of natural pollinators, innovative 

farming practices have to be developed. We also take the opportunity to 

investigate and provide new data about the effectiveness our sampling method. 
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4.3 Material and methods 

 

4.3.1 Ethic statement  

Farmers that participated to this project were informed about, and approved, the 

studies before they started. 

 

4.3.2 Study sites 

We selected 36 extensively managed hay meadows registered as ECA across the 

Swiss Plateau (lowlands between the Jura and the Alps) in 2010 (see Appendix 

S1 and S2). The Swiss Plateau  can be characterized mainly as a simple 

landscape where non-crop habitats are still present, but constitute usually only 

1–20 % of the matrix [14]. The ECA retained for our experiments had to be 

registered since latest 2004 (range: 1993–2004) and had to have a minimal area 

of 0.3 ha (range: 0.3–1.7 ha). The meadows were situated between 390 and 833 

m altitude. They were clustered in 12 study areas (our geographic replicates) 

distant from each other by ≥ 5 km, each area containing three meadows that 

were more than 400 m distant (range: 440–  6170 m) but that were enclosed 

within a radius of 3.5 km.  

We had first to assess the different land covers as these could be 

important covariates that should be accounted for in our analysis. Land covers 

were extracted from the Vector 25 data base of the Swiss Federal Office of 

Topography [24], using QGIS [25] and SpatiaLite [26] software. Land covers 

[proportion of forest, settlements, water bodies (including rivers), special crops 

(vineyards and orchards), and gravel pits] were quantified around each meadow 

within different nested concentric radii ranging from 250 to 3000 m, with steps of 

250 m. A principal component analysis (PCA) was then conducted on land covers 

to draw synthetic information about the various landscape contexts at the 

different geographic replicates [27,28]. The PCA was performed with land cover 

values averaged across these radii, this to avoid auto-correlation [28-30]. We 

retained only PCA axes that had a proportion of variance superior to a broken-

stick model with  heuristic for principal component selection [31], with the 

function PCAsignificance of the package BiodiversityR [32]. Then the coefficients 

of the Pearson product-moment correlation (eigenvectors) of the retained axes 

were used to select important land covers with 0.5 as cutting of value.  
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4.3.3 Study design 

A randomized block design was adopted [33], where the three mowing regimes 

(our two experimental treatments and a control) were applied once each within 

each study area. Hence, each area represented a geographic replicate (n = 12), 

i.e. an experimental block in the design, which allowed achieving data 

independency. The following treatments and control were randomly assigned to 

the three meadows within each area. We start with the control, because it 

represents the standard management that today prevails among extensively 

managed hay meadows within the ECA (ecological compensation areas) 

measures of the Swiss AES: 1) control meadow (abbreviated C, C-meadow): 

managed according to the Swiss regulations for ECA extensive hay meadows, i.e. 

first cut not before 15 June; 2) refuge treatment (R, R-meadow): same as C, but 

at each cut 10 to 20% of the meadow area were left uncut; 3) delayed  mowing 

(D, D-meadow): same as C, but first possible cut not before 15 July (one month 

later than C). All other management aspects (such as non-application of 

fertilizers and pesticides or minimal duration of 6 years) abided by the present 

regulation [34]. Each farmer was interviewed about mowing dates and related 

management issues using a standardized questionnaire.  

 

4.3.4 Wild bees sampling 

In 2011, plastic bowl traps (13 cm in diameter and 12.5 cm deep) were used to 

sample wild bees (Hymenoptera: Apoidea) applying the following protocol: three 

bowl traps (blue, white and yellow) were fixed on a wooden pole just above the 

grass vegetation layer [35]. They were operated at daylight (8:00 –19:00) 

during only one day in order to avoid local population depletion [36]. Three such 

poles equipped with three bowl traps were placed at the apexes of a virtual 

isosceles triangle (base: 14 m; sides: 10 m) randomly placed inside the meadow, 

within at least 10 m from meadow edges so as to reduce margin effects [18]. 

Meadows were sampled twice, a first time between 23 May and 14 June, i.e. 

before the onset of mowing in any treatment and control meadows (hereafter 

referred to as the ‘June’ samples) and a second time between 2 July and 12 July, 

i.e. before the first mowing of D-meadows but when C-meadows and R-meadows 

were regrowing (hereafter ‘July’ samples). Samplings took place on sunny, non-

windy days with ambient temperature ≥ 15°C [35]. All the meadows within a 

given area were sampled simultaneously (Supporting information Appendix S2 
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for exact dates). Samples were stored individually in plastic bags and frozen at -

20°C. Before sorting them, defrozen samples were washed, bees pinned and 

dried [37]. Bees were identified according to identification keys for Central 

Europe [38-44]. 

 

4.3.5 Data analysis 

Data were analysed with generalized linear mixed models (GLMMs) using the 

lmer function from the lme4 package for R [45]. Wild bees consisted of the so-

called "solitary bees" and of bumblebees pooled together. Fixed effects were the 

mowing treatments and  the land covers selected in the previous part. The latter 

were added in the models, progressively increasing model complexity, following a 

bidirectional stepwise procedure [46,47]. Areas (our geographic replicates) were 

designated as a random effect. Response variables were pooled for each meadow 

and resulted in: wild bee abundance; species richness and; diversity (Shannon-

Wiener index). The former two variables were analysed fitting a Poisson error 

distribution and the latter one fitted a normal error distribution. Data of the two 

sampling periods (June and July) were first analysed pooled together, then 

separately, this in order to better appraise underlying patterns. Planned 

orthogonal comparisons were done to identify significant differences between the 

treatments. In addition, we also investigated in a similar way the effects of these 

mowing regimes on the abundance of honey bees given that feral honey bee 

colonies apparently do not occur in Switzerland [48] and the efficiveness of the 

different colours of our traps. All the analyses were performed with statistical 

software R version 2.15.0 [49]. 

 

4.4 Results 

 

We collected a total of 1’620 wild bees (Appendix S2) and 281 honey bees. 

Cryptic, sibling species of bumblebees that were difficult to identify were grouped 

within their respective taxonomic groups, mostly subgenera (Bombus sensu 

stricto, Megabombus and Thoracobombus [43]). Cryptic, sibling species of 

solitary bees were grouped within the following categories: Halictus simplex 

group (Halictus simplex; H. eurygnathus and H. langobardicus and Andrena 

ovatula group (Andrena ovatula and A. albofasciata). Altogether, we could 
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identify 62 wild bee species (9 bumblebee and 56 solitary bee species; full 

species list in supporting information Appendix S3).  

 

4.4.1 Bowl trap efficiency 

Yellow bowl traps were generally more efficient (greater number of captures of 

wild bees) than white traps which were themselves more attractive than the blue 

ones. These differences were significant when the June and July samples were 

pooled, and when the June data was considered separately. In July, however, 

yellow and white traps did not differ in efficiency between each other though 

they were still more attractive than the blue traps (detailed analysis in 

supporting information Appendix S4).  

 

4.4.2 Management and land cover 

Our study meadows were mown, on average (±SD), 1.92 times (0.56) and 1.81 

times (0.49) in 2010 and 2011, respectively, with a minimum number of cuts of 

one and a maximum of three. There was no significant difference in the yearly 

number of cuts between 2010 and 2011. In 2011, the first cut took place 

between 15 June and 26 June in C– and R–meadows, and between 15 July and 

15 August in D–meadows (exact dates are provided in the appendix S5). In R-

meadows, uncut grass refuges covered, on average, 15% of the meadow area. 

Regarding the PCA on landscape covers, only the first component fulfilled 

the broken-stick criteria (73.41% of variance explained vs 45.66% expected). 

The following land covers were identified as significant based on their 

eigenvalues (Pearson product-moment correlation) and retained for subsequent 

analyses:  forest (-0.511); special crops (0.566) and water bodies (0.515).  

 

4.4.3 Effect of mowing treatments on wild bees 

In the analyses performed with data from June and July pooled together, the 

mean abundance (±SE) of wild bees was 53.16 (±14.15) in R-meadows (refuge) 

and was significantly higher compared to C-meadows (control, 39.08 ±8.9; Fig. 

1a and Table 1). Abundance in D-meadows (delayed mowing) was only 

marginally higher than in C-meadows. Finally, significantly fewer individuals were 

found in D-meadows compared to R-meadows (Z = 3.677, P < 0.001). The land 

covers retained in this first model were forest and water bodies with both a 

negative effect on wild bee abundance; in contrast, special crops had a positive 
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effect. Species richness did not show any significant difference among the 

mowing regimes with the June and July samples pooled (Fig. 2a and Table 2). 

Neither did we find any difference for the Shannon-Wiener index of diversity for 

pooled data.   

In June, the abundance of wild bees in R-meadows was, on average, 22.17 

(± 5.05), i.e. significantly higher than in C-meadows (11.08 ± 2.44) and D-

meadows (8.75 ± 2.60; Z = 2.101, P = 0.035; Fig. 1b). Abundance in D-

meadows was also marginally lower than in C-meadows. Only special crops were 

retained as a significant land cover in this model, with a positive effect. Species 

richness in R-meadows was 7.25 (± 1.15), significantly higher than in both C-

meadows (4.92 ± 0.80; Table 2) and D-meadows (3.67 ± 0.58; Z = 3.664, P < 

0.001; Fig. 2b). Special crops coverage had again a positive effect on species 

richness. In contrast, we detected no significant effect on the Shannon-Wiener 

index of diversity. 

In July, the mean abundance of wild bees collected in D-meadows was 

34.00 (± 8.78) individuals, i.e. significantly higher than in C-meadows (28.00 ± 

8.17; Fig 1c). The abundance in R-meadows (31 ± 10.07) was also higher than 

in C-meadows (Z = 2.472, P = 0. 0013). Forest (Z = 2.319, P = 0. 021) and 

water bodies (Z = -4.021, P < 0.001) were the only land covers retained by the 

model; both had a significant negative effect. Neither species richness nor the 

Shannon-Wiener index of diversity showed any significant difference among 

mowing regimes. 

When the data of June and July were pooled, honey bee abundance was, 

on average, 9.91 ± 2.49 in D-meadows, i.e. significantly higher than the 

abundance recorded in C-meadows (6.5 ± 1.08; GLMM with Poisson; Z = 2.894, 

P = 0.0038) and R-meadows (6.83 ± 1.38, Z = 0.316, P = 0.75). In June, no 

significant difference was found, while in July honey bee abundance was 

significantly higher in D-meadows (6.83 ± 2.05) compared with C-meadows 

(3.67 ± 0.88; Z = 3.323, P <0.001) and R-meadows (3.08 ± 0.91; Z = 3.221, P 

= 0.00128).  
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4.5 Discussion 

 

This study shows that leaving 10-20% of the area of an extensive meadow uncut 

when mowing (R-meadows) is overall beneficial for wild bee populations, more 

so than delaying the date of mowing by one month (D-meadows). There were 

variations in the observed pattern according to whether we consider immediate 

(within the same season) or cumulative (from one year to the following) effects. 

Regarding cumulative effects [samples collected in June in the year following (i.e. 

yeart+1) the year of first application (yeart) of the different management 

treatments, but before any mowing event in year t+1], positive effects were 

evidenced for both wild bee abundance and species richness. The average wild 

bee abundance was double so high in R-meadows compared to C-meadows, and 

even 2.4 times higher than in D-meadows that had the lowest values (Fig. 1b). 

Species richness was, on average, 1.75 and 1.4 higher in R-meadows compared 

to D-meadows and C-meadows, respectively (Fig. 2b). Immediate effects showed 

a reversed pattern, but only regarding wild bee abundance, with D-meadows 

harbouring, on average, 1.2 and 1.1 times more individuals than C- meadows 

and R-meadows, respectively; this is not very surprising given that D-meadows 

were not yet mown at the second sampling session. Concerning, honey bee 

population size estimates, we could not evidence a cumulative effect, while 

immediate effects showed that D-meadows supported ca. 1.8 and 2.3 times 

greater abundances than C-meadows and R-meadows, respectively. 

 The positive cumulative effect of the refuge treatment (R) on wild bee 

abundance indicates that populations could build up thanks to the grass refuge 

installed the year before. This demonstrates that uncut grass refuges have a 

positive impact on these pollinating insects beyond the season they are applied 

in. This cumulative effect is crucial for the maintenance of pollination services 

because pollination efficiency is based on the redundancy principle, which 

emphasizes the importance of pollinator abundance above species richness 

[7,50,51]. Our results further confirm that wild bees can react extremely rapidly 

to changes in management practices: this first analysis stems from just one year 

of field experimentation (June 2010 – July 2011). Such a rapid positive reaction 

is consistent with the responses of bumblebees to modifications in grazing 

management [52] and manipulation of the cutting management of flower 

patches [27]. Similar responses were also observed in other taxa, such as 
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orthopterans [53], spiders [54] and the only other pollinator taxon studied, 

butterflies [55]. Finally, the absence of a similar effect in honey bees in the 

present study can be due to the fact that these Hymoneptera depend neither on 

the structures nor on the food resources offered by the refuges for building their 

colonies, while they furthermore profit from artificial feeding at the hives (feral 

honey bees are extremely rare in Switzerland [48]). The continuation of our 

experiments during the coming years will allow assessing whether cumulative 

effects may further grow with additional years of implementation of the 

treatments. 

 Regarding immediate effects, delayed mowing (D-meadows) appeared to 

be more efficient than the creation of an uncut refuge (R-meadows) for 

increasing abundance of both wild and honey bees. Yet, the magnitude of these 

positive effects was strikingly lower than the cumulative effects obtained with the 

refuge treatment. Furthermore, this effect reflects the fact that D-meadows were 

not yet mown at the time of the second sampling session, contrary to R-

meadows and C-meadows that were already regrowing after the first cut. These 

D-meadows were thus the main sources of nectar and pollen left in the 

agricultural matrix at that time of the year, which corresponds to the peak of 

hymenopteran pollinator activity [27], thus typically generating some short-term 

spatio-temporal concentration [56]. This hypothesis of a temporary 

concentration effect is further supported by the lower wild bee abundance and 

species richness in D-meadows compared to C- and R-meadows in June: for 

many species that firstly depend on vegetation with a late phenology, mowing 

around mid-July could still be too early. Notwithstanding the fact that bowl 

trapping is not the most efficient method to capture honey bees [35,57], their 

concentration in D-meadows in July highlights the need for valuable flowering 

patches at this time of the year. Maintaining uncut meadows in the middle of the 

summer could indeed provide them with precious floral resources between the 

massive spring blossoming of both natural flowers and some crops (mainly 

oilseed rape Brassica napus) and other crops with a later phenology, e.g. 

sunflowers Helianthus annuus [58].   

Improvement of species richness was only detected as a cumulative effect 

(June samples) and occurred furthermore only in R-meadows, but not in D-

meadows. This result is in accordance with the outcome of the main study on 

Hymenoptera retrieved in the meta-analysis on delaying mowing done by 
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Humbert et al. [59]. To the contrary of the main trend for arthropods, no effect 

of postponing mowing could be evidenced for bumblebee species richness [60].   

Surprisingly, the effect of our mowing treatments did not affect species 

diversity (Shannon-Wiener index). An explanation could be that the relative 

population sizes of different sympatric wild bee species do not vary in relation to 

the number of co-occurring species [61], which would lead to little spatial 

variation in the index. Moreover, although R-meadows harboured, on average, 

more species than C-meadows and D-meadows in June, there was no new 

species specifically profiting from the refuge that appeared in the samples. 

Actually, among the 62 different species captured, only twelve occurred in more 

than seven of the 12 study areas (Appendix S4). This high level of spatial 

differentiation in bee communities, i.e. apparent high level of functional 

redundancy, was particularly striking within bee genera having similar ecological 

requirements, such as Lasioglossum and Halictus [6]. 

Land covers have an important influence on bees that are relatively mobile 

organisms [28-30]. The major land covers selected through the PCA were forest, 

water bodies and special land managements. The two first ones had the most 

part of time a negative influence, because they represent less suitable habitats 

for bees. Thus a high proportion of such features in the surroundings have a 

negative influence. Special land management had a positive influence in spring. 

This could be due to the kind of crops present in this land cover, especially 

orchards that are reputed to be major nectar sources. 

 Concerning the difference observed between the colours of the traps, the 

conclusion of the effectiveness of the yellow is in accordance with the literature 

[35]. Interestingly, other colours, especially white, can be as effective and more 

representative of the plant flowering community and thus illustrates the 

complementarity of the different colours for this traps. 

 

 

4.6 Management recommendations and conclusions 

 

This study constitutes to our knowledge the first attempt to experimentally test, 

moreover at real field-scale, the effects of different grassland management 

regimes in hay meadowland on wild bee communities and population sizes. It 

demonstrates that creating uncut refuges on a relatively small fraction of a hay 
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meadow can quickly and efficiently promote pollinating insects such as wild bees 

during the following year, which is likely to enhance an essential ecosystem 

service. Although it remains to be established whether the inter-annual positive 

effects we observed further cumulate beyond one year, this measure represents 

a promising agri-environmental option, especially given that its simplicity of 

implementation might ensure a quick up-take by farmers, of course providing 

that financial incentives exist. In contrast, delaying mowing seems to have 

comparatively much smaller positive effects on bees as it simply leads to a 

temporary concentration of bees on the few patches with flowering plants that 

remain in farmland matrices that otherwise become hostile for pollinators after 

late spring mowing operations. Uncut refuges could enter the toolkit for 

promoting pollinators within farmland, similar to, for instance, wildflower sown 

margins [27]. 

Another advantage of the uncut refuge option, over the delayed mowing 

option, is that it does not affect hay production to the same extent, given that 

only a fraction of the meadow remains unmown. The hay extracted from the 

non-refuge area would furthermore be of overall better quality because the 

timing of mowing operations can take place earlier than in D-meadows, i.e. 

closer to the period of forage quality peak. A systematic implementation of this 

measure within extensive hay meadows across the agricultural matrix might 

efficiently boost wild bee populations and communities. We may furthermore 

expect that the overall impact of a network of such refugial structures reaches 

beyond the sum of the local effects, due to opportunities for reconstituting 

functional meta-populations and integral communities, this especially given the 

short flight radius of numerous pollinators [29,30]. This simple measure could 

also easily be integrated in extant AES which – given the extension of grassland 

AES [20,22] – would theoretically lead to widespread improvement of pollination 

services in agriculture. Finally, the fact that this measure is already suggested as 

a voluntary enrolment for farmers in such schemes will enhance the probability 

of its uptake.[62,63]. Future research must investigate whether extra positive 

cumulative effects will, in the mid and long run, add to the short-term effects 

observed in this study. It must also establish whether other plant and animal 

taxa benefit from uncut refuges, and whether combining this measure with 

delayed mowing on, for instance, another small fraction of the same meadow 

might multiply the benefits for biodiversity, especially pollinating insects.  
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Figure1. Abundance of wild bees. Number of individuals captured according 

to the different mowing treatments in: a) June and July (pooled data); b) June 

only; and c) July only. Bold transversal bars represent medians; + the means; 

box boundaries the first and last quartiles; whiskers the inter-quartile distance 

multiplied by 1.5; and open dots the outliers. Significance codes of statistical 

tests: ∙ marginally significant results (0.1 < P < 0.05); * significant results, P < 

0.05; *** highly significant results, P < 0.001. 
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Figure 2. Species richness of wild bees. Number of species captured 

according to the different mowing treatments in: a) June and July (pooled data); 

b) June only; and c) July only. Symbols as in Fig. 1
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Table 1.  Abundance of wild bees. GLMM outputs on the abundance of the 

wild bees recorded according to the different managements and the most 

important land covers. Analyses presented are the pooled data (June and July 

added); the June sampling session and; the sampling of July. Significant 

contrasts are highlighted in bold. 

 Total June July 

Parameters Z-value P-value Z-value P-value Z-value P-value 

Delayed 1.713 0.086 -1.927 0.054 3.594 < 0.001 

Refuge 4.036 < 0.001 5.487 < 0.001 2.472 0. 001 

Forest -2.843 0.005 - - -2.319 0. 021 

Water 

bodies 

-2.683 0.007 - - -4.021 < 0.001 

Special 

crops 

2.669 0.008 2.044 0.041 - - 
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Table 2. Species richness of wild bees GLMM outputs on the species richness 

of the wild bees recorded according to the different managements and the most 

important land covers. Analyses are presented in the same way as Table 1. 

 Total June July 

Parameters Z-value P-value Z-value P-value Z-value P-value 

Delayed -0.251 0.802 1.490 0.1363 0.274 0.784 

Refuge 0.965 0.335 2.044 0.036 -0.139 0.889   

Forest - - - - - - 

Water 
bodies 

- - - - - - 

Special 
crops 

- - 2.044 0.041 - - 
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 Appendix 1. Location of the study sites (Buri_samples_sites.kmz , 

electronic file for google earth software) 

 

142 Chapter Four



 

 

 
S

u
p

p
o
r
ti

n
g

 i
n

fo
r
m

a
ti

o
n

 S
2

Canton

Region

Sampling dates

Mowing regime

E

N

Solitary bees

Bumblebees

Honey bees

Coleoptera

Diptera

Others

Solitary bees

Bumblebees

Honey bees

Coleoptera

Diptera

Others

Solitary bees

Bumblebees

Meadow type

V
D

N
y
o
n

2
9
.0

5
.1

1
-0

2
.0

7
.1

1
C
o
n
tr

o
l

6
.2

1
9
3

4
6
.4

1
4
7
9

2
8

1
0

2
9
9

5
2

4
4
5

3
1

1
2

1
6
1

1
4

1
4

3
M

G
1

2
9
.0

5
.1

1
-0

2
.0

7
.1

1
D

e
la

y
e
d
 

6
.1

9
5
9

4
6
.3

7
8
4
4

1
4

0
2

1
1
6

1
1

1
7

5
0

4
1
4

4
2
0

1
4

1
3

2
M

G
1

2
9
.0

5
.1

1
-0

2
.0

7
.1

1
R
e
fu

g
e

6
.2

5
4
3

4
6
.4

0
7
6
9

3
9

3
1

1
5
9

1
0
3

2
3
7

5
0

2
3

6
1
2
6

8
1
1

2
C
G

3
O

rb
e

2
8
.0

5
.1

1
-0

2
.0

7
.1

1
C
o
n
tr

o
l

6
.5

0
3
2

4
6
.7

1
0
4
3

1
7

4
2

4
1
2
9

6
2
9

1
6

5
1
0
3

3
8

1
3

4
C
G

3
2
8
.0

5
.1

1
-0

2
.0

7
.1

1
D

e
la

y
e
d
 

6
.4

9
1
8

4
6
.7

0
0
8
1

1
0

2
1
0

2
6

1
3
5

9
9
3

6
2
4

2
1

9
4

1
3

1
1

3
C
G

3
2
8
.0

5
.1

1
-0

2
.0

7
.1

1
R
e
fu

g
e

6
.4

9
8
4

4
6
.7

1
7
4
4

2
1

1
8

8
3
6

3
4
3

3
2
4

8
1
1

1
6

1
2
2

1
7

1
5

8
C
G

3
A
v
e
n
c
h
e
s

2
3
.0

5
.1

1
-0

5
.0

7
.1

1
C
o
n
tr

o
l

7
.0

0
7
9

4
6
.9

2
4
4
3

1
0

0
0

1
6

5
9

4
1
0
0

3
3

9
6
7

1
7

1
4

3
M

G
1

2
3
.0

5
.1

1
-0

5
.0

7
.1

1
D

e
la

y
e
d
 

7
.0

5
6
2

4
6
.9

3
8
9
8

6
2

3
7

3
4

7
5
5

7
2

1
3

2
6

1
7

1
3

4
M

G
1

2
3
.0

5
.1

1
-0

5
.0

7
.1

1
R
e
fu

g
e

7
.0

5
9
8

4
6
.9

4
3
1
6

5
4

1
0

1
1

3
5

3
1
3
0

4
4

5
9
7

1
6

1
4

3
M

G
1

F
R

C
o
u
s
s
e
t

2
4
.0

5
.1

1
-0

3
.0

7
.1

1
C
o
n
tr

o
l

6
.9

8
0
8

4
6
.8

2
3
1
6

5
0

2
2
2

8
1

1
0

5
1

3
2

3
3

1
5
6

9
1
8

2
C
G

3
2
4
.0

5
.1

1
-0

3
.0

7
.1

1
D

e
la

y
e
d
 

6
.9

7
3
3

4
6
.8

2
3
9
7

1
1

3
1
3

3
2

2
2

5
5

5
2

3
5

6
5

8
1
3

2
C
G

4
2
4
.0

5
.1

1
-0

3
.0

7
.1

1
R
e
fu

g
e

7
.0

0
2
3

4
6
.8

3
1
0
5

8
3

0
1
7

9
2

8
3
5

3
5

2
2

1
4
5

9
1
2

3
M

G
4

N
E

C
o
ff
ra

n
e

1
2
.0

6
.1

1
-1

2
.0

7
.1

1
C
o
n
tr

o
l

6
.8

6
1
8

4
7
.0

0
1
5
7

1
3

3
0

9
9

6
2

2
2

5
4

2
4

1
0
9

2
0

3
4

M
G

1
1
2
.0

6
.1

1
-1

2
.0

7
.1

1
D

e
la

y
e
d
 

6
.8

5
3
3

4
7
.0

0
1
4
9

3
2

7
1
4
8

6
1

3
1
9

4
3

2
6

4
2

2
2

1
0

2
M

G
1

1
2
.0

6
.1

1
-1

2
.0

7
.1

1
R
e
fu

g
e

6
.8

4
9
5

4
7
.0

0
8
1
4

1
5

6
1
0

4
0
7

1
4
3

1
0

1
1

2
4

3
2

1
2
9

1
7

8
4

M
G

1

B
E

W
o
h
le

n
0
4
.0

6
.1

1
-0

5
.0

7
.1

1
C
o
n
tr

o
l

7
.3

7
8

4
6
.9

9
9
7
8

3
1

5
3
7

1
2
3

5
7

2
9

1
0
5

1
0
1

5
2

2
M

G
4

0
4
.0

6
.1

1
-0

5
.0

7
.1

1
D

e
la

y
e
d
 

7
.4

2
4
9

4
6
.9

9
7
5
1

1
4

1
2

9
5

4
2
1

2
3

0
3

1
9

6
7

2
4

1
N

D
0
4
.0

6
.1

1
-0

5
.0

7
.1

1
R
e
fu

g
e

7
.3

8
9
6

4
6
.9

6
9
9
7

1
0

1
5

7
6

9
0

6
1
3

0
4

2
4

1
8
4

2
1
0

1
M

G
1

G
ro

s
s
a
ff
*

1
2
.0

6
.1

1
-0

6
.0

7
.1

1
C
o
n
tr

o
l

7
.3

7
6
5

4
7
.0

6
5

1
8

1
8

1
5
4
2

1
6
7

6
1
6

1
0

9
3
4
8

6
6

2
N

D
1
2
.0

6
.1

1
-0

6
.0

7
.1

1
D

e
la

y
e
d
 

7
.3

7
5

4
7
.0

7
5
5
4

3
3

0
3

3
3
2

3
4

1
2
1

5
4

1
5

4
4

3
1
0

2
M

G
4

1
2
.0

6
.1

1
-0

6
.0

7
.1

1
R
e
fu

g
e

7
.3

4
7
8

4
7
.0

6
3
7
8

3
1

2
6

1
2
9

9
6

3
1
4

2
0

5
1
6
9

1
2

9
3

M
G

4
B
e
lp

2
3
.0

5
.1

1
-0

5
.0

7
.1

1
C
o
n
tr

o
l

7
.5

1
0
6

4
6
.8

8
2
3
9

3
0

2
1
7

1
0
7

3
1
6

1
0

8
1
5
7

1
2

9
1

N
D

2
3
.0

5
.1

1
-0

5
.0

7
.1

1
D

e
la

y
e
d
 

7
.4

7
4
1

4
6
.9

1
4
4
6

4
0

3
1
3

3
2

2
2

4
3

5
0

3
7
5

1
1

8
2

M
G

1

Ju
n
e

Ju
ly

C
o
o
rd

in
a
te

s
S
p
. 

N
b

T
a
b

le
 S

2
. 

L
o
c
a
ti
o
n
 o

f 
a
ll
 s

tu
d
y
 s

it
e
s
 (

n
 =

 3
6
 i
n
 t

o
ta

l)
, 

in
d
ic

a
ti
n
g
 S

w
is

s
 c

a
n
to

n
 (

V
D

 =
 V

a
u
d
; 

F
R
 =

 F
ri
b
o
u
rg

; 
N

E
 =

 N
e
u
c
h
â
te

l;
 B

E
 =

 B
e
rn

; 
B
L
 =

 B
a
s
e
l-

L
a
n
d
s
c
h
a
ft

; 

A
G

 =
 A

a
rg

a
u
),

 s
a
m

p
li
n
g
 d

a
te

, 
m

o
w

in
g
 r

e
g
im

e
, 

g
e
o
g
ra

p
h
ic

 c
o
o
rd

in
a
te

s
 (

d
e
c
im

a
l 
W

G
S
8
4
 s

y
s
te

m
, 

lo
c
a
ti
o
n
 o

f 
th

e
 r

a
n
d
o
m

ly
 s

e
le

c
te

d
 p

o
in

t 
fo

r 
s
a
m

p
li
n
g
),

 a
n
d
 

n
u
m

b
e
r 

o
f 
a
rt

h
ro

p
o
d
s
 c

a
u
g
h
t 

d
u
ri

n
g
 t

h
e
 t

w
o
 s

a
m

p
li
n
g
 p

e
ri

o
d
s
 i
n
 J

u
n
e
 a

n
d
 J

u
ly

. 
P
la

n
t 

c
o
m

m
u
n
it
ie

s
 w

e
re

 c
la

s
s
if
ie

d
 a

c
c
o
rd

in
g
 t

o
 a

 B
ra

y
-C

u
rt

is
 d

is
s
im

il
a
ri

ty
 m

a
tr

ix
 

a
n
d
 w

h
e
re

 M
G

4
=

 w
e
ll
 d

ra
in

e
d
 m

e
s
o
tr

o
p
h
ic

 g
ra

s
s
la

n
d
 w

it
h
 A

lo
p
e
c
u
ru

s
 p

ra
te

n
s
is

; 
M

G
1
=

 m
e
s
o
tr

o
p
h
ic

 g
ra

s
s
la

n
d
 w

it
h
 A

rr
e
n
a
th

e
ru

m
 e

la
ti
u
s
; 

C
G

3
 =

 c
a
lc

ic
o
lo

u
s
 

g
ra

s
s
la

n
d
 w

it
h
 B

ro
m

u
s
 e

re
c
tu

s
 a

n
d
; 

N
D

 =
 n

o
n
-d

e
fi
n
e
d
 f
o
rm

e
r 

h
ig

h
ly

 i
n
te

n
s
iv

e
 g

ra
s
s
la

n
d
d
e
s
c
ri
b
e
d
 a

c
c
o
rd

in
g
 t

o
 R

o
d
w

e
ll
 (

1
9
9
2
),

  

Effect of mowing on bees 143



 

 

 

2
3
.0

5
.1

1
-0

5
.0

7
.1

1
R
e
fu

g
e

7
.5

1
7
3

4
6
.8

9
6
0
7

2
0

3
2
1

7
7

2
1
2

1
2

6
8
8

2
7

1
M

G
1

H
in

d
e
lb

a
n
k

0
7
.0

6
.1

1
-0

5
.0

7
.1

1
C
o
n
tr

o
l

7
.6

0
1
2

4
7
.0

3
8
6
8

4
0

7
2
6

5
6

4
1
4

4
2

4
2

5
4

1
7

1
M

G
4

0
7
.0

6
.1

1
-0

5
.0

7
.1

1
D

e
la

y
e
d
 

7
.5

5
3
3

4
7
.0

5
7
3
3

2
0

2
1
4
9

1
6

2
2

2
2

2
1

3
0

5
4

2
N

D
0
7
.0

6
.1

1
-0

5
.0

7
.1

1
R
e
fu

g
e

7
.5

6
7
5

4
7
.0

3
0
6

1
2

1
1
3

3
9

3
5

2
3

2
9

1
1
9

1
4

3
N

D
H

u
tt

w
il

1
4
.0

6
.1

1
-1

1
.0

7
.1

1
C
o
n
tr

o
l

7
.8

1
4
8

4
7
.0

9
2
3
1

5
0

3
7
7
2

4
7

6
3

0
4

0
2
3
3

8
2

0
N

D
1
4
.0

6
.1

1
-1

1
.0

7
.1

1
D

e
la

y
e
d
 

7
.8

5
3

4
7
.1

0
8
9
7

0
1

1
2
9
6

3
6

6
1

1
6

9
1
0
5

1
1

1
N

D
1
4
.0

6
.1

1
-1

1
.0

7
.1

1
R
e
fu

g
e

7
.8

2
2
6

4
7
.1

1
0
4
7

1
0

0
0

4
6

1
4
1

4
1
1

4
7

5
1
8
1

3
9

2
N

D

B
L

D
ie

g
te

n
3
0
.0

5
.1

1
-0

9
.0

7
.1

1
C
o
n
tr

o
l

7
.8

1
7
5

4
7
.4

2
5
0
9

5
0

5
1
5

4
3

8
1
3

3
4

1
2

4
1
5

1
8

6
2

C
G

3
3
0
.0

5
.1

1
-0

9
.0

7
.1

1
D

e
la

y
e
d
 

7
.8

3
2
7

4
7
.4

3
8
5
5

3
0

0
1
0

2
3

3
0

9
4

8
1
2

1
0
0

1
0

8
1

M
G

1
3
0
.0

5
.1

1
-0

9
.0

7
.1

1
R
e
fu

g
e

7
.8

1
7

4
7
.4

1
4
6
2

2
9

3
3

3
2

8
9

5
1
6

2
2

5
1
4
6

1
9

8
2

C
G

3

A
G

L
u
p
fi
g

0
7
.0

6
.1

1
-1

1
.0

7
.1

1
C
o
n
tr

o
l

8
.1

7
9
4

4
7
.4

4
7
5
9

1
1

1
0

2
3
9

5
8

4
1
0

4
9

1
9

1
1
9

1
7

8
3

M
G

4
0
7
.0

6
.1

1
-1

1
.0

7
.1

1
D

e
la

y
e
d
 

8
.1

8
7
5

4
7
.4

4
3
1
2

4
2

1
6
8
6

8
9

7
7

1
4

6
1
2
3

1
1

5
3

M
G

4
0
7
.0

6
.1

1
-1

1
.0

7
.1

1
R
e
fu

g
e

8
.2

1
6
7

4
7
.4

4
4
3
8

6
1

2
5
1
1

6
6

1
1
9

2
0

0
1
7
7

3
4

2
M

G
4

T
o
ta

l
4
4
2

6
2

1
1
0

6
4
3
7

3
1
4
1

4
7
7

1
0
0
4

1
1
2

1
7
1

6
1
7

4
4
9
7

3
9
1

G
ro

s
s
a
ff
*
 =

 G
ro

s
s
a
ff
o
lt
e
rn

R
e
fe

r
e
n

c
e

R
o
d
w

e
ll
, 

J.
S
. 

(1
9
9
2
) 

B
ri

ti
s
h
 P

la
n
t 

C
o
m

m
u
n
it
ie

s
. 

V
o
l.
 3

. 
G

ra
s
s
la

n
d
s
 a

n
d
 M

o
n
ta

n
e
 C

o
m

m
u
n
it
ie

s
. 

C
a
m

b
ri

d
g
e
 U

n
iv

e
rs

it
y
 P

re
s
s
, 

C
a
m

b
ri

d
g
e
, 

U
K
.

144 Chapter Four



 

 

 

S
u

p
p

o
r
ti

n
g

 i
n

fo
r
m

a
ti

o
n

 S
3

T
a
b

le
 S

3
. 

N
u
m

b
e
r 

o
f 
in

d
iv

id
u
a
ls

 o
f 
b
e
e
 s

p
e
c
ie

s
 c

a
p
tu

re
d
 i
n
 J

u
n
e
 a

n
d
 J

u
ly

 w
it
h
in

 t
h
e
 1

2
 g

e
o
g
ra

p
h
ic

 r
e
p
li
c
a
te

s
 

(3
 s

it
e
s
 p

e
r 

re
p
li
c
a
te

s
)

S
p
e
c
ie

s
A
v
e
n
c
h
e
s

B
e
lp

C
o
ff
ra

n
e

C
o
u
s
s
e
t

D
ie

g
te

n
G

ro
s
s
a
ff
.*

H
in

d
e
l.
*

H
u
tt

w
il

L
u
p
fi
g

N
y
o
n

O
rb

e
W

o
h
le

n
A
p
is

 m
e
ll
if
e
ra

 (
h
o
n
e
y
 b

e
e
s
)

1
2

1
0

2
7

1
4

2
1

2
1

1
7

2
1

2
6

2
1

6
1

2
8

B
o
m

b
u
s
 b

a
rb

u
te

ll
u
s

1
0

0
0

0
0

0
0

0
0

3
0

M
e
g
a
b
o
m

b
u
s
 g

ro
u
p

2
1

1
5

0
0

1
0

0
2

5
1

B
o
m

b
u
s
 l
a
p
id

a
ri
u
s

3
0

4
0

1
3

0
0

6
2

8
1

T
h
o
ra

c
o
b
o
m

b
u
s
 
 g

ro
u
p

1
2

3
1

3
1

3
0

2
2

4
2

B
o
m

b
u
s
 p

ra
to

ru
m

0
0

0
0

0
0

0
2

0
0

0
0

B
o
m

b
u
s
 r

u
d
e
ra

ri
u
s

0
0

0
0

0
0

0
0

0
0

3
0

B
o
m

b
u
s
 r

u
p
e
s
tr

is
0

0
1

0
0

0
0

0
0

0
2

0

B
o
m

b
u
s
 s

y
lv

e
s
tr

is
0

0
0

0
0

0
1

0
0

0
2

0

B
o
m

b
u
s
 s

e
n
s
u
s
 s

tr
ic

to
 

1
0

4
1
3

9
8

7
5

4
9

7
1
2

1

A
n
d
re

n
a
 a

lf
k
e
n
e
ll
a

0
1

0
0

0
0

0
0

0
0

1
0

A
n
d
re

n
a
 c

f.
tr

im
m

e
ra

n
a

0
0

0
0

0
0

0
0

0
1

0
0

A
n
d
re

n
a
 c

h
ry

s
o
s
c
e
le

s
0

1
0

0
1

0
0

0
0

0
0

0

A
n
d
re

n
a
 c

u
rv

u
n
g
u
la

0
0

3
0

0
0

0
0

0
0

0
0

A
n
d
re

n
a
 d

o
rs

a
ta

0
0

0
0

1
0

2
0

0
4

0
0

A
n
d
re

n
a
 f
la

v
ip

e
s

4
1

1
1

0
0

0
0

1
1

0
1

A
n
d
re

n
a
 f
u
lv

a
ta

0
0

0
0

0
0

0
0

0
0

1
0

A
n
d
re

n
a
 h

u
m

il
is

0
0

0
1

0
0

0
0

0
0

2
0

A
n
d
re

n
a
 m

in
u
tu

la
0

0
0

0
1

0
0

0
0

1
1

0
A
n
d
re

n
a
 o

v
a
tu

la
 
g
ro

u
p

0
0

0
1

0
0

1
0

0
0

0
0

C
h
e
lo

s
to

m
a
 c

a
m

p
a
n
u
la

ru
m

0
2

0
0

0
0

0
0

0
0

0
0

C
h
e
lo

s
to

m
a
 r

a
p
u
n
c
u
li

0
0

0
0

0
0

0
1

0
0

0
0

E
u
c
e
ra

 l
o
n
g
ic

o
rn

is
0

0
0

0
0

0
0

1
0

0
0

0

H
a
li
c
tu

s
 c

o
n
fu

s
u
s

0
0

0
0

0
0

0
0

0
1

0
0

H
a
li
c
tu

s
 m

a
c
u
la

tu
s

1
6

1
0

0
0

0
0

0
2

1
0

H
a
li
c
tu

s
 r

u
b
ic

u
n
d
u
s

0
0

0
2

0
3

0
1

0
0

4
0

H
a
li
c
tu

s
 s

c
a
b
io

s
a
e

6
0

1
1
0

0
2

0
0

2
1

1
2

H
a
li
c
tu

s
 s

u
b
a
u
ra

tu
s

1
0

0
0

0
0

0
0

0
0

0
0

H
a
li
c
tu

s
 t

u
m

u
lo

ru
m

4
7

6
1
8

1
2

6
2

1
2
2

3
2

8
1

H
a
li
c
tu

s
.s

im
p
le

x
 g

ro
u
p

8
1
6

7
1
3

1
4

1
1

0
0

4
3
3

6
3

8

H
y
la

e
u
s
 a

n
n
u
la

ri
s

0
0

0
0

0
1

0
0

0
0

1
0

H
y
la

e
u
s
 c

o
n
fu

s
u
s

0
0

0
0

0
1

1
0

0
0

0
0

H
y
la

e
u
s
 k

a
h
ri

0
1

0
0

0
0

2
0

0
0

0
1

Effect of mowing on bees 145



 

 

 

H
y
la

e
u
s
 p

u
n
c
tu

la
ti
s
s
im

u
s

0
1

0
0

0
0

0
0

0
0

0
0

H
y
la

e
u
s
 s

in
a
tu

s
0

0
0

0
1

0
0

0
0

0
0

0

L
a
s
io

g
lo

s
s
u
m

 a
e
ra

tu
m

0
0

0
0

0
0

0
0

0
0

2
0

L
a
s
io

g
lo

s
s
u
m

 c
a
lc

e
a
tu

m
6

4
7

3
9

4
4

1
8

1
1
2

5
8

0

L
a
s
io

g
lo

s
s
u
m

 c
o
n
v
e
x
iu

s
c
u
lu

m
1

0
0

0
0

0
0

0
0

0
0

0

L
a
s
io

g
lo

s
s
u
m

 f
u
lv

ic
o
rn

e
0

0
2

1
0

0
0

1
0

0
5

0

L
a
s
io

g
lo

s
s
u
m

 g
la

b
ri
u
s
c
u
lu

m
0

0
0

0
3

0
0

0
7

8
0

0

L
a
s
io

g
lo

s
s
u
m

 g
ri
s
e
o
lu

m
0

0
0

0
0

0
0

0
0

3
0

0

L
a
s
io

g
lo

s
s
u
m

 l
a
ti
c
e
p
s

5
7

0
1
0

4
0

0
0

0
1

2
1

1
3

4

L
a
s
io

g
lo

s
s
u
m

 l
a
ti
v
e
n
tr

e
3

0
2

2
0

0
0

0
1

0
0

0

L
a
s
io

g
lo

s
s
u
m

 l
e
u
c
o
p
u
s

0
0

0
0

0
1

0
0

0
0

0
0

L
a
s
io

g
lo

s
s
u
m

 l
e
u
c
o
z
o
n
iu

m
0

1
2

2
0

5
1

0
1

1
8

0

L
a
s
io

g
lo

s
s
u
m

 l
in

e
a
re

1
5

0
0

1
0

0
0

0
0

5
1

0

L
a
s
io

g
lo

s
s
u
m

 l
u
c
id

u
lu

m
2

0
0

0
0

0
0

0
0

0
0

0

L
a
s
io

g
lo

s
s
u
m

 m
a
la

c
h
u
ru

m
1
9
7

2
3

0
2
0

5
1
9

1
0

3
6
4

1
1

3

L
a
s
io

g
lo

s
s
u
m

 m
o
ri
o

1
0

0
2

3
2

0
0

1
0

4
0

2

L
a
s
io

g
lo

s
s
u
m

 n
ig

ri
p
e
s

2
3

0
0

0
0

1
2

0
0

0
0

L
a
s
io

g
lo

s
s
u
m

 p
a
u
x
il
lu

m
2
0

1
2

6
2
4

9
0

0
3

2
1

4
2

L
a
s
io

g
lo

s
s
u
m

 p
o
li
tu

m
5

0
0

4
0

0
0

0
0

0
0

0

L
a
s
io

g
lo

s
s
u
m

 p
u
n
c
ta

ti
s
s
im

u
m

1
0

0
4

0
0

0
0

0
0

0
0

L
a
s
io

g
lo

s
s
u
m

 v
il
lo

s
u
lu

m
4

0
0

3
0

0
0

0
0

2
5

0

L
a
s
io

g
lo

s
s
u
m

 z
o
n
u
lu

m
2

1
1

1
6

1
5

5
6
9

1
6

1
2

9
3

1
2
2

M
e
g
a
c
h
il
e
 c

ir
c
u
m

c
in

c
ta

0
0

0
0

0
0

0
0

0
1

0
0

M
e
g
a
c
h
il
e
 e

ri
c
e
to

ru
m

1
1

0
0

0
0

0
0

0
0

0
0

M
e
li
tt

a
 l
e
p
o
ri
n
a

0
0

0
1

0
1

0
0

0
0

2
0

O
s
m

ia
 a

d
u
n
c
a

0
0

0
0

0
0

0
0

0
0

0
1

P
a
n
u
rg

u
s
 c

a
lc

a
ra

tu
s

0
0

0
0

0
0

0
2

0
0

0
0

S
p
h
e
c
o
d
e
s
 e

p
h
ip

p
iu

s
0

0
0

1
0

0
0

0
0

0
0

0

X
y
lo

c
o
p
a
 v

a
lg

a
0

0
0

0
0

0
0

0
0

1
0

0

X
y
lo

c
o
p
a
 v

io
la

c
e
a

1
0

0
0

0
0

0
0

0
0

0
0

u
n
id

e
n
ti
fi
e
d

4
0

1
3

2
1

0
0

2
4

1
3

* G
ro

s
s
a
ff
. 

=
 G

ro
s
s
a
ff
o
lt
e
rn

H
in

d
e
l.
 =

 H
in

d
e
lb

a
n
k

146 Chapter Four



 

 

 Supporting information S4: Study of the effects of different colours of 

bowl traps 

 

Data analysis 

The attractiveness for wild bees of different colours of bowl traps were first 

analysed with standard GLMMs: abundance and species richness of captured wild 

bees served as response variables, bowl colours (yellow, white or blue) and 

experimental treatmentsas fixed effects, and sites as a random factor. Secondly, 

species-specific preferences were investigated using a model-based analysis of 

multivariate abundance, using the function manyglm() from the package 

mvabund (Wang et al. 2012). Multivariate abundance data analyses were 

performed only on species that were present in at least eight sampling areas so 

as to ensure sufficient statistical power and scientifically sound inferences. Data 

of the two sampling periods (June, July) were first pooled and then analysed 

separately. 

 

Results 

In the pooled analyses, the abundance observed (average ± SE) in yellow bowl 

traps was (20.58 ± 4.96) higher than in blue traps (8.42 ± 2.54; GLMM with 

Poisson; Z = -13.091, P <0.001) and white traps (16.00 ± 4.18; Z =-4.519, P < 

0.001); white traps were in turn more efficient than blue traps (Z = 9.050, P < 

0.001). In June, yellow traps collected, on average, a higher number (7.64 ± 

2.46) than blue traps (2.41 ± 0.77; Z = -9.285, P <0.001) and white traps (3.95 

± 1.10; Z = -6.315, P < 0.001). In July, the abundances recorded in yellow 

(12.95 ± 3.68) and white (12.06 ± 3.75) traps were not different (Z = -1.103, P 

= 0.27), but blue traps (6.00 ± 2.01) caught significantly fewer wild bees than 

the two other colours; Z = -9.365, P < 0.001). 

 

Species-specific preferences were then investigated in the more widespread 

species (present in ≥ 8 areas, out of 12). Twelve wild bee species met that 

criterion, with 8 showing significant differences regarding colour preference. 

Yellow traps caught more specimens than blue traps. White was in four species 

as successful as yellow (Bombus sensus stricto group, Halictus tumulorum, 

Lasioglossum calceatum and Lasioglossum puaxillum); it was even significantly 

more attractive than the other two colours in the Halictus simplex group (Table 
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 S3). Analyses carried out with separate seasonal datasets (June, July) showed 

the same patterns as with the pooled data; they are therefore not presented 

here.  

 

Discussion 

Overall (June and July pooled), wild bees were mostly attracted by yellow traps, 

followed by white traps, and finally blue traps. In June, similar preferences were 

observed as with pooled seasonal samples. However, in July, no significant 

difference between yellow and white traps could be detected, though both were 

more efficient than the blue ones. This result shows that attractiveness of bowl 

traps can vary among species and according to season. It confirms the 

recommendations of Westphal et al. (2008) of using the three (yellow, blue and 

white) colours in parallel.  

Despite this recommendation several studies have used only one or two colours 

(e.g. Tuell, Ascher, & Isaacs 2009; Krewenka et al. 2011). In our case, white 

traps were as successful in July as the yellow ones, probably because more 

flowers with white corolla were blooming at that time of the year (P. Buri, 

personal observations). Notwithstanding the fact that yellow remains the most 

attractive colour for measuring general bee abundance, this does not apply to all 

wild bee species, which calls for systematically using traps of different 

colorations. Four species were equally attracted by the yellow and white traps, 

while the Halictus simplex group was even more linked to white traps (Table S3). 

Regarding blue traps, they seemed quite unattractive in our experiment, 

although five individuals of four different species were caught only in blue traps 

(one Bombus sylvestris, one Halictus confusus, two Chelostoma campanularum, 

and one Eucera longicornis). We recognize that this pattern could emerge 

randomly, but cannot exclude the possibility that these species would have been 

missed if no blue traps were set.
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Figure S2. Mean (±SE) number of wild bees trapped with respect to bowl trap 

colour.  Significance codes of statistical tests: ∙ marginally significant results (0.1 

< P < 0.05); * significant results, P < 0.5;** very significant results, 0.01 <.P < 

0.001; *** highly significant results, P < 0.001. 
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 Supporting information S5

Table S5. Mowing date collected with a standardized survey in 2011. All the 

 meadows were cut at least one and maximum three time.

Canton Region Mowing regime 1st cut 2nd cut 3rd cut Nb cuts

VD Nyon Control 25.06.11 30.09.11  - 2

Nyon Delayed 15.08.11  -  - 1

Nyon refuge 23.06.11 27.09.11  - 2

Orbe Control 19.06.11  -  - 1

Orbe Delayed 17.07.11  -  - 1

Orbe refuge 20.06.11 22.08.11  - 2

Avenches Control 23.06.11 07.09.11  - 2

Avenches Delayed 09.08.11 30.11.11  - 2

Avenches refuge 17.06.11 23.08.11  - 2

BE Hindelbank Control 24.06.11 09.08.11  - 2

Hindelbank Delayed 29.07.11 03.11.11  - 2

Hindelbank refuge 24.06.11 09.08.11  - 2

Wohlen Control 19.06.11 22.08.11 27.09.11 3

Wohlen Delayed 30.07.11  -  - 1

Wohlen refuge 20.06.11 10.08.11  - 2

Coffrane Control 18.06.11 20.09.11  - 2

Coffrane Delayed 16.07.11 20.09.11  - 2

Coffrane refuge 18.06.11 20.09.11  - 2

Belp Control 25.06.11  -  - 1

Belp Delayed 30.07.11 02.09.11  - 2

Belp refuge 24.06.11 10.08.11  - 2

Grossaffoltern Control 24.06.11 10.08.11  - 2

Grossaffoltern Delayed 31.07.11 20.09.11  - 2

Grossaffoltern refuge 20.06.11 19.08.11  - 2

Huttwil Control 26.06.11  -  - 1

Huttwil Delayed 16.07.11  -  - 1

Huttwil refuge 20.06.11 11.08.11  - 2

FR Cousset Control 24.06.11 19.08.11  - 2

Cousset Delayed 15.07.11 13.09.11  - 2

Cousset refuge 15.06.11 01.08.11  - 2

BL Diegten Control 24.06.11 14.09.11  - 2

Diegten Delayed 08.08.11  -  - 1

Diegten refuge 19.06.11 30.07.11  - 2

AG Lupfig Control 24.06.11 18.08.11  - 2

Lupfig Delayed 30.07.11  -  - 1

Lupfig refuge 25.06.11 14.09.11  - 2
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5.1 Abstract  

1. Biodiversity-rich farmland habitats such as semi-natural grasslands have 

been severely impacted by agricultural intensification. As a remedy, agri-

environment schemes (AES) have been introduced, yet these AES could 

neither halt nor revert the trend towards conversion of grasslands into 

other land uses, nor maintain low intensity management in most 

remaining grasslands. 

2. This study investigated, at the field scale and through a randomized 

experimental block design, the effects of four alternative mowing regimes 

on the biodiversity of extensively-managed meadows, with the idea to 

offer more efficient management options within AES prescriptions. The 

alternative regimes we tested were;1) mowing regime according to the 

Swiss AES prescriptions for extensively managed hay meadows, i.e. first 

cut not before 15 June (control meadows, hereafter C-meadows); 2) first 

cut not before 15 July (delayed treatment, D-meadows); 3) first cut not 

before 15 June and second cut not earlier than 8 weeks after the first cut 

(8W-meadows); 4) refuge left uncut on 10-20% of the meadow area (R-

meadows). During three years, leaf- and planthoppers (Auchenorrhyncha) 

and plant-dwelling spiders (Araneae) were collected before and after 

mowing with suction samplers, while ground-dwelling Araneae were 

collected with pitfall traps during the third year. 

3.  After three years, the density of Auchenorrhyncha and Araneae were 

significantly higher in D-meadows than in all other mowing regimes. 

Densities were also significantly higher in 8W-meadows compared to C- 

and R-meadows for both taxa, but differences were tiny. In contrast, no 

effect of the R-treatment was detected. A cumulative effect (from the 

second to the third year) was detected within the D-treatment, but only 

for spiders. Species richness and diversity (Shannon-Wiener index) were 

not affected by any of the mowing regimes applied. 

4. Synthesis and applications. Maintaining and restoring semi-natural 

grasslands is not only a major worldwide, but also one of the most heavily 

subsidized conservation operations, especially in European cultural 

landscapes. Along with a few previous experiments, the present study 

demonstrates that delaying grass mowing and, to a lesser extent, leaving 
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an uncut refuge in a mown meadow, would improve the effectiveness, and 

thus return on investment, of current AES.  

 

Keywords  

Ecological compensation areas, leafhoppers, pitfall traps, Planthoppers, suction 

sampling, spiders 
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5.2 Introduction 

Traditional farming practices have been creating some of the biodiversity richest 

semi-natural habitats of the Palaearctic. Yet, in the second half of the 20th 

century, due to an increasing demand on commodities and other agricultural 

products such as biofuels, these practices have been progressively replaced by 

more intensive management in a massive effort to rationalize production. These 

novel agricultural practices consist of various chemical applications, including 

mineral fertilizers, heavy mechanisation, increase in field sizes, as well as shifts 

from mixed farming to highly specialized, monocultural systems (Warren, Lawson 

& Blecher 2008). Consequences are a strong spatial and temporal 

homogeneization of the farming practices, uniformisation of the agricultural 

landscape, with dramatic losses of semi-natural habitats, which have led to a 

collapse of farmland biodiversity (Bignal & McCrackent 1996; Benton, Vickery & 

Wilson 2003; Tscharntke et al. 2005).  

To lessen the negative consequences of farming intensification, many 

countries established agri-environment schemes (AES) in the early 1990’s. The 

main objective of AES is to preserve or even to restore biodiversity (Kleijn & 

Sutherland 2003). However, despite the accumulated knowledge on numerous 

farmland taxa, such as birds (Guerrero et al. 2012), plants (Critchley, Burke & 

Stevens 2003) and various arthropod groups (Kleijn et al. 2006), the first 

evaluations of AES provided evidence for only weak benefits for biodiversity 

(Kleijn et al. 2006; Aviron et al. 2009; Whittingham 2011), questioning these 

measures and calling for the development of more adapted AES options that 

could actually benefit biodiversity (Batáry et al. 2011).  

 The main aim of this study was to test different alternative management 

measures relatively compatible with current prescriptions for extensively 

managed hay meadows, one of the most widespread type of AES, with the idea 

improve the effectiveness of these schemes (Kleijn & Sutherland 2003; FOAG 

2012). Biodiversity in semi-natural meadows is vanishing because of the 

intensification of farming practices, notably through a massive application of 

fertilizers, which dramatically increase grazing capacity and/or hay yield. As a 

result, meadows are nowadays mown much earlier in the season and more 

frequently than in the past (Čop, Vidrih & Hacin 2009). Assisted by new efficient 

machinery, mowing operations can be undertaken within a short time window, 
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which leads to some spatio-temporal homogeneization of both agricultural 

management interventions and landscape configuration, with the associated 

severe impacts upon biodiversity (Humbert, Ghazoul & Walter 2009). Therefore, 

this study aims not only at promoting meadowland management beneficial to 

biodiversity but also at prescribing pragmatic, uncomplicated options within AES 

that would ensure their uptake by farmers. The alternative mowing regimes 

tested consisted thus of: 1) delaying by a month the first authorized grass cut in 

extensively-managed meadows, this in order to provide valuable food sources 

and still undisturbed, dense grassy habitats at a time when most of the 

agricultural matrix has become void of grass structures (Humbert et al. 2012b); 

2) limiting the number of cuts to two per year, with a minimum of 8 weeks in-

between, so as to reduce disturbance frequency, the mowing rate being 

detrimental to biodiversity, such as bugs (Insecta: Hemiptera) or slugs 

(Mollusca: Gastropoda; Helden & Leather 2004; Blake et al. 2011; Everwand, 

Scherber & Tscharntke 2013); and 3) not mowing a fraction of the meadow, i.e. 

leaving  uncut refuges that  can provide field-scale continuity of food resources 

and shelters across the cultivated matrix (Humbert et al. 2012a). These 

experimental treatments were compared with meadows complying with Swiss 

AES prescriptions for extensively managed meadows, serving as control. 

Treatments were applied during three years (2010-2012) in order to evaluate 

direct, short-term effects (before vs after the cut) and cumulative effects (from 

one year to another).  

Two groups of arthropods that well characterize grasslands were selected as 

bioindicators: Auchenorrhyncha (Insecta: Hemiptera) and Araneae (Chelicerata: 

Arachnida). The former taxon is exclusively feeding on plant sap, constituting an 

important part of the invertebrate herbivore community of grasslands. Increased 

spatio-temporal heterogeneity in grass management could secure a broader 

palette of undisturbed plant species, i.e. of ecological niches, for these 

arthropods (Nickel 2003; Biedermann et al. 2005). Araneae are a key component 

of farmland biodiversity: as predators, they provide an essential ecosystem 

service, namely pest control (Nyffeler & Benz 1987). Unlike Auchenorrhyncha, 

Araneae are mostly not linked to particular host plant species, but essentially 

depend on vegetation structure. This is true for both plant-dwelling and ground-

dwelling Araneae although these two subgroups might respond differently to the 
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different mowing treatments we applied experimentally (Bell, Wheater & Cullen 

2001). 

The association of the present results with the outcomes of our previous 

experiments on wild bees and orthopterans (Buri, Humbert & Arlettaz, in review 

and in press, respectively) provides a rather comprehensive appraisal of the 

effectiveness of four different alternative mowing regimes (see above). This 

helps setting the stage for new prescriptions that may enhance the overall 

effectiveness of AES, given that extensively managed grasslands remain one of 

the most widespread AES options. Such recommendations are furthermore 

particularly relevant to the debate about “greening” agricultural policies, both 

within  the European Union and beyond (Hart & Baldock 2011). 

 

5.3 Materials and Methods 

 

5.3.1 Study sites 

In 2010, 48 extensively managed hay meadows registered as ecological 

compensation areas (ECA) within the Swiss AES were selected across the Swiss 

Plateau (see Appendix 1; exact site coordinates in Appendix 2). The Swiss 

Plateau can be characterized as a simple landscape where non-crop habitats 

make up only 1–20 % of the landscape matrix depending on the region 

(Tscharntke et al. 2005). Meadows retained for the experiments had to be 

registered as ECA since at least 2004 (range: 1993–2004) and had to have a 

minimal size of 0.3 ha (range: 0.3–1.7 ha). Meadows were situated between 390 

and 833 m altitude and were dispersed among 12 study areas distant from each 

other by ≥ 5 km. Each area contained four meadows (one per treatment, see 

below) that were distant of at least 400 m (range: 440 – 6170 m) but that were 

enclosed within a radius of 3.5 km.  

 

5.3.2 Study design 

A fully randomized block design was adopted, where four different management 

treatments were applied within each study area, the latter representing the 

blocks, such that treatment replicates were across the regions, thus ensuring 

data independence. Within each region, the following management treatments 
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(with abbreviations), consisting of different mowing regimes, were randomly 

assigned to the four meadows: 

1) Extensively managed meadow (typically declared as ecological 

compensation area within the Swiss AES): first cut not before 15 June, but 

without further restrictions concerning the number and frequency of 

subsequent cuts. These meadows constitute our control meadows (C-

meadows).  

2) Extensively managed meadow with first cut not before 15 July, with no 

restriction on the number and frequency of subsequent cuts (D-meadow, 

with D for delayed). 

3) Extensively managed meadow with a maximum of two cuts per year and 

at least 8 weeks between the cuts, with first cut not before 15 June (8W-

meadow, with 8W for eight weeks). 

4) Extensively managed meadow with a rotational uncut refuge on 10–20% 

of the meadow area, meaning that a corresponding proportion of the area 

was left uncut each time the meadow was mown, with the location of the 

refuge changing from a cut to another to avoid vegetation succession; 

otherwise first cut not before 15 June (R-meadows, with R for refuge). 

Other restrictions (such as no fertilizer or pesticide application, as well as 

grazing allowed only between 1 September and 30 November) were kept as 

specified in the present ECA regulations (Swiss Federal Council 1998). The 

experiment started in spring 2010 with the random assignment of the different 

mowing treatments to the meadows and first implementation. 

 

5.3.3 Sampling methods 

In 2010, 2011 and 2012, Auchenorrhyncha and plant-dwelling Araneae were 

collected with a suction sampler (Stihl SH86; Stihl, Waiblingen, Germany). The 

device has an air flow rate of 770 m3 h-1 and an air suction velocity of 85 m s-1.  

This method is recognized as being efficient to collect the two above-mentioned 

taxonomic groups (Sanders & Entling 2011). Samples were vacuumed from 

inside a circular metallic enclosure of 0.51 m diameter (0.2 m2) that prevented 

arthropods to escape (Hossain, Gurr & Wratten 1999), thus allowing density 

estimates (Bergthaler & Rėlys 2002). Samples were collected twice a year: a first 

time before any mowing action occurred, i.e. between end of May and mid-June 

(hereafter called June samples); and a second time around the beginning of July, 
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after all meadows but D-meadows had been mown (hereafter called July 

samples; for exact date of collection see Appendix 2). Five 0.2 m2 (circular 

enclosure) samples were taken per visit and meadow, within a 20 x 20 m virtual 

square randomly placed in the meadow, thus covering a total sampled area of 1 

m2. After collection, samples were transferred into plastic bags and stored in a 

deep freezer (-20° C) before being categorized to main taxonomic groups and 

counted. However, adult individuals collected in 2012 were identified to a finer 

resolution, i.e. to species level, based on classical identification keys 

(Biedermann and Niedringhaus (2009) for Auchenorrhyncha; Nentwig et al. 

(2013) for Araneae).  

 In 2012, for a better assessment of spider communities, pitfall traps were 

additionally used for collecting ground-dwelling Araneae. Traps were installed 

twice during one week without interruption, a first time before and a second time 

after mowing, i.e. in parallel to the two suction samplings (June and July). Three 

traps were set within the same 20 x 20 m virtual square as used for suction 

sampling, at each angle of a 11 m side virtual equilateral triangle. Traps were 

simple plastic cups (9 cm in diameter, 15 cm deep; Lange, Gossner & Weisser 

2011) covered with a solid transparent plastic shield (12 x 12 cm ) nailed to the 

ground at 3 cm above its surface (Buchholz et al. 2010). Traps were filled with 

100 ml of ethylene glycol mixed with water (1:3) to which we added 50 mg of 

sodium-dodecyl sulphate to reduce surface tension (Jud & Schmidt-Entling 

2008). Collected Araneae were kept in 70% ethanol. The content of one 

randomly chosen trap per meadow was identified according to an identification 

key (Nentwig et al. 2013). 

 

5.3.4 Statistical analyses 

Density, species richness and diversity (Shannon-Wiener index) of 

Auchenorrhyncha and Araneae were analysed via generalized linear mixed 

models (GLMM) with mowing treatments as a main fixed effect. Species richness 

and diversity were pooled over the two seasonal samples of 2012 during the 

investigation. The lists of Aranea species collected with either the pitfalls or the 

suction sampler were merged for the analysis. In contrast, density data were 

pooled per meadow, with period of sampling (June vs July) and year (2010, 2011 

and 2012) as co-variables. Other co-variables that could influence 

Auchenorrhyncha and Araneae communities were selected beforehand with a 
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non-metric multidimensional scaling analysis (NMDS): elevation, slope, mean 

ambient temperature, registration duration as ECA, meadow size (ha), growth 

period, and proportion of different land covers within a 250 m radius (forest; 

gravel pits; special crops – vineyards plus orchards; settlements; water bodies). 

Land covers were extracted from the Vector 25 data base of the Swiss Federal 

Office of Topography (Swisstopo), using QGIS (Quantum GIS, 2013) and 

SpatiaLite (Furieri 2008) software. Plant species richness of the meadows was 

also included for Auchenorrhyncha. Empirical p-values of the NMDS factors were 

calculated with 999 permutations and we retained only significant factors (p-

values ≤ 0.05; Carré et al. 2009). A model selection procedure based on the 

AICc ranking was then performed to identify the model with the best fit (Sugiura 

1978; see Appendix 4).  Density data had to be log transformed for the 

Auchenorrhyncha and square rooted transformed for the Araneae in order to 

achieve normal distribution of the residuals. Density and diversity data were 

analysed with a normal error distribution while a Poisson error distribution was 

applied to species richness. Interaction between treatments and year were tested 

and removed if not significant. To further appraise underlying patterns, density 

at each session was additionally analysed separately (generating 6 different 

models per taxon) with GLMMs having mowing treatment as a fixed effect. All 

analyses were performed with the statistical software R version 3.0.1 (R Core 

Team, 2013). 

 

5.4 Results 

 

A total of 25’330 Auchenorrhyncha were collected in 2010, 2011 and 2012. From 

the 2012 sample (identification to species level), we retrieved 53 species out of 

7’600 individuals (Appendix 3). A total of 9’789 Araneae were collected via 

suction sampling in 2010-2012. In 2012, 71 species of Araneae could be 

identified and sorted out of 3’613 individuals collected via suction sampling while 

52 species were identified from 2’529 spiders collected with pitfall traps. In total 

we recognized 94 species of Araneae species, i.e. 29 species were collected with 

both sampling methods. 
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5.4.1 Mowing regimes 

C-meadows (control) and 8W-meadows (8 weeks treatment) eventually showed 

comparable management: they were both cut, on average (mean for 2010-2012 

± standard deviation), 1.9 ± 0.5 times a year, with the first cut occurring on 

average on 22 June, and the second cut (if present) taking place at the end of 

August. R-meadows (refuge treatment) were cut (except the refuge of course), 

on average, 2.1 (± 0.4) times a year, with the first cut occurring, on average, on 

21 June and the second cut on 19 August. D-meadows (delayed treatment) were 

cut, on average, 1.6 (± 0.6) times a year, with the first cut taking place, on 

average, on 23 July and the second cut on 13 September. In spring 2012, one D-

meadow was unfortunately lost through unexpected conversion into a gravel pit, 

while one 8W-meadow had to be removed from the analyses because its 

management was too close to that of a D-meadow.  

 

5.4.2 Auchenorrhyncha  

Elevation and ambient temperature were removed from the NMDS analysis of 

Auchenorrhyncha as they correlated with other variables. The NMDS retained the 

following co-variables: plant species richness (NMDS1 = 0.988; NMDS2 = 

0.0155; r2 = 0.121; P = 0.047); registration duration as ECA (NMDS1 = -0.941; 

NMDS2 = -0.337; r2 = 0.132; P = 0.049) and forest (NMDS1 = -0.369; NMDS2 

= 0.929; r2 = 0.309; P = 0.001). 

Auchenorrhyncha density (number of individuals per m2) significantly 

differed across years (Fig. 1a and Table 1): mean (± SE) was 57.49 (± 5.47) in 

2010, 129.90 (± 14.13) in 2011 and 80.85 (± 7.17) in 2012. Overall, i.e. when 

data were pooled across treatments, Auchenorrhyncha density was higher in 

June, i.e. before mowing (101.45 ± 8.71) than in July, i.e. after mowing (77.09 

± 7.67). Density was above all significantly affected by the mowing treatment, 

being higher in D-meadows (138.69 ± 14.8) and 8W-meadows (72.02 ± 6.33) 

than in C-meadows (69.15 ± 10.90) and R-meadows (66.82 ± 6.82), this again 

when the two samples from a year were pooled. The model with the lowest AICc 

included no additional co-variable.  

When the sampling sessions of June were analysed for each year in three 

different models (Table 2), the treatments did not differ, with the noticeable 

exception of the average (± SE) of R-meadows in June 2010 (87.83 ± 20.94) 

that was higher than the density of C-meadows (52.75 ± 12.60). Concerning the 
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three analyses done one each sampling sessions of July, samples from D-

meadows harboured the three years, higher densities (145.98 ± 18.17) than C-

meadows (42.28 ± 5.96), R-meadows (42.39 ± 5.10) and 8W-meadows (79.63 

± 19.47). 

The analysis of the high taxonomic resolution data collected in 2012 

showed that neither species richness (mean ± SE per meadow: 12.38 ± 0.48) 

nor diversity (Shannon-Wiener index: 1.74 ± 0.07) differed significantly between 

mowing treatments and season (June vs July; Fig. 2a and Table 1).  

 

5.4.3 Araneae 

As for Auchenorrhyncha, elevation and ambient temperature were removed by 

the NMDS procedure as they correlated with other variables. The duration of 

registration of a meadow as an ECA within the Swiss AES was the unique co-

variable retained by NMDS (NMDS1 = 0.849; NMDS2 = -0.529; r2 = 0.323; P = 

0.001).  

The average (± SE) density of plant-dwelling Araneae (suction sampling) 

differed between years [23.30 (± 2.27) in 2010; 42.00 (± 2.38) in 2011; 38.44 

(± 2.62) in 2012]. Overall, i.e. when data were pooled across treatments, plant-

dwelling Araneae reached higher densities, on average, in July (43.83 ± 2.38) 

than in June (25.27 ± 1.42). D-meadows (46.77 ± 3.54) and 8W-meadows 

(37.11 ± 1.75) harboured significantly higher densities than C-meadows (29.07 

± 2.68) and R-meadows (25.87 ± 2.41), again when the two seasonal samples 

were pooled. The model with the lowest AICc included no additional co-variable.  

When the sampling sessions of June were analysed in three separate 

models, i.e. before any mowing operations (Table 2), no contrast was observed 

between the treatments, with the noticeable exception that density was, on 

average (± SE),  then higher in D-meadows (35.82 ± 5.43) in June 2012 than in 

C-meadows (18.83 ± 3.17). Concerning the three analyses done on each 

sampling sessions of July, density was higher the three years in D-meadows 

(65.43 ± 4.9) than in C-meadows (35.81 ± 4.26), R-meadows (31.41 ± 4.11) 

and 8W-meadows (42.77 ± 3.66).  

The analysis of the high taxonomic resolution data collected in 2012 (data 

from suction sampling and pitfall trapping pooled together) showed that neither 

species richness (mean ± SE per meadow: 15.11 ± 0.61) nor diversity 
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(Shannon-Wiener index: 1.77 ± 0.06 differed significantly between mowing 

treatments and season (June vs July) (Fig. 2a and Table 1). 

 

5.5 Discussion 

 

European AES (including Swiss ECA) have so far delivered only moderate 

benefits for farmland biodiversity, including grassland invertebrate communities 

and abundances (Kleijn et al. 2006; Aviron et al. 2009). Our results show that 

delaying the first possible mowing date of extensively managed meadows by a 

month (here from 15 June to 15 July) boosts Auchenorrhyncha and Araneae 

densities. A similar trend was observed for species richness although the pattern 

is not significant. These results corroborate our previous experimental findings 

that showed five times higher orthopteran densities occurred in meadows with 

delayed mowing compared to early mown meadows (Buri, Humbert & Arlettaz in 

press) and are in line with a recent systematic review on the effects of delay 

mowing on plant and invertebrate communities and populations (Humbert et al. 

2012b). If our experiments provide clear guidance for improving the 

effectiveness of AES, they might also be influential for a more biodiversity-

friendly management of other grassy habitats such as wetland nature reserves, 

stream and canal banks, and road verges (Noordijk et al. 2009; Veen et al. 

2009; Hoste-Danyłow, Romanowski & Żmihorski 2010) 

 

5.5.1 Impact of mowing regimes on Auchenorrhyncha 

Overall, i.e. when the two seasonal samples from a year were pooled, leafhopper 

and planthopper density was, on average, about twice higher in meadows with 

grass cut delayed to 15 July (D-meadows) than the other treatments. 

Auchenorrhyncha densities severely dropped between June (before any meadows 

were mown) and July (when all meadows but D-meadows had been mown), 

supporting the view that mowing has a direct negative impact on this taxon 

(Humbert, Ghazoul & Walter 2009). This strong positive effect of postponing 

mowing operations (in July, density was ca doubled in D-meadows compared to 

in C-meadows) might thus be due both to less direct mortality caused by 

machinery during, or habitat suppression after the mowing process, and a lower 

level of total disturbance induced by less frequent detrimental mowing 
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operations. In effect, the mean number of cuts per year was 1.6 in D-meadows 

vs 1.9 in C-meadows.  

Meadows with limited cut frequency (8W-meadows; first cut not before 15 

June with at maximum two cuts a year and at least eight weeks in between) 

were significantly higher compared to both control meadows (C-meadows; first 

cut not before 15 June and no limitation on the number and date of subsequent 

cuts) and meadows harbouring uncut refuges (R-meadows; first cut not before 

15 June with 10-20% of the area left uncut as refuge at any mowing event), but 

the measured effect was just 3%.  However, the fact that a less pronounced 

effect was observed within 8W-meadows, despite that their management 

converged with that of C-meadows, is intriguing. This discrepancy might be due 

to the size difference observed between C- and 8W-meadows. Larger meadows 

usually harbour more stable Auchenorrhyncha communities and therefore could 

influence the results we obtained (Rösch et al. 2013). This unexpected 

phenomenon occurred by chance during the randomization of our treatments, 

where larger meadows were selected for 8W-meadows. Although statistically 

significant, this result does not support strong biological conclusions because the 

observed relative difference in Auchenorrhyncha density between 8W and C-

meadows was less than 3% while it was doubled between C and D-meadows 

(Martínez-Abraín 2008). Interestingly, July densities were ca 66% higher in R-

meadows than in C-meadows, pointing to a possible cumulated, carry-over effect 

of that specific treatment from the first to the second year, but the interannual 

variation seems to have blurred any underlying pattern due to the dramatic drop 

in densities in all situations in 2012.  

In contrast to density, species richness and diversity did not at all differ 

between mowing regimes. Auchenorrhyncha are known to readily react to 

disturbance (Biedermann et al. (2005) and the species identified in this study are 

all typical of early-succession habitats, meaning that the recurrence of mowing 

operations in our four treatments would not be compatible with community 

diversification. The mechanism behind this pattern might be comparable to other 

taxa, such as Hymenoptera, Diptera or Lepidoptera that use hebaceaous plants 

as hosts for egg laying and larval development (Rothenwöhrer, Scherber & 

Tscharntke 2013). Auchenorrhyncha lay their eggs directly on plants; they are 

hence systematically eliminated by hay removal (Nickel 2003). The intensive 

management that once prevailed in all our experimental meadows might also 
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explain this pattern: past fertilization might have modified the availability of 

nutrients in the sap and thus promoted only a few generalist species (Prestidge 

1982). Three years of survey, despite a current absence of fertilization, might in 

addition not be sufficient to capture community changes (Mountford, Lakhani & 

Holland 1996). Finally, Auchenorrhyncha are suffering from landscape 

homogeneization and fragmentation, which might compromise community 

recovery within restored grasslands (Schuch, Wesche & Schaefer 2012). 

 

5.5.2 Impact of mowing regimes on Araneae 

The patterns found for spiders roughly showed a similar trend to 

Auchenorrhyncha, although the contrast due to the effect of mowing treatment 

was less pronounced while the year effect differed. Overall densities in D-

meadows and 8W-meadows were, on average, 20-50% higher than in C-, 8W- 

and R-meadows, with the higher density in D-meadows mainly driven by the July 

samples. These results corroborate the principal findings reviewed in Nyffeler 

(2000): undisturbed grasslands generally harbour 10-50% larger densities of 

spiders than mown meadows. As for plant- and leafhoppers, the pattern 

observed in July also demonstrates the beneficial effect of keeping a large 

fraction of the matrix unmown until rather later in the season: D-meadows 

exhibited, on average, ca twice higher densities than C-meadows and R-

meadows, and ca 40% higher densities than 8W-meadows. The outcome of the 

refuge treatment also suggests that leaving a small fraction of the area unmown 

does not provide substantial benefits. Finally, the almost twice higher density 

detected in June 2012 in D-meadows compared to C-meadows is indicative of 

cumulative effects (i.e. carry-over effects from 2010 to 2012) of that mowing 

treatment that appears most effective for boosting plant- and leafhoppers. Note 

here that the dry and warm weather conditions of 2011 might have accentuated 

the pattern in the following year (MétéoSuisse 2012).  

  In terms of species richness and diversity, there was no significant 

difference between any of the mowing treatments. This supports the former view 

of Knop et al. (2006) and suggests that our experimental extensification might 

have been too shallow to elicit any diversification of spider communities, at least 

in the mid term as carry-over effects were already suspected for this taxon. 

Araneae appear to be so sensitive to mechanical disturbance (Cattin et al. 2003) 

that only very delayed mowing regimes, fully compatible with the late phenology 

170 Chapter Five



 

 

 

 
 

of most spider populations, might well be the sole solution (Baines et al. 1998). 

Similar advantages of  late mowing operations have been established for other 

taxonomic groups such as orthopterans (Buri, Humbert & Arlettaz in press), but 

not all organisms benefit from this measure (Humbert et al. 2012b). The 

situation of spiders might be comparable to that of plant- and leafhoppers, with 

communities inhabiting our study sites comprising mostly generalist species. 

Although plant- and ground-dwelling Araneae have different ecological 

requirements, the majority of studies has focused on the latter (Schmidt et al. 

2005; Schmidt et al. 2008; Cizek et al. 2011), with the exception of studies on 

the effects of field margins among cropland on plant-dwelling Araneae (Blake et 

al. 2013). The present study provides thus valuable additional information for the 

restoration of Araneae in grasslands. 

 

5.5.3 Conclusions and management recommendations  

Although Auchenorrhyncha and Araneae belong to two different trophic levels, 

both responded similarly to our experimental mowing regimes: densities were 

systematically higher in D-meadows than in C- and R-meadows. There also 

tended to be higher densities in 8W-meadows than in C- and R-meadows, but 

with relatively much smaller effect sizes. A mid-term cumulative positive effect of 

that delayed mowing treatment over the years was also evidenced for Araneae. 

This, in line with previous experimental evidence (Buri, Humbert & Arlettaz in 

press), tends to confirm that delayed mowing would promptly enhance conditions 

for overall meadowland biodiversity. Although benefits for species richness could 

not be demonstrated, increases in population densities are likely to elicit 

cascading effects along the food chain, contributing to reinstate more integral 

communities and ecosystem functionalities (e.g. Arlettaz et al. 2010).  

AES have been launched to conserve and restore biodiversity in farmland, 

yet these highly subsidized schemes delivered only moderate benefits for 

grassland wildlife up to date. This calls for serious improvements of these 

schemes (Kleijn et al. 2006). Despite the fact that our experiments were carried 

out in the somehow singular farming context of Switzerland, our results have 

clear management implications beyond its border. Delaying the first possible 

grass cut by a month (here typically till 15 July, which would roughly correspond 

to the average situation in temperate central Europe) appears to be one top 

solution. If this is not an option locally, leaving uncut grass refuges on a fraction 
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of a mown meadow might be another, although less beneficial alternative 

measure (Everwand, Scherber & Tscharntke 2013; Buri, Humbert & Arlettaz in 

press; Buri, Humbert & Arlettaz submitted). These two options would probably 

further benefit from being applied in concert, as two alternative, mutually 

complementary measures. However, further research is needed to 

experimentally test whether the conjunction of these management options in 

space and time, and longer durations of their application, further boosts 

conditions for biodiversity. For now, it seems that reinstating spatio-temporal 

heterogeneity within agricultural matrices is a key for the preservation and 

restoration of its biological diversity in the long run (Benton, Vickery & Wilson 

2003; Batáry et al. 2011).  
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Figure 2. 

 

 

Figure 2. Species richness of (a) Auchenorrhyncha and (b) Araneae with respect 

to mowing treatment.  Bold transversal bars represent medians, crosses the 

means, box boundaries the first and last quartiles, whiskers the inter-quartile 

distance multiplied by 1.5, and open dots the outliers
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 Appendix 1. Location of the study sites (Buri_samples_sites.kmz , 

electronic file for google earth software) 
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Appendix 2. Table S1. Main summary of the data obtained with the suction samplers for the Auchenorrhyncha

and the spiders. Sampling dates are indicated in the Day/Month system and coordinates in the WGS 84 geodesic  

system.
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2
0
1
0

2
0
1
1

2
0
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2

E N

VD Nyon Control 06.06 / 11.07 29.5 / 01.07 01.06 / 12.07 6.21926 46.41479

Nyon Delayed 06.06 / 11.07 29.5 / 01.07 01.06 / 12.07 6.19594 46.37844

Nyon 8 Weeks 06.06 / 11.07 29.5 / 01.07 01.06 / 12.07 6.18594 46.37876

Nyon Refuge 06.06 / 11.07 29.5 / 01.07 01.06 / 12.07 6.25433 46.40769

Orbe Control 06.06 / 10.07 26.5 / 01.07 01.06 / 12.07 6.50323 46.71043

Orbe Delayed 06.06 / 10.07 26.5 / 01.07 01.06 / 12.07 6.49181 46.70081

Orbe 8 Weeks 06.06 / 10.07 26.5 / 01.07 01.06 / 12.07 6.48131 46.69787

Orbe Refuge 10.06 / 10.07 26.5 / 01.07 01.06 / 12.07 6.49843 46.71744

Avenches Control 07.06 / 10.7 17.05 / 12.07 01.06 / 11.07 7.00789 46.92443

Avenches Delayed 07.06 / 09.07 17.05 / 12.07 01.06 / 11.07 7.05615 46.93898

Avenches 8 Weeks 07.06 / 10.7 17.05 / 12.07 01.06 / 11.07 7.00236 46.92323

Avenches Refuge 07.06 / 09.07 17.05 / 12.07 01.06 / 11.07 7.0598 46.94316

FR Cousset Control 07.06 / 09.07 17.05 / 12.07 01.06 / 11.07 6.98079 46.82316

Cousset Delayed 07.06 / 09.07 17.05 / 12.07 01.06 / 11.07 6.97325 46.82397

Cousset 8 Weeks 07.06 / 09.07 17.05 / 12.07 01.06 / 11.07 6.97602 46.81959

Cousset Refuge 07.06 / 09.07 17.05 / 12.07 01.06 / 11.07 7.0023 46.83105

NE Coffrane Control 10.06 / 12.07 19.05 / 12.07 02.06 / 17.07 6.86176 47.00157

Coffrane Delayed 10.06 / 12.07 19.05 / 12.07 NA 6.85332 47.00149

Coffrane 8 Weeks 10.06 / 12.07 19.05 / 12.07 02.06 / 17.07 6.8534 47.01196

Coffrane Refuge 10.06 / 12.07 19.05 / 12.07 02.06 / 17.07 6.84951 47.00814

BE Wohlen Control 04.06 / 06.07 20.05 / 04.07 02.06 / 04.07 7.37801 46.99978

Wohlen Delayed 04.06 / 06.08 20.05 / 04.07 02.06 / 04.07 7.42486 46.99751

Wohlen 8 Weeks 04.06 / 06.09 20.05 / 04.07 02.06 / 04.07 7.41489 46.98292

Wohlen Refuge 04.06 / 06.10 20.05 / 04.07 02.06 / 04.07 7.38956 46.96997

Grossaffoltern Control 04.06 / 14.07 19.05 / 12.07 02.06 / 05.07 7.37652 47.065

Grossaffoltern Delayed 04.06 / 12.07 19.05 / 12.07 02.06 / 05.07 7.37496 47.07554

Grossaffoltern 8 Weeks 04.06 / 14.07 19.05 / 12.07 02.06 / 05.07 7.33466 47.0776

Grossaffoltern Refuge 22.06 / 14.07 19.05 / 12.07 02.06 / 05.07 7.34781 47.06378

Belp Control 09.06 / 06.07 18.05 / 04.07 07.06 / 04.07 7.51062 46.88239

Belp Delayed 09.06 / 06.07 18.05 / 04.07 07.06 / 04.07 7.47407 46.91446

Belp 8 Weeks 09.06 / 06.07 18.05 / 04.07 07.06 / 04.07 7.51564 46.88905

Belp Refuge 09.06 / 06.07 18.05 / 04.07 07.06 / 04.07 7.51727 46.89607

Hindelbank Control 11.06 / 14.07 21.05 / 04.07 14.6 / 10.07 7.60116 47.03868

Hindelbank Delayed 08.06 / 13.07 21.05 / 04.07 14.6 / 10.07 7.55334 47.05733

Hindelbank 8 Weeks 08.06 / 14.07 21.05 / 04.07 14.6 / 10.07 7.54758 47.02428

Hindelbank Refuge 08.06 / 08.07 21.05 / 04.07 14.6 / 10.07 7.56751 47.0306

Huttwil Control 08.06 / 07.07 22.05 / 09.07 14.06 / 09.07 7.81477 47.09231

Huttwil Delayed 08.06 / 07.07 22.05 / 09.07 14.06 / 09.07 7.85304 47.10897

Huttwil 8 Weeks 08.06 / 08.07 22.05 / 09.07 14.06 / 09.07 7.84513 47.10044

Huttwil Refuge 08.06 / 08.07 22.05 / 09.07 14.06 / 09.07 7.82261 47.11047

7.8175 47.42509

BL Diegten Control 09.06 / 08.07 21.05 / 06.07 09.06 /10.07

Diegten Delayed 09.06 / 08.07 21.05 / 06.07 09.06 /10.07 7.83267 47.43855

Diegten 8 Weeks 09.06 / 08.07 21.05 / 06.07 09.06 /10.07 7.82153 47.41849

Diegten Refuge 09.06 / 08.07 21.05 / 06.07 09.06 /10.07 7.81699 47.41462

AG Lupfig Control 11.06 / 13.07 20.5 / 06.07 09.06 / 09.07 8.17942 47.44759

Lupfig Delayed 11.06 / 13.07 20.5 / 06.07 09.06 / 09.07 8.18753 47.44312

Lupfig 8 Weeks 11.06 / 13.07 20.5 / 06.07 09.06 / 09.07 8.19388 47.44158

Lupfig Refuge 11.06 / 13.07 20.5 / 06.07 09.06 / 09.07 8.21673 47.44438
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95 25 288 112 142 36 8 2 28 16 39 39 12 12

68 57 221 66 101 75 19 22 33 32 40 70 13 13

57 20 120 17 65 25 9 12 35 33 27 31 16 14

77 5 25 0 38 57 2 9 3 3 8 21 10 6

43 10 27 11 81 21 7 5 7 14 12 31 11 11

22 51 160 109 84 243 10 54 43 80 41 81 13 13

27 5 70 44 47 85 7 5 30 47 24 48 13 10

176 66 173 29 95 61 14 13 10 37 14 61 11 11

82 15 542 67 88 8 68 2 56 36 18 21 7 7

251 208 281 238 170 201 38 53 40 68 20 64 17 12

102 9 167 32 84 94 21 4 32 25 53 49 13 9

250 4 306 62 198 34 15 4 23 27 15 26 22 9

161 18 450 16 292 111 12 21 13 19 21 38 20 7

207 46 207 89 106 49 12 15 12 46 32 101 12 12

110 23 114 40 192 54 23 41 26 38 26 56 11 9

180 82 141 80 62 86 38 30 36 58 46 108 17 13

11 47 43 70 33 113 15 42 32 36 13 84 13 12

24 41 55 87 NA NA 21 31 19 59 NA NA NA NA

34 27 95 83 60 237 31 32 53 58 33 66 14 12

43 28 98 72 42 98 8 30 43 45 33 101 16 17

56 19 28 36 74 21 21 16 43 37 20 20 10 6

12 67 228 243 99 344 12 91 13 122 51 132 8 8

44 80 93 95 51 42 13 86 83 81 46 43 12 11

58 23 86 73 57 24 10 14 37 33 23 20 11 11

23 18 48 23 18 16 6 140 64 31 36 31 8 10

44 61 193 124 57 92 16 66 38 88 52 69 13 7

22 95 53 69 41 26 20 46 37 46 45 57 8 12

33 14 84 18 42 19 35 21 31 27 17 20 9 8

47 11 118 117 91 38 16 36 31 73 13 37 11 6

76 88 97 213 69 114 15 23 15 52 24 56 18 10

39 17 73 72 71 24 12 9 65 42 29 16 15 8

34 8 61 36 54 30 7 3 10 19 18 20 12 5

52 33 150 98 120 120 7 39 47 63 29 45 14 10

201 110 835 529 81 350 8 55 46 113 67 74 13 12

50 60 135 118 51 178 9 54 50 30 15 55 14 8

74 15 68 99 58 80 4 26 19 47 10 31 13 3

7 16 21 28 16 29 6 44 28 55 4 54 10 7

20 44 21 206 16 197 12 65 60 103 18 100 8 4

64 17 210 689 39 196 17 3 29 76 14 35 10 7

49 28 144 76 63 27 23 20 34 54 18 36 10 6

44 12 NA 11 11 40 14 12 NA 16 6 42 11 10

118 81 135 159 27 37 10 30 42 35 5 34 12 9

112 29 300 59 110 55 12 40 65 59 10 70 12 7

47 6 NA 5 20 5 16 9 NA 26 15 13 7 11

12 74 52 55 22 27 3 30 17 37 15 25 7 6

63 116 166 202 84 172 17 59 39 83 44 64 15 5

42 35 126 81 31 35 13 24 52 79 17 44 13 9

33 59 171 74 78 43 5 12 47 28 19 79 16 15

Total 3496 2023 7279 4932 3531 4069 737 1500 1616 2332 1195 2418 53 71

Auchenorrhyncha abundance Spiders abundance
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 Appendix 4. Selection of the different co-variables for the analyses of 

Auchenorrhyncha and spiders responses to different exprimental mowing 

regimes. Co-variables are: elevation, slope, mean temperature, registration 

duration as ECA, meadow size (ha), growth period, and in a radius of 250 m the 

proportion of different land covers: forest; gravel pits; special crops (vineyards 

plus orchards); settlements and; water bodies. 
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 Auchenorryhncha  

 

Figure S1. Graphical output of the two first axes of the non-metric 

multidimensional scaling for Auchenorrhyncha. The points represent the 

meadows and the arrows factor with a p-vlaue < 0.05. The length of the arrow 

represents the strength of the factor, based on the square root of the correlation 

coefficient r2. 
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 Table S1. Summary of the non-metric multidimensional scaling analysis for 

Auchenorrhyncha. NMDS 1 and NMDS 2 are the eigenvalues of the two first axes, 

r2 the correlation coefficient of the variables and, Pr(>z) the p-values obtained 

after 999 permutations of the parameters. Significant p-values are highlighted in 

bold 

 NMDS1 NMDS2 r2 Pr(>r) 
Elevation -0.86929 -0.49430 0.0740 0.171 

Slope -0.99463 0.10345 0.1211 0.051 
Registration duration as 

ECA 
-0.94142 -0.33723 0.1317 0.049 

Size (ha) -0.78876 0.61470 0.0217 0.631 
Growth period 0.38624 -0.92240 0.0378 0.443 

Forest -0.36917 0.92936 0.3093 0.001 
Gravel pit 0.18136 -0.98342 0.0696 0.186 

Special crops 0.97139 -0.23747 0.0244 0.605 
settlement 0.74526 -0.66677 0.0693 0.228 

Waterbodies -0.94880 0.31587 0.0149 0.744 
Nb plant species 0.98790 0.15511 0.1216 0.047 
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  Table S2. Summary of the model selection for the Auchenorrhyncha. 

Parameters with a + were integreated in the respective models. The ΔAICc was 

obtained by substracting the AICc of the best model to the one presented on the 

respective line  

Rank Forest  

Registration duration as 

ECA 

Nb 

plants AICc ΔAICc 

1 - - - 716.32 0 

2 + - - 718.8 2.48 

3 - + - 722.72 6.4 

4 + + - 725.55 9.23 

5 + - + 728.2 11.88 

6 - + + 731 14.68 

7 + + + 733.28 16.96 
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 Araneae 

 

 

Figure S2. Graphical output of the two first axes of the non-metric 

multidimensional scaling for Spiders. Symbols are the same as in Figure 1. 

Effect of mowing regime on biodiversity 193



 

 

 Table S3. Summary of the non-metric multidimensional scaling analysis for 

Auchenorrhyncha. Columns are the same as in Table1. 

 NMDS1 NMDS2 r2 Pr(>r) 
Elevation 0.999930 0.011792 0.0888 0.144 

Slope 0.997443 0.071461 0.0785 0.184 
Temp -0.995868 -0.090811 0.0422 0.396 

Registration duration as 
ECA 

0.848579 -0.529069 0.3227 0.001 

Size (ha) 0.273687 -0.961819 0.0083 0.842 
Growth period -0.621235 -0.783624 0.0305 0.497 

Forest 0.704635 -0.709570 0.0999 0.102 
Gravel pit -0.866396 0.499357 0.0128 0.747 

Special crops -0.419191 -0.907898 0.0016 0.957 
settlement -0.141591 0.989925 0.0351 0.458 

waterbodies 0.795994 0.605304 0.0109 0.778 
  

Table S4. Summary of the model selection for the Auchenorrhyncha. Columns 

are the same as in Table 2 

Rank 
Registration duration as 

ECA AICc ΔAICc 
1 - 602.22 0 
2 + 608.75 6.53 
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General conclusion
 

 

 





 

 

 

 
 

The main goal of this PhD thesis was to test a set of alternative management 

measures that could improve the effectiveness of current AES among grasslands 

(Kleijn & Sutherland 2003). The ultimate goal is then to conserve and restore 

farmland biodiversity for future generations (European Communities 1985). 

Investigated management measures consisted of four different mowing regimes. 

In addition to have expected positive effects on biodiversity, these mowing 

regimes had to be straightforward, i.e. to be readily implementable by farmers. 

The mowing regimes were:  i) delaying the first mowing date until 15 July; ii) 

limiting to two the number of cuts per year, with at least eight weeks in-between 

and; iii) leaving an uncut refuge on 10 – 20 % of a the meadow area at each cut, 

with the location of the refuge being changed from a cut to the next in order to 

avoid vegetation succession; iv) these treatments were compared to control 

meadows that were complying with management prescriptions for extensive ECA 

meadows (ecological compensation areas) within the Swiss AES.  

From its onset, this PhD project was carried out within a collaborative 

framework, including among others: scientists (AGROSCOPE, UniBe), 

representatives of associations for agricultural development and rural affairs 

(AGRIDEA), representatives of cantonal and national offices for the environment 

and agriculture (Caudron, Vigier & Champigneulle 2012). This framework was 

used to link the themes and issues faced by conservation science and practice as 

well as to bridge the gap between research outputs and public actions (Arlettaz 

et al. 2010; Braunisch et al. 2012; Habel et al. 2013). It was intended to 

facilitate the future implementation of the management recommendations drawn 

from our results (Kleijn et al. 2006). 

Measures were investigated at the field scale, which is the real scale for 

applying such management options, relying on a rigorous full block design 

experimental approach, with random allocation of the treatments to the different 

meadows. An advantage of the experimental approach when compared to mere 

observational and correlational studies, including quasi experiments, is the ability 

to disentangle the effects of the treatments from the effects of any potential 

confounding factors. For instance, a random treatment allocation to fields allows 

avoiding the knowledge effect (a typical sampling bias) that would typically lead 

the landowner to link a given treatment to a given field, based on his previous 

knowledge of the yield potential and phenology of that field, such as a systematic 

application of the most extensive management regime to the poorer productive 
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circumstances. The experimental setup was replicated 12 times across 

Switzerland to be sure that the effects observed were not simply due to local 

conditions. This approach reinforces the strength of the outputs as such a 

replicated design reduces any risks that confounding factors would blur the 

underlying pattern. As a result, the evidence-based management 

recommendations drawn from this research are relevant not only to the whole 

Swiss plateau but even beyond the Swiss border. The fact that the landowners 

themselves were responsible for implementing the randomly allocated mowing 

regimes we had devised already constitutes a real-scale test of the applicability 

of these measures. The yearly standard interviews with the farmers allowed 

identifying any issues around the establishment of the selected management 

regimes, which is essential regarding the recommendations drawn from this 

study.   

Notwithstanding the advantages provided by a fully controlled 

experimental approach, many points have to be considered. Such an 

experimental approach at the field scale generates substantial supplementary 

costs. It requires financial compensations for the farmers and high transportation 

expenses for travelling from the base to the study sites that were scattered 

across the Swiss plateau. This contrasts with, for instance, conventional 

common-garden experiments where treatments are typically applied in situ, even 

when replicated, which questions the capacity to extrapolate results. Though a 

greater number of alternative treatments can be tested simultaneously in 

common-garden experiments, spill-over effects might represent another source 

of uncertainty that is typically inexistent with our geographically replicated, field-

scale experimental design (Hudewenz et al. 2012). However, an issue that is 

common to common garden and field scale experiments is the time needed by 

the organisms to react to experimental treatment, which might in part be linked 

to their ability to disperse (Woodcock et al. 2010).  

Different groups were sampled to provide a better understanding of the 

effects of our measures on different guilds and / or trophic levels. Primary and 

secondary consumers were studied in chapter 4 (Auchenorrhyncha and Araneae), 

a taxon consisting of herbivores and insectivores in chapter 2 (orthopterans) and 

pollinators in chapter 3 (wild bees).  

In the following sections, responses of the different group of organisms are 

summarized per mowing regime. A management recommendations section 
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followed by a section that gives directions for future research close this general 

discussion.  

 

6.1 Mowing delayed by a month (15 July) 
 

A systematic review and meta-analysis was carried out about this widespread 

measure with the objective to draw a sound synthesis. The analysis shows that 

plant species richness could benefit from a delayed mowing if the mow is 

postponed from spring to summer. When the mow is further postponed, typically 

until autumn, damages are often recorded in plant communities that become less 

diverse. A benefit of postponing mowing was identified for arthropod species 

richness, whereas no effects on abundance could be detected. These conclusions, 

however, are based on a tiny evidence: only six studies on arthropods matched 

our inclusion criteria for the meta-analysis. Note also that several emblematic 

groups of arthropods characteristic of grasslands, such as orthopterans, were 

absent from the literature scrutinized.   

 Regarding the groups investigated in the other three chapters, a common 

pattern emerges: abundance and/or density of orthopterans, bees, 

Auchenorrhyncha and Araneae was higher in July in the delayed treatment, i.e. 

when the other types of meadow had been cut, confirming a strong negative 

direct effect of mowing on field invertebrates. A cumulative (from year x to year 

x+1 or X+2) positive effect could be evidenced only for Orthoptera and Araneae. 

These cumulated effects are most probably due to individuals that could reach 

adulthood between June and early July and thus could reproduce in favourable 

conditions, with demographic carry-over effects observed in the following year. 

Although wild bees directly benefitted from the presence of unmown meadows in 

the matrix, the data recorded in June 2011 showed a slight negative cumulative 

effect from the previous year on bee abundance. The presence in the matrix of 

meadows with abundant resources such as D-meadows could have generated a 

temporary concentration of this taxon (Veddeler, Klein & Tscharntke 2006). 

However, removal of these resources through mowing may have potentially 

reduced the reproductive capacity of wild bees, leading to the lower number of 

individuals observed in spring the following year. 
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In contrast, a positive direct effect of delaying mowing was demonstrated 

on honey bees although Swiss honey bees stem almost exclusively from 

managed hives (Jaffé et al. 2010). Agricultural intensification has reduced the 

number of cultivated crop species and led to the disappearance of semi-natural 

habitats, reducing the diet breadth of honey bees and thus directly threatening 

their survival (Nicolson & Human 2012). Consequently, they could benefit from 

the nectar resource provided by unmown meadows during early summer, 

especially nowadays that honey bees are experiencing dramatic population 

declines in the Northern Hemisphere (Carreck & Neumann 2010). 

 

6.2 Two cuts a year, with eight weeks in-between 
 

The result of the interviews with the farmers involved in this project evidenced 

that 8W- and C-meadows were actually managed in a very similar way. Only the 

results obtained with the Auchenorrhyncha and Araneae over three years yielded 

significant effects for this treatment. As discussed in chapter four, the observed 

densities were slightly higher than in controls, but the tiny effect size probably 

bears no biological meaning (Martínez-Abraín 2008). This management was 

recommended by some experts based on the time needed by ground-nesting 

birds to have a successful replacement clutch, when the first one was destroyed, 

typically by mowing (Müller et al. 2005). Such measures might still be profitable 

for meadow birds, but irrelevant for other taxa. 

 

6.3 Uncut areas serving as refuges 
 

Leaving uncut refuges had several positive effects on the investigated 

invertebrate populations. The second and third chapters evidenced a doubling of 

the abundance of orthopterans and wild bees in the following spring, pointing to 

a cumulative effect from one year to the next.  Species richness was also higher 

in these treatments than in controls, this for both taxa. In orthopterans, it was 

mainly due to a higher number of species recorded, mainly bush crickets 

(Orthoptera: Tettigoniidae). The presence of some vertically heterogeneous 

herbaceous cover that could be generated by this management seems to benefit 

this taxon (Baur et al. 2006). Concerning bees, a positive effect was observed 
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already after one year of implementation of our management, confirming that 

this taxon rapidly reacts to favourable management (Carvell et al. 2007). Such 

findings highlight the importance of grasslands as complement of wild flower 

strips for the conservation of wild bees in farmland (Öckinger & Smith 2007). 

They also provide a further illustration of the direct benefits of vegetation refuges 

(Humbert et al. 2012), 

 No effect of this management was detected for Auchenorrhyncha and 

Araneae. Although Auchenorrhyncha have a comparable niche as orthopterans, 

they differ in foraging and egg laying behaviour (Nickel 2003; Baur et al. 2006). 

While numerous species of orthopterans lay eggs in the soil, Auchenorrhyncha do 

it directly on their species-specific host plant. Grass removal has therefore a 

severe impact on Auchenorrhyncha and unmown refuges can only offer a very 

partial compensation for them. The recolonization of the meadow from an 

unmown refuge also depends on an organism’s dispersal capacity. Maximum 

dispersal ranges are usually referred to in the literature (Bell, Wheater & Cullen 

2001; Nickel 2003), while average dispersal range would certainly be more 

relevant and information about conditions promoting dispersal even more crucial. 

Therefore it is difficult to appreciate whether the size and interconnection of the 

refuges we created in our experiments actually match the basic spatial 

requirements of these two taxa. 

 

6.4 Management recommendations 
 

The taxa investigated reacted differently to our experimental mowing regimes, 

exemplifying the need for multiple and heterogeneous management options of 

grasslands for improving present day AES regulations. The hypothesis that 

biodiversity in farmland can be enhanced through reinstating more 

heterogeneous habitats is largely confirmed by our results, as least as regards 

grasslands (Benton, Vickery & Wilson 2003). The principal outcomes of the 

present research can be framed as take-home messages: 

• First cut not before 15 July reduces the direct impact of mowing and is 

beneficial for several taxa as it provides suitable conditions for reproducing. 

This measure seems to be especially favourable for providing staple food 

resources for upper trophic levels, notably insectivorous predators.  
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• Limiting the number of cuts to two was unfortunately a management 

regime that was too close to the present Swiss AES regulation for extensively 

managed meadows, with thus little apparent benefits from this measure. 

• Uncut fraction of a meadow as a refuge increases species richness, and 

population abundance and/or density in several taxa, but to a lesser extent 

than the delayed mowing regime. This measure appears thus mostly suitable 

when the objective is to increase species richness.  

 

Notwithstanding that the alternative management measures investigated in 

this thesis were conceived mostly for extensively managed meadows within the 

Swiss AES, they have implications far beyond the Swiss border and for grassy 

habitats other than hay meadows. Temperate grasslands are widespread across 

Europe, constituting a great fraction of AES (Kleijn & Sutherland 2003). In this 

respect, the conclusions reached in this study might first bear some relevance for 

the on-going debate about greening the CAP at the EU level (Hart & Baldock 

2011).  Second, mown grasslands not included within AES such as road verges, 

grassy protected areas, banks of streams, canals and ditches could also benefit 

from the inputs of this project (Noordijk et al. 2009; Veen et al. 2009; Hoste-

Danyłow, Romanowski & Żmihorski 2010).  

  The voluntary participation of the farmers involved in this project shows 

that at least some of them are ready to adapt their management when they are 

advised so and financially supported by cantonal and/or federal institutions 

(Anonymous 2009; OAN 2009; Whittingham 2011; McKenzie et al. 2013).  

 

6.5 Further research 
 

An extension of our experiments to other taxa could give a more comprehensive 

picture of the pros and cons of these alternative management regimes. Future 

candidate taxa would be butterflies and moths (Insecta: Lepidoptera) because 

they require different resources at different phases of their life-cycle, being thus 

particularly impacted by any changes in farmland habitat and farming practices 

(Cizek et al. 2011). Other taxa that provide crucial ecosystem services such as 

parasitoid wasps, which have the potential to limit the spread of agricultural 

pests, would also be worth investigating (Anderson et al. 2011). Assessing the 
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effects of other mowing options, such as maintaining the uncut refuge during the 

entire year at the very same place, delaying mowing until August instead of July, 

or even combining these measures together would be another step forward, 

further testing conditions that might contribute to reinstate spatio-temporal 

heterogeneity within agro-ecosystems. Finally, the effect on upper trophic levels 

of these measures would deserve more consideration: the general, sometimes 

dramatic increase in biomass observed in D- and R-meadows, compared to 

controls, indicates in particular that insectivorous organisms might benefit from 

these boosted prey supplies (Benton et al. 2002), although remains the issue of 

the accessibility of that prey for insectivorous predators such as terrestrially 

foraging birds, which largely depends on the sward structure (Schaub et al. 

2010). 
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