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Summary 
In this deliverable, we first summarize the results of three case studies on the application of 
PBR in Switzerland (original study carried out within the Safeguard project), UK (Chaplin et al. 
2019) and Romania (Page et al. 2019). We then focus on the key knowledge gaps hampering 
the applicability of PBR schemes in practice: evidence that simple pollinator indicators provide 
meaningful information about pollinator biodiversity. For this purpose, we performed a large 
synthesis study using primary data from across Europe to identify effective indicators of wild 
bee diversity across different habitats. Based on the promising results of this analysis we 
proposed a flexible protocol to measure these indicators in the field. We focused on wild bees 
as they are the most taxonomically complex and challenging group of pollinators and represent 
the most dominant and important taxa for crop and wild plant pollination across agricultural 
landscapes. Although butterflies are considered good potential bio-indicators as they are easy 
to identify, previous research indicates that they have little predictive power to explain the 
diversity of other pollinator taxa. Concerning hoverflies, we could not find a body of literature 
sufficient to perform a robust synthesis study at the European scale. Here, we collated a large 
dataset of published and unpublished primary data on bee communities sampled in different 
habitats across Europe. Our general aim was to identify indicators of high species diversity 
communities. Using a quantitative meta-analysis, we tested whether simple metrics such as 
the total wild bee abundance (excluding Apis mellifera) or the abundance of bumblebees could 
predict the species diversity of wild bees. We also tested whether the sampling method (direct 
observations with transects vs. trapping) and the habitat type modified the performance of the 
candidate indicators across Europe. The meta-analysis showed that total abundance of wild 
bees was a very strong predictor of total wild bee diversity across different habitats and 
sampling methods. The average correlations within habitats were all above 0.75. The indicator 
performance was consistent across different environments and sampling methods. Using 
bumblebee abundance as indicator of total wild bee diversity was also supported by our 
analysis. However, the correlations were lower than those related to total abundance. 
Averaged correlations varied between 0.47 and 0.65 depending on the habitat and sampling 
method. We also observed a trend for stronger correlations in forest than in other habitats and 
in transects compared to pan-traps. We found a trade-off between predictive power and 
implementation easiness for the two candidate indicators. Concerning the sampling method, 
as PBR schemes are usually aimed to improve habitat quality at the local scale (e.g. a single 
meadow, margin, or pasture), we suggest to use transect counts. If it is possible to properly 
train the famers, total abundance of bees should be preferred, while if training is a constraining 
factor, the abundance of bumblebees can be used. However, one should consider that the 
predictive power of this indicator is not sufficient to detect subtle changes in species diversity. 
Finally, we provide practical guidelines on how to implement the indicators at the regional 
scale. 
 

List of abbreviations 

PBR Payment-by-results 
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1. Introduction 
Agro-environmental measures (AEM) have been an important tool to try to halt biodiversity 
decline across agricultural landscapes (Burton and Schwarz, 2013). Still, traditional AEM, 
which pay for measure implementation have shown mixed results over the years and their 
cost effectiveness was put into question (Burton and Schwarz, 2013; Chaplin et al., 2021; 
David Wuepper and Robert Huber, 2022; Matzdorf and Lorenz, 2010; Uthes and Matzdorf, 
2013). Payment-by-Results schemes (PBR) have been proposed as a potentially more 
effective approach (but see (Verhulst et al., 2007). PBR schemes seek to improve 
environmental outcomes by imposing a set of key indicator species which the farmers need to 
achieve in order to be eligible for the payment (Uthes and Matzdorf, 2013). In this case, the 
farmer has to meet a certain ecological outcome, instead of applying a certain farming practice 
(Chaplin et al., 2021; Schroeder et al., 2013). Since their introduction, the popularity of the 
PBR schemes has increased among farmers and the general public is also more inclined to 
accept spending money for the PBR because the farmers receive the money only if they 
achieve the expected results (Burton and Schwarz, 2013; Schroeder et al., 2013)  
There are multiple reasons why PBR schemes have gained attention over the years. Since 
the results and payment are linked farmers have the control and responsibility to deliver the 
set results using their own land management options. Hence, they feel that they play a major 
role in the conservation, which could promote behavioral changes and improve the outcome 
of the payment scheme (Chaplin et al., 2021; Matzdorf and Lorenz, 2010). In PBR, the farmers 
also have the flexibility to use any management method in order to achieve the desired results. 
This can make the payment scheme an integral part of the farming process, not just another 
set of rules that need to be followed (Chaplin et al., 2021; Uthes and Matzdorf, 2013). 
Moreover, the PBR schemes can motivate farmers to innovate in order to achieve higher 
environmental outcomes and to receive a higher payment, thus increasing the cost 
effectiveness of the scheme (Burton and Schwarz, 2013; Chaplin et al., 2021; Matzdorf and 
Lorenz, 2010). Another reason why farmers might opt for PBR schemes is because they 
perceive them as less risky as opposed to action based payment schemes. If the indicator 
species are well defined and the farmers receive a certain degree of training, then they can 
also self-monitor their fields reducing the monitoring costs (Burton and Schwarz, 2013; Chaplin 
et al., 2021; Schroeder et al., 2013). 
Indicators are therefore a central component of PBR schemes. Indicators should be cost 
effective tools that are easy to measure but still provide meaningful information to decision 
makers (Siddig et al., 2016). Within a biodiversity context, this means that indicators should 
be species or species groups that are easy to recognize and to quantify and whose abundance 
correlates well with overall species richness of sites. For PBR schemes to effectively enhance 
biodiversity or species richness of the targeted species group, the choice of indicators is of 
upmost importance (Matzdorf et al., 2008; Wittig et al., 2006). Task 4.4 aims to develop new 
indicators for pollinators using flagship species and test the performance of these indicators 
for predicting pollinator community response in terms of abundance and diversity. We build 
upon experiences from existing PBR schemes running in Romania, Switzerland, UK and 
Germany. Indicators should be relatively easy to be measured by farmers or other operators 
with only a minimal training (Matzdorf et al., 2008; Wittig et al., 2006). We found that most 
research carried out in with respect to pollinator indicators specifically focus on this particular 
aspect: the ability of citizen scientists to identify pollinator indicator species or species groups 
(Le Féon et al., 2016; Mason and Arathi, 2019; O’Connor et al., 2019; Ratnieks et al., 2016; 
Roy et al., 2016). Results of these studies suggest that volunteer recorders can identify the 
selected indicators in the different region and provide data that can produce meaningful 
results, although the quality, taxonomic resolution is generally lower than data collected by 
scientists. This in turn reduces the reliability of observed trends and relationships with 
environmental variables. Surprisingly little attention has been given to the question whether a 
selected indicator species or species group correlates well with overall biodiversity of 
pollinators (Segre et al., 2023). 



 
 
Safeguard: D4.4: Effective indicators for PBR schemes  6 | Page 

 

 
 
 

In these deliverable, we first summarize the results of three case studies on the application of 
PBR in Switzerland (original study carried out within the Safeguard project), UK (Chaplin et al. 
2019) and Romania (Page et al. 2019). We then focus on the key knowledge gap hampering 
the applicability of PBR schemes in practice: evidence that simple pollinator indicators provide 
meaningful information about pollinator biodiversity. For this purpose, we performed a large 
synthesis study using primary data from across Europe to identify effective indicators of wild 
bee diversity across different habitats. Based on the promising results of this analysis we 
proposed a flexible protocol to measure these indicators in the field.  
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2. Regional case studies 

In the next sections we will present three case-studies and to analyse and identify limitations 
of current PBR schemes for pollinator conservation. 

2.1. Swiss case study – The potential of the Swiss payments by results scheme for 
meadow extensification in promoting bee pollinator diversity 

2.1.1. Background and aim of the study 

In Switzerland, ecological focus areas (EFAs) have been implemented in the framework of the 
Swiss agri-environment scheme in a tiered approach from 1993 (action-based) and 2001 
(result-based) onwards. Result-based EFAs have the same minimum management 
requirements as action-based EFAs, but can be voluntarily improved by farmers to achieve 
minimum local-scale biodiversity targets, which is assessed based on the presence of plant 
indicator species considered to reflect the ecological quality and potential of a local EFA to 
promote biodiversity (see Table 1). Thus, farmers receive additional subsidies if a minimum 
number of indicator plants occur in a local focal meadow considered to indicate overall high 
plant species richness, ecological quality and high potential for promoting biodiversity (BLW, 
2013). 
However, it remains unclear whether the expected higher ecological quality of extensively 
managed meadows in Switzerland fulfilling the additional criteria of the payments by results 
scheme also more effectively promotes pollinators diversity compared to the basic action-
based meadow extensification scheme or conventionally (intensively) managed meadows not 
under any scheme. The aim of this study was to address this research gap. In essence this 
study therefore indirectly examined whether scoring higher on the presence of plant indicator 
requirements was reflected in the pollinator community. 
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Table 1: Management prescriptions for the studied basic action-based Swiss agri-
environment scheme meadow extensification (i.e., extensively managed meadows) and 
criteria for additional direct payments through a results-based scheme (payments by 
results) based on the presence of required plant indicator species indicating high 
ecological quality and potential value for biodiversity. 

AES meadow type Action-based criteria Criteria PBR scheme 

Extensively managed 
meadow 

No use of fertilizer and 
pesticides, mown at least 
once each year but not 
earlier than a set date 
(15th of June in the Swiss 
lowland study region), 
the cuttings must be 
removed. 

Required plant indicator 
species present in the 
core area of a focal 
meadow. At least six of 
plant species listed (see 
list and decision tree 
shown in Appendix 1) 
must be present. 

2.1.2. Methods 

The study was conducted in a total of 28 agricultural landscapes in the Northern Swiss Plateau 
in the canton of Aargau. Landscapes represent the typical mosaic-type agricultural landscapes 
consisting of grasslands, crops, semi-natural habitat remnants (e.g., forest remnants) and 
settlements. Bees were sampled through standardized transect walks in each of three types 
of permanent meadows: (i) intensively (conventionally) managed meadows, (ii) extensively 
managed meadows managed according the basic action-based scheme for meadow 
extensification of the Swiss agri-environment scheme and (iii) extensively managed meadows 
under the payments by results scheme, for which farmers received additional subsidies if focal 
meadows achieve minimum quality requirements based on the presence of a list of plant 
indicator species (Table 1). Intensively managed meadows in the study regions are fertilized, 
typically receiving 150–200 kg ha−1 nitrogen each year and are mown up to five or six times 
per year if weather conditions are suitable, the first cut mostly taking place in May (Albrecht et 
al., 2023). Bees were sampled in a total 54 intensively managed meadows, 17 extensively 
managed meadows under the action-based basic scheme and 53 meadows under the 
payments by results scheme. Up to eight (sub-)transects of 40 m length and 2 m width were 
walked during a total of 4 min and 30 sec per 40 m sub-transect (excluding the time required 
for the handling of collected bees) per meadow type and landscape during two sampling 
rounds in June and July 2022. All bees that could not be identified in the field were collected 
and identified at the species level by an expert bee taxonomist. To account for slightly varying 
numbers of transects walked per meadow type and landscape, standard rarefaction methods 
using the R package iNEXT (Hsieh et al., 2016) were used to estimated bee species richness. 
Generalized linear mixed-effect model analysis (using a negative binomial error distribution to 
account for overdispersion in the data) with meadow type as explanatory variable and 
landscape ID as random factor was used to analyse the data. 
2.1.3. Results 

A total of 1927 wild bee individuals representing a total of 64 species were sampled. The 
average estimated species richness was highest in the results-based scheme meadows, and 
lowest in the intensively managed meadows, while the basic action-based scheme showed 
intermediate mean estimated species richness values (Fig. 1). Preliminary results from linear 
mixed-effect model analysis indicate a significant effect of meadow type on estimated 
species richness (log-likelihood ratio test: P < 0.001). However, variation in estimated bee 
species numbers was relatively high within each meadow type, and statistically significant 
differences were only found between the payments by results scheme meadows compared 
to intensively managed meadows (Tukey post-hoc test: P < 0.001). 
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Figure 1. Estimated mean (± 95% confidence intervals) number of wild bee species in 
each of the three studied meadow types: (i) intensively managed meadows (“intensive 
management”), extensively managed meadows managed according to the 
prescriptions of the basic action-based agri-environment scheme for meadow 
extensification (“basic extensification scheme”) and (iii) extensively managed 
meadows under the payments by results scheme (“payments by results scheme”; 
based on the presence of required plant indicator species; see Table 1). 
 
2.1.4. Conclusions 

The preliminary results of this case study suggest that the Swiss payments by results scheme 
for meadow extensification is associated with a higher bee pollinator diversity than the basic 
action-based scheme when compared to intensively managed meadows, with an almost twice 
as high estimated number of species found on average in meadows under the results-based 
scheme compared to intensively managed meadows. However, it needs to be noted that also 
the meadows under the results-based scheme had to fulfill the basic management 
prescriptions for extensively managed meadows (e.g., no fertilizer input, delayed firs cut) of 
the action-based scheme, but additionally harboured the required indicator plant species 
considered to represent plant-species rich meadows of high ecological quality. Furthermore, 
the present study focused on assessments of pollinator diversity in meadows during the 
summer months for which meadows play a particularly important role in providing floral 
resources for bee pollinators as this period is typically associated with most pronounced floral 
resource scarcity when most woody flowering plants and crops are not anymore flowering 
(Ammann et al., 2024; Bertrand et al., 2019). Nevertheless, future studies should assess the 
role of the studied meadow types also during spring. Moreover, it remains to be explored, 
which factors contributed to the local presence of these plant indicator species in an 
extensively managed meadow, for example whether management intensity was lower in such 
payments by result scheme meadows (e.g. further delayed first cut, reduced mowing 
frequency; or management was adapted in any other way by farmers to achieve an increased 
ecological quality), or to what extent rather local environmental conditions and given meadow 
properties (e.g. exposition, slope, soil and microclimatic conditions) contributed the presence 
of these indicator plant species. Finally, it remains to be explored whether alternative sets of 
indicator species could be more suitable to assess the potential of meadow to promote 
pollinator diversity.  
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2.2. UK case study – PBR Pilot for agri-environment schemes including species 
rich grassland and provision of pollen and nectar resources for pollinators 
(Chaplin et al. 2019) 

2.2.1. Background and aim of the study 

This pilot trial was carried out by Natural England and the Yorkshire Dales National Park 
Authority. It ran for three years with data collection taking place in 2017 and 2018. The aim of 
the study was to test the performance of a results based payment scheme against a set of 
control sites for several agri-environmental schemes. Specifically, the project quantified the 
environmental performance of the scheme, tested the accuracy of farmer self-assessment and 
explored the cost effectiveness of the result-based approach. The study involved comparing 
agri-environment schemes for four environmental outcomes including ‘habitat for breeding 
waders’, ‘provision of winter bird food’, ‘species rich hay meadows’ and ‘provision of pollen 
and nectar resources’. Here we focus on approaches and results associated with the latter 
two outcomes as these are potentially directly relevant to pollinators. 
 
2.2.2. Methods 

The study took place in East Anglia, Norfolk and Suffolk for the ‘provision of pollen and nectar 
resources’ PBR trial, and Wensleydale, North Yorkshire, for the ‘species rich hay meadow’ 
PBR trial. A call for expressions of interest for participant farmers was made within each region 
and 11 farms with 19 suitable habitat plots for species rich grassland, and 11 farms with 11 
plots were selected for the pollen and nectar, were identified for the trial. Using a range of 
existing data sources within the target area boundaries, a series of control plots were also 
identified which included the same habitats but with no PBR scheme introduced. Participating 
farmers were then introduced to the PBR scheme and provided extensive advice on 
maximising environmental outcomes from each habitat type. Advice and training was provided 
through face to face farm visits, farm walks and training events. 
Farmers were then asked to apply management approaches they thought appropriate to 
maximise the quality of the habitat. The objective for pollen and nectar plots was for good 
cover of flowering plants, minimising the amount of bare ground and grasses, as well as a 
wide range of different flowering species which produced pollen and nectar attractive to a wide 
range of pollinators at different times of year. For the species rich hay meadows, the objective 
was to maintain or enhance the diversity of plant species through sustainable agricultural 
management.  
Farmers were then required to apply a protocol to self-assess the outcomes. For this PBR 
scheme the relative success of habitat management was based on metrics of the plant 
communities recorded in each habitat. For the pollen and nectar plots, farmers were required 
to deploy 10 random 1m quadrats across the plot and record the presents or absence of a 
predefined list of plant species, as well as record % cover of all flowering plants in each 
quadrat. For the species rich hay meadows, farmers were asked to walk a diagonal transect 
across the site, stopping 10 times to record the presents or absence of key positive and 
negative indicator plants species. In addition, they were asked to score damage and 
disturbance to the plots.  A score was then calculated based on the results generated and a 
payment structure adopted with equally spaced payment rates, tiered for each habitat type. 
During the project researchers carried out the same survey approaches on the study and 
control plots to allow for comparison. Participants were also asked to complete a survey at the 
end of the project to provide feedback. 
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2.2.3. Results 

Pollen and nectar plots involved in the PBR scheme performed better than the control sites 
with 15% higher scores on average (Figure 2). The species rich meadow sites exhibited an 
average 24% increase in quality score relative to the controls over the 2 years with 
improvements on all but 2 sites. Scores recorded by farmers and researchers were similar, 
with pollen and nectar provision and hay meadows (Table 2) resulting in the same payment 
tier 68% and 66% of the time respectively. 
 

Figure 2 Number of target species recorded per pollen and nectar plot recorded before 
the study began and in PBS scheme and control sites.   
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Table 2. Mean percentage presents and absence of indicators recorded in species rich 
hay meadows by farmers and researchers (advisors) in year 1 and 2 of the PBR scheme. 
 

 

2.2.4. Conclusions 

This conclusion reflects points raised by the researchers and their implications for a PBR 
scheme focussed on pollinators. Firstly, it was identified that proxy indicators need to be 
extensively tested in the field to ensure they reflect the desired environmental outcomes. In 
this case they are referring to plant communities but the same is also true for pollinators. 
Robust metrics of pollinator communities would be necessarily recorded whether this was 
measures of abundance, richness or the use of pollinator indicators species.  
Secondly, it was concluded that some measures, such as % cover in this study, are more 
subjective and more likely to vary between individuals carrying out the recording. When 
surveying insect pollinators such subjective measures are less common. For example, 
presence or absence of indicator species, species richness and abundance cannot be 
considered subjective.  
Thirdly they conclude ‘result indicators which are very sensitive to weather conditions should 
only be used where potential management interventions are available to directly influence 
these characteristics’. This is particularly pertinent to a PBR scheme based on recording 
pollinators. Pollinator activity is very weather dependent with fewer species and individuals 
recorded in poor weather (cold and/or wet). This factor would certainly have to be taken into 
consideration for a pollinator PBR scheme for example by setting minimum weather conditions 
under which assessment can take place.  
Finally, the need for extensive training and advice to deliver the self-assessment process was 
highlighted. The same would be true for assessing pollinators. Training for many elements of 
a scheme would be straightforward including carrying out transects or timed observations and 
completing recording sheets. However, pollinator species identification could present a barrier, 
and in some regions would be more challenging than for plants. This could be addressed 
through the use of broad pollinator groups or recognizable species, but the relevance of these 
as proxy would need to be quantified.  
 
2.3. Romanian case study – PBR Pilot for agri-environment schemes including 

species rich grassland and provision of pollen and nectar resources for 
pollinators (Page et al. 2019) 

2.3.1. Background and aim of the study 

A Payment by Results pilot project took place in Romania between 2015 and 2019. It was 
implemented by the ADEPT Foundation and it focused on two areas where High Nature Value 
Grasslands are present at a landscape level, Târnava Mare, which is a continental 
biogeoghraphic region and Pogany Havas, which is an alpine biogeographic region. Moreover 
the areas have been well-studied over a 10 year period from both ecological and socio-
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economic points of view. In addition, the measures implemented in the pilot phase of the PBR 
scheme are a direct solution to some of the threats identified by the National Rural 
Development Programme (NRDP). 
The key need of both areas selected for the pilot phase is to maintain and support traditional 
random/small-scale/mosaic management, this implies that farmers need the payment 
infrastructure which will allow them to adapt to annual variability of seasons. The previous 
iteration of our NRDP (2007 – 2014) did not take into account this need of the farmers, which 
resulted in payment schemes with requirements that hindered too much the activity of the 
farmer (ex. fixed dates for activities at a landscape level). This lead to the farmer’s incapability 
to respect the requirements of the payment scheme or for them to actually lose money, 
because the payment scheme would not compensate them enough. This scenario could have 
been avoided by applying a results based payment scheme, instead of a management based 
one. 
The objectives of the pilot study were: 

• To design, develop, use and test result-based remuneration schemes to conserve and 
enhance biodiversity. 

• Increase the understanding of the factors that contribute to the success or failure of 
such schemes. 

• Identify opportunities and conditions for increasing the use of such schemes in 
Romania and in the EU more widely, especially in future CAP Rural Development 
programmes.  

• Demonstrate the potential of these schemes to achieve ecological targets, using 
monitoring of indicators in pilot measure participant and control grasslands. 

• Increase the understanding of the benefits of PBR schemes within the rural 
community. 

• Promote PBR schemes within the Romanian Ministry of Agriculture & Rural 
Development (MARD) and Ministry of Environment (MoE), based on results achieved. 

2.3.2. Methods 

First step of the project was to create a floristic inventory from which to select indicator species. 
In total 321 transects were carried out in both regions, in both hay meadows and pastures, 
which were identified by stratified random sampling, assisted by a GIS expert. In the end, 
indicator species were selected only for hay meadows because of the following reasons: 

• these are the grassland habitats with the highest plant species richness and at the 
greatest threat of land use change 

• they have more homogeneous vegetation, making them more suitable for assessment 
with results indicators 

• they are smaller and have generally only a single owner (compared to communal 
ownership of many pastures), making them more suitable for the limited budget and 
intensive supervision of each owner/manager within this pilot scheme. 

After all the refinements to the list of indicator species were made, the list contained 30 floristic 
species. The selected species only grow in hay meadows managed at low intensity and are 
associated with high plant and animal species richness as well as good quality hay. Moreover, 
the species are easy to recognized by the farmers and if two or more species were looking 
similar then they were grouped together and the group counted as a single indicator. The 
locations were monitored for three years, in order to ensure the robustness of the selected 
species. 
The payment was divided into three levels, depending on the number of indicator species 
found on the transect (5, 8 and 10 indicator species). The farmer with 10 indicator species 
would get a higher pay/parcel, while the farmer with 5 species would get less. This graded 
payment scale was selected in order to help to prevent decline of moderately species-rich 
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grasslands and also provide an added incentive to maintain the most ecologically valuable 
areas in good condition. For the calculation of compensation it was assumed that the higher 
the number of indicator species, the greater the cost incurred by the farmer. The calculations 
were based on income foregone and additional costs if ideal management was carried out, 
and transaction costs – the costs to the farmer of learning the methodology, plant identification, 
and doing his own controls, as required under the measure. 
The monitoring methodology followed by the farmers was the same as the one used by 
specialists to determine the indicator species. The transect was 100 m along the longest 
diagonal of the parcel (excluding the first 3 m from the edge of the parcel) and then the transect 
is divided into 3 sections of equal distance. The indicators were recorded within 1 m on either 
side of the transect. In order for the farmer to be eligible for payment each section of the 
transect must contain at least 5 indicator species (Fig. 3). 

 

Fig. 3. The monitoring methodology and indicator thresholds. 
2.3.3. Results 

The monitoring of parcels under PBR agreements, and control parcels, has revealed that the 
number of indicator species is strongly linked to general nature value of the parcels, general 
species diversity of the parcels, and habitat condition of the parcels. This is reassuring as it 
means that the indicator species can be used as a broader gauge of species diversity and 
habitat condition. 
Regarding the year to year results from the field, there were some fluctuations, in some cases 
up to seven species between years. Also, there were differences between the indicator 
species found each year: there are variations between years, between different survey times 
in the same year, between surveyors, and between transect positions in the same parcel. 
Moreover, there was a wide range in accuracy of the farmers’ surveys. On average, farmers 
overestimated the number of indicator species on their parcels in the second year and 
underestimated in the last year. But overall the number of indicator species increased from 
one year to another (Figure 4). 
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Fig. 4. Minimum number of indicator species found in the transects that were 
surveyed in every project year (TM: N=44, PH: N=111): The horizontal line in the 
boxplot is the median value, the box is 50% of the values, the dotted line is the 
median value from 2016 for comparison. 
 

In general, farmers enjoyed learning the species, but there was natural variation in their ability 
to recognize them. This should be considered in scheme design with regard to providing expert 
advice and farmer training. Experts walked the transects with the farmers in the Târnava Mare 
region and in the Pogany Havas the farmers walked the transects by themselves. Overall, 
60% of the farmers estimated the plants within 3 species from the experts, but some of the 
farmers were consistently inaccurate (Figure 5). 

 
Figure 5. Difference between the number of indicator species recorded by the farmers 
and by the experts, sorted by farmer. Most farmers were within 3 species of the 
estimate of the expert (dotted lines). 
2.3.4. Conclusions 

The indicator species list that is used for the project must be practical (i.e. it should not too 
long, nor should there be too many different regional lists), but also appropriate to distinguish 
the most species-rich grasslands. This requires optimisation of the selection, maybe over 
multiple years before the full implementation of the project. For example, in 2018 it was 
discovered that for the Pogany Havas region two plants should be excluded and perhaps six 
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new ones should be added. This suggests that changes in the indicator species list should be 
taken into consideration even in the last phases of the pilot study. 
 
2.4. General conclusions on the implementation of current PBR schemes 

From the three case studies we learnt that i) current PBR schemes focus only on plants, (ii) 
pollinator-relevant plants should be good proxies for pollinator benefits but they do not 
represent the direct expected results of schemes aiming at increasing pollinator diversity, (iii) 
effective indicators for bee diversity are missing. We tried to fill this operational gap in the 
implementation of PBR schemes for pollinators by developing easy-to-use indicators based 
on pollinator taxa. We focused on wild bees as they are the most taxonomically complex and 
challenging group of pollinators and represent the most dominant and important taxa for crop 
and wild plant pollination across agricultural landscapes. Butterflies are considered good 
potential bio-indicators as they are easy to identify. However, previous research indicates that 
they have little predictive power to explain the diversity of other pollinator taxa (Segre et al., 
2023). Concerning hoverflies, we could not find a sufficient body of literature to perform a 
robust synthesis study at the European scale. 

3. Development of effective indicators of wild bee diversity across 
Europe 

3.1. Introduction 

Pollinators and wild bees in particular are a highly diverse group. Only in Europe, there are 
around 2.000 bee species and some of the genera are a complex of species with difficult or 
uncertain taxonomy. Hence, applied conservation is often constrained by the availability of 
trained taxonomists. The hurdle of pollinator identification and the associated costs reduce our 
ability to monitor and evaluate the effectiveness of conservation interventions (Breeze et al., 
2021). For instance, PBR schemes are considered effective tools but they are often 
constrained by the difficulties in measuring the results in terms of biodiversity improvements. 
Similarly, projects of habitat restoration or enhancement such as European LIFE projects 
require monitoring to measure the extent of the project effectiveness. 
Against this background, developing indicators can aid conservation planning and decision 
support systems for policy makers (Fraixedas et al., 2020). Good indicator species should be 
easy to identify, cheap to monitor, but also sensitive to environmental changes (Segre et al., 
2023). In the case of pollinators, it is particular interesting to find bio-indicators of species-rich 
communities as these are often linked to the occurrence of rare species but also to improved 
pollination services (Dainese et al., 2019; Simpson et al., 2022). Putative bioindicators of wild 
bee diversity are species richness of flowering plants while other pollinator taxa such as 
butterflies are often not correlated with wild bee diversity (Segre et al., 2023). However, plants 
can be also difficult to identify and their flowers that greatly facilitate easy identification are 
often only present for a limited amount of time. Hence, it would be useful to identify and test 
indicators among wild bees. Many wild bee species tend to depend on similar resources, 
namely a continuous supply of nectar and nesting sites and are also sensitive to similar 
environmental pressures such as pesticide use or habitat degradation through soil 
eutrophication or vegetation disturbances. Hence, we expect to find a strong cross-taxon 
congruence in the occurrence and abundance of different wild bee species. 
If we consider wild bees, there are several putative indicators that can be easily used by non-
experts. First, the total abundance is an important variable per se since it is often strongly 
correlated with species richness and it is directly linked to pollination service (Fijen et al., 
2018). Moreover, the estimation of total abundance in transects or in trap catches is a relatively 
easy task and requires little training also for non-experts as it requires that an operator is able 
to distinguish Apiformes from other hymenopterans. Second, also amongst wild bees there 
are several common species or genera such as bumblebees that can be used as a flagship 
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group. In particular monitoring of bumblebees can be easily implemented in citizen science 
projects or similar initiatives as they can be easily identified as a group (Comont and Ashbrook, 
2017).  
A second requirement for a good indicator is the time and costs associated to the measures. 
Monitoring of wild bees is usually carried out using two methodological approaches: i) transect 
surveys and ii) trapping using pan-traps. While transect counts are usually preferred for 
monitoring population trends focusing on abundance fluctuations, pan-traps are considered 
superior in detecting rare species and they are more effective in estimating species richness. 
Moreover, pan-traps are less prone to subjective differences between operators while direct 
observations using transects strongly depend on the ability of the personnel involved. On the 
other hand, the effectiveness of pan-traps is strongly influenced by the number of flowers in 
the direct vicinity, while the observation efficiency in transect surveys is not influenced by 
flower availability (O’Connor et al., 2019). 
Here, we collated a large dataset of published and unpublished primary data on bee 
communities sampled in different habitats across Europe. Our general aim was to identify 
indicators of high species diversity communities. Specifically, we tested whether simple 
metrics such as the total wild bee abundance or the abundance of bumblebees could predict 
the species diversity of wild bees. We also tested whether the sampling method (direct 
observations with transects vs. trapping) and the habitat modified the performance of the 
candidate indicators across Europe. 
3.2. Methods 

We collected primary unpublished and published data from different sources. Each dataset 
included a species by site matrix with the species abundance pooled across multiple rounds 
of sampling in a single year. Apis mellifera was excluded from all the analyses. If one study 
sampled multiple habitats or multiple year, we created a separate matrix for each habitat and 
year combination. Based on the original habitat description, we reclassified the habitats in the 
following categories: crop (both annual and perennial), ecotone (field margin, hedgerow, forest 
edge), grasslands (semi-natural grasslands, pastures, meadows), forest (both interior, forest 
openings) and urban habitats. For each dataset, we retrieved the sampling methods (transect 
counts or trapping using pan traps) and the region where the sampling was carried out at the 
NUTS2 or NUT3 level. 
Then, we measured the strength of the relationship between different measures of community 
abundance and wild bee species diversity. First, we visually estimated the linearity of the 
relationship within each dataset. Second, we estimated a Pearson correlation index between 
i) total wild bee abundance vs. bee species richness, ii) bumblebee abundance vs. bee 
species richness. To test the strength of this relationship across datasets we used a weighted 
meta-analysis. The Pearson's product–moment correlation coefficient (r) from each case was 
normalized using Fisher's z transformation as an effect size, where the sample size was the 
number of sampling sites. The variance was estimated using the sample size (1/n-3) (Peng et 
al., 2019). In the meta-analysis models described below, we weighted the effect sizes by their 
inverse variance.  
Selected publications often performed more than one sampling for instance over different 
years or habitats, and thus reported more than one effect size. This clustering of effect sizes 
at any organizational scale violates model assumptions of independence and can affect the 
overall meta-analytic estimates. To examine the variation in effect sizes, and to account for 
non-independence of observations, we used multi-level meta-analytical models, which are 
equivalent to linear mixed-effects models. We accounted for clustered effect sizes by including 
random (nesting) factors (Bishop and Nakagawa, 2021). 
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We included as crossed random effects the dataset ID and the unique identifier of each 
dataset. For each dataset, we tested the following moderators as fixed effect: (1) sampling 
method (pan-trap vs. transect); (2) habitat type. We used AIC and likelihood ratio test (LRT) 
to compare models including moderators with the null model. We reported the results of the 
omnibus test and interpreted the model coefficients and confidence intervals of each 
moderator level, separately. Then, we examined the significance of variation in effect sizes 
attributed to each moderator variable using Q statistics. To visualise model results, we 
displayed the overall mean effect alongside with 95% confidence intervals (CI). 
 
3.3. Results and discussion 

We collected data across 1898 sites in 10 countries for a total of 691 species. Nineteen 
datasets used pan-traps as sampling methods while 35 used standardized transects with 
direct observations of pollinators on flowers. 

 
Figure 6 Geographical distribution of the datasets at the NUT1 level. 
 
The meta-analysis showed that total abundance of wild bees was a very strong predictor of 
total wild bee diversity across different habitats and sampling methods (Figure 7A and B). The 
average correlations were all above 0.75. Both habitat and sampling method moderators were 
not significant indicating that the indicator performance was consistent across different 
environments and sampling methods. 
Using bumblebee abundance as indicator of total wild bee diversity was also supported by our 
analysis. The correlations were lower than those related to total abundance (Figure 7C and 
D). Averaged correlations varied between 0.47 and 0.65 depending on the habitat and 
sampling method. We also observed a trend (P<0.1) for stronger correlations in forest than in 
other habitats and in transects compared to pan-traps.  
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Figure 7 Forest plots showing the strength of the relationships between different 
measures of community abundance and wild bee species richness 
 
For the first two indicators, we also tested the interaction between habitat and sampling 
method. This analysis should be considered with caution since the number of datasets per 
combination was relatively low to estimate an average effect size (Figure 8). Concerning total 
abundance, we found a low correlation for crop habitat using pan-traps compared to the other 
habitats (Figure 8A). Concerning bumblebee abundance, we generally observed weaker 
correlations for pan-traps than transects across all habitats (Figure 8B). 
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Figure 8 Forest plots showing the strength of the relationships between different 
measures of community abundance and wild bee species richness, testing the 
interaction between habitat and sampling method.  
 
3.4. Conclusions and implications for PBR schemes 

We found strong predictive power of total abundance and abundance of bumblebees for total 
wild bee diversity across all habitats, including those more relevant for PBR schemes (PBR 
are expected to be implemented in grasslands, crops and field margins). Total abundance 
worked well with both pan-traps and transects and exhibited correlations above 0.75. The 
minimum correlation observed was 0.47. Bumblebee abundance performed better using 
transects than pan-traps with correlations ranging from 0.13 to 0.92 and exhibiting larger 
variability.  
Hence, the most robust indicator of wild bee diversity was the total abundance of wild bees. 
This indicator is relatively easy to measure in both pan-traps catches and during transect 
sampling. The use of bumblebee abundance is a much simpler indicator to implement than 
total wild bee abundance since these species are clearly identifiable from the other wild bees. 
However, its predictive power was lower than the total abundance of bees and its use is 
restricted to transect counts as bumblebees are often seen to avoid pan-traps and therefore 
their abundance estimates could be less accurate than in transects. Bumblebees performed 
really well in forest habitats, while the candidate agricultural habitats for PBR exhibited lower 
predictive power. However, correlations were around 0.5 which can still be considered 
sufficient values for a good indicator (Corcos et al., 2021). 
The next step would be to evaluate the ability of farmers to measure both indicators in the field 
using both transect and pan-traps. Below, we tried to present pros and cons of using the 
indicators with both sampling methods. 
Pan traps have several well-known limitations and biases (Westphal et al., 2008). However, 
they can also provide species resolution data independent of expertise and require less person 
effort to achieve equivalent sample sizes when compared to transects. They could also 
minimize noise in the data from different levels of recorder knowledge or changes in recorders 
over time (O’Connor et al., 2019). Pan-traps can be also deployed during the entire flowering 
season being independent from the presence of flowering plants (Breeze et al., 2021; Klaus 
et al., 2024). However, there are also several negative sides of using pan-traps. First, pan-
traps can kill a large number of individuals that can create some ethical issues for the people 
involved in the schemes, although no negative effects of such lethal sampling has been 
observed on pollinator communities (Gezon et al., 2015). Second, while transects provide a 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/anthesis
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measure of pollinator diversity more related to the local availability of flowers, catches in pan-
traps reflect more the quality of the landscape surrounding the local site. 
Although transect counts can be more subjective and require more advanced sampling skills 
and knowledge than pan-traps, the use of our indicators would strongly facilitate these 
measures also for non-experts. Pan traps would also take more time for farmers compared to 
transects where observations can be done directly in the field. Compared to dead specimens 
found in pan-traps, with transects farmers can see living bees in all their colors, understanding 
their behavior and their functional link to wild plants and crops.  
 
We therefore found a trade-off between predictive power and implementation easiness for the 
two candidate indicators. As PBR schemes are usually aimed to improve habitat quality at the 
local scale (e.g. a single meadow, margin, pastures), we suggest to use only transect counts. 
If it is possible to properly train the famers, total abundance of bees should be preferred, while 
if training is a constraining factor, the abundance of bumblebees can be used. However, one 
should consider that the predictive power of this indicator is not sufficient to detect subtle 
changes in species diversity. 
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4. Guidelines on how to implement the indicators at regional scale  

Irrespective of the indicator selected, we can provide practical guidelines to implement the 
pollinator indicator monitoring for PBR schemes. First, schemes are usually implemented at 
the regional scale (e.g. NUT2 or NUT1) and for a specific habitat (e.g. grassland, field margin, 
hedgerow). Once the indicator is selected, the first step requires to identify 5-10 high diversity 
reference sites that represent the ideal target for the biodiversity outcome in the region.  

 
Figure 9 Guidelines on how to implement the identified indicators in a PBR scheme at 
the regional scale 
(Meadow pictures from Lorenzo Marini, Bumblebee pictures from Andree Cappellari). 
 
These sites provide a dynamic benchmark to evaluate the performance of the sites under PBR 
schemes. In the monitoring phase would be also useful to include some control plots to test 
the performance of the PBR scheme. As pollinator communities are highly dynamic, both 
species richness and abundance can vary dramatically between years. Hence, each year 
reference sites, controls and the sites under PBR should be monitored. Based on the indicator 
values in the reference sites, different a priori result levels can be created to evaluate the 



 
 
Safeguard: D4.4: Effective indicators for PBR schemes  23 | Page 

 

 
 
 

performance of the PBR sites. A critical step here is the variability in the reference sites. The 
higher the variability, the more sites should be monitored to estimate the benchmark. The level 
of the payments can be more accurate if total wild be abundance is selected while they should 
be broader if bumblebee abundance is selected. 
For both indicators, the sampling should be repeated three-four times under good weather 
conditions (temperature above 20°C and sunny weather). The total abundance should be 
computed by pooling the same number of sampling rounds. Ideally the sampling should be 
performed within specific sampling windows selected based on weather conditions. 
Bumblebee sampling is less sensitive to poor weather conditions than total wild bee 
abundance. 
Finally, it is very important that the sampling effort is equal across all sites in term of space 
and time. We suggest to use two short transect 25 m x 2.5 m for 15’ repeated three times. The 
choice of the sampling windows should be guided by the phenology of the key flowering plants 
in the focal region starting in late spring (e.g. Sambucus nigra flowering in Europe). 

5. Acknowledgements 

The following authors provided wild bee datasets for the synthesis study across Europe: 
Andras Baldi, Andree Cappellari, Costanza Geppert, Elena Gazzea, Demeter Imre, Andrea 
Holzschuh, Klara Leander, Erik Ockinger, Sandor Piross, Jereon Scheper, Ingolf Steffan-
Dewenter, Viktor Szigeti, Giovanni Tamburini, Marie Winsa. Several datasets were freely 
available from open repository. 

6. References 

Albrecht, M., Bossart, S., Tschanz, P., Keller, T., Sutter, L., 2023. Grassland extensification 
enhances nest densities of ground-nesting wild bees. Journal of Applied Ecology 60, 
2550–2560. https://doi.org/10.1111/1365-2664.14527 

Ammann, L., Bosem-Baillod, A., Herzog, F., Frey, D., Entling, M.H., Albrecht, M., 2024. 
Spatio-temporal complementarity of floral resources sustains wild bee pollinators in 
agricultural landscapes. Agriculture, Ecosystems & Environment 359, 108754. 
https://doi.org/10.1016/j.agee.2023.108754 

Bertrand, C., Eckerter, P.W., Ammann, L., Entling, M.H., Gobet, E., Herzog, F., Mestre, L., 
Tinner, W., Albrecht, M., 2019. Seasonal shifts and complementary use of pollen 
sources by two bees, a lacewing and a ladybeetle species in European agricultural 
landscapes. Journal of Applied Ecology 56, 2431–2442. https://doi.org/10.1111/1365-
2664.13483 

Bishop, J., Nakagawa, S., 2021. Quantifying crop pollinator dependence and its 
heterogeneity using multi-level meta-analysis. Journal of Applied Ecology 58, 1030–
1042. https://doi.org/10.1111/1365-2664.13830 

Breeze, T.D., Bailey, A.P., Balcombe, K.G., Brereton, T., Comont, R., Edwards, M., Garratt, 
M.P., Harvey, M., Hawes, C., Isaac, N., Jitlal, M., Jones, C.M., Kunin, W.E., Lee, P., 
Morris, R.K.A., Musgrove, A., O’Connor, R.S., Peyton, J., Potts, S.G., Roberts, 
S.P.M., Roy, D.B., Roy, H.E., Tang, C.Q., Vanbergen, A.J., Carvell, C., 2021. 
Pollinator monitoring more than pays for itself. Journal of Applied Ecology 58, 44–57. 
https://doi.org/10.1111/1365-2664.13755 

Burton, R.J.F., Schwarz, G., 2013. Result-oriented agri-environmental schemes in Europe 
and their potential for promoting behavioural change. Land Use Policy 30, 628–641. 
https://doi.org/10.1016/j.landusepol.2012.05.002 

Chaplin, S., Robinson, V., LePage, A., Keep, H., Le Cocq, J., Ward, D., Hicks, D., and 
Scholz, E., 2019. Pilot Results-Based Payment Approaches for Agri-environment 
schemes in arable and upland grassland systems in England. Final Report to the 
European Commission. Natural England and Yorkshire Dales National Park 
Authority. 



 
 
Safeguard: D4.4: Effective indicators for PBR schemes  24 | Page 

 

 
 
 

Chaplin, S.P., Mills, J., Chiswell, H., 2021. Developing payment-by-results approaches for 
agri-environment schemes: Experience from an arable trial in England. Land Use 
Policy 109, 105698. https://doi.org/10.1016/j.landusepol.2021.105698 

Comont, R.F., Ashbrook, K., 2017. Evaluating promotional approaches for citizen science 
biological recording: bumblebees as a group versus Harmonia axyridis as a flagship 
for ladybirds. BioControl 62, 309–318. https://doi.org/10.1007/s10526-016-9771-y 

Corcos, D., Lami, F., Nardi, D., Boscutti, F., Sigura, M., Giannone, F., Pantini, P., 
Tagliapietra, A., Busato, F., Sibella, R., Marini, L., 2021. Cross-taxon congruence 
between predatory arthropods and plants across Mediterranean agricultural 
landscapes. Ecological Indicators 123, 107366. 
https://doi.org/10.1016/j.ecolind.2021.107366 

Dainese, M., Martin, E.A., Aizen, M.A., Albrecht, M., Bartomeus, I., Bommarco, R., 
Carvalheiro, L.G., Chaplin-Kramer, R., Gagic, V., Garibaldi, L.A., Ghazoul, J., Grab, 
H., Jonsson, M., Karp, D.S., Kennedy, C.M., Kleijn, D., Kremen, C., Landis, D.A., 
Letourneau, D.K., Marini, L., Poveda, K., Rader, R., Smith, H.G., Tscharntke, T., 
Andersson, G.K.S., Badenhausser, I., Baensch, S., Bezerra, A.D.M., Bianchi, 
F.J.J.A., Boreux, V., Bretagnolle, V., Caballero-Lopez, B., Cavigliasso, P., Ćetković, 
A., Chacoff, N.P., Classen, A., Cusser, S., da Silva e Silva, F.D., de Groot, G.A., 
Dudenhöffer, J.H., Ekroos, J., Fijen, T., Franck, P., Freitas, B.M., Garratt, M.P.D., 
Gratton, C., Hipólito, J., Holzschuh, A., Hunt, L., Iverson, A.L., Jha, S., Keasar, T., 
Kim, T.N., Kishinevsky, M., Klatt, B.K., Klein, A.-M., Krewenka, K.M., Krishnan, S., 
Larsen, A.E., Lavigne, C., Liere, H., Maas, B., Mallinger, R.E., Martinez Pachon, E., 
Martínez-Salinas, A., Meehan, T.D., Mitchell, M.G.E., Molina, G.A.R., Nesper, M., 
Nilsson, L., O’Rourke, M.E., Peters, M.K., Plećaš, M., Potts, S.G., Ramos, D. de L., 
Rosenheim, J.A., Rundlöf, M., Rusch, A., Sáez, A., Scheper, J., Schleuning, M., 
Schmack, J.M., Sciligo, A.R., Seymour, C., Stanley, D.A., Stewart, R., Stout, J.C., 
Sutter, L., Takada, M.B., Taki, H., Tamburini, G., Tschumi, M., Viana, B.F., Westphal, 
C., Willcox, B.K., Wratten, S.D., Yoshioka, A., Zaragoza-Trello, C., Zhang, W., Zou, 
Y., Steffan-Dewenter, I., 2019. A global synthesis reveals biodiversity-mediated 
benefits for crop production. Science Advances 5, eaax0121. 
https://doi.org/10.1126/sciadv.aax0121 

David Wuepper, Robert Huber, 2022. Comparing effectiveness and return on investment of 
action‐and results‐based agri‐environmental payments in Switzerland. American 
Journal of Agricultural Economics 1585–1604. https://doi.org/10.1111/ajae.12284 

Fijen, T.P.M., Scheper, J.A., Boom, T.M., Janssen, N., Raemakers, I., Kleijn, D., 2018. 
Insect pollination is at least as important for marketable crop yield as plant quality in 
a seed crop. Ecology Letters 21, 1704–1713. https://doi.org/10.1111/ele.13150 

Fraixedas, S., Lindén, A., Piha, M., Cabeza, M., Gregory, R., Lehikoinen, A., 2020. A state-
of-the-art review on birds as indicators of biodiversity: Advances, challenges, and 
future directions. Ecological Indicators 118. 
https://doi.org/10.1016/j.ecolind.2020.106728 

Gezon, Z.J., Wyman, E.S., Ascher, J.S., Inouye, D.W., Irwin, R.E., 2015. The effect of 
repeated, lethal sampling on wild bee abundance and diversity. Methods in Ecology 
and Evolution 6, 1044–1054. https://doi.org/10.1111/2041-210X.12375 

Hsieh, T.C., Ma, K.H., Chao, A., 2016. iNEXT: an R package for rarefaction and 
extrapolation of species diversity (Hill numbers). Methods in Ecology and Evolution 7, 
1451–1456. https://doi.org/10.1111/2041-210X.12613 

Klaus, F., Ayasse, M., Classen, A., Dauber, J., Diekötter, T., Everaars, J., Fornoff, F., Greil, 
H., Hendriksma, H.P., Jütte, T., Klein, A.M., Krahner, A., Leonhardt, S.D., Lüken, 
D.J., Paxton, R.J., Schmid-Egger, C., Steffan-Dewenter, I., Thiele, J., Tscharntke, T., 
Erler, S., Pistorius, J., 2024. Improving wild bee monitoring, sampling methods, and 
conservation. Basic and Applied Ecology 75, 2–11. 
https://doi.org/10.1016/j.baae.2024.01.003 

Le Féon, V., Henry, M., Guilbaud, L., Coiffait-Gombault, C., Dufrêne, E., Kolodziejczyk, E., 
Kuhlmann, M., Requier, F., Vaissière, B.E., 2016. An expert-assisted citizen science 



 
 
Safeguard: D4.4: Effective indicators for PBR schemes  25 | Page 

 

 
 
 

program involving agricultural high schools provides national patterns on bee species 
assemblages. J Insect Conserv 20, 905–918. https://doi.org/10.1007/s10841-016-
9927-1 

Mason, L., Arathi, H.S., 2019. Assessing the efficacy of citizen scientists monitoring native 
bees in urban areas. Global Ecology and Conservation 17, e00561. 
https://doi.org/10.1016/j.gecco.2019.e00561 

Matzdorf, B., Kaiser, T., Rohner, M.-S., 2008. Developing biodiversity indicator to design 
efficient agri-environmental schemes for extensively used grassland. Ecological 
Indicators 8, 256–269. https://doi.org/10.1016/j.ecolind.2007.02.002 

Matzdorf, B., Lorenz, J., 2010. How cost-effective are result-oriented agri-environmental 
measures?—An empirical analysis in Germany. Land Use Policy 27, 535–544. 
https://doi.org/10.1016/j.landusepol.2009.07.011 

O’Connor, R.S., Kunin, W.E., Garratt, M.P.D., Potts, S.G., Roy, H.E., Andrews, C., Jones, 
C.M., Peyton, J.M., Savage, J., Harvey, M.C., Morris, R.K.A., Roberts, S.P.M., 
Wright, I., Vanbergen, A.J., Carvell, C., 2019. Monitoring insect pollinators and flower 
visitation: The effectiveness and feasibility of different survey methods. Methods in 
Ecology and Evolution 10, 2129–2140. https://doi.org/10.1111/2041-210X.13292 

Page, N., Constantinescu, M.; Demeter, L., Keenleyside, C.; Popa, R.; Sutcliffe, L. 2019. 
Non-technical Summary: Results-based agri-environment schemes for support of 
broad biodiversity at landscape scale in Transylvanian High Nature Value farmland, 
Romania. Report prepared for the European Union, Agreement No. 
07.027722/2014/697044/SUB/B2 

Peng, Shijia, Kinlock, N.L., Gurevitch, J., Peng, Shaolin, 2019. Correlation of native and 
exotic species richness: a global meta-analysis finds no invasion paradox across 
scales. Ecology 100, e02552. https://doi.org/10.1002/ecy.2552 

Ratnieks, F.L.W., Schrell, F., Sheppard, R.C., Brown, E., Bristow, O.E., Garbuzov, M., 2016. 
Data reliability in citizen science: learning curve and the effects of training method, 
volunteer background and experience on identification accuracy of insects visiting ivy 
flowers. Methods in Ecology and Evolution 7, 1226–1235. 
https://doi.org/10.1111/2041-210X.12581 

Roy, H.E., Baxter, E., Saunders, A., Pocock, M.J.O., 2016. Focal Plant Observations as a 
Standardised Method for Pollinator Monitoring: Opportunities and Limitations for 
Mass Participation Citizen Science. PLOS ONE 11, e0150794. 
https://doi.org/10.1371/journal.pone.0150794 

Schroeder, L.A., Isselstein, J., Chaplin, S., Peel, S., 2013. Agri-environment schemes: 
Farmers’ acceptance and perception of potential ‘Payment by Results’ in grassland—
A case study in England. Land Use Policy 32, 134–144. 
https://doi.org/10.1016/j.landusepol.2012.10.009 

Segre, H., Kleijn, D., Bartomeus, I., WallisDeVries, M.F., Jong, M. de, Schee, M.F. van der, 
Román, J., Fijen, T.P.M., 2023. Butterflies are not a robust bioindicator for assessing 
pollinator communities, but floral resources offer a promising way forward. Ecological 
Indicators 154, 110842. https://doi.org/10.1016/j.ecolind.2023.110842 

Siddig, A.A.H., Ellison, A.M., Ochs, A., Villar-Leeman, C., Lau, M.K., 2016. How do 
ecologists select and use indicator species to monitor ecological change? Insights 
from 14 years of publication in Ecological Indicators. Ecological Indicators 60, 223–
230. https://doi.org/10.1016/j.ecolind.2015.06.036 

Simpson, D.T., Weinman, L.R., Genung, M.A., Roswell, M., MacLeod, M., Winfree, R., 2022. 
Many bee species, including rare species, are important for function of entire plant–
pollinator networks. Proc Biol Sci 289, 20212689. 
https://doi.org/10.1098/rspb.2021.2689 

Uthes, S., Matzdorf, B., 2013. Studies on Agri-environmental Measures: A Survey of the 
Literature. Environmental Management 51, 251–266. https://doi.org/10.1007/s00267-
012-9959-6 



 
 
Safeguard: D4.4: Effective indicators for PBR schemes  26 | Page 

 

 
 
 

Verhulst, J., Kleijn, D., Berendse, F., 2007. Direct and indirect effects of the most widely 
implemented Dutch agri-environment schemes on breeding waders. Journal of 
Applied Ecology 44, 70–80. https://doi.org/10.1111/j.1365-2664.2006.01238.x 

Westphal, C., Bommarco, R., Carré, G., Lamborn, E., Morison, N., Petanidou, T., Potts, 
S.G., Roberts, S.P.M., Szentgyörgyi, H., Tscheulin, T., Vaissière, B.E., 
Woyciechowski, M., Biesmeijer, J.C., Kunin, W.E., Settele, J., Steffan-Dewenter, I., 
2008. Measuring bee diversity in different european habitats and biogeographical 
regions. Ecological Monographs 78, 653–671. https://doi.org/10.1890/07-1292.1 

Wittig, B., Kemmermann, A.R.Gen., Zacharias, D., 2006. An indicator species approach for 
result-orientated subsidies of ecological services in grasslands – A study in 
Northwestern Germany. Biological Conservation 133, 186–197. 
https://doi.org/10.1016/j.biocon.2006.06.004 


	Summary
	List of abbreviations
	1. Introduction
	2. Regional case studies
	2.1. Swiss case study – The potential of the Swiss payments by results scheme for meadow extensification in promoting bee pollinator diversity
	2.1.1. Background and aim of the study
	2.1.2. Methods
	2.1.3. Results
	2.1.4. Conclusions

	2.2. UK case study – PBR Pilot for agri-environment schemes including species rich grassland and provision of pollen and nectar resources for pollinators (Chaplin et al. 2019)
	2.2.1. Background and aim of the study
	This pilot trial was carried out by Natural England and the Yorkshire Dales National Park Authority. It ran for three years with data collection taking place in 2017 and 2018. The aim of the study was to test the performance of a results based payment...
	2.2.2. Methods
	2.2.3. Results
	Pollen and nectar plots involved in the PBR scheme performed better than the control sites with 15% higher scores on average (Figure 2). The species rich meadow sites exhibited an average 24% increase in quality score relative to the controls over the...
	2.2.4. Conclusions
	This conclusion reflects points raised by the researchers and their implications for a PBR scheme focussed on pollinators. Firstly, it was identified that proxy indicators need to be extensively tested in the field to ensure they reflect the desired e...
	Secondly, it was concluded that some measures, such as % cover in this study, are more subjective and more likely to vary between individuals carrying out the recording. When surveying insect pollinators such subjective measures are less common. For e...
	Thirdly they conclude ‘result indicators which are very sensitive to weather conditions should only be used where potential management interventions are available to directly influence these characteristics’. This is particularly pertinent to a PBR sc...
	Finally, the need for extensive training and advice to deliver the self-assessment process was highlighted. The same would be true for assessing pollinators. Training for many elements of a scheme would be straightforward including carrying out transe...

	2.3. Romanian case study – PBR Pilot for agri-environment schemes including species rich grassland and provision of pollen and nectar resources for pollinators (Page et al. 2019)
	2.3.1. Background and aim of the study
	2.3.2. Methods
	2.3.3. Results
	2.3.4. Conclusions

	2.4. General conclusions on the implementation of current PBR schemes

	3. Development of effective indicators of wild bee diversity across Europe
	3.1. Introduction
	3.2. Methods
	We included as crossed random effects the dataset ID and the unique identifier of each dataset. For each dataset, we tested the following moderators as fixed effect: (1) sampling method (pan-trap vs. transect); (2) habitat type. We used AIC and likeli...
	3.3. Results and discussion
	3.4. Conclusions and implications for PBR schemes
	4. Guidelines on how to implement the indicators at regional scale
	5. Acknowledgements
	6. References

