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Abstract 

This report presents refined options for an EU Pollinator Monitoring Scheme (EU PoMS), based on 

the work of a technical expert group comprising 26 international experts from 12 countries, with 

members being representatives of universities, research institutes and NGOs. The work presented 

here was produced during the second part of the STING project (Science and Technology for 

Pollinating Insects, running from 2022 to 2024). It provides updated methodological options for the 

standardised monitoring of wild pollinators (bees, hoverflies, butterflies and moths) for the core 

scheme of the EU PoMS, taking into consideration the data and knowledge generated by the 

SPRING (Strengthening Pollinator Recovery through Indicators and Monitoring) and other projects. It 

also provides a refined proposal for a General Pollinator Indicator to support inter alia a legally 

]di_dib o\mb`o ji m`q`mndib kjggdi\ojmn½ _`^gdi`' \n r`gg \n m`adi`_ jkodjin ajm \ A\mhg\i_ Kjggdi\ojm 

Indicator. The report presents options for data management and models to process and harmonise 

pollinator data, as well as options for future developments of the scheme (including emerging 

technologies and genomic monitoring). This work supports Priority I of the revised EU Pollinators 

Initiative, which aims at improving knowledge of pollinator decline, its causes and consequences, 

and entails the development of a comprehensive European pollinator monitoring system and 

indicators. 
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Executive summary 

Background and policy context 

The revised EU Pollinators Initiative (A New Deal for Pollinators) and more recently the adoption of 

the Regulation on Nature Restoration provided a new impetus to the setting up of an EU Pollinators 

Monitoring Scheme (EU PoMS). To meet this renewed ambition, the JRC has been entrusted the task 

to mobilize high-level experts covering different aspects of the monitoring scheme to be set in 

place. This scheme will be for its scope and scale the first ever scheme worldwide to help 

addressing pollinators decline. 

European pollinators 

Europe supports a rich diversity of wild pollinators, estimated to comprise 2,051 species of bees, 

482 species of butterflies, almost 1,000 species of hoverflies plus thousands of species of moths, 

flies, wasps, beetles and other insects. There is well-established evidence that many European 

pollinating species are declining. Collectively, pollinators provide a wide range of benefits to society 

di^gp_dib5 hjm` oc\i Õ,0 ]dggdji k`m t`\m ^jiomd]podji oj oc` h\mf`o q\gp` ja @pmjk`\i ^mjkn6 

important contributions to human diets in terms of fruits, vegetables and nuts with high nutritional 

value; pollination of around 78% of wild flowering plants, which ensure healthy ecosystem 

functioning and maintenance of wider biodiversity as well as of culturally important flower-rich 

landscapes.  

There are multiple benefits to an EU monitoring scheme for pollinators, including: societal (e.g. 

increased food security, agri-food sector employment, protection of pollinator species and 

habitats), political (e.g. contributing to (inter)-national conservation policy targets, directing policy 

actions), and scientific (e.g. addressing novel research questions on drivers, biodiversity and 

ecosystem services). 

EU Pollinators Initiative 

The revision of the EU Pollinators Initiative (EU PI): a New Deal for Kjggdi\ojmn' pi_`m ¼Kmdjmdot D5 

Dhkmjqdib fijrg`_b` ja kjggdi\ojm _`^gdi`' don ^\pn`n \i_ ^jin`lp`i^`n½' ^\gg`_ ajm oc` 

establishment of a comprehensive monitoring system. Based on this context, the key points 

informing the STING2 work were to develop proposals for: 

ð Options for a standardised approach to collecting annual data on the abundance and diversity 

of pollinator species across ecosystems in each Member State, with data coming from an 

adequate number of sites to ensure representativeness across territories. 

ð The ability to measure changes in pollinator diversity and pollinator populations by 2030, and 

at least every six years thereafter, in each Member State. 

ð Identifying options to promote citizen science in the collection of monitoring data. 

The STING2 expert group 

STING2 was tasked with three broad objectives to: (i) provide technical assistance in implementing 

and fine-tuning the EU pollinator monitoring scheme (EU PoMS); (ii) test, refine and validate the 

proposals for pollinator indicators; and (3) develop options for data management/storage/access 

and models to process and harmonise pollinator data. 
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Options for the EU PoMS design 

Overall design 

The proposed framework for the EU pollinator monitoring scheme is summarised in Figure i, and 

comprises two main components: the core scheme and complementary modules. The core 

scheme includes those taxa that are essential to monitor as part of EU PoMS (i.e. wild bees, 

butterflies, hoverflies, moths, as well as rare and threatened species of pollinators). 

Figure i. Summary of the EU Pollinator Monitoring Scheme (EU PoMS) proposed design. This consists of the 

core scheme, which includes methods that are ready to be used to monitor:  wild bees, hoverflies, and 

butterflies (using reinforced transects); moths (using light traps); and rare and threatened pollinator 

species (using species-specific methods). In addition, there are three complementary modules, which still 

require further piloting and refinement, and these include pan traps, Malaise traps and genomic methods. For 

each component of the EU PoMS, the main target taxa, sampling methods, type of recorder, and output 

measures are given. Recorders are expected to be professionals during the early stages of EU PoMS 

implementation, with the ambition to move towards an increasingly volunteer-led scheme in the longer-term. 

 

Source: ?srfmpqɃ cj_`mp_rgml, 

The first module of the core scheme uses standardised reinforced transects1 (500m timed 

transect walks) to survey wild bees, hoverflies and butterflies to provide species abundance data. 

The second module of the core scheme provides species abundance data for moths using 

standardised light traps. The third module of the core scheme uses species-specific methods to 

 

 

1 Reinforced transects are standardised transects proposed by STING2 and are sampled with a greater intensity than 
those transects initially proposed by STING1 (Potts et al., 2021). Full details can be found in section 2.3. 
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monitor rare and threatened species, which includes all pollinators (e.g. wasps, flies, beetles and 

other insects), in addition to bees, hoverflies, butterflies and moths. 

There are three complementary modules, which could provide important measures of: bee 

diversity using pan traps, wider flying insect biodiversity using Malaise traps, and genetic 

diversity of wild pollinator populations using genomic methods. These three complementary 

modules should be prioritised for further piloting and refinement to become part of a core scheme. 

For all methods, it is expected that these will be primarily professional led during the early roll out 

of EU PoMS, though the longer-term ambition is to shift to a hybrid model, with increasing 

proportions of volunteers trained to be able to implement the various methods in the field. 

Different Member States will have different starting conditions and capacities to involve volunteers. 

Reinforced transects for surveying wild bees, hoverflies and butterflies 

Using expert knowledge, SPRING pilot data, data simulations, and state of the art multispecies 

statistical models we recommend a set of options for EU PoMS that will ensure a high statistical 

power and that the data collected can directly flow into biodiversity indicators. 

Choice of methods 

ð It was concluded that standardised transect walks, rather than pan traps, are the best method 

for assessing the species abundance of wild bees, hoverflies and butterflies. While pan traps 

may detect a wider diversity of wild bees, compared to transects, they have several major 

limitations: capture rates are strongly affected by the local floral context, making it hard to 

interpret data for the purposes of pollinator monitoring; they cannot provide abundance data; 

they are relatively costly; require the large scale storage of material; and citizen scientists are 

increasingly reluctant to use lethal methods. 

ð For EU PoMS, based on a power analysis, we recommend the use of reinforced transects of 500 

metres in length which are walked first for butterflies and then re-walked for wild bees and 

hoverflies (though for the final protocol proposed by STING+  these two groups may be walked 

separately based on further insights from SPRING and the wider expert community). The 500m 

reinforced transect walks are repeated twice during each site visit to allow characterising 

species detectability, with 8 rounds per season. The transects are linked to a fixed location in 

each site, with each 500m walk taking a standardised amount of time (i.e. 30 minutes). 

ð Reinforced transects will need to be surveyed by professionals to ensure a high proportion of 

specimens can be identified to species in the field, with the remaining specimens collected in 

the field and identified in the lab.  

ð Along the same reinforced transect, flower abundance should also be recorded. While an 

estimate of flower richness and cover is not needed to estimate trends in pollinators, it is 

highly informative in understanding the factors driving pollinator trends. 

Sampling design 

ð The proposed sampling design and statistical models have a high power for detecting a 

statistical trend, but due to the uncertainty introduced by the observation process, the power to 

precisely identify the strength of the trend, in terms of rates of change, is low.  
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ð We recommend the relevant decline trend to be evaluated to be fixed at 1% per year, in line 

with studies on overall decline of pollinators and other flying insects. The time interval across 

which the trend is to be determined (with 80% power) is 6 years. Across all simulations, 

detecting higher declines is easy with a high power, but realistically declines in aggregated 

species abundances should be expected on the 1% range. 

ð Knowledge on the sampling effort required to properly monitor pollinators will increase as more 

data from the SPRING project is released (at the time of this report some specimens were still 

being identified), and data becomes available from the first years of the EU PoMS 

implementation, indicating that revisiting this challenge in the future is important.  

Costings 

ð Information from participants in the SPRING project was used to determine the likely costs of 

implementing any proposed pollinator monitoring scenario, accounting for variation in wages, 

pollinator diversity, identification time and expenses between Member States.  

ð The costs of implementing the monitoring scheme will be heavily influenced by the number of 

sites, the staff model (balance between professional and volunteer recorders), the number of 

individual specimens sampled and the complexity of identifying specimens. 

ð Analysis of general costs indicate that: (i) some costs (e.g. travel) can be reduced through co-

location with other monitoring networks; (ii) data management is a significant cost that can be 

reduced through careful planning (see section 4.2); (iii) the effective, harmonized use of novel 

technologies and robust metadata standards will reduce the staff effort needed for data entry; 

(iv) staff retention and training are crucial to long-term cost-effectiveness; and, (v) the initial 

learning phase of many new recorders will result in higher initial costs, therefore staff retention 

is key to both capacity building and cost-effectiveness.   

ð The cost methodology developed can readily be applied to any design variant once finalised for 

EU PoMS. 

Light traps for surveying moths 

ð There is increasing evidence of the importance of nocturnal pollination, with moths as major 

contributors. 

ð An image recognition-based moth monitoring system has been developed and piloted in the 

SPRING project. The trap consists of a small LED light trap that runs through the night; in the 

morning, all moths are photographed using an existing app, allowing rapid identification. Moths 

are released afterwards.  

ð While in the early stages of EU PoMS, it is likely that professionals will run traps, it is expected 

that this approach (relative to reinforced transects and rare and threatened species 

assessments) is particularly amenable to being run by volunteers with comparatively little 

training required. 

ð This system has been tested in several European countries and the results are very promising. 

Based on the analysis of SPRING data, and for the Netherlands in particular, an initial power 

analysis indicates that around 40 traps run 6 times a year could provide a power of 80% to 

detect a 1% change in species abundance, in the Netherlands. 
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ð To further develop a monitoring network at the EU scale, we recommend the following options: 

(i) develop a network of regional moth experts to validate volunteer data and help further 

develop the image recognition; (ii) support Member State coordinators and an overall EU 

coordinator; (iii) create and translate user-friendly moth information and identification 

materials to increase volunteer enthusiasm; (iv) extend the existing app and image recognition 

systems to prepare for increased usage; and, (v) further develop and test statistical approaches 

to produce trends and indicators for moths. 

Rare and threatened species monitoring 

ð Many insect species are rare, geographically localised or ecologically highly specialised. A 

standardised, large-scale monitoring scheme such as the core scheme of EU PoMS is extremely 

unlikely to sample these species sufficiently to detect changes in their status.  

ð Therefore, we propose a rare and threatened species module to: (i) provide high quality data for 

assessing the conservation status of pollinators, reduce the number of Data Deficient and Not 

Evaluated species on the IUCN Red List, and improve the data for threatened species; and (ii) 

develop tailored recommendations to inform conservation management.  

ð A formula for prioritisation is presented to select species with the highest extinction risk (based 

upon the IUCN Red List) and lowest data availability. Resulting priority lists should be co-

developed between the European level and Member States, taking into account both EU and 

Member State priority species.  

ð The choice of methods should be based on the most important information needed according 

to the current status of a species, and the most cost-effective data required to close respective 

knowledge gaps. 

ð After an initial survey, recommendations for longer-term monitoring and management could be 

developed, and follow-on monitoring would provide data to assess the efficacy of conservation 

actions.  

ð Two indicators are proposed, based on established methods, to measure the trends of rare and 

threatened species: (i) the IUCN Red List of Threatened Species, and (ii) the IUCN Green Status 

of Species. National Red Lists or National Green Status calculations can be considered for 

national priority species. 

Options for monitoring pressures and site co-location 

ð Five candidate schemes, potentially suitable for co-locating the EU PoMS site network have 

been identified: Land Use and Cover Area frame Survey (LUCAS); the European Monitoring of 

Biodiversity in Agricultural Landscapes (EMBAL); the Monitoring of Environmental Pollution 

using Honey Bees (INSIGNIA); the Integrated European Long-Term Ecosystem, critical zone and 

socio-ecological Research Infrastructure (eLTER RI); and the EU Farm Sustainability Data 

Network (FSDN).  

ð Oc`m` dn ij ndibg` ¼ji`-size-fits-\gg½ hjidojmdib n^c`h` rdoc rcd^c @P KjHN dn ]`no \gdbi`_ 

with. This is because of limitations due to: (i) limited environmental information (LUCAS, 

INSIGNIA, eLTER, FSDN); (ii) non-representative coverage of the land cover across the EU 

(LUCAS Grassland, EMBAL, FSDN); or, (iii) an insufficient number of observation sites (INSIGNIA, 

eLTER).  
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ð Since EU PoMS should be representative of land cover and habitat types across the EU Member 

States, there can only be partial alignment with one or multiple other monitoring initiatives, i.e. 

a subset of EU PoMS sites is aligned to selected monitoring scheme(s), while the other part is 

(stratified) randomly distributed.  

ð For the (stratified) random sampling, the LUCAS Master grid is proposed. However, for a subset 

of EU PoMS sites to be co-located with INSIGNIA, eLTER or FSDN sites, some flexibility to allow 

for deviations from the gridded approach would be needed. However, aligning with more than 

one initiative might be challenging in terms of agreements and coordination. 

ð We recommend the design of EU PoMS is prioritised, and that EMBAL (or maybe LUCAS 

Grassland) and INSIGNIA co-locate to EU PoMS sites. INSIGNIA could further aim to increase the 

number of sampling sites considerably and seek options for a more spatially constant sampling 

design. 

Taxonomic and human resource requirements 

ð Identification of species for monitoring purposes can be done in the field for most butterflies. 

However, for hoverflies and bees, some work in the lab will need to be undertaken in taxonomic 

facilities, with access to physical and/or digital collections and expert taxonomists. 

ð Based on previous studies (such as the Red List of Taxonomists), there is a clear shortage of 

professional taxonomists to address the anticipated monitoring requirements of EU PoMS. 

Available taxonomists are not expected to be sufficient to identify all species, across all sites, in 

all Member States.   

ð To overcome this shortfall, that varies from negligible to moderate and substantial depending 

upon Member State, a two-steps plan is proposed, by differentiating a short-term and a long-

term approach.  

ð In the near term, capacity building and training stands as a critical component to allow EU 

KjHN hjidojmdib oj no\mo di odh`gt \i_ `aad^d`io h\ii`m) Ocdn ncjpg_ ]` ]\n`_ ji oc` ºom\di oc` 

om\di`mn» ntno`h oj `i\]g` m\kd_ pkn^\gdib jq`m odh`)  

ð In addition, a wide variety of training resources will be needed, from basic to intermediate and 

advanced levels, such as those developed by the Pollinator Academy; resources will include 

training courses, factsheets, field guides, reference collections, keys and other tools and 

material that support the experts in their monitoring tasks. These materials will be increasingly 

important as the workforce evolves from fully professional based to a hybrid format where 

expert taxonomists combine effort with non-professionals though well-trained volunteers. 

ð In the longer-term, the sustainability of the model should rely on the consolidation of the 

monitoring work force to avoid recurrent restarting of the process (with new individuals being 

recruited continuously). This will benefit continuity and improve cost efficiency.  

ð To consolidate taxonomic expertise, in addition to training other elements are required including 

the establishment of academic pathways, widening of professional careers, opening of new 

positions, and ultimately supporting recognition of taxonomy. Moreover, to attract and secure 

the commitment of volunteers, will require stronger involvement of local governments, 

provision of stable structures to taxonomic communities, and supporting their work through a 

co-participatory model. 
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ð To coordinate and harmonise the building of taxonomic and human capacity initiatives would 

need to: (i) centralise and provide access to the necessary protocols, best practices, standards, 

indicators, tools and mechanisms; (ii) facilitate training across borders; (iii) support mobilisation 

of experts; and, (iv) invest in and foster the use of technologies in support of species 

identification. This requires appropriate social, technical and, of course, financial structures to 

be supported over time, leveraging on existing networks and organised communities. 
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Building Citizen Science capacity for EU PoMS 

ð Europe has a long and rich tradition of Citizen Science and its innovation. An assessment of the 

current status of Pollinator Citizen Science shows that most aspects influencing it are at least 

developing or establishing, indicating that there is already good support and potential for 

Pollinator Citizen Science.  

ð Pollinator Citizen Science is more established in northern and western Europe, whereas in 

southern and eastern Europe, it tends to be at the embryonic or developing stages; embedding 

Citizen Science as a part of the EU PoMS in these regions will therefore pose the greatest 

challenge. 

ð There is considerable scope for further developing Pollinator Citizen Science on farmland by 

engaging farmers and other members of agricultural communities, though this would require 

careful reflection on likely motivations to partake and effect support mechanisms. 

ð Citizen Science has substantial future potential for implementing reinforced transects, with 

data collection by experienced naturalists for some groups and by specialists for others, and for 

training and engagement. Transects involving Citizen Science would also benefit greatly from 

integration with existing schemes, particularly Butterfly Monitoring Schemes, and place-based 

monitoring (e.g. Nature Reserves).  

ð Citizen Science also offers important opportunities to support other EU PoMS core scheme 

methods. Light trapping for moths would be particularly amenable to volunteer involvement 

and depending upon the priority species selected for the rare and threatened species module, 

volunteers could also make substantial contributions here. 

ð For the methods in the complementary modules of the EU PoMS, involvement of citizen 

scientists would need to be further explored for the use of Malaise traps, pan traps and the 

collection of specimens for genomic-level monitoring. 

ð We recommend: (i) supporting co-ordination and development of Citizen Science in all Member 

States as an integral part of the EU PoMS in the longer-term; (ii) adopting proven Citizen 

Science approaches, such as Butterfly Monitoring Schemes, in all Member States. The Butterfly 

Monitoring Scheme could support the monitoring of rare and threatened butterflies and provide 

a highly cost-effective approach to collect structured data to integrate within EU PoMS 

pollinator indicators and substantially increase the power to assess trends; (iii) evaluating 

methods that enable wide participation without requiring high levels of expertise in species 

identification, and which can be supported by new technologies; (iv) engaging with the farming 

community at Member State and EU levels to evaluate the potential for their involvement; and, 

(v) strengthening collaborations between Citizen Science practitioners and social scientists to 

understand motivation of volunteers and overcoming barriers to participation. 
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Options for pollinator indicators 

General Pollinator Indicator 

ð Options for a General Pollinator Indicator are described. These indicator options can be used to 

assess whether there has been a reverse in the decline of pollinators (i.e. a trend should be 

shifted from a declining to an increasing one), using annually collected data, assessed over a 

standardised time interval of six years, at the Member State level by a given date. Based on the 

EU PI and STING expert consensus we recommend species abundance as the core metric for 

assessing trends. 

ð A generalised indicator workflow for (pollinator) biodiversity indicators is outlined: pollinator 

observations > data > species-specific models > species indices > statistical models > 

indicators. Based on this, options are proposed for converting EU PoMS data into biodiversity 

indicators, and how these indicators can be used to assess targets, such as those included in 

the EU PI.  

ð A set of Essential Biodiversity Variable (EBV) metrics are described that could be derived from 

EU PoMS data: species abundance, species distribution, taxonomic diversity, and taxon-

aggregated abundance. The strengths and limitations of each is highlighted in the context of 

the EU PI.  

ð Future work is recommended to: (i) refine and test the statistical models, including their 

sensitivity to data from rarely observed species, and their ability to detect changes over a six-

year window; and (ii) explore options for the assessment of targets within a risk-based 

framework, including combining indicators from multiple biodiversity metrics.  

Farmland Pollinator Indicator 

ð Agricultural landscapes are significantly shaped by the complex interplay of various drivers, 

including policy interventions at EU and Member State level and by the individual decisions of 

farmers. As a result, it is difficult to single out the impact of the CAP on (pollinator) biodiversity. 

CAP Impact Indicators used so far in the Performance Monitoring and Evaluation Framework 

(PMEF) are not suitable for this, as they were designed for other purposes. 

ð A workflow for a two-stage monitoring approach is presented to assess the medium- and long-

term status and trends of farmland pollinators in conjunction with the impacts of CAP and 

other policy interventions: (i) trend monitoring (surveillance monitoring of pollinators), and (ii) 

monitoring under adaptive management (surveillance monitoring of pollinators together with 

environmental data). 

ð Trend monitoring could be based on the sampling methods and sites of the core scheme 

(though the site allocation approach is to be finalised) and, if necessary, complemented by 

additional sampling sites within agricultural landscapes to ensure representativeness of farmed 

landscapes, and for example CAP measures. 

ð Monitoring under adaptive management could use a citizen science-based approach with 

farmers conducting the monitoring, as they decide where and when which CAP measures are 

implemented, and therefore make it possible to evaluate them at the farm level in an efficient 

way. In monitoring under adaptive management, simplified approaches, compared to the core 

scheme, could be employed (e.g. monitoring of species groups). 
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ð To ensure that the proposed indicators for farmland pollinators are functional and can be 

reported in the future, we recommend conducting a pilot study in selected EU agricultural 

landscapes to test and further develop the two approaches presented here. 

Options for EU PoMS data management 

Building on existing initiatives (e.g. EuropaBON) and stakeholder requirements, we propose an 

optimised workflow for data management throughout the entire data life cycle. Specifically, we 

recommend:  

ð Establishing a unified central hardware infrastructure fully respecting and compatible with 

national biodiversity data and information systems; 

ð Implementing data management solutions based on existing software and tailored to specific 

EU PoMS requirements; 

ð Developing both a new EU PoMS app and cooperating with existing Apps, which interface with 

the central database via an Application Programming Interface (API), to maximise the uptake 

and impact of EU PoMS; 

ð Putting in place two levels of validation procedure to guarantee the quality of data; 

ð Establishing a species referencing table for standardising nomenclature; 

ð Publishing annual monitoring data with open access and assign citable DOIs, offering flexibility 

for the download of accumulated multi-year datasets as well as data specific to spatial, 

temporal, and taxonomic contexts; 

ð Ensuring data publication policy is openly accessible and clear to volunteers prior to 

participating in EU PoMS. 

Options for future scheme development 

Complementary modules 

In addition to the core scheme, there are three approaches, which, with further piloting and 

refinement could be included in a future core scheme. 

Pan traps 

While the reinforced transects are recommended as the best overall method for monitoring wild 

bees, hoverflies and butterflies, pan traps also offer the possibility to monitor a wider spectrum of 

wild bee species richness (but not abundance) and wider flying insect diversity. However, pan trap 

protocols need further piloting and refinement, and the reluctance of some citizen scientists to use 

this lethal method would also need considering.  

Emerging technologies 

Several novel technologies hold considerable promise for enhancing pollinator monitoring efforts; 

all still require some level of further development and testing before they could be rolled out at 

scale and integrated into a core scheme: 

ð DNA barcoding and metabarcoding techniques are well developed and have the potential to 

reduce costs and expedite specimen identification, and while the availability of reference 

databases is increasing, they are currently incomplete. 
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ð Image-based methods for identifying (dead) specimens are maturing, though reference 

databases for pollinators are incomplete. 

ð Remote sensing approaches to monitor pollinator habitats, including floral resources, are fast 

emerging. 

ð Insect camera traps are at an early stage of development, but could provide important 

phenological and flower visitor data, complementing other methods. 

ð Acoustic methods are rapidly evolving, but at present, they have limited applicability across 

insect taxa. 

Genomic-level monitoring 

Systematically assessing monitoring the genetic diversity of wild pollinator populations is important 

for implementing effective conservation strategies and safeguarding adaptive capacity. A range of 

DNA technologies are mature, though they require embedding, testing and refining through a pilot 

scheme before they could be integrated into a core scheme. 

Malaise traps 

Malaise traps offer the possibility to passively capture a wide variety of flying insects, and some 

non-flying insects, over long periods throughout the year (not observed by other methods). This 

method can provide quick estimates of diversity, and abundance of insects via biomass 

measurements, which have been shown to correlate well with both abundance and diversity of 

species in hoverflies. However, this method cannot provide absolute species abundance estimates. 

Further development, piloting and refinement is needed for standardising field methods across 

Europe, sample processing/storage and completion of DNA libraries before this method could be 

integrated into a core scheme. 
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1 Introduction 

1.1 Policy context and background 

1.1.1 EU Pollinators Initiative and A New Deal for Pollinators 

Oc` m`qdndji ja oc` @P Kjggdi\ojmn Didod\odq`5 ¼< I`r ?`\g ajm Kjggdi\ojmn½ #>JH#-+-3) 35 final) 

(European Commission, 2023)' pi_`m ¼Kmdjmdot D5 Dhkmjqdib fijrg`_b` ja kjggdi\ojm _`^gdi`' don 

^\pn`n \i_ ^jin`lp`i^`n½' ^\gg`_ ajm oc` `no\]gdnch`io ja \ ^jhprehensive monitoring system. 

This requires a robust EU-wide monitoring scheme that provides regular and frequent information 

using standardised methods over a long time frame. The aim being to provide a rigorous measure 

of the trends in pollinator abundance and diversity, to be able to reliably assess progress towards 

reversing their decline. In addition, this also calls for the main threats to pollinator decline to be 

monitored, therefore requiring an integrated framework for monitoring pollinator decline, its causes 

and consequences, according to the DPSIR (drivers, pressures, state, impact and response) model of 

intervention, which would allow tracking the outputs and outcomes of relevant policy actions. The 

specific Actions towards the overarching goal of establishing a comprehensive monitoring system 

are: 

1. The Commission and Member States should finalise the development and testing of a 

standardised methodology for an EU pollinator monitoring scheme (EU PoMS). The 

methodology will ensure delivery of annual datasets on the abundance and diversity of 

pollinator species, with adequate statistical power to assess whether the decline of 

pollinators has been reversed both at EU and at national level. Once the methodology is 

available, Member States should deploy the scheme on the ground. 

2. The Commission will, with the support of Member States and the European Environment 

Agency, devise an integrated framework for monitoring pollinator decline, its causes and 

consequences. The Commission will continue supporting the systematic collection of data 

on major threats to pollinators, in particular through the EMBAL and INSIGNIA initiatives. 

3. The Commission will develop indicators on the state of pollinator populations and the 

pressures they face and will explore options for developing indicators on the impacts of 

pollinators on ecosystem health, the economy and human wellbeing. These indicators will 

be developed with a view to contributing, among other things, to the evaluation of relevant 

policies, such as the common agricultural policy. 

Based on this context, the key points informing the work under the second part of the STING project 

(STING2 hereafter) are to develop proposals for: 

ð Options for a standardised approach to collecting annual data on the abundance and 

diversity of pollinator species across ecosystems in each Member State, with data coming 

from an adequate number of sites to ensure representativeness across territories. 

ð The ability to measure changes in pollinator diversity and pollinator populations by 2030, and 

at least every six years thereafter, in each Member State. 

ð Identifying options to promote Citizen Science in the collection of monitoring data. 
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1.2 STING2: Science and Technology for Pollinating Insects 2 

1.2.1 Objectives and approach 

The STING2 expert group was established in June 2022, and comprises 26 international experts 

from 12 countries, with members being representatives of universities, research institutes and 

NGO's. The specific objectives of this group are: 

1. Provide technical assistance in implementing and fine-tuning the EU pollinator 

monitoring scheme (EU PoMS), which includes: updating power analysis; exploring 

pathways to integrate emerging technologies; revising cost estimates; ad-hoc support to 

conclude on a final methodology in the context of the EU biodiversity strategy to 2030; 

analysing links between the EU PoMS and other Citizen Science initiatives (e.g. eBMS); 

liaising with other in-situ monitoring of pressures on pollinators; exploring pathways to 

include genomic-level monitoring; tracking the development and proposing 

recommendation on pollinator taxonomic expertise; further develop the rare and threatened 

species module; and assessing options to develop a pollinator app as a tool for EU PoMS as 

well as for wider structured Citizen Science. 

2. Testing, refining and validating the proposals for pollinator indicators, which 

includes: helping devise and refine a General Pollinator Indicator (GPI), and developing and 

testing options for Farmland Pollinator Indicator (FPI). 

3. Developing options for data management/storage/access and models to process and 

harmonise pollinator data 

 

JRC coordinated the work under the different tasks of the STING2 expert pool, and facilitated the 

dialogue between the experts and the relevant policy DGs, in particular DG ENV. Additionally, the 

JRC facilitated the liaison between the experts and the European Environmental Agency (EEA), for 

technical input on data management. JRC research staff also provided technical support for specific 

tasks (in particular computational support for the power analysis task), and specialised expertise 

when required by the experts (e.g. while for developing options for a farmland pollinator indicator). 

Furthermore, the JRC computed the preliminary analysis on the spatial distribution of sites in use 

by the EMBAL2 and INSIGNIA3 projects to inform options for monitoring pressures and site co-

location. Lastly, after establishing a dedicated functional mailbox (jrc-poms@ec.europa.eu) the JRC 

served as helpdesk point to address, directly or after consulting relevant experts, specific questions 

about the STING project and EU PoMS. The same functional mailbox was used to communicate with 

named representatives from the Member States and non-governmental stakeholder groups, which 

were consulted on draft versions of this report.  

 

 

2https://wikis.ec.europa.eu/pages/viewpage.action?pageId=25560696#:~:text=EMBAL%20is%20a%20robust%20monitorin
g,landscapes%20in%20EU%20Member%20States  

3 https://www.insignia-bee.eu 

https://wikis.ec.europa.eu/pages/viewpage.action?pageId=25560696#:~:text=EMBAL%20is%20a%20robust%20monitoring,landscapes%20in%20EU%20Member%20States
https://wikis.ec.europa.eu/pages/viewpage.action?pageId=25560696#:~:text=EMBAL%20is%20a%20robust%20monitoring,landscapes%20in%20EU%20Member%20States
https://www.insignia-bee.eu/
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The final report of the STING1 expert group (2019-2021) was published in 2021: ºProposal for an 

EU Pollinator Monitoring Scheme»4 (Potts et al., 2021). See Annex 1 for summary of STING1 

findings. 

Since the publication of Potts et al. (2021) substantial advances in data, evidence and knowledge 

of pollinator monitoring has occurred. These includes large scale piloting of the methods through 

the SPRING project, multiple research and monitoring activities providing new data and knowledge 

on pollinator monitoring, advances in the development and testing of indicators, ongoing work by a 

number of Citizen Science and volunteer projects, in particular Butterfly Conservation Europe, as 

well as other preparatory actions helping develop human and taxonomic capacity for pollinator 

surveying and identification, such as SPRING, ORBIT and Taxo-Fly. Therefore, the key findings of the 

STING1 report (see Annex 1) must be considered as being the current state-of-the-art in 2021, 

after which considerable advances have been made through STING2 and a large number of linked 

projects.  

The overall approach of the STING2 expert group is summarised in Figure 1.1. 1. The core work 

involved conducting a power analysis using the best available data to explore design options 

considering the methods, intensity of sampling, temporal and spatial replication needed to provide 

high quality species abundance data (as informed by the EU PI). The overall sampling design was 

developed in tandem with indicator options for both a general pollinator indicator and a farmland 

pollinator indicator. For each of the design options, the associated costs and taxonomic 

requirements, including human resources, were also assessed. The required data management 

requirements were explored, including the development of a dedicated app for the scheme. In 

addition to the core monitoring of bees, hoverflies and butterflies, options for monitoring moths 

using light traps, and tailored methods for monitoring rare and threatened species were also 

investigated. Finally, complementing the core scheme, options for the use of emerging 

technologies, genomic-level monitoring, and the monitoring of threats to pollinators were explored. 

The STING2 work benefited from many projects and initiatives, and in particular from data and 

insights from the SPRING, ORBIT, Taxo-Fly and European Butterfly Monitoring Scheme. 

 

 

4 Potts, S.G., Dauber, J., Hochkirch, A., Oteman, B., Roy, D.B., Ahrné, K., Biesmeijer, K., Breeze, T.D., Carvell, C., Ferreira, C., 
FitzPatrick, Ú., Isaac, N.J.B., Kuussaari, M., Ljubomirov, T., Maes, J., Ngo, H., Pardo, A., Polce, C., Quaranta, M., Settele, J., 
Sorg, M., Stefanescu, C., VujiƎ, A., Proposal for an EU Pollinator Monitoring Scheme, EUR 30416 EN, Publications 
Office of the European Union, Ispra, 2021, ISBN 978-92-76-23859-1, doi:10.2760/881843, JRC122225. 
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Figure 1.1. 1. Overview of the STING2 framework. 

 

Source: ?srfmpqɃ cj_`mp_rgml, 

 

1.2.2 STING2 deliverables 

STING2 has two key deliverables: 

ð D.1: A report describing the contributions of the experts to Objective 1.  This includes 

contributing to the further development of the EU PoMS, in particular fine-tuning the scheme in 

collaboration with SPRING. 

ð D.2: A report describing the contributions of the experts to Objective 2. This includes devising a 

General Pollinator Indicator (GPI) to support inter alia a potential legally binding target on 

reversing the pollinators decline, and also developing further options for a Farmland Pollinator 

Indicator (FPI), including analysing the methodology behind various CAP impact indicators and 

testing CAP indicator options. 

This report combines both of these deliverables, covering all three objectives, into a single cohesive 

report.  
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1.3 Presentation of options for EU PoMS 

This report provides the following options for the establishment of an integrated monitoring 

framework: 

ð Main design options for EU PoMS (Chapter 2), which provides a summary of the proposed 

EU PoMS, and explains the choice of methods (section 2.2), how change can be detected 

(section 2.3), the design options for the monitoring bees, hoverflies and butterflies, with 

scenarios for each Member State using reinforced transects (section 2.4) including costings 

(section 2.5) and taxonomic and human requirements (section 2.6), as well as options for 

building citizen capacity (section 2.7), rare and threatened species monitoring (section 2.8), 

moth monitoring (section 2.9) and pressure monitoring (section 2.10). 

ð Indicator options (Chapter 3) for a General Pollinator Indicator (section 3.1) and a Farmland 

Pollinator Indicator (section 3.2). 

ð Data management options (Chapter 4) including data management workflow (section 4.2), 

data standards (section 4.3), data acquisition (section 4.4), data preservation (section 4.5), web 

interfaces (section 4.6), and database structure (section 4.7). 

ð Future scheme options (Chapter 5), covering pan traps (section 5.1), emerging technologies 

(section 5.2), genomic-level monitoring (section 5.3), and Malaise traps (section 5.4).  
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Annex 1. STING1: Science and Technology for Pollinating Insects 1 

In 2019, the European Commission set up the STING1 (Science and Technology for Pollinating 

Insects) - technical expert group, comprising 21 individuals from 10 European countries plus 

representatives from JRC and the European Environment Agency (EEA). The remit of STING1 was to 

develop an initial proposal for a European pollinator monitoring scheme as part of Action 1 of the 

EU Pollinators Initiative. The specific objectives of the group were to: 

1. Develop a cost-effective EU pollinator monitoring scheme (EU PoMS) to monitor pollinators 

with the following requirements: The scheme should include the most relevant taxa of 

pollinators (based on different criteria such as vulnerability to environmental pressures, Red 

List status, functional traits, relative importance for crop pollination, representativeness for 

biodiversity); The scheme should be able to detect changes in the status of pollinators; The 

scheme should consider the timing of the EU policy cycle (7 years); The scheme should 

include EU-wide coverage and should allow harmonised data collection at EU level, based 

on standardised sampling; The scheme should consider the current level of knowledge on 

pollinators in the EU Member States; The scheme could be based on professional 

monitoring, Citizen Science or a hybrid system; The scheme could have modular 

components; The scheme should indicate approximate costs according to the level of 

detection (e.g. short versus long-term perspective). 

2. Assess if emerging technologies are fit for the purpose of sampling as an alternative 

method (e.g. remote sensing of habitats, DNA based sampling). 

3. Make a proposal for a general indicator based on the monitoring scheme to assess status 

and trends of pollinators and specific sub-index tailored to measuring the status of 

pollinators in agricultural areas. 

4. Assess for different options of the scheme: The costs for setting up a scheme, training 

experts, sampling, analysing and producing results, reporting and maintaining the data; The 

required taxonomical knowledge; The level of detection of change and its relative cost. 

5. Present a list of options for the scheme to the Commission. 

Main findings of STING1 

The initial proposal is summarised in Figure A1. 1. STING1 proposed that the EU PoMS should 

^jhkmdn` \ ¼^jm` n^c`h`½' rcd^c di^gp_`n oc` o\s\ oc\o \m` `nn`iod\g oj hjidojm \^mjnn oc` @P5 rdg_ 

bees, butterflies, hoverflies, moths, including rare and threatened pollinator species. An overview of 

the proposed scheme is given in Figure A1. 1. The selection of taxa took into account: the proportion 

of a group, which are known pollinators, contributions to crop and wild flower pollination, 

representativeness of wider biodiversity, vulnerability to environmental change, taxonomic 

knowledge of the group, and conservation status. Honey bees were excluded from consideration as 

they are almost entirely managed in Europe, and are already being monitored through other 

initiatives and projects. 
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Figure A1. 1. Overview of the STING1 proposed EU pollinator monitoring scheme (EU PoMS). The overall 

scheme comprises a number of components: the core scheme are those taxa that are essential to monitor 

as part of an EU Pollinator Monitoring Scheme (i.e. wild bees, butterflies, moths, hoverflies, as well as rare 

and threatened pollinator species). Within the core scheme is a minimum viable scheme (MVS), which is 

feasible to implement in the short term and comprises two modules which use standardised transects and 

pan traps to provide species abundance, diversity and occupancy data on wild bees, butterflies and hoverflies. 

Complementary approaches are needed for moths, and for targeting rare and threatened species, which 

cannot otherwise be monitored through a large-scale standardised scheme. There are three additional 

modules, which are optional and could provide important measures of pollination services, flower visitors, 

and wider flying insect biodiversity. For each component of the EU PoMS the main target taxa, sampling 

methods, type of recorder, and output measures are given. * indicates that for these groups only a proportion 

would be identified to species; a number of important details and caveats for all elements presented in this 

overview are addressed in detail in Potts et al. (2021). 

 

Source: Potts et al. (2021). 

<gjibnd_` oc` HQN' \i_ rdocdi oc` ^jm` n^c`h`' orj hj_pg`n r`m` kmjkjn`_ pndib ¼^jhkg`h`io\mt 

\kkmj\^c`n½ oj hjidojm hjocn' \i_ to monitor rare and threatened pollinator species (Figure A1. 1). 

The moth module would survey night active moths using light traps, and provide species abundance 

measures of an additional taxonomic group to the MVS; methods were reasonably well developed 

for this module but were seen to require fine-tuning and field validation. The rare and threatened 

species module would rely on species-specific field survey methods which is a fundamentally 

different approach to the MVS; this would be necessary as a standardised, large-scale pan-

European monitoring scheme would be highly unlikely to sample rare species sufficiently to be able 

to detect changes in their status. 

Finally, in addition to the core scheme (MVS plus complementary approaches) there are three 

additional modules proposed: pollination services, flower visitation, and wider flying insect 

biodiversity (Figure A1. 1).These three modules could provide important measures of biodiversity 

and ecosystem function/services not available through the core scheme, but required significant 

methodological development before they can be implemented at scale in a standardised manner. 
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Based on the available data and evidence at the time (i.e. up until 2021), for the MVS across the 

EU, it was estimated that a network of 2,000 to 3,000 sites is likely to provide power of >80% to 

detect changes of ~10% in abundance and species richness over 10 years for major groups (bees, 

butterflies and hoverflies), and changes of 30% for individual species that occur commonly across 

Europe. This estimate was based on expert opinion informed by a power analysis using the best 

available datasets (up to 2021), which were limited in number and geographically biased. To 

provide representative coverage, these sites should be allocated in proportion to the land area of 

Member States, and adjusted to ensure at least 10 sites per Member State (total sites = 2,102; 

sites per Member State, minimum = 10 and maximum = 238). 

The estimate provided in 2021 needs to be updated based on the field data collected in the SPRING 

project. To date, not all individuals have been determined to species level. Therefore, the update of 

the power analysis will be undertaken in a follow-up project (STING+).Expert knowledge revealed a 

rich variety of taxonomic resources available in Europe, although the availability and quality vary 

markedly between Member States. For the MVS target taxa (bees, butterflies and hoverflies), the 

report provided a detailed stocktake for 2021 of the availability of national checklists, field guides, 

handbooks and identification keys, online identification tools, atlases, recording schemes, national 

Red Lists, internet fora, DNA-barcoding, experts, meetings and organisations. 

Taxonomic capacity, in terms of both experts and resources, to support a MVS was assessed as 

highly variable across Europe and taxonomic groups. For bees and hoverflies, taxonomic knowledge 

and resources were generally better in northwest and central Europe, than in the south and east. 

For butterflies, taxonomic knowledge and resources are relatively good in nearly all countries; 

capacity for moths was not assessed. 

A combination of volunteer recorders and professionals were proposed to run a cost-effective EU 

scheme, with each module within the EU PoMS requiring a different mix of these recorders (Figure 

A1. 1). The roles, levels of expertise and training requirements of these two groups of recorders 

were assessed, and guidance was provided on how to strengthen volunteer recruitment and 

retention. 

The report of the STING1 expert group5:  

Potts, S.G., Dauber, J., Hochkirch, A., Oteman, B., Roy, D.B., Ahrné, K., Biesmeijer, K., Breeze, T.D., 

Carvell, C., Ferreira, C., FitzPatrick, Ú., Isaac, N.J.B., Kuussaari, M., Ljubomirov, T., Maes, J., Ngo, H., 

K\m_j' <)' Kjg^`' >)' Lp\m\io\' H)' N`oo`g`' E)' Njmb' H)' No`a\i`n^p' >)' QpedƎ' <)' Proposal for an EU 

Pollinator Monitoring Scheme, EUR 30416 EN, Publications Office of the European Union, Ispra, 

2021, ISBN 978-92-76-23859-1, doi:10.2760/881843, JRC122225. 

 

 

5 https://publications.jrc.ec.europa.eu/repository/handle/JRC122225  

https://publications.jrc.ec.europa.eu/repository/handle/JRC122225
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2 Options for the EU PoMS design 

2.1 Summary of options 

Since the initial proposal from the STING1 expert group (Potts et al., 2021), the proposed 

framework has been refined in light of new data, analysis and expert opinion. The overall EU PoMS 

scheme is summarised in Figure 2.1. 1 and comprises two main components: the core scheme and 

complementary modules. The core scheme includes those taxa that are essential to monitor as 

part of an EU Pollinator Monitoring Scheme (i.e. wild bees, butterflies, hoverflies, moths, as well as 

rare and threatened species of pollinators). 

Figure 2.1. 1. Summary of the revised EU pollinator monitoring scheme (EU PoMS). This consists of the core 

scheme, which includes methods that are ready to be used to monitor wild bees, hoverflies, butterflies (using 

reinforced transects), moths (using light traps) and rare and threatened species (using species-specific 

methods). In addition, there are three complementary modules, which still require further piloting and 

refinement, and these include pan traps, Malaise traps and genomic methods. For each component of the EU 

PoMS, the main target taxa, sampling methods, type of recorder, and output measures are given; a number of 

important details and caveats for all elements presented in this overview are addressed in detail in the 

following chapter. Recorders are expected to be professionals during the early stages of EU PoMS 

implementation, with the ambition to move towards an increasingly volunteer-led scheme in the longer-term 

(see section 2.6 for details). 

 

Source: ?srfmpqɃ cj_`mp_rgml, 

The first module of the core scheme uses standardised reinforced transects to survey wild bees, 

hoverflies and butterflies to provide species abundance data (see section 2.3 for details). The 

second module of the core scheme provides species abundance data for moths using standardised 

light traps (section 2.9). The third module of the core scheme uses species-specific methods to 

monitor rare and threatened species, which includes all pollinators (e.g. wasps, flies, beetles and 
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other insects), in addition to bees, hoverflies, butterflies and moths (section 2.8). In the earlier 

version of the scheme design (Potts et al., 2021), methods for moths and rare and threatened 

species were assessed as not being sufficiently developed to include in the near term as part of the 

core scheme. However, significant technical and knowledge developments have occurred since the 

2021 EU PoMS report, and now these two modules can be included in the core scheme.  

There are three complementary modules which could provide important measures of: bee 

diversity (using pan traps, section 5.1), wider flying insect biodiversity (using Malaise traps, 

section 5.4), and genetic diversity of wild pollinator populations (using genomic methods, see 

section 5.3). These three complementary modules should be prioritised for further piloting and 

refinement to become part of a core scheme. 

For all methods, it is expected that these will be primarily professional-led during the early roll out 

of EU PoMS, though the longer-term ambition is to shift to a hybrid model, with increasing 

proportions of volunteers trained to be able to implement the various methods in the field. 

Different Member States will have different starting conditions and capacities to involve volunteers, 

and these aspects are addressed in sections 2.6 and 2.7. 
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2.2 Choice of methods for the core scheme 

The STING1 expert group proposed a minimum viable scheme (MVS) for bees, hoverflies and 

butterflies based on a combination of using standardised transect walks and pan traps (Potts et al., 

2021). The STING2 experts have reassessed this proposal, in the light of analysing significant new 

data (from SPRING and other large scale projects), consulting a wide range of professionals and 

volunteers, and considering the expected requirements of the indicator(s) including the need for 

species level data as mandated by the EU Pollinators Initiative. 

STING2 has concluded that for wild bees, hoverflies and butterflies that standardised transect 

walks are the most effective and efficient method for the core scheme. Pan traps have been 

dropped from the core scheme after careful assessment of the advantages and limitations; 

however, this method still offers important opportunities for understanding the diversity and 

occupancy of wild bees as well as wider insect biodiversity. The rationale for this decision is 

provided in section 2.2.1, with an overall summary in 2.2.1.5. Possible future options using pan 

traps are described in section 5.1. Here we present an overview of the rationale for retaining 

standardised transects as the sole method for the core scheme, and why pan traps were excluded. 

2.2.1  Assessment of the potential impact of floral resources on abundance 

estimates from pan traps in comparison with transect walks 

European data from 11 datasets using pan traps, and 4 datasets using transect walks, were used 

to assess pollinator abundance in response to floral resources. The focus was on wild bees, since 

pan traps are commonly used for their assessment. Based on theory, it was expected that wild bees 

are attracted to pan traps when floral resources are scarce, while a dilution effect (due to a 

decreased detection chance) under high flower densities might lead to an underrepresentation of 

wild bees in pan traps. Assessments based on transects, on the other hand, are assumed to be less 

affected by pollinator attraction and dilution effects. 

2.2.1.1 Conceptual framework 

Floral resource availability is expected to potentially impact the assessment of pollinators and in 

k\mod^pg\m oc`dm \]pi_\i^` amjh k\i om\kn _p` oj _daa`m`io h`^c\idnhn ja \oom\^odji \i_ ¼_dgpodji½ 

of pollinator numbers, dependent on the abundance and diversity of flower resources within the 

vicinity of pan traps and in the broader landscape. Increased understanding of these mechanisms 

was achieved by analysing a comprehensive dataset on pollinator richness and abundance 

collected by pan traps and transect walks along gradients in local and landscape-level flower 

resource availability. Due to longer processing times of the SPRING samples, we started with 

datasets already available and complemented them with SPRING data. We contacted relevant data 

holders and, together with them, we developed a theory-based analytical approach (Figure 2.2. 1) 

during an online workshop (16 February 2022). The concept has been presented and discussed at 

the SPRING meeting in Barcelona (5 ¸ 7 October 2022).  
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Figure 2.2. 1. Conceptual framework to assess impacts of flower resource density on assessments of 

pollinator abundance sampled with pan traps. Yellow dashed line: flower densities below which pollinator 

\]pi_\i^` hdbco ]` `sk`^o`_ oj ajggjr k\oo`min ja ¼omp`½ \]pi_\i^`) M`_ _\nc`_ gdi`5 agjr`m _`indod`n 

beyond which significant d`qd\odjin ja ¼omp`½ kjggdi\ojm \]pi_\i^`n ^\i ]` `sk`^o`_ _p` oj \ ¼_dgpodji½ `aa`^o) 

 

Source: SPRING online workshop, 16/02/2022.  

Ocdn ^ji^`kop\g am\h`rjmf \nnph`n \ ndbhjd_\g m`nkjin` ja ¼omp`½ kjggdi\ojm \]pi_\i^` rdoc 

increasing flower densities (green line in Figure 2.2. 1). Co-flowering plants at low densities are 

expected to facilitate pan trap catches, while high densities of co-flowering plants are expected to 

^jhk`o` rdoc k\i om\kn) Ocdn g`\_n oj \i didod\g h\o^c ]`or``i ¼omp`½ \]pi_\i^`n \i_ \nn`nnh`ion 

rdoc k\i om\kn' rcdg` \o \ ^`mo\di kjdio `nodh\o`n amjh k\i om\kn _dq`mb` amjh oc` `sk`^o`_ ¼omp`½ 

pollinator abundances (blue line in Figure 2.2. 1). Note that other variables not considered here, 

such as species-specific behaviour, are also known to affect pan trap effectivity per species, but 

this factor is not analysed here.  

2.2.1.2 Data and analysis 

Based on provided meta-data, we identified 27 candidate studies covering eight European 

countries, about 1,000 sites with more than 26,000 spatio-temporal replicates providing data 

based on pan traps and transect walks. On this basis, we aimed to identify and quantify the 

potential impact of local and landscape-level flower resource densities on local pollinator 

abundance estimates and provide a framework to correct for such impacts and to inform the 

development of standardised assessments of local floral resources for inclusion in the core 

scheme. 

From the 27 candidate studies, data were collated only from the 14 studies across Europe with 

suitable information. Those studies used pan traps, transects or both. After an initial screening of 

these 14 studies, 11 datasets remained (with 3 excluded) for pan traps (covering Spain, Greece, UK, 

and the Netherlands) and 4 for transects (covering Romania, the Netherlands, Greece, and UK; 

Table 2.2. 1). The transects have a fixed location in each site, with each 500m walk taking 30 

minutes. Exclusion criteria for datasets were: (i) flower resources were provided in terms of 

percentage cover instead of density (flower unit per m²), and (ii) low abundance, and in particular 
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low variation across the samples. Since not all studies had information on the three focal groups of 

EU PoMS core scheme, we focused on wild bees for means of consistency and since transect walks 

are typically preferred over pan traps for butterflies and hoverflies. 

To allow for a direct comparison across the different studies, pollinator and flower data were 

harmonised and adjusted for sampling effort. Spatial replicates of pan traps and transects were 

aggregated across the focal study site. Temporal replicates (sampling rounds) were not aggregated 

but considered as a separate data points. All studies had separate flower surveys for each 

sampling round. To account for differences in the number of pan traps and their operating time, we 

calculated wild bee abundance per trap and day. For transects, we used wild bee abundance per 

observation time (minutes). Flower densities are based on flower units, one flower unit is a cluster 

of flowers that can be reached without flying (e.g. Compositae or Umbeliferae inflorescences were 

counted as 1 unit of flower). Flower densities were either already provided as such or have been 

calculated based on the number of flower units and the size of the respective sampling plot. 

Since average wild bee abundance differed considerably between locations in central/western 

Europe (median = 36 specimens) and southern Europe (median = 91 specimens), we split the 

dataset into two, a southern (Spain and Greece) and a central/western part (UK and the 

Netherlands). The distributions of the transect data were similar for southern and central/western 

locations (southern, Greece and Romania: median = 0.3 specimens; central/western, UK and the 

Netherlands: median = 0.4 specimens) which did not require a split for the identification and 

visualisation of the relationship with flower density. For the central/western pan trap dataset, we 

had 534 individual data points. The southern pan trap dataset comprised 346 data points, and the 

transect dataset had 659 data points (median abundance = 0.35 specimens). 

To assess the relationships between wild bee abundance and flower density for pan traps and 

transects and to compare them with the expectations from our conceptual framework, we used 

local polynomial regression fitting (loess). This is a nonparametric technique for smoothing 

scattered data points, which is highly suitable to identify the shape of complex relationships. We 

identified the significance of the smoothed shape of the relationship against a null hypothesis of 

no relationship using a permutation test based on mean squared error (5,000 permutations). 

Table 2.2. 1. Data sources and summary statistics. N: number of data points per study; Pan S: pan trap 

southern Europe; Pan C: pan traps central/western Europe; Trans: transects. 

Study Country Method N Abundance mean 

(SD) 

Flower mean 

(SD) 

ALMONDu Spain Pan S 118 12.01 (12.32) 164.59 (242.34) 

BIOPAIS1 Spain Pan S 21 5.99 (3.63) 10.24 (5.92) 

Landpolnet2u Spain Pan S 83 15.21 (8.22) 40.09 (61.06) 

Landpolnet12 Spain Pan S 60 16.68 (10.92) 25.79 (34.25) 

POLLOLE3 Spain Pan S 22 5.64 (3.28) 0.19 (0.13) 

Serapisu Greece Pan S 42 9.74 (8.32) 186.99 (154.39) 

BHLu Netherlands Pan C 151 5.62 (6.22) 49.13 (79.15) 

IPI_Cropsu UK Pan C 85 4.41 (7.21) 714.4 (1185.45) 

UKPoMSu UK Pan C 298 6.68 (8.07) 11.24 (22.71) 
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Study Country Method N Abundance mean 

(SD) 

Flower mean 

(SD) 

BHLu Netherlands Trans 351 0.76 (0.87) 72.71 (141.68) 

IPI_Cropsu UK Trans 84 0.77 (0.98) 647.41 (1138.88) 

Serapisu Greece Trans 42 0.91 (0.48) 186.99 (154.39) 

Transylvania4 Romania Trans 182 0.31 (0.31) 100.91 (188.42) 

Sources: 1Hevia V, Bosch J, Azcárate FM, Fernández E, Rodrigo A, Barril-Graells H, González JA (2016) Bee diversity and 

abundance in a livestock drove road and its impact on pollination and seed set in adjacent sunflower fields. Agriculture 

Ecosystems & Environment 232: 336-344. 2Torné-Noguera A, Rodrigo A, Arnan X, Osorio S, Barril-Graells H, da Rocha-

Filho LC, Bosch J (2014) Determinants of Spatial Distribution in a Bee Community: Nesting Resources, Flower Resources, 

and Body Size. Plos One 9: e97255. 3Hevia V, Carmona CP, Azcárate FM, Heredia R, González JA (2021) Role of floral 

strips and semi-natural habitats as enhancers of wild bee functional diversity in intensive agricultural landscapes. 

Agriculture, Ecosystems & Environment 319: 107544. 4Kovács-Hostyánszki A, Földesi R, Mózes E, Szirák Á, Fischer J, 

Hanspach J, Báldi A (2016) Conservation of Pollinators in Traditional Agricultural Landscapes ȿ New Challenges in 

Transylvania (Romania) Posed by EU Accession and Recommendations for Future Research. Plos One 11: e0151650. 

uUnpublished data. 

2.2.1.3 Results 

The loess smoothing was significant for all three cases (p-value pan traps central/west = 0.003; p-

value pan traps south = 0.043; p-value transects < 0.001). The overlap in the ranges of covered 

gradients in flower density across the different studies was high for all three datasets, ensuring 

that the identified patterns are not driven by a single study (Figure 2.2. 2a, b, c). For both pan trap 

datasets and the transect dataset, wild bee abundance initially increased with increasing flower 

density, peaked at a certain point and decreased again thereafter. However, a considerable 

difference in the shape of the relationship and the flower densities at which the curves peaked was 

evident (Figure 2.2. 2d). The curves for both pan trap datasets were remarkably similar, except for 

an overall higher abundance level in southern Europe. For pan traps, wild bee abundance increased 

strongly with increasing flower density, deviating from an expected sigmoidal shape, and quickly 

reached its peak at a very low flower density of about 3 flower units per m². With further 

increasing flower density, abundance decreased, reached a plateau, and strongly decreased further 

on. In contrast to that, the shape of the response curve of wild bee abundance to increasing flower 

density, as assessed from transect data, followed the expected sigmoidal curve with an initial 

shallow relationship which got increasingly stronger at higher flower densities. Also in contrast to 

pan traps, wild bee abundance from transects reached a peak at a very high level of flower density 

of about 230 floral units per m². Beyond that, abundance decreased again. 
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Figure 2.2. 2. Relationship between wild bee abundance and flower density. Black line represents smoothing 

by a polynomial regression fitting (loess) for pan trap data from southern Europe (a), pan trap data from 

central/western Europe (b), transect data across Europe (c), and all three overlaid (d). Shaded grey areas are 

95% confidence intervals. Different studies (Project) are colour-coded. Flower density is displayed at the 

logarithmic scale (peak of pan trap C and S is at about 3 flower units per m², peak of transect is at about 

230 flower units per m²). Wild bee abundance in d) has been rescaled per Method to let the entire values 

range between 0 and 1 (by dividing the abundance values by the respective maximum value). 

 

{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŜƭŀōƻǊŀǘƛƻn based on the SPRING project. 

2.2.1.4 Discussion and conclusions 

Our results show a clear difference in the assessed relationship of wild bee abundance and flower 

density between monitoring methods based on pan traps or transect walks. Since this relationship 

for transect walks followed our expectation of a sigmoidal shape, transects seem to reliably reflect 

wild bee responses to changes in flower density across a large range. Transect walks thus highly 

qualify for the EU PoMS core scheme and other monitoring schemes. Only at very high flower 

densities, does this method come to its limits. However, such high densities (above 230 flower units 

per m², as might be found in mass flowering crops and some very florally rich semi-natural 

habitats such as chalk grasslands and Mediterranean scrub) represent a minority in our datasets 

(data points above the blue line in Figure 2.2. 3) and are usually not found in semi-natural areas 

but rather in mass flowering crops or fruit orchards. Whether the very flat relationship in cases of 

q`mt gjr agjr`m _`indod`n dn ^\pn`_ ]t dinpaad^d`io _`o`^odji jm m`ag`^on ¼omp`½ \]pi_\i^` ^ji_dodjin 
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still needs to be identified or at least be considered in subsequent trend analysis (e.g. via including 

detection probabilities). 

Figure 2.2. 3. Boxplot of flower density per method. Coloured horizontal lines indicate the wild bee 

abundance peaks in Figure 2.2. 2. Green: Pan trap S; orange: Pan trap C; blue: Transect. 

 

Qmspac8 ?srfmpqɃ elaboration based on the SPRING project. 

The consistency between the response curves based on pan traps from southern and 

central/western Europe indicates some general patterns. Response curves for pan traps deviated 

^jind_`m\]gt amjh oc` `sk`^o`_ ¼omp`½ kjggdi\ojm \]pi_\i^`' ]po ^jiadmh`_ jpm `sk`^o\odjin 

according to attraction and dilution effects. The consistently strong increase of wild bee abundance 

from very low to low flower densities and the deviation from an expected sigmoidal curve might 

indicate strong attraction of wild bees, for example from the surroundings or those just nesting at 

this location. This might lead to an actual overestimation of local pollinator abundances and 

consequently to an overly optimistic indication of success for limited management activities under 

such conditions. More worrying is the observed decline in wild bee abundance at flower densities 

higher than 3 flower units per m². This effect is likely caused by increased competition for 

attraction of pollinators by high flower densities. This means that abundance data based on pan 

traps are, if at all, only reliable for a minority of landscapes with low flower density (data points 

below the orange and green line in Figure 2.2. 3), while restoration activities that actually increase 

flower densities could be wrongly interpreted as leading to a decrease of pollinator abundance. 

Based on the evident discrepancies between transect and pan trap methods, indicating strong 

effects of pollinator attraction and dilution of abundance estimates from pan traps, we strongly 

advocate that the EU PoMS core scheme and other pollinator monitoring schemes should focus on 

transect walks rather than using pan traps to ensure a reliable detection of pollinator trends. 

2.2.1.5 Advantages and disadvantages of pan traps 

In addition to the impacts of floral resources on pan traps, there are other important 

considerations. All pollinator surveying methods have associated advantages and limitations and 

these were reviewed in depth in the STING1 report (Potts et al., 2021). Similarly, there are a 
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number of advantages and benefits of using pan traps and these are briefly outlined below, 

however the limitations and disadvantages overall are considered to outweigh these. 

Potential benefits of using pan traps include: 

ð Capture more bee species. Based on the pilot work of SPRING, pan traps often detect more 

bee species than transects, including some small fast-flying ones, which may be under-

sampled in transects (based on general consensus from bee experts in SPRING and STING, but 

with clear exceptions, especially in Mediterranean areas). 

ð Easy to deploy. Pan traps can be relatively easy to deploy by volunteers and allow multiple 

locations to be sampled in parallel.  

ð Less affected by volunteer skills. In some aspects, pan traps can be more readily 

standardised as they are a passive method and therefore volunteer skill level may have less 

influence on the samples captured. 

ð Specimens kept. All specimens are retained, which provides samples and (also bycatch) for 

longer-term additional identification and other purposes. 

ð Additional information. They can potentially provide additional information about species 

richness and occupancy, than transects alone can (see chapter 6.12 Potts et al. 2021, plus 

sections 3.1 and 5.1). The EU PoMS specification emphasises a diversity measure, which pan 

traps are well suited to provide (but see below discussion of abundance measures). 

However, there are a number of disadvantages and limitations of using pan traps including: 

ð Context dependent. As is described in the analysis above this is a very severe limitation and 

bias in the samples collected and the interpretation of pollinator data. 

ð Not suitable for abundance. As a method depending on species activity levels, pan traps can 

only be used for occupancy and diversity, and not directly for abundance. 

ð Costly. It takes a large resource to deploy pan traps (both in terms of time and cost) compared 

to standardised transects. Indicative estimates are that more than half of total fieldwork and 

lab costs were allocated to pan traps for the SPRING pilot, and identification takes substantial 

time (at least as much as for transects), and for pan traps additional processing and 

preparation of wet specimen is needed before identification. 

ð Taxonomic bias. Pan traps are likely to have taxonomic/size biases, and SPRING and STING 

experts indicate there may be fewer bumble bees and large solitary bees, e.g. Colletes spp., 

collected by pans. Pans are also widely recognised to be poor for sampling butterflies and 

hoverflies, especially in southern Europe (though this may vary between countries). 

ð Depletion of local fauna. There are potential risks of long-term depletion of fauna if a site is 

intensively sampled with pan traps over a season and across years. 

ð Kills specimens. Volunteers are increasingly reluctant to use unselective lethal survey 

methods, which is a potential barrier to recruitment and retention of volunteers. This was 

highlighted in discussions with some of the SPRING field teams. 

Given the critical issue of floral context dependence for pan traps combined with the other 

disadvantages, the conclusion of the STING2 expert group is to focus on only using transects for 
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the core scheme. However, pan traps offer several other opportunities in terms of pollinator 

monitoring (see section 5.1 for options). 

2.3 Detecting change 

A robust experimental design is crucial to ensure the collected data are sufficient to reduce bias 

and to achieve enough statistical power to detect changes when those occur. Achieving an unbiased 

sampling design requires a randomized stratification of the sampling points, to ensure all 

biogeographical regions and target habitat types are representatively sampled within a Member 

State.  

Further questions concern the minimal adequate sampling effort, in particular: (i) how many 

sampling points are needed, and (ii) how frequently they should be sampled. Answering these 

questions is the focus of the following paragraphs. 

The statistical power of the sampling regime depends on: 

1. The expected rate of change in the indicator per year (translated into a % rate per a 6-year 

period). 

2. The variability of the data (how variable are natural pollinator populations across space and 

time). 

3. The sample size (the number of sites, and the number of sampling rounds per site).  

A power analysis can be done using data collected in similar conditions, so the intrinsic variability 

can be identified from the data, and the sampling effort needed for a given magnitude of change 

in the indicator can be estimated.  

2.3.1 STING1 approach  

Unfortunately, pilot data to run a classic power analysis did not exist at the time of STING1 (2019-

2021). During STING1, using a compilation of available data to calculate natural variability across 

space and time, Potts et al. (2021) estimated that a minimum of 2,000-3,000 sites is needed 

across Europe, ranging from 10 to 238 by Member State depending on their area to detect 10 

percent change over 10 years (i.e. a 1% change per year) in the indicator (abundance and species 

richness) for major groups (wild bees, hoverflies and butterflies). This calculation was based on 9 

available datasets aiming to cover the range of bioclimatic regions of Europe, and that comprised 

more than 10 separate sampling sites, sampled for at least 2 years and more than once within 

each year. The SPRING project data was not available at that time.  

2.3.2 STING2 approach 

The STING1 estimates have certain limitations including: (i) strong reliance on untested 

assumptions, (ii) restricted spatial coverage of the available datasets impeding the consideration of 

different Member State contexts, and (iii) not being tested with modelling methods that maximize 

power. STING2 solves these limitations by: (i) developing their own data simulations, (ii) leveraging 

new data collected during SPRING project for each Member State, and (iii) using multispecies 

models with a high power.  

A robust approach was employed based on building simulated data with similar properties as the 

ones expected from the EU PoMS monitoring. These properties are informed from the SPRING 



 

39 
 

project data and recent studies on species distributions at the EU level. In particular, the SPRING 

project provides real world pilot data from >200 sites, collected in 2022-2023 using the initial 

Minimum Viable Scheme (MVS) protocols which were proposed by  Potts et al. (2021), and included 

a combination of pan traps and transect walks. The revised proposal for the EU PoMS core scheme, 

uses reinforced transects without pan traps for wild bees, hoverflies and butterflies (see section 

2.2). 

2.3.3 How to interpret outputs  

The power to detect a trend depends on the experimental design, on the analytical approach used, 

as well as on the nature of the data (expected effect sizes, sample size, and variability). In the 

absence of robust real world pilot data, informed data simulations can help us estimate how much 

sampling effort is required to have enough statistical power to detect a true trend given an 

experimental design and an analytical approach.  

In addition to statistical modelling, the final decision on any proposed design should be informed by 

multiple sources of evidence including ecological first principles (i.e. processes underlying ecological 

phenomena such as spatial and temporal occurrence of species or local population dynamics), and 

expert knowledge, in order to overcome potential technical limitations. In the following section we 

describe how data simulations were built and tested, including key assumptions, what we learned 

from this process and how can we integrate the outputs of this analysis to determine 

recommended sampling effort for EU PoMS reinforced transects. 
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2.4 Design options for a bee, hoverfly and butterfly module (reinforced 

transects) 

2.4.1 Summary 

Building on the SPRING project protocols, we propose reinforced transect comprising a fixed 500m 

transect walked twice for butterflies and twice for bees and hoverflies together, taking a fixed 

amount of observation time. We use expert knowledge, practical experience from the SPRING pilots, 

data simulations and state of the art multispecies statistical models, to recommend a set of 

options for EU PoMS data that will ensure a high statistical power and that the data collected can 

directly flow into biodiversity indicators. We show that the proposed experimental design and 

statistical models have a high power for detecting a statistical trend, but due to the uncertainty 

introduced by the observation process, the power to precisely identify the strength of the trend, in 

terms of rates of change, is low. The analysis reveals that Member States with lower pollinator 

richness are not easier to model, indicating a similar number of sites may also be needed in these 

situations. However, we argue that our knowledge on the sampling effort required to properly 

monitor pollinators will increase as more data from the SPRING project is released (at the time of 

this report some specimens were still being identified), and data becomes available from the first 

years of the EU PoMS implementation, indicating that revisiting this approach in the future is 

important. We make a series of recommendations for next steps. 

2.4.2 Background and context 

The EU PoMS will generate valuable data on the status of pollinating insects across the European 

Union. The purpose of this section is to define the appropriate level of replication for detecting true 

pollinator species trends.  

This report is built upon STING1 efforts and the SPRING project. However, assessing the power of 

an experimental design not yet deployed is a challenging task due to the many uncertainties on the 

nature of the final data collected. Hence, this exercise can provide an important guide on the 

minimum requirements the design options need, but cannot currently provide specific numbers. The 

next section details the methodology used and the main recommendations emerging from them.  

2.4.3 Overall approach 

We tested the power of an experimental design based on monitoring multiple sites per Member 

State, visited 6 to 8 times a year during the main pollinator activity season (i.e. the period where 

most taxa are active in each environmental conditions). Concentrating the sampling effort (number 

of rounds) on the main activity season for each Member State maximises the number of captures 

and is expected to increases the power to detect a general multispecies trend. Note that the focus 

of this sampling design is not assessing rare species (see section 2.8), but the general patterns in 

pollinator trends, which are mainly driven by relatively abundant species. In each visit, a reinforced 

transect, identifying all pollinators to species level (see section 2.2), is needed to detect enough 

specimens per site and visit to model species abundances with confidence.  

We tested power using a statistical model (Generalized Linear Mixed Models: GLMM) based on 

estimating changes in abundance along time per species. Hence, only species detected in several 

sites and over multiple years can be modelled, but the obtained results are robust and 

generalizable. This modelling approach allows the calculation of different indexes, including an 
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aggregated indicator of changes in abundance across species, as well as other metrics such as 

species richness and occupancy (see section 3.1 on General Pollinator Indicator options).  

Finally, to evaluate the power of this modelling approach under this experimental design, we 

simulated the kind of data we expect to collect, informed by SPRING pilot study data. These 

simulations are simplified scenarios that allow us to: (i) test the performance of statistical models 

under known parameters representative of different Member States, and (ii) assess the power to 

detect true trends under imperfect detection. This second point is important because even the best 

experimental designs will not detect all species or specimens present at a site, and hence it is 

necessary to model this source of noise in our dataset. We ran simulations that cover the range of 

parameters expected across Member States and for different effect sizes (i.e. trends, or rates of 

change per year). 

2.4.3.1 Basic design of reinforced transects 

Following the SPRING project protocols and the lessons learned from modelling the statistical 

power of the proposed indicators, the proposed reinforced transect comprises a fixed 500m 

transect that is first walked to record butterflies, and then the same 500m transect is then walked 

to record wild bees plus hoverflies. This process is then repeated with a second butterfly, and a 

second bee plus hoverflies walk. Overall, the fixed 500m transect is walked on four occasions. The 

specific recording methodology is: 

ð Butterflies: for the 500m transect, all butterfly adults present are counted in an imaginary box 

of 2.5m to each side, 5m high and 5m ahead while walking at a constant, steady pace (a fixed 

amount of observation time to walk 500m). Repeated twice. 

ð Wild bees plus hoverflies: for the same 500m transect, all adult bees and hoverflies present 

are counted in an imaginary box of 1m to each side, 2m high and 2m ahead while walking at a 

constant, steady pace (a fixed amount of observation time to walk 500m). Repeated twice. 

The four individual transects use a fixed amount of observation time each (for a total of 4 times 

the fixed amount) of effective sampling time (i.e. discounting insect collection handling time) and 

are walked in the same direction. Pollinators are recorded whether flower visiting or free flying.  

The decision to combine wild bees and hoverflies into a single standardised transect was based 

upon inputs from SPRING and STING 2 experts; however additional insights from this group and 

from the wider expert community will be elicited during the STING+ process to evaluate whether 

the most efficient design would be to combine or separate these two groups. If they were to be 

separated, this would entail an additional two transects to be walked per site visit (up from a total 

of 4 to 6), which would have implications for human and financial resources required. These trade-

offs will be analysed in STING+.  

We assume sites follow a stratified random design, ensuring all habitats are well represented 

across the Member State geography. We assume all species are identified to the species level, 

either in the field or caught and retained for later identification in the lab.  

Along the same 500m fixed transect flower abundance will also be recorded. While an estimate of 

flower richness and cover is not needed to estimate trends in pollinators, it will be highly 

informative in understanding the factors driving pollinator trends. Options for co-locating EU PoMS 

sites with those from existing biodiversity monitoring schemes, which record flower communities, 

are explored in section 2.10. 
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The final design of the reinforced transect will be determined under the next phase of STING 

(STING+). 

2.4.4 Models  

We use a Bayesian implementation of a Generalized Linear Mixed Models (GLMM). This modelling 

approach allows for testing if species abundances change over time, while accounting for species 

identity, and site location. Note that only species detected in at least three sites are included in this 

version, but this can be fine-tuned when real data are analysed (e.g. through STING+). The model is 

written in a general form but can be tailored for each Member State, for example by selecting 

which species to model and removing exotic or managed species.  

2.4.5 Scenario building 

Given the contrasting differences within the EU, we ran simulations that cover the parameter space 

found across Member States. Our approach was based on: (i) realistic simulations of local pollinator 

communities based on Member State representative parameters (see below), (ii) simulating the 

pollinator sampling process in a way which matches real-world observations based on the results 

of the SPRING project, and (iii) applying those simulations to different scenarios of monitoring 

effort and strength of trends in population change to assess the respective power under the 

different scenarios and to optimise the sampling design. 

In particular, we simulate data based in the following workflow. First, we explore, for each Member 

State, sets of realistic species pools, and mean species occupancy (i.e. how widespread the species 

are). Second, we define a number of sites and link to each site a list of species found, based on the 

species occupancy rates and expected richness levels per site. Third, we assign to each species an 

abundance value (on the well-tested assumption that we observe in nature many dominant species 

\i_ \ a`r gjr \]pi_\i^` ji`n$' \ nk`^d`n½ kc`ijgjbt \i_ \ kmj]\]dgdot ja _`o`^odib it while 

sampling. Fourth, based on these parameters, we assign a true abundance per species and site for 

each sampling round. Finally, we mimic the sampling process by subsampling from this true 

abundance and obtaining observed abundances that include the sampling uncertainty. This is 

repeated by each site and year, assigning a declining trend with time. Overall, we explore a set of 

fixed parameters as informed by SPRING, and vary the number of sites, sampling rounds and 

declining trend in different simulations.  

2.4.5.1 Fixed parameters 

To build the simulations we used the following parameters per Member State: species pool 

representative, mean occupancy of pollinators, mean local species richness and its standard 

deviation, species abundance, mean peak and range in the phenology of pollinator species and their 

standard deviations, optimal start and end of sampling, mean variation in pollinator population size 

across years, and the fraction of individuals (and species) observed during a visit compared to the 

simulated overall number of individuals (and species) within a site (Table 2.4. 1).  

ð Species pools and occupancy: The number of expected species per Member State (species pool) 

was taken from Reverté et al. (2023) for wild bees and hoverflies; and from van Swaay et al. 

(2010)  for butterflies. Occupancy was expressed as proportion of sites in which a pollinator 

species occurred in SPRING pan traps per Member State. Although pan traps might be less 

reliable in terms of estimating true abundances section 2.2), we assume that a potential effect 

on occupancy (in terms of presence/absence across all sampling rounds) is negligible.   
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ð Expected richness per sampled site: Estimates of overall species richness per sampled sites 

were based on datasets with a comprehensive sampling campaign over several years from 

Germany (Frenzel et al., 2016) and Spain (Domínguez-Garcia et al., 2024) and estimated with 

extrapolated species accumulation curves. The fraction of local species richness compared to 

the number of species in the Member State-level pool was similar for Spain and Germany (5% 

and 3%, respectively) and the average (4% of national checklists) has been used to calculate 

average local species richness per sampled site for each Member State based on the respective 

species pools, i.e. each site represents 4% of the species richness of the country. The same 

approach was used for the standard deviation of local species richness (Spain: 0.4, Germany: 

0.4, average: 0.4). Local abundances per species and Member State have been modelled based 

on well-fijri `^jgjbd^\g kmdi^dkg`n \nnphdib ºNk`^d`n <]pi_\i^` ?dnomd]podjin» ajggjr \ gjb-

normal distribution. 

ð Phenology: The peak and standard deviation of phenology (i.e. abundance dynamics within a 

year) and the optimal start and end month for sampling were obtained from the same datasets 

from Germany and Spain as used for calculating local species richness. In addition, a dataset 

with high temporal resolution based on pollinator camera traps (Bjerge et al., 2023) has been 

used for Denmark. To cover more extreme ends across Europe, estimates of peak phenology 

and start and end month have been made for Malta and Finland, informed by vegetation period 

data products of the Copernicus Land Monitoring Service. The mean range in phenology and its 

standard deviation as well as inter-annual variation in population size was also extracted from 

the above-mentioned datasets for Germany and Spain. 

ð Observation process uncertainty: To harmonise the simulated local number of occurring species 

and individuals with real-world conditions and to counterbalance potential uncertainties in 

oc`n` ndhpg\odjin' r` ^\g^pg\o`_ oc` k\m\h`o`m ¼am\^odji j]n`mq`_½ \n the proportion of 

individuals observed in the Member State based on SPRING data relative to the simulated 

number per site and Member State. This parameter ranged between 1% and 7% (Table 2.4. 1) 

and was subsequently used for the simulation of the sampling process. 

Note that data are not available for all Member States, but this data are sufficient to create 

representative scenarios. Occupancy values were available from SPRING for 19 Member States 

(Table 2.4. 1). The values for the remaining Member States have been interpolated based on 

statistical modelling ([Generalised] Linear Regression Models) relating occupancy to mean annual 

temperature, annual precipitation sum, human population density, and land area per Member State, 

considering quadratic terms and an interaction term for temperature and precipitation. The model 

has been simplified based on minimising AICc resulting in population density and land area as most 

important variables (Pseudo R² = 0.59). Similarly, mean peak phenology, standard deviation of 

mean phenology, optimal start and end month have been interpolated based on statistical models 

with high measures of goodness of fit (Pseudo R² > 0.91). The results have been checked for 

consistency and plausibility with vegetation period data products of the Copernicus Land Monitoring 

Service. Since the values for mean phenology range and its standard deviation, as well as the inter-

annual variation in population size, were very similar for the German and Spanish datasets 

(phenology range: 40, 48; phenology standard deviation: 41, 41; inter-annual population size 

variation: 0.58, 0.52), mean values across both countries were assumed to apply to all Member 

States. 

With these settings, representative of all EU Member States, we simulated the sampling process for 

each of these scenarios based on a six-years sampling period, which is deemed as the minimum 

number of years over which we can assess population changes. 
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Variable parameters: population change, number of sites, number of visits and number of transects 

ð Overall rates of population change: Across all the insect decline studies reviewed, the decline 

per year ranges between 0.3 and 5%, and is centred around a 1% per year. Hence, we tested 

potential effect sizes (i.e. declines per year) of 0.3%, 1% and 2% (larger declines 5% and 10% 

were considered but not shown here). 

ð Number of transects walked: Preliminary analysis indicated that a reinforced transect (i.e. two 

500m transects) yield higher specimen counts per site needed to feed the statistical models; 

hence, only the reinforced transect option was further tested.  

ð Number of visits: 8 and 6.  

This approach allows us to identify which factors influence statistical power across a set of realistic 

scenarios, and allow making robust general recommendations. Overall, we ran 12,000 simulations 

across 504 different scenarios. 
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Table 2.4. 1. Member State-specific parameters for simulating realistic pollinator populations at EU PoMS sites.  Pool, aggregated number of wild bee, hoverfly, and 

butterfly species per Member State; Occupancy, mean proportion of sites occupied by a species; Richness, mean local species richness per site (4% of the Member State 

pool); SD, standard deviation; Phenology, mean peak flight phenology across all species within a site; Start, End, optimal start and end month for sampling; Observed, 

fraction of observed individuals (from SPRING monitoring data) relative to the simulated overall number of individuals at a site and per sampling round. Cells in green 

indicate interpolated values based on (Generalised) Linear Regression Models. Values for mean phenology range, its standard deviation, and the inter-annual variation in 

population size have been set constant across all Member State (see text). 

Member State ISO2 Pool Occupancy Richness Richness 

(SD) 

Phenology Phenology 

(SD) 

Start End Observed 

Austria AT 1,342 0.47 54 21 220 19 5 9 0.01 

Belgium BE 819 0.33 33 13 160 25 4 8 0.02 

Bulgaria BG 1,427 0.29 57 22 134 27 3 7 0.01 

Croatia HR 1,148 0.33 46 18 126 27 3 7 0.03 

Cyprus CY 506 0.71 20 8 61 32 1 6 0.07 

Czech Republic CZ 1,101 0.32 44 17 204 21 4 8 0.02 

Denmark DK 614 0.37 25 10 217 6 5 8 0.02 

Estonia EE 634 0.59 25 10 238 6 6 9 0.01 

Finland FI 693 0.57 28 11 240 7 6 9 0.02 

France FR 1,745 0.13 70 27 130 27 3 7 0.02 
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Member State ISO2 Pool Occupancy Richness Richness 

(SD) 

Phenology Phenology 

(SD) 

Start End Observed 

Germany DE 1,214 0.16 49 19 179 35 4 8 0.02 

Greece EL 1,840 0.28 74 29 67 32 2 6 0.01 

Hungary HU 1,230 0.31 49 19 155 26 4 8 0.01 

Ireland IE 314 0.4 13 5 167 25 4 8 0.02 

Italy IT 1,827 0.16 73 28 81 30 3 6 0.01 

Latvia LV 692 0.52 28 11 227 17 5 9 0.02 

Lithuania LT 714 0.47 29 11 222 18 5 9 0.02 

Luxembourg LU 626 0.6 25 10 182 24 4 8 0.02 

Malta MT 176 0.4 7 3 60 31 1 5 0.04 

Netherlands NL 750 0.33 30 12 168 25 4 8 0.02 

Poland PL 1,030 0.21 41 16 199 22 4 8 0.02 

Portugal PT 1,093 0.26 44 17 68 31 2 7 0.01 

Romania RO 1,362 0.37 54 21 179 24 4 8 0.02 

Slovakia SK 1,232 0.39 49 19 215 20 5 9 0.03 
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Member State ISO2 Pool Occupancy Richness Richness 

(SD) 

Phenology Phenology 

(SD) 

Start End Observed 

Slovenia SI 1,105 0.64 44 17 177 24 4 8 0.01 

Spain ES 1,741 0.15 70 27 87 31 2 7 0.01 

Sweden SE 783 0.09 31 12 239 5 6 9 0.01 

 

Qmspac8 ?srfmpqɃ cj_`mp_rgml `_qcb ml QNPGLE kmlitoring data.
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2.4.6 General findings 

Overall, we have developed robust models to ensure a high power to detect a true trend of 1% 

decline per year (6% over a 6-year period). Below, we detail the main findings:  

1. To ensure that the specimens observed per round are enough to be modelled, we 

recommend using the reinforced transects (i.e. two 500m transects) for each round. 

While modelling changes on species abundance ranging from 0-3 observations (typical 

from a single 500m transect) per round is really challenging, it is much easier modelling 

abundance ranging from 2-6 (achievable with two transects).  

2. We recommend using 8 rounds, as reducing from 8 to 6 rounds requires on average 

20% more sites, and the costs associated with increasing sites are larger than increasing 

rounds. Rounds should be concentrated in the peak season (i.e. the timing of maximum 

activity, which should be tailored to each taxon and environment) to maximize catches (see 

below). 

3. We recommend the relevant decline trend to be evaluated to be fixed at 1% per 

year. Across all simulations, detecting higher declines is easy, as power is high, but 

realistically declines in aggregated species abundances should be expected around the 1% 

decline per year range according to literature. For example, we show that we have enough 

power to detect a 3% decline per year (18% for a 6-year period) at national level for >90% 

of simulations run regardless of Member State characteristics. This number is similar for a 

2% decline (12% for a 6-year period; >80% of simulations), but drops drastically for a 1% 

decline (6% for a 6-year period). Exploring what factors define power at 1% is the focus of 

the following points. 

4. Simulations show that the most important variable to increase power is the 

number of species which can be modelled (Figure 2.4. 1). Hence, ensuring that more 

than 200 species, occurring at least in 3 sites, are observed is important. This is easy for 

large countries with large species pools, high richness per site, and high species mean 

occupancy. However, it is challenging for species poor countries, or when occupancy is very 

low (and hence species show a large turnover across sites). 

5. Sampling design should maximize the number of species that can be modelled. 

Options for this include, targeting good pollinator habitats (that is, not monitoring transects 

with no flowers) within natural and agricultural areas, and avoiding extreme habitats (e.g. 

dense urban, or known pollinator poor habitats). Focusing on the peak phenology when 

most pollinators are active is also important to maximize the number of species 

consistently detected. These options will be fully explored as part of the STING+ process of 

developing the final set of standardised protocols. 
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Figure 2.4. 1. Power as a function of species modelled.  

 

Qmspac8 ?srfmpqɃ cj_`mp_rgml, 

6. Statistical models based on estimating the aggregated mean change in species 

abundances has a very high pure statistical power. This is because we can leverage 

the information of different species. Hence, most of the uncertainty comes from the 

sampling process variability (see point 7 below). Note that our scenarios assume a 

consistent trend for all species and over all sites. Hence, more complex scenarios with a 

few winners and many looser species or with trends depending on the habitat monitored 

might be more difficult to detect, but the current statistical models can also be tailored to 

deal with these situations once known.  

7. Overall, when we also account for process uncertainty, due to species imperfect 

detectability during sampling (i.e. different realizations of the simulation), power to detect a 

1% decline per year reaches acceptable levels (~80% confidence) for Member States where 

more than 300 species can be modelled. Models can be tailored to maximize its power 

once real data are analysed, for example maximizing the number of species to be 

modelled. Defining which Member States can realistically observe 300 modellable species 

is unknown before starting the monitoring, but we envision moderate sized Member States, 

with a large pool of species and covering a single biogeographical region, will fit into that 

category. For larger countries covering several biogeographic regions (and hence with larger 

turnover of species across sites), or countries with small species pools, a larger number of 

sites will be needed.    

The gist is that modelling the observed trend (pure statistical trend mentioned in point 6) is easier 

than modelling the true trend (trying to correct for unknowns in the sampling process). With long 

time series, the observed trend is often reliable, but with a few years of data, is especially 

important to account for the sampling process.   
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Note that we show that we can attain similar power using reinforced transects to previously 

reported values in STING1, which also included pan traps. Many strategies can be followed to 

maximize power. Combining methods (pan traps plus transects) is one way, but increasing the 

number of rounds during peak activity season and leveraging the information at the species level 

proved to be more cost-efficient. However, the main findings presented above will be 

systematically reviewed and refined, as part of the STING+ process.  

2.4.7 Assumptions and next steps 

Given the uncertainties we face, we recommend using these models with additional species-level 

data from SPRING (once available) and any other ongoing EU PoMS pilot work. At the time of 

preparing this report, SPRING data are still being processed. When processing will be completed, it 

will contain data on ~200 sites over the EU, with species-level identification mainly from pan 

traps6. Hence, the final power is complex to evaluate a priori. As stated above, when real data are 

provided, models can be optimized with the lessons learned here. Hence we are confident that the 

best decision is to some degree subjective, although informed by the data and models used.  

 
 

 

 

6 https://www.ufz.de/export/data/498/268546_SPRING%20MVS%20Pilot%20Survey%20guidance_incl._recodring-
forms_April%202022.pdf 

https://www.ufz.de/export/data/498/268546_SPRING%20MVS%20Pilot%20Survey%20guidance_incl._recodring-forms_April%202022.pdf
https://www.ufz.de/export/data/498/268546_SPRING%20MVS%20Pilot%20Survey%20guidance_incl._recodring-forms_April%202022.pdf
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2.5 Estimating the costs of EU PoMS options 

2.5.1 Summary 

We used information from participants in the SPRING project on pollinator monitoring to determine 

the likely costs of implementing the core reinforced transects in proposed pollinator monitoring 

scenarios, accounting for variation in wages, pollinator diversity, identification time and expenses 

between Member States. The costs of implementing the core reinforced transect monitoring 

scheme will be heavily influenced by the number of sites, the staff model and the number of 

individual specimens sampled and the complexity of identifying specimens.  

2.5.2 Background and context 

Biodiversity monitoring is often severely limited by available budgets and many monitoring 

schemes operate at an insufficient budget to achieve all their objectives. Understanding the real 

costs of pollinator monitoring is key to ensuring that any scheme is sufficiently resourced and 

facilitates capacity building. Previous assessments of the costs of pollinator monitoring have 

highlighted the significant role of species identification time, site numbers and relative wages as 

key factors driving costs (Breeze et al., 2021; Potts et al., 2021). However, the previous assessment 

of the EU PoMS costs (Potts et al., 2021) was constrained by limited available information on 

species catches, identification time in each Member State, leading to concerns that the time 

required for identification as too low in some Member States with large diverse pollinator pools. 

Furthermore, STING1 did not include aspects of the data workflow that are important to modelling 

and reporting the outcomes. Using data collected from the trial pollinator monitoring programme in 

the SPRING project and additional input from experts in the STING expert group, we have re-

evaluated these costs to better reflect the variations between Member States and account for 

significant inflation since 2020.  

2.5.3 Approach and methodology 

This section outlines the approach to estimating the costs of EU PoMS options over a 10-year time 

frame, using the real material and staff costs collected from a survey of participants in the 

SPRING project. This approach is suitable for any site network structure; however, we do not present 

any specific sample network recommendations or associated costs in this section.  

Costs are divided into two phases, establishment costs, which are incurred only infrequently such 

as long-lasting materials (e.g. nets) or irregular activities (e.g. site selection) and annual costs, 

which are incurred every year. Rc`m` do r\n i`^`nn\mt oj ^jiq`mo ^pmm`i^d`n dioj Õ' r` pn`_ 

average annual spot exchange rates from the year 2022 (European Central Bank, 2023). For the 

purposes of these cost estimations, we assume that all data collection and management is 

undertaken by professionals. We recognise that the ambition of EU PoMS is to grow the Citizen 

Science base and increase the proportion of volunteer recorders, which are expected to significantly 

reduce the costs of data collection, but should be accompanied with an appropriate increase of 

coordination (Breeze et al., 2023).  

2.5.3.1 Material costs  

A summary of material costs is given in Table 2.5. 1. These costs are averaged across all Member 

States, as prices for materials did not vary by much, although VAT is applied to each country 
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individually. However, it should be noted that there are difficulties in sending some materials to 

some countries due to local customs regulations. When calculating costs we assume one team of 

two collectors is expected to cover 15 sites per year (based on feedback from the SPRING pilot and 

STING experts) so items only need to be purchased for every 15 (or part thereof) sites. Where an 

do`h½n gda`nk\i dn `sk`^o`_ oj ]` g`nn oc\i ,+ t`\mn' r` di^gp_`_ oc` ^jno hpgodkg` odh`n oj \^^jpio 

for a replacement. Costs were estimated with VAT included. 

Table 2.5. 1. Itemised breakdown for material costs (excluding VAT).  

Item Price/unit Amount required Stage Lifespan Costs 

Insect net Õ/,)1- `\^c 1 per collector Establishment 5 years Õ3.)-/*^jgg`^ojm 

100m Tape 

measure 

Õ-.)04 `\^c 1 per collector Establishment 10 years Õ-.)04*^jgg`^ojm 

Sampling 

tubes 

Õ+).2 `\^c 1 per specimen Annual 1 use Õ+).2*nk`^dh`i 

Ethanol Õ/)0,*g 20ml/specimen Annual 1 use Õ+)+2*nk`^dh`i 

Source: ?srfmpqɃ cj_`mp_rgmn. 

Other material costs include fuel to each site. As site dispersal is not static, we used an average of 

180km (round trip) in all Member States. This was chosen to allow for sufficient spatial distribution 

of sites in a professional scheme, with some sites requiring much greater travel distances than 

others. The fuel costs were drawn from the SPRING project survey, where respondents indicated 

their reimbursement rate. As such, these costs do not necessarily reflect the actual costs of fuel in 

many countries as some organizations reimburse only part of the rate, while in some Member 

States, reimbursement included vehicle depreciation premiums and was higher than the price of 

fuel.  

Finally, material costs also include postage of samples from collectors to identifiers. Here, we used 

local postage rates of a 5kg box via tracked/recorded mail, sent within each country, using an 

\q`m\b` ja kmj^`nn amjh oc` @P½n Kmd^` ^jhk\mdnji ojjg di E\ip\mt -+-/ (European Commission, 

2024).  We assume that postage is required at establishment, to send items to collectors, and twice 

per sampling round to send specimens for identification. One collector is assumed not to send any 

items, reflecting the institution that will lead the scheme and identify specimens locally.  

2.5.3.2 Staff costs  

Staff costs used salary information provided in the survey of SPRING experts who undertook the 

pilot, for four groups of staff: 

1. Administrators: An experienced administrator who can handle the coordination of 

collectors, data management, communications and other non-scientific work. 

2. Field Technicians: Someone below postdoctoral level who would be expected to undertake 

the EU PoMS monitoring protocol independently. 

3. Specialists: Someone who could be expected to identify specimens to species level and 

train staff e.g. a consultant, experienced ecologist, or postdoctoral researcher. 
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4. Senior Researcher (Snr. Res): a lecturer, reader, senior research fellow or associate 

professor who would be expected to lead the scientific coordination. 

2.5.3.3 Data collection 

Following the recommendations of the experts, we base data collection costs on six 0.5FTE 

positions for every 15 sites in a Member State, with experts working in teams of two (see section 

2.6.4). This was appropriate to the time to undertake each step of the protocol, using information 

from the SPRING project (Table 2.5. 2). These time estimates are based on actual numbers provided 

by national experts conducting fieldwork as part of the SPRING project. We recognise that there will 

be considerable variation around these average values reflecting the differences in the abundance 

and diversity of pollinators in different Member States, and in habitats with different levels of 

floral diversity and cover. As part of the STING+ project further analysis of time budgets and wider 

expert consultation will be undertaken to ensure that these values are field realistic and tailored to 

different Member States. 

Table 2.5. 2. Itemised breakdown of staff time for executing the protocol. Travel time assumes a 180km 

round trip per site, at 60km/hr. 

;]ncpcns Ncg_ l_kocl_^ L_aof[lcns Mn[a_ Mn[ɋ nsj_ 

Ndo` n`g`^odji -)+cmn Ji^` k`m ndo` @no\]gdnch`io N`idjm M`n`\m^c`m 

Om\in`^o _`n^mdkodji ,)+cm Ji^` k`m mjpi_ <iip\g Nk`^d\gdno 

Om\in`^o r\gf ,).cmn Ji^` k`m mjpi_ <iip\g Nk`^d\gdno 

Njmodib nk`^dh`in +)/1cmn Ji^` k`m mjpi_ <iip\g Nk`^d\gdno 

Om\q`g odh` .)+cmn Ji^` k`m mjpi_ <iip\g Nk`^d\gdno 

Qmspac8 ?srfmpqɃ cj_`mp_rgml `_qcb ml rfc QNPGLE npmhcar,  

2.5.3.4 Identification costs 

A major staff cost is the time taken to identify specimens (Table 2.5. 3). The number of insects that 

will need to be caught for identification and the time taken to identify specimens will increase with: 

(i) the overall diversity of species in the country, and (ii) fewer taxonomic resources available for 

identifiers. In the previous cost estimation (Potts et al., 2021), UK data on specimen catches and 

identification time was used as a proxy, but this is not accurate as the UK has particularly strong 

taxonomic resources and fewer cryptic species relative to most Member States.  By contrast, 

Greece, the country with some of the highest identification time requirements, has a very high 

diversity of pollinators that span a wide range of biomes and are often very difficult to distinguish 

even by experienced taxonomists, and have limited taxonomic resources.  

Here, we improve on this by using information on the species observations from the SPRING 

project, assuming that 10% of bees (excluding Apis mellifera) and 5% of hoverflies are caught for 

identification (see section 2.6.3). In southern European countries (Spain, Portugal, Italy, Malta, 

Greece, Croatia; following the United Nations Geoscheme for Europe, plus Cyprus; however, parts of 

some other countries, specifically Romania, France and Bulgaria, will a have higher pollinator 

diversity and may need more expert time) this was increased to 25% of bees and 10% of 

hoverflies.  

We assume that experts are paid by the hour for this, and that the same experts involved in data 

collection would undertake the identification. The average time for a taxonomic expert to identify a 
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specimen was collected from respondents to the SPRING Survey. It should be emphasised that 

these are average times across all captured specimens. Some species will be identified very quickly 

by an expert (e.g. a matter of seconds), while small, cryptic and rare species can take over a week 

to properly cross-reference (e.g. entailing visiting reference collections). As we did not receive 

expert responses from all countries, we use suitable near neighbour countries as proxies. 

2.5.3.5 Training costs 

All staff would receive training at the start of the monitoring effort from local experts. As the 

specific details of this will vary, we assume, based on the staff intake at the Pollinator Academy 

(see section 2.6.3), that staff are given a minimum 2 days of training with a senior researcher. As 

the staff participating in the SPRING project were largely experienced researchers already, on the 

advice of STING experts, we added a further Initial phase cost where the number of specimens 

caught was higher during the first three years of any scheme, as less experienced staff have to 

catch more specimens they are less familiar with. For this initial phase, included as an 

establishment cost, we assume that 25% of bees and 10% of hoverflies are caught on transects, 

increasing to 50% of bees and 20% hoverflies in southern Europe and add the additional 

identification time to the overall costs.  

Table 2.5. 3. Species catch data and identification time by country. Asterisks (*) indicate that another 

Member State was used as proxy. These numbers were provided by national fieldwork experts participating in 

the SPRING project. There will be considerable variation around these values depending on various factors, 

such as the floral diversity and cover of a site. These figures will be further refined based on further analysis 

of SPRING data and wider consultation of experts as part of the STING+ project. 

G_g\_l 

Mn[n_ 

<__m Bip_lɍc_m 

Hog\_l ][oabn 

j_l nl[hm_]n j_l 

lioh^ 

;p_l[a_ ncg_ ni 

c^_hnc`s ih_ chm_]n 

"blm# 

Hog\_l ][oabn 

j_l nl[hm_]n 

j_l lioh^ 

;p_l[a_ ncg_ ni 

c^_hnc`s ih_ chm_]n 

"blm# 

<O ,),- +),3% +).1 +)+0% 

=@ ,)+. +),0% +)+, +)+.% 

=B +)4/ +).-% +)/3 +)+2% 

>T ,+)/2 +)-/% +).+ +),.% 

>U ,)-. +).-% +)/3 +)+2% 

?@ ,)+1 +),3 +)/3 +)+0 

?F ,),1 +),3% +)/3 +)+0% 

@N -)13 +)-/ +).+ +),. 

@@ +).1 +),3% +),, +)+0% 

AD +).3 +),3% +)-1 +)+0% 

AM ,)-3 +)-/% +).3 +),.% 

@G 0)-. +)3. +)./ +)0+ 

CM 0)14 +).-% ,)+/ +)+2% 

CP ,)41 +),, +).. +)+2% 

D@ ,)-- +),3 +).0 +)+1 
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G_g\_l 

Mn[n_ 

<__m Bip_lɍc_m 

Hog\_l ][oabn 

j_l nl[hm_]n j_l 

lioh^ 

;p_l[a_ ncg_ ni 

c^_hnc`s ih_ chm_]n 

"blm# 

Hog\_l ][oabn 

j_l nl[hm_]n 

j_l lioh^ 

;p_l[a_ ncg_ ni 

c^_hnc`s ih_ chm_]n 

"blm# 

DO /)2- +).+ +)/, +),2 

GO ,)03 +),3% +)1/ +)+0% 

GP ,)14 +),0 +)/+ +)+. 

GQ ,)/2 +),3% +)// +)+0% 

HO .+)++ +)-/% ,)+0 +),.% 

IG ,)/+ +),0% +)2/ +)+.% 

KG ,)-. +).- +)/3 +)+2 

KO ,)44 +).+% +),3 +),2% 

MJ -)42 +).-% +)2- +)+2% 

NF ,)+2 +).-% +)./ +)+2% 

ND .)-4 +).+% +),4 +),2% 

N@ +),2 +),3% +)+0 +)+0% 

Qmspac8 ?srfmpqɃ cj_`mp_rgml,  

2.5.3.6 Workflow costs 

After specimens have been collected, they need to be processed and analysed (Table 2.5. 4). This 

can consume significant time in itself, even when the data are harmonized and data handling is 

relatively consistent. Based on the data from the SPRING trials, we include the following staff costs 

to represent these workflow activities. For the purpose of this cost estimation, this is assumed to 

be part of the work done by the specialists that lead the field collection. These costs could be 

reduced by the development of standardised forms and Apps (see section 4.3).  

Table 2.5. 4. Data management workflow costs.  

;]ncpcns Ncg_ l_kocl_^ L_aof[lcns Mn[a_ Mn[ɋ nsj_ 

?\o\ q\gd_\odji ,)0-cmn Ji^` k`m ndo` <iip\g >jinpgo\io 

?\o\ c\i_gdib ,3)1cmn Ji^` k`m ndo` <iip\g Nk`^d\gdno 

Source: ?srfmpqɃ cj_`mp_rgml `_qcb ml rfc QNPGLE npmhcar, 

2.5.3.7 Coordination 

Finally, the success of monitoring depends on stable coordination, which cannot be neglected. 

Existing biodiversity monitoring can have a variety of different coordination mechanisms, from 

governmental departments (e.g. Water framework Directive monitoring), regional initiatives linked 

to research organizations (e.g. HELCOM - the Baltic marine monitoring initiative) or NGOs (e.g. 

European Butterfly Monitoring Scheme; Birdlife Europe). Coordinators will need to handle work such 

as administration, acquiring site permits, reporting on findings and liaising with wider research 

organizations.  
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To account for this, we assume that each Member State has 1 full time administrator and 0.5FTE 

Senior Researcher who coordinate the core monitoring efforts. This is based on the management 

effort required by Butterfly Conservation Europe members (C.G. Sevilleja, S. Collins, A. Whitfield and 

S. Bonelli, personal communication, 2024) to develop and grow a Citizen Science oriented 

monitoring scheme. The time required will increase by 0.1FTE per 10 collectors, representing the 

increase in coordination effort with greater staff and site numbers and, in the future, volunteers. 

This time may be dispersed among many individuals and organizations, each handling separate 

tasks, but all should be based at an appropriate facility where they can engage with the wider 

biodiversity monitoring network, and Member States may need to employ different structures such 

as state-wide coordination or a single central coordinator. These are included as an annual cost.  

2.5.3.8 Site numbers 

The actual site numbers per Member State are still to be finalised, and once available, the 

methodology described here can be applied. However, to illustrate how these relative costs will 

change depending on the scale of the network, we projected the costs over a network of 15, 30, 60, 

120, and 240 sites per Member State (representing 1, 2, 4, 8, and 16 teams of specialists per 

Member State). These are not intended as aspirational values, but only to illustrate how different 

cost components will scale.  

2.5.3.9 Summary of Key assumptions 

Throughout we have noted a number of key assumptions, which are summarised here for clarity. 

These are necessary to properly account for significant aspects of costs but may vary in practice.  

1. Travel time and fuel: This is costed based on a 180km journey per sampling round 

(round trip) to reflect a realistic average distribution of sites (with some being closer and 

others being further away). In some Member States, sites may be much closer together 

while larger, more biologically diverse countries may have to disperse their sites further. 

This will depend on the specific requirements of site selection, and may be particularly high 

if specialist vehicle hire (e.g. boats, 4x4) is required to reach remote sites. STING+ will 

evaluate these costs in more depth, as well as the likely subsistence costs associated with 

them. 

2. Collectors: It is assumed that there is one team of two collector per 15 sites, reflecting a 

realistic fieldwork load for staff over a 6-month period. This affects the quantity of 

materials purchased and the number of postage instances each year. More sites could be 

monitored if sites are less dispersed or greater if a collector only has limited site access.   
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3. Specimens caught for lab identification:  Based on expert taxonomist feedback, we 

assume that 10% of bees and 5% of hoverflies are caught for lab identification on each 

transect round, and that in the more diverse southern European Region, this increases to 

25%. These initial proportions reflect an average across many Member States, and so there 

will be variation around this number. We fully recognise that particularly in the 

Mediterranean the proportions of individuals that will need to be retained will be higher. 

Also in many cases individual experience shows that there are many more species that 

need to be retained, especially in flower-rich habitats; the final scheme design, however, 

will consist of sites that are both flower-rich and flower-poor, as they will be allocated to 

be fully representative of Member State ecosystems, and not just be selected on the basis 

of being flower-rich and therefore good in supporting a wide variety of pollinators. STING+ 

will reassess these proportions to ensure that they are realistic for the final protocols. 

4. Training: We assume that staff are consistent for the whole scheme duration and require 

at least two days of training every 5 years. These costs are likely to be an underestimation 

for many southern European countries and will be further refined in STING+. We also 

assume that in the first three years, while collectors are learning the local fauna, they are 

likely to catch a greater number of specimens ¸ 10% of hoverflies and 25% of bees, rising 

to 50% of bees in Southern Europe. This Initial phase, where taxonomist costs are high, is 

included as an establishment cost. 

5. Coordination: Coordination is a significant component of any monitoring effort. A range of 

different, Member State-specific structures could be employed, but to account for these 

costs, we assume a single full-time administrator and 0.5FTE of Senior Researcher time are 

used to represent this in these cost calculations. These costs are assumed to increase by 

0.1FTE of administrator and 0.05FTE of senior researcher time per 10 collectors.  

2.5.3.10 Summary of differences in cost estimates relative to the first expert report 

Between the data collected and the assumptions made, there are several differences that will 

affect the overall costs of the network, regardless of its size (Table 2.5. 5).  

Table 2.5. 5. Overview of the main factors driving changes in costs since the first expert report (Potts et al., 

2021) and this STING2 work. 

>lcp_l ?rjf[h[ncih 

DiɎ\odji Oc` @P c\n n``i \i pikm`^`_`io`_ _`bm`` ja r\b` diɎ\odji ndi^` -+-+ _p` oj oc` 

dhk\^o ja oc` k\i_`hd^ \i_ oc` r\m di Pfm\di`) <n np^c' oc` n\g\mt ^jnon pn`_ c\q` 

di^m`\n`_ ndbidɍ^\iogt) Ndhdg\mgt' oc` ^jnon ja njh` h\o`md\gn c\q` \gnj di^m`\n`_) Di 

k\mod^pg\m' n\hkgdib i`on' rcd^c di^m`\n`_ ndbidɍ^\iogt rc`i a\^ojmdib dhkjmo o\s`n) R` 

\gnj _d_ ijo di^gp_` oc` ^jnon ja o\k` h`\npm`n) Cjr`q`m' ajm joc`m do`hn r` r`m` \]g` 

oj pn` ]pgf kpm^c\n` q\gp`n oc\o r`m` ijo km`qdjpngt \q\dg\]g` oj oc` kmje`^o o`\h) 

C`m`' r` pk_\o` oc`n` ^jnon rdoc hjm` m`^`io _\o\ amjh oc` NKMDIB kmje`^o \i_ joc`m 

\^\_`hd^ k\moi`mn) 



 

58 
 

>lcp_l ?rjf[h[ncih 

>dodu`i 

n^d`iodnon 

Di oc` ɍmno `sk`mo m`kjmo' r` \nnph`_ oc\o 0+г ja _\o\ ^jgg`^odji rjpg_ ]` pi_`mo\f`i 

]t ^dodu`i n^d`iodnon rdoc \nnj^d\o`_ kjno\b` \i_ om\didib ^jnon)  

C`m` r` \nnph` ,++г ja n\hkgdib dn _ji` ]t kmja`nndji\gn' ]po m`^jbidn` oc\o ocdn dn 

ijo oc` gjib(o`mh \h]dodji ja oc` i`orjmf)  

Jmb\idu\odji\g 

jq`mc`\_n 

Di oc` jmdbdi\g `sk`mo m`kjmo' r` _d_ ijo c\q` \^^`nn oj jmb\idu\odji\g jq`mc`\_ _\o\) 

Oc`n` \m` ijr di^gp_`_)   

?\o\ ^jgg`^odji 

no\Ɍ r\b`n 

Di oc` ɍmno `sk`mo m`kjmo' r` \nnph`_ _\o\ r`m` ^jgg`^o`_ ]t no\Ɍ \o \ ɍ`g_ \nndno\io 

r\b` ji \ k`m(cjpm ]\ndn)  

C`m`' r` \nnph` oc\o cdbc`m k\d_' ^jinpgo\io bm\_` no\Ɍ _j oc` _\o\ ^jgg`^odji' ji \ apgg(

odh` `lpdq\g`io ]\ndn) Ocdn ^jno \nnphkodji dn ]\n`_ ji oc` i``_ oj m`o\di no\Ɍ ]t 

kmjqd_dib oc`h rdoc ej] n`^pmdot' rcd^c dn \ ndbidɍ^\io ^c\gg`ib` ajm ]dj_dq`mndot 

hjidojmdib #=m``u` `o \g)' -+-.$)  

Nk`^dh`in 

^\pbco ajm 

d_`iodɍ^\odji 

k`m om\in`^o 

Di oc` ɍmno `sk`mo m`kjmo' r` pn`_ \ Ɏ\o q\gp` ajm nk`^dh`in ^\pbco ajm d_`iodɍ^\odji 

]\n`_ ji _jp]g` oc` iph]`m ^\pbco ji \ otkd^\g PF KjHN om\in`^o #+)31*om\in`^o' 

_jp]g`_ oj ,)2-*om\in`^o$ \i_ _d_ ijo di^gp_` ]``n \i_ cjq`mɎd`n n`k\m\o`gt) Cjr`q`m' 

oc` PF b`i`m\ggt c\n \ bm`\o`m _`bm`` ja o\sjijhd^ `sk`modn` di ɍ`g_ #m`_p^dib oc` 

iph]`m ja nk`^dh`in ^\pbco$ \i_ c\n gjr`m nk`^d`n _dq`mndot oc\i h\it H`h]`m No\o`n 

]po cdbc`m oc\i \ a`r joc`mn)  

C`m` r` pn` \ hjm` \^^pm\o` \i_ pk(oj(_\o` `nodh\o` ja oc` iph]`m ja di_dqd_p\gn 

j]n`mq`_ ji \ om\in`^o' \n oc` ]\ndn ajm \ ^jpiomt(nk`^dɍ^ `nodh\o` ja oc` q\gp` ja oc` 

iph]`mn ^\pbco k`m H`h]`m No\o`) 

D_`iodɍ^\odji 

odh` k`m 

nk`^dh`i 

Di oc` ɍmno `sk`mo m`kjmo' r` _d_ ijo c\q` \^^`nn oj _\o\ ji oc` odh` m`lpdm`_ ajm 

d_`iodatdib nk`^dh`in \o \ H`h]`m No\o` g`q`g \i_ pn`_ PF _\o\ #+)+4cmn*nk`^dh`i$ \n \ 

kmjst' \i_ _d_ ijo _dnodibpdnc ]`or``i ]``n \i_ cjq`mɎd`n) Cjr`q`m' oc` PF c\n gjr`m 

kjggdi\ojm _dq`mndot \i_ cdbc`m \q\dg\]g` m`njpm^`n oc\i h\it @P H`h]`m No\o`n' h\fdib 

d_`iodɍ^\odji odh` k`m nk`^dh`i a\no`m)  

C`m`' r` pn`_ hjm` gj^\ggt \kkmjkmd\o` odh`n ajm d_`iodatdib nk`^dh`in oc\o m`Ɏ`^o oc` 

^pmm`io \q\dg\]dgdot ja m`njpm^`n \i_ oc` jq`m\gg _dq`mndot ja kjggdi\ojmn di `\^c H`h]`m 

No\o`)  

Didod\g kc\n` Di oc` ɍmno `sk`mo \nn`nnh`io' r` \nnph`_ oc\o oc` n\hkgdib `Ɍjmo r\n ^jino\io \i_ 

no\Ɍ r`m` `sk`md`i^`_ amjh oc` ]`bdiidib) 

C`m`' r` c\q` \__`_ \i ºDidod\g kc\n`» ja g`\midib rc`m` \ bm`\o`m iph]`m ja nk`^dh`in 

\m` ^\pbco ajm g\] d_`iodɍ^\odji k`m om\in`^o) 

Ndo` n`g`^odji 

\i_ rjmfɎjrn 

Di oc` jmdbdi\g `sk`mo m`kjmo' r` _d_ ijo ^jind_`m _\o\ `iomt' q\gd_\odji jm ndo` n`g`^odji 

^jnon)  

C`m`' r` di^gp_` no\Ɍ ^jnon ajm oc`n` \^odqdod`n)  
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>lcp_l ?rjf[h[ncih 

>jjm_di\odji Di oc` jmdbdi\g `sk`mo m`kjmo' r` \nnph`_ jigt \ ndibg`' ^`iom\g ^jjm_di\odji `Ɍjmo r\n 

m`lpdm`_' ]\n`_ di =`gbdph rdoc 3 apgg odh` h`h]`mn ja no\Ɍ \i_ ,0+г ja oc`dm ^jnon ajm 

jq`mc`\_n)   

C`m`' r` pn` \ hjm` m`\gdnod^ hj_`g ja i\odji\g ^jjm_di\ojmn \i_ _j ijo di^gp_` \ ^`iom\g 

hjidojmdib jmb\idu\odji) Ocdn _j`n ijo di^gp_` oc` ^jnon ja @P \b`i^d`n rcj rjpg_ 

^jjm_di\o` oc` n^c`h` \n \ rcjg`' \n oc` nomp^opm` ja ocdn dn oj ]` _`o`mhdi`_)  

Source: ?srfmpqɃ cj_`mp_rgml, 

2.5.4 Results 

2.5.4.1 Distribution of overall costs 

The main drivers of costs are the staff time to collect and manage data which collectively account 

for between 39% and 72% of the total network costs respectively (Figure 2.5. 1). Coordination is a 

very significant cost for smaller site numbers due to the fixed number of staff required to maintain 

the core of the scheme, but this will rapidly decrease as the scheme increases in scale. Fuel, 

identification and data management costs increase linearly as a proportion of the costs, but only by 

a very low amount. Establishment costs are only >1% in the two smallest networks.  

Figure 2.5. 1. Distribution of overall costs for various cost components, for a range of illustrative site 

numbers (final site numbers per Member State are yet to be finalised). Data management and field staff 

costs are the total costs of full-time staff hired for the data collection, divided by the percentage of time 

they spend on field and data management tasks. 

 

Qmspac8 ?srfmpqɃ cj_`mp_rgml, 
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2.5.5 Discussion 

2.5.5.1 Overall costs 

The major drivers of these costs are the level of intensive fieldwork required to sample pollinators 

on a regular basis. In both scenarios, establishment costs make up <3% of the whole network costs 

while annual field staff costs account for >50% of the total costs. By contrast, material costs are 

relatively low as lethal trapping is very limited, in turn reducing the overall costs of identification.  

As material costs are relatively low, the number of collectors could be expanded relatively cheaply. 

This is ideal if sites could be co-located with existing monitoring efforts (see section 2.10), greatly 

reducing the travel time and fuel involved in visiting sites. Co-location is a significant cost-

efficiency for biodiversity monitoring (Breeze et al., 2023) and can allow recorders to generate 

interconnected data that better explains wider biodiversity trends and the pressures that drive 

them. However, this would require those sites to be sampled very regularly already to maximise 

this benefit, for example, certain bird monitoring networks supported under Birdlife International or 

Natura2000 sites with established monitoring programmes. In this regard, EU PoMS also presents 

an opportunity to increase sample regularity in other networks, such as the European Vegetation 

Archive and the LUCAS Grassland module, without a significant increase in costs for those networks 

(section 2.10).  

2.5.5.2 Distribution of costs 

The costs of identification and data management then account for approximately 25% of the total 

costs. Data management is an often undervalued area of biodiversity monitoring and can be a 

considerable expense where data are not harmonized across recorders (Dobson et al., 2020). 

Effective data management technologies, such as easy to use data entry apps and standardised 

data and metadata protocols, can significantly reduce the time required to properly handle and 

manage data, especially when Citizen Science data are employed (see section 4).   

2.5.5.3 Initial learning costs 

Although it only amounts to 1.1% of the costs of the network over 10 years, the initial learning 

phase suggested by the STING2 expert group is still a notable additional cost when employing less 

experienced staff to collect data, and highlights the importance of capacity building in improving 

cost-efficiency. However, a major economic challenge for biodiversity monitoring organizations is 

often the retention of qualified staff due to low wages and limited job security (Breeze et al., 

2023). If this staff turnover is repeated regularly then this initial phase where more specimens 

must be caught than would with an experienced recorder, will be extended. As such, it is crucial that 

Member States provide secure funding and appropriate wages to incentivise staff retention (see 

section 2.6.5).  

2.5.5.4 Citizen science 

As the material costs are relatively small, even if a large number of citizen scientists were to be 

supplied with materials, the reduction in staff costs would greatly outweigh this. However, this 

would require a sustained investment in coordination to support these volunteers as effective 

schemes require regular top-down engagement with members to build engagement (Breeze et al., 

2023).   
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2.5.5.5 Coordination 

Coordination costs cannot be ignored if monitoring is to be effective. Monitoring over larger 

numbers of sites, particularly in countries where there are restrictions on the lethal trapping of 

insects, can have a significant administrative burden, which risks squandering the skills of experts 

and reducing the overall quality of data collection. However, for a fully professional scheme, costs 

could be reduced through integration with existing biodiversity infrastructure or consultancies, and 

these estimates can be further refined through a better, more transparent understanding of each 

H`h]`m No\o`½n jk`m\odib nomucture.  

A much greater coordination effort will be required to manage and maintain a Citizen Science 

oriented scheme, however the costs savings compared to hiring professional staff are likely to be 

much greater.   

2.5.5.6 Other costs 

Although we have attempted to be as comprehensive as possible, there are some aspects of 

developing effective monitoring that are not included in these analyses: specimen storage and 

preparation of museum-grade collections, genetic archiving, the development of models, workflows, 

tools and materials which are all key to harmonization, the overall coordination of the EU PoMS 

network (through, e.g. the European Environment Agency), or the costs of data infrastructure 

required to undertake modelling and reporting. These costs are extremely difficult to estimate as 

oc`t \m` jao`i q`mt ]`nkjf`' ]po r` rjpg_ m`^jhh`i_ oc\o \o g`\no Õ.H dn \ggj^\o`_ oj npkkjmodib 

these activities at an EU level (e.g. through a COST Action project), based on the cost estimates for 

addressing biodiversity data needs in Liquete et al. (2024).  

2.5.5.7 Further development 

The cost methodology developed here is the most comprehensive method yet developed for 

assessing the costs of monitoring. However, they do not refer to the moth monitoring, which would 

require further field-testing to reach the level of depth available here, and the rare and threatened 

species monitoring, which will require highly variable efforts depending on the species. 

Furthermore, there are a number of further refinements, which would allow for more accurate 

estimates of costs under different scenarios: 

1. Site numbers: Here we have used an illustrative set of values to explore how site numbers 

affect different cost components. Once the scheme design is finalised, it will be possible to 

use a series of actual site numbers, with a set of different detection scenarios. This would 

require a thorough power analyses based on data that meet a minimum criteria of site 

diversity.  

2. Indicator scenarios: We have described the costs for a network designed to estimate a 

simple indicator metric (see section 3.1), however other indicators would require different 

data collection methods (e.g. light traps, rare and threatened species surveys). The relative 

value of information that each scenario provides (i.e. its quantitative contribution to the 

overall objectives to halt and reverse pollinator declines) could be assessed to provide an 

estimate of the benefits of the additional metrics.  
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3. Novel technologies: New technologies, such as visual identification of pollinators or DNA 

metabarcoding, will facilitate the effective collection of different types of data at lower 

costs than from traditional identification (see sections 5.2 and 5.3). We need to better 

understand the costs of these methods in the field, but also the potential upfront costs 

involved in their development. This can be achieved through direct engagement with 

projects that have developed and tested these technologies to identify material and time 

requirements.  

4. Workflow costs: We have had to use assumed values for managing a workflow at a 

Member State level. In reality, these costs may vary depending on the size, scale and 

complexity of the Member States monitoring schemes (e.g. highly federalised Member 

States may have sub-national workflows that must be further amalgamated). Similarly, we 

do not account for the costs of development of workflows, particularly those which may 

need to combine different data types (e.g. transect data and photographic data). These 

costs are poorly recorded among biodiversity monitoring more broadly and would benefit 

from dedicated discussion sessions with experts from the wider monitoring community.  

5. Member-State specific species catches: Here we have used blanket values to assume 

the numbers of species caught for each transect round for each Member State. However, 

the number of individuals that require identification could vary significantly within 

countries, particularly those such as Greece, Bulgaria and France that span a wide range of 

biomes.  Developing more reliable estimates of the species catches, adjusted for recorder 

effort and experience, would help further refine out cost estimates.  

6. Benefits of recording materials: The number of individuals requiring identification and 

the time required to identify individuals are heavily influenced by the quality of resources in 

each country and the experience of the recorders (section 2.6.4). If new materials are 

developed then these times will fall but the extent to which is unknown. A simple 

experimental phase, testing recorders with different skill levels using different materials 

could give a suitable estimate if the value of time saved from capacity building materials 

and activities. 

2.5.6 Conclusions and recommendations 

ð Costs can be reduced through co-location with other monitoring networks. The costs of 

monitoring are driven by the sampling effort required. Reducing this effort through co-location 

with existing monitoring networks (e.g. eLTER, eBMS) could be a viable strategy for improving 

cost-effectiveness. 

ð Data management is a significant cost that can be reduced through careful planning. The 

effective, harmonized use of novel technologies and robust metadata standards will reduce the 

staff effort needed for data entry.  

ð Staff retention and training are crucial to long-term cost-effectiveness. The initial learning 

phase of many new recorders will result in higher initial costs. Staff retention is therefore key 

to both capacity building and cost-effectiveness.   

ð Coordination is an important investment in a stable monitoring scheme. The costs of 

coordination are substantial and are likely to increase with higher numbers of citizen scientists, 

but will maintain an effective monitoring network and capacity building.  
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2.6 Taxonomic and human resource requirements 

2.6.1 Summary 

The implementation of a thorough scheme for monitoring pollinators across the EU requires not 

only the necessary tools, protocols, parameters, but also standards to provide meaningful and 

harmonised results across Member States. More importantly, it demands expertise to be available 

to perform, analyse, coordinate the collection of specimens, and examine the outcomes of such an 

exercise. Human resources will be instrumental for the success of an EU pollinator monitoring 

scheme. We have identified the different categories of staff to be involved in the process, the 

current available experts, and the model to identify the gaps in expertise to be filled by Member 

States within the EU-27, as well as the requirements for effectively tooling them up through 

training and capacity building.   

This section considers both the demand for expertise, in terms of resources required for the 

implementation of an EU pollinator monitoring scheme, and the supply of those resources either 

already available or to be built in the years to come. Any resulting shortfalls revealed (i.e. the 

difference between supply and demand) allow the identification of the level of effort necessary to 

effectively implement the overall scheme in each Member State. On the one hand, the data 

currently available on the supply of taxonomic and human resources should be further refined and 

complemented with the results of a harmonised and comprehensive survey launched across 

Europe. On the other hand, the number of sites and thus, the size and composition of teams to 

perform monitoring efforts still needs to be finalised and agreed upon. All these are essential to 

first quantitatively characterise, and then bridge, any expertise gaps. In the absence of a detailed 

assessment of both the supply and demand of taxonomic and human resources, we present a 
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qualitative assessment of needs and requirements, and how they might be bridged in both the 

short- and long- terms. 

2.6.2 Context and premises 

EU PoMS requires reliable data on the status of the taxa groups to be analysed. That information is 

coupled to the expertise needed to interpret the data collected, with the latter supporting the 

former. While insect populations continue to decline, taxonomic expertise in Europe is currently at 

serious risk. A 2022 study commissioned by the European Union, the European Red List of Insect 

Taxonomists (RLT) (Hochkirch et al., 2022), confirms that the taxonomic capacity required for 

undertaking wide scale and stable biodiversity monitoring is under pressure and has undergone a 

long and persistent decline since the 1950s (Hopkins and Freckleton, 2002). This is due, among 

other things, to the scarcity of available  positions for taxonomists, and/or to the decline of 

academic education in taxonomy, which together have resulted in a dramatic and progressive 

decline of properly trained taxonomists (i.e. experts who can distinguish and classify taxa according 

to explicit concepts and data-based hypotheses, name them respecting nomenclatural rules and 

check type specimens) (Engel et al., 2021). The RLT identified a clear shortage of insect 

taxonomists, which equated to a loss in an expertise that takes years to build. 

Though specific taxa, often vertebrates, may attract great interest among new generations of 

scientists, insects in general and pollinators in particular, suffer of the dual stress, a combination of 

species decline (in population and diversity) and a shortage of taxonomic researchers on those 

taxa. The RLT already flagged that nearly half (41%) of the insect orders are not covered by a 

sufficient number of scientists.  

The impact of such imbalance detected between the amount of data needed for effective, sound, 

and comprehensive understanding of biodiversity trends and the number of experts required to 

collect, interpret, and elaborate that data are huge, and may not have been properly considered for 

conservation planning and biodiversity monitoring.  

In this section, the two sides of supply and demand, namely the current taxonomic capacity 

available (section 2.6.3) and the anticipated expertise required to support EU PoMS (section 2.6.4) 

respectively, are presented. We introduce how to compare them and analyse the possible shortfalls 

and imbalances (section 2.6.5), both in the European Union (EU-27) and more importantly, at the 

Member State level. We propose possible pathways and measures to overcome the potential gaps 

(section 2.6.5) and provide a set of recommendations to shape a framework to sustain taxonomic 

capacity over time (section 2.6.6). 

2.6.3 Mapping current taxonomic capacity in Europe 

Taxonomic knowledge is crucial to avoid errors in data interpretation. Taxonomic knowledge 

transfer includes thorough reviews of the species existing in each country (checklists, digital access 

to natural history collections data in museums), identification literature (field guides, keys, online 

ojjgn' \i_ hj]dg` _`qd^` \kkgd^\odjin$' diajmh\odji ji nk`^d`n½ _dnomd]podji #\og\n`n$ \i_ ocm`\o 

assessments (Red Lists), and taxonomic training (courses and materials). However, the taxonomic 

expertise, albeit being fundamental notably for the identification of species (naming, describing, 

and classifying living organisms), both in the field and in the laboratory, has been relatively 

undervalued for decades.  

This evaluation of taxonomic capacity in Europe is strongly based in the results obtained by the RLT 

(Hochkirch et al., 2022), to determine the number and allocation of insect experts across Europe. 



 

65 
 

The RLT extracted information from scientific articles published in the last decade, made queries to 

the most relevant databases, and reached out to the most important entities and networks linked 

to taxonomy, as well as using a tailored campaign to collect the most up to date information on 

insect taxonomists. A total number of 1,527 European insect taxonomists participated in a self-

assessment survey to determine their expertise and analyse several features per individual 

(including age, affiliation, seniority, taxonomic group(s) of interest, and research outputs available). 

These results bring consistency and amplifies the data collected under previous studies such as 

STING1 (Potts et al., 2021), and have been further refined and updated with information from the 

SPRING project. 

For this report, specialists and senior researchers, otherwise known as Alpha Taxonomists, 

are scientists specialized in taxonomy, the discipline of identifying, describing, and naming species, 

as responsible for the discovery and formal classification of species based on morphological 

(physical appearance), but also other characteristics (such as genetics). Their practice is pivotal for 

maintaining a standardized system of nomenclature in biology, a central dimension for accurately 

informing on biodiversity and thus for supporting the monitoring of species. They are affiliated to 

museums, Universities, and other biodiversity centres, producing critical information for taxonomy 

and many other disciplines, which on its own generally face significant challenges due to 

understaffing and inadequate infrastructure. 

On the other hand, Para-taxonomists (that may fundamentally work as field technicians and 

assistants) are trained personnel who work closely with taxonomists, but do not necessarily have 

formal academic training in taxonomy. Para-taxonomists often engage in the collection, 

preparation, and preliminary identification of specimens in the field. Mostly committed to 

biodiversity conservation and monitoring on a volunteer basis, their vital role may at the end 

require of experienced Alpha-taxonomists for final process the information, which is critical for 

certain taxa such as hoverflies and bees. 

For better interpretation of outcomes in this section, to assess the availability of taxonomists 

across Europe, some basic assumptions have been made: 

ð Availability of experts refers to (alpha-)taxonomists. 

ð Experts may have dual or triple knowledge (combined expertise, on more than one taxonomic 

group), in which case they will count double or triple, as the case might be. 

ð With a final number of 219 experts allocated across EU-27, a correction factor (1.20) has been 

introduced to absorb the typical average response rate to surveys (between 10% and 30%), 

which indicates that around 44 experts conduct taxonomic research in Europe, although they 

have not (for different reasons) participated in surveys. 

ð The current taxonomic capacity availability, per MEMBER STATE is categorised following the 

classification made in the RLT which was based on the classification of threatened species 

used in the Red Lists of IUCN and then translated to experts (Figure 2.6. 1). 

ð A Red List Score (RLS) was derived for each taxon (i.e. insect order or family) by calculating the 

number of publications per 100 species in each taxonomic group (i.e. NPublications / 

(NSpecies*100)).  
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Figure 2.6. 1. Translation between Red List Score (SRL), Category, and Red List Index (RLI). 

 

Source: ?srfmpqɃ cj_`mp_rgml `_qcb ml Hochkirch et al. (2022). 

With these premises in mind, the mapping of taxonomic capacity in Europe reflects the current 

distribution of experts across Europe per Member State. This exercise will facilitate the baseline 

assessment of the current taxonomic capacity and taxonomic resources available so that the 

ºo\sjijhd^ b\k» ^\i ]` lp\iodad`_' \i_ \ kg\i ja \^odqdod`n kpo di kg\^` di jm_`m oj ]md_b` do) 
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Geographical distribution. The insect taxonomists are not evenly distributed geographically and 

the overall capacity in Europe presents clear differences among countries and/or regions (Figure 

2.6. 2). 

Figure 2.6. 2. Taxonomic capacity in Europe, as per European Red List of Insect Taxonomists Index (RLT 

Index), from eroded (value 0) to adequate (value 1) capacity.  

 

Source: Hochkirch et al. (2022). 
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Level of expertise. The level to which taxonomists have expertise varies across countries (Figure 

2.6. 3). This factor can be a key determinant for fostering mobility across borders, for taxonomists 

who can also monitor several areas. 

Figure 2.6. 3. Expert taxonomic capacity per Level, across EU-27.  

 

Source: Hochkirch et al. (2022). 

Expertise distribution, per taxa group.  When differentiating expertise per taxa, we extracted 

aggregated data for the whole EU 27 (Figure 2.6. 4). As indicated in the RLT, the four largest insect 

orders were also the most studied orders from the survey (Hymenoptera, Lepidoptera, Diptera and 

Coleoptera, though noting that not all species within these orders are pollinators). For these groups, 

overall expertise was assessed to be at a very low level since they are categorised as either at Poor 

(PO) or at Moderate (MO) levels, due to the species richness and, in some cases, due to the species 

distribution across regions. Moreover, it does not implicitly mean that this expertise is evenly 

distributed per country, as we saw above. The RLT found that there was in general a strong linkage 

between taxonomic capacity and GDP, though with certain exceptions, such as Czech Republic and 

Poland where traditional taxonomy remains a recognized discipline. In other countries with higher 

GDP, taxonomy has been replaced by other research priorities. 
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Figure 2.6. 4. Taxonomic capacity in Europe, for each taxon (percentage over the total capacity). 

 

Qmspac8 ?srfmpqɃ cj_`mp_rgml,  

Task priorities and experiences. Other results obtained from the RLT show that expertise 

demonstrated by taxonomists spread over several broad tasks (Figure 2.6. 5), mainly concentrated 

in collection and sampling (84%), and observation and identification of species in the field (81%). 

Additional work, including description, digitization and curation of specimens complement the 

taxonomic work and reinforce the expertise gained producing a flow of knowledge back to 

identification of species. 

Figure 2.6. 5. Area of expertise (%) of all taxonomic capacity. 

 

Qmspac8 ?srfmpqɃ cj_`mp_rgml, 

Based on the RLT and SPRING project, in combination with extensive consultation with experts 

(including the STING2 expert group), it was concluded that the collections and identification by 

taxonomists of butterflies, and to some extent of hoverflies, can be done in the field, and resources 

necessary for performing these tasks can be achievable in the short- to medium-term. However, 
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wild bees will require additional substantial investment in both development of resources and 

increase of taxonomic capacity.  

The region of Southern Europe (only 8 countries out of 27, representing 27% of the entire territory) 

is most strongly affected by a shortage in available resources (near 70% of those countries have 

capacity ranging from poor to eroded) while it will face the highest level of pollinators identification 

demand. Together these two aspects indicate that a major effort is needed to enhance and 

harmonise capacities across Europe.  

However, this preliminary analysis still needs to be made at a more granular level, with the 

integration of additional factors (such as status of resources available per country), to better 

understand the individual effort required at national level. 

2.6.4 Addressing expertise requirements 

Here we differentiate between human resources (section 2.6.4.1) and material resources 

(section 2.6.4.2). While in most cases the use of both is essential, taxonomic expertise of senior 

scientists and their knowledge can make up for the availability of other complementary means. 

However, the use of adequate tools can help improve taxonomic knowledge and contribute to 

overcoming shortfalls in species identifications (Murguía-Romero et al., 2021). Therefore, we 

analyse separately human resources, the taxonomists (at all levels of seniority and experience), 

and the materials to support the work undertaken by these taxonomists. 

Following the outcomes of STING1 (Potts et al., 2021) and the work presented in this report,  once 

the design of the EU PoMS is finalised to represent a harmonized and comprehensive scheme at 

the European level and  at the Member State level, the taxonomic resources necessary for its 

implementation can be further refined.    

Taxonomists work on biological specimens held in natural history collections, to study, curate and 

extract valuable information to create, improve and enlarge collections. They also collect new 

specimens as objects of new research. Besides the expertise gained over years by collecting 

samples and conducting research on top of the species under study, a wide array of tools, 

platforms and mechanisms can support their taxonomic work and facilitate comparison, 

checking and validation, as well as access to references (including images). Databasing the 

information extracted, curation and annotation of specimens collected in the field can then enhance 

current taxonomic knowledge and enlarge it with the identification of new species. These tools 

include checklists, field guides, atlases (printed and digital), handbooks or identifiers (ID) keys, and 

national Red Lists. Similarly, new technologies are increasingly being used for species identification 

both in the field (such as through Artificial Intelligence (AI) applications, for sound and image 

recognition, see section 5.2) and in the laboratories, with molecular and genomics-related 

techniques (e.g. DNA-barcoding methods, section 5.3). 

For pollinator monitoring, sufficient taxonomists and material resources are critical to be available 

to perform high quality, efficient and cost-effective work. Where, how and to which extent the 

monitoring process should be undertaken are the factors that will lead to identify, categorise, and 

describe the specific taxonomic requirements needed for the implementation of EU PoMS, at the 

Member State level and under a harmonised EU programme. 
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A detailed assessment to comprehensively identifying the taxonomic requirements necessary for 

both human and material resources must be grounded in the following key criteria: 

1. Number of sites, per country: The number of sites is yet to be finalised, however the 

design will be influenced by numerous critical factors, other than just a basic geographical 

size, and including abundance, richness and occupancy of species in the territory. Table 2.6. 

1 provides the list of Member States, their surface area, in km2 and the number of selected 

species to monitor (as identified in SPRING). 

2. Selection of sites per country: Important considerations include the number of sites, 

their location, the distance among them, their accessibility, the available facilities, and the 

representativeness of the ecological features of the sites in relation to those of the country. 

These factors will determine whether a Member State can use single or multiple teams and 

mobilise them across the selected sites. The site locations could potentially also be coupled 

to specific areas (e.g. agricultural or protected areas), and existing facilities (e.g. national 

parks or biodiversity stations). All these criteria together would define the number and 

composition of teams required. The site-related algorithms are yet to be finalised and 

agreed upon, and will be the subject of a future analytical exercises beyond the STING2 

outcomes.  

3. Number of iterations, per site: the power analysis (section 2.4), identified that the 

threshold for taking enough samples and thus, collecting a sufficient number of species per 

site, should be 8 repetitions per site. 

4. Number of levels of detection to identify trends, per site. The power analysis 

(section 2.4) recommends the relevant decline trend to be evaluated to be fixed at 1% per 

year, though other trend detection levels could be explored (0.5%, 1% and 2%), though 

these need to be finalised and agreed upon.  

5. Methods to collect species: based on the analysis of SPRING data in conjunction with 

STING2 expert assessment, only reinforced transects will be used and not pan traps (see 

section 2.2 for full details).  The standardised reinforced transect length is recommended to 

be of 500m. Transect walks will be then conducted 8 times per year, to identify in the field, 

or collect and identify later all bee, hoverfly, and butterfly specimens. Two other methods 

are also proposed for the core scheme: light traps for moths and species specific methods 

for rare and threatened species. Taxonomic requirements for both of these approaches 

should be included in the assessment of current capacity and future needs. 

6. Grouped sampling, per reinforced transect: each reinforced transect will be walked by 

a professional to first record butterflies and then re-walked to record wild bees and 

hoverflies. This is considered the best time-effective procedure, since the teams of 

professionals will have expertise on the three taxa. This approach aims to make efficient 

use of time and facilitate interaction amongst the team for species identification and 

`ic\i^` ºk``m-m`qd`r» ji ndo`' oc`m`]t gjr`mdib oc` d_`iodad^\odji gj\_ di oc` g\]jm\ojmt) 

Future development of EU PoMS is likely to increasingly use  volunteers instead of 

professionals in the field, and a further assessment at this point will be needed to 

understand the extent to which volunteers can effectively monitor these three taxa on a 

reinforced transect walk. As described in section 2.5 above, the costing for these 

professionals will be based on the aggregation of their work summing 0.5FTE expert per 

site and visit, in each Member State. 
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Once the EU PoMS design is finalised and agreed upon' oc` i`so no`k dn oj d_`iodat oc` o`\hn½ 

composition and the right expertise required, considering the number of sites per Member State 

that will require taxonomic capacity, first per site and then, at national level. 

Table 2.6. 1. List of Member States, size (land area in km2) and estimated number of pollinator species 

(bees, hoverflies and butterflies) to monitor. 

Member State  Km2 No species 

AT Austria 82,519 1,342 

BE Belgium 30,452 819 

BG Bulgaria 110,001 1,427 

CY Cyprus 5,896 506 

CZ Czech Republic 77,212 1,101 

DE Germany 353,296 1,214 

DK Denmark 41,987 614 

EE Estonia 43,110 634 

EL Greece 130,048 1,840 

ES Spain 502,654 1,741 

FI Finland 304,316 693 

FR France 633,886 1,745 

HR Croatia 55,896 1,148 

HU Hungary 91,248 1,230 

IE Ireland 68,655 314 

IT Italy 297,825 1,827 

LV Latvia 63,290 692 

LT Lithuania 62,643 714 

LU Luxembourg 2,586 626 

MT Malta 313 176 

NL Netherlands 34,188 750 

PL Poland 30,7236 1,030 
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Member State  Km2 No species 

PT Portugal 90,996 1,093 

RO Romania 234,270 1,362 

SE Sweden 407,300 783 

SI Slovenia 20,145 1,105 

SK Slovakia 48,702 1,232 

Sum 4,103,987  

Source: ?srfmpqɃ cj_`mp_rgml `_qcb ml rfc QNPGLE npmhcar _lb Eurostat 20227. 

2.6.4.1 Human resources 

When considering taxonomic resources, we include both Alpha-taxonomists and Para-taxonomist 

(section 2.6.3). While Alpha-taxonomists are clearly identified with senior researchers, in this latter 

group of Para-taxonomists, we include a wide range of professionals, volunteers and interested 

citizens with a different gradient of taxonomic expertise, from basic familiarity with species 

collection and identification to highly experienced volunteers (Table 2.6. 2). We also consider 

technician and students in biology as included in this latter group. 

We propose a two-step model for monitoring, starting in the (1) short-term (first year) with 

qualified experts (potentially supported by a part-time assistant to assist with specimen collection 

and storage for later identification work), and (2) increasingly moving towards a hybrid system in 

the long run, where both knowledge sources (experts and volunteers, at the proportion of 50% by 

2030) could be combined to tackle different tasks and support jointly the identification of species. 

The use of assistants will strongly depend on the Member State available resources in the field 

(depending on the final allocation of the selected sites), and on the linked institutions where experts 

will conduct identifications such as universities, museums, and biodiversity centres. 

  

 

 

7 https://ec.europa.eu/eurostat/databrowser/bookmark/e9572305-224b-4fa0-bf0f-a039d44e272e?lang=en  

https://ec.europa.eu/eurostat/databrowser/bookmark/e9572305-224b-4fa0-bf0f-a039d44e272e?lang=en
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To identify the starting baseline, we will describe here the following dimensions and variables: 

ð The scope of the work to be developed by each team. 

ð The work distribution in the field and in the lab for quality review and validation, in general, and 

specifically for identification purposes in those cases (particularly for bees) where the species 

could not be readily identified in the field. 

ð The composition of the team, considering the short-term approach with a model expert 

taxonomist based. 

ð The area covered by each team, which is expected to significantly vary among countries. 

ð The geographic distribution of pollinators across EU-27. 

Table 2.6. 2. Broad characteristics of Alpha and para-taxonomists with respect to their primary focus, work 

environment and scientific contributions.  

Aspect  Alpha-taxonomists  Para-taxonomists  

Primary Focus  

  

Identification, description, and naming 

of new species, classification within the 

taxonomic hierarchy.  

Collection, preparation and preliminary 

identification of species, often in support 

of biodiversity research and conservation 

efforts.                                                                                                                                                                                                                                                                                                     

Work 

environment  

  

Primarily in laboratories, museums or 

academic institutions, analysing species 

and conducting detailed taxonomic 

studies.  

Mostly in the field, collecting specimens 

and data, or in community engagement 

related to biodiversity conservation.  

Scientific 

contribution  

Expanding scientific knowledge through 

the formal classification and naming of 

organisms, providing a foundation for 

biological research and conservation.  

Bridging the gap between fieldwork and 

scientific research, facilitating the 

discovery and initial documentation of 

biodiversity, and engaging with local 

communities in conservation efforts.  

Sourac8 ?srfmpqɃ cj_`mp_rgml,  

Qamnc md rfc rc_kɃq umpi 

Following the results obtained from the RLT, and wide consultation with experts, the expertise 

demonstrated by taxonomists spread over the main tasks to be developed (Figure 2.6. 5), is mainly 

concentrated in Collection and sampling (84%), and Observation and identification of species in the 

field (81%). Additional work, including description, digitization and curation of specimens 

complement the taxonomic work and reinforce the expertise gained producing a flow of knowledge 

back to identification of species. 

Therefore, the team will focus on: reinforced transect walk; collection of samples; identification of 

species on site; identification in the lab, for those species which identification could not be done on-

situ; and aggregation of data, databasing. Para-taxonomists identified as Field Technicians (below 
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postdoctoral level, see section 2.6.5) can assist experts and will mostly focus on setting up the 

transect and collecting samples in the field, and possibly aggregating the data. 

Other staff might be required for the following activities that need to be included as well, but are 

not included in the present section since those will be undertaken by technicians and 

administrators, outside the collection and identification of species: management of the data 

infrastructure (section 4); workflows maintenance for data supply (section 4); coordination of 

volunteers; reporting; communications; and other non-scientific work.  

To tackle these tasks outside the specific taxonomic work, and specifically for costing purposes, it is 

proposed that the allocation applicable per Member State should be 1 FTE administrator plus 0.5 

FTE senior researcher for coordination. Other staff are identified as Specialists and Field 

Technicians (see section 2.5 above, for costing). 

Distributed work 

Based on previous experiences by the expert communities (both within SPRING and STING, and 

other projects as ORBIT and Taxo-Fly), we can estimate that the highest workload in the 

laboratories will be happening in the case of bees and hoverflies, while the experts will be strongly 

occupied in the identification of butterflies in the field.  

Identification of species will be done either on site or at the laboratory, the latter mostly in case of 

hoverflies and more importantly for wild bees. In this respect, proportions of bees, hoverflies and 

butterflies identified in the field is estimated in three different tranches:  

ð Bees: 75-90%, depending upon region and main habitats. 

ð Hoverflies: around 80-95%, depending on region and main habitats. 

ð Butterflies: near 100%. 

As per SPRING results, only bees and hoverflies consistently require lab identification, however the 

number of individuals that require identification and the time it takes to identify one specimen, will 

vary greatly depending on the diversity of the fauna in the country. As a final statement, 5% of the 

hoverflies and 10% of bees (excluding Apis mellifera) would need to be caught for lab 

identification. However, in southern European countries (Spain, Portugal, Italy, Malta, Greece, 

Croatia, Cyprus, Slovenia, and also southern France), the number for bees that would need 

identification in the lab is estimated to be 25%. This percentage (and possibly even a higher value) 

may need to be applied to some Member States and sub-regions (such as southern France) in the 

first year of EU PoMS, to acquire base knowledge about the local fauna for both bees and 

hoverflies 

These initial proportions reflect an average across many Member States, and so there will be 

variation around this number. We fully recognise that particularly in the Mediterranean the 

proportions of individuals that will need to be retained will be higher. Also in many cases individual 

experience shows that there are many more species that need to be retained, especially in flower-

rich habitats.  The final scheme design, however, will consist of sites that are both flower-rich and 

flower-poor, as they will be allocated to be fully representative of member state ecosystems, and 

not just be selected based on being flower-rich and therefore good in supporting a wide variety of 

pollinators. STING+ will reassess these proportions to ensure that they are realistic for the final 

protocols.  

https://orbitproject.wordpress.com/about-the-project/
https://www.helsinki.fi/en/projects/taxonomic-information-european-hoverfly-species
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Table 2.6. 3 shows the number of species to be caught per transect per visit (round or iteration) 

and taken to the laboratory for further identification. It already considers the increases assigned to 

southern Europe. 

When addressing each round of sampling per site, the time dedicated to field/lab work is expected 

as follows (costing of this time is included in section 2.5 above): in the field, the team will dedicate 

an average time per site per visit of 5.76 hours based on SPRING data: transect description (1 hr); 

transect walk (1.3 hrs); sorting specimens (0.46 hrs); and travel time to/from a site (3 hrs).  

For the bee and hoverfly identification, time dedicated at the lab, as an average for the EU-27 and 

the entire set of species to identify varies: 

ð Total hours for bees: species identification (0.95 hrs) and data validation (1.52 hrs): 2.47 hrs. 

ð Total hours for hoverflies: species identification (1.90 hrs) and data validation (1.52 hrs): 3.42 

hrs. 

All these data should be considered when identifying the number of teams needed, and the time 

each one needs to dedicate to different tasks, both in the field and in the lab, per Member State. 

Other components of dedicated time will also be counted for additional tasks, such as data entry 

that will be carried out at the facilities where the identification is carried out (labs of museums or 

similar). Altogether, by aggregation, the final number of FTEs can be identified. It should be noted 

that creating stable teams would imply having full time dedication of staff to ensure their 

commitment and permanence over time, and to avoid repeating the learning curve every year if the 

staff is not fully engaged. 

Additionally, it is worth noting that field assistants need to be procured. Most Member States are 

expected to rely mainly on professionals initially, until a larger volunteer community can be trained 

up in the longer-term. Therefore, a transition period is foreseen moving towards a higher proportion 

of volunteers in the longer-term. Yet, even with a strong volunteer component, some roles will only 

be feasible through professionals (e.g. some bee taxa). 

Table 2.6. 3. Number of bees and hoverflies for identification in the lab per Member State. These numbers 

were provided by national fieldwork experts participating in the SPRING project, and there will be considerable 

variation around these depending on various factors, such as the floral diversity and cover of a site. These 

figures will be further refined based on further analysis of SPRING data and wider consultation of experts as 

part of the STING+ project. 
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Composition of the team 

Each team should be formed of 3 expert taxonomists (possibly 2 if they can cover both bees and 

hoverflies), supported by one assistant to help in the layout of the transects, the sampling 

collection and the information databasing. 

Expert taxonomists will be dedicated to identification of species (in the field and/or the lab):  

ð Senior researcher: Someone senior who would be expected to be the scientific lead.  

ð Consultant/researcher: someone who could be expected to identify specimens to species level 

and train staff (usually a postdoctoral researcher or equivalent).  

Assistants will majorly collaborate in the fieldwork:  

ð Field technician: who would be expected to collaborate with primarily the transect display and 

data collection but is not capable to fully identify species (students below postdoctoral level, 

experienced amateurs or equivalent).   

The team is considered as an operational team that will run identification of species either directly 

on site or in the lab. Each one will visit the assigned sites, collect specimens and proceed with the 

species identification task (with the subsequent databasing of information). To complete the data 

^dm^g`' oc` o`\h½n \^odqdot ncjpg_ ]` npkkjmo`_ ]t \ ^`iom\g pido oj jmb\idu`' \_hdidno`m \i_ adi\gdu` 

the process of documenting the monitoring scheme (for the period of time and the area assigned, 

which should be at national level, for cost-efficiency purposes). 
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Area covered by each team 

Considering that each expert will operate on the basis of 0.5 FTE per team, based on SPRING and 

STING expert knowledge, each team could typically cover a minimum of 15 sites, and therefore 

each expert will be involved in 30 sites. Selection of the assigned sites could be based on 

parameters such as local knowledge and or distance (travel time) between the selected sites. In 

that latter regard, the distance between sites, for costing purposes, is considered to not exceed 90 

km, which implies a typical round trip per visit of maximum 180 km (see section 2.5).  

Number of teams 

The estimate of number of teams needed per country (and therefore, the experts to be available 

for the implementation of the monitoring process) will necessarily follow the number of sites 

selected per Member State, along with all the above-mentioned premises (time dedication, distance 

between sites, etc.). In the short-term, before a work force of trained citizen scientists can be 

established, those professionals are expected to be expert taxonomists to maximise species 

identification and data validation on site. That will lead to cost efficiencies in the availability and 

use of resources. 

Geographic distinctiveness 

Monitoring efforts will be differentiated across biogeographical regions due to variations in 

pollinator richness. Mediterranean countries host the highest diversity of bees, while they show 

similar species richness of hoverflies to temperate countries (Reverté et al., 2023). The highest 

richness of butterflies is found in mountainous areas in southern Europe, mainly in the Pyrenees, 

the Alps and the mountains of Balkans (van Swaay et al., 2010). These geographical differences in 

pollinator diversity should be taken into account when planning the human resource requirements. 
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2.6.4.2 Supporting material 

As reported by the SPRING, ORBIT and Taxo-Fly projects, materials are unequally available across 

Member States in Europe. While field guides and keys appear to be the most accessible references, 

other references such as AI tools are scarce, or even absent, or non-harmonised, as the national 

validated reference collections for pollinators (both, physical or virtual). The TETTRIs project is 

currently building a roadmap to create those reference collections, which stand as a critical element 

to be used in identification of species. 

Thanks to the developments made under projects such as ORBIT and Taxo-Fly, a wide set of tools 

and mechanisms to support taxonomic capacity have been developed, most of them accessible 

through the European Pollinators Academy8. 

Briefly, ORBIT provides a centralised taxonomic facility that lays the groundwork for the 

identification of European wild bees. Such a baseline includes different tools for species 

identification and monitoring, to support further analysis of biodiversity patterns on how wild bee 

communities respond to environmental changes. Factsheets for each European wild bee species: 

these include descriptions, illustrations of morphological characters, macro-photographs made in 

situ, reference to DNA barcodes, and relevant information on their life histories, host-plant 

associations, and habitats. 

Taxo-Fly has produced similar outcomes for hoverflies and has developed resources for European 

inventory and taxonomy of this taxa group. Factsheets for each European hoverfly species, include 

descriptions, illustrations of morphological characters, photographs, distribution maps and relevant 

information on the life histories, host-plant associations and habitat associations. 

Both set of Factsheets are already included in the Pollinator Academy (developed under SPRING), 

along with other relevant information for butterflies such as regional (e.g. sub-national level) 

identification guides. To ensure improvement of this platform with additional resources (including 

courses and other supporting material) and its sustainability over time, the Pollinator Academy 

should be linked and inserted into the taxonomic community e-learning platform run by CETAF, 

namely the Distributed European School of Taxonomy (DEST)9. The overarching collaborative 

platform should be an open source, to collate specific taxonomic courses on pollinators at different 

levels, beginners, intermediate and advanced modules. In this learning environment, prepared by 

and for taxonomists, a multilingual tool is integrated and provides translation through DeepL10 API 

to 24 languages. 

For butterflies, the references, inventories and keys are well developed in many countries (such as 

those produced by Butterfly Conservation Europe11 during the ABLE and SPRING projects). 

Comprehensive checklists have been updated, such as the National checklists and Red Lists of 

European Butterflies (Maes et al., 2019), the work produced by Wiemers at al. (2018) to update 

Fauna Europaea (de Jong et al., 2014).  

 

 

8 https://pollinatoracademy.eu/  
9 https://cetaf.org/explore/dest-distributed-school-of-european-taxonomy/  
10 https://www.deepl.com/translator  
11 https://www.vlinderstichting.nl/butterfly-conservation-europe/  

https://pollinatoracademy.eu/
https://cetaf.org/explore/dest-distributed-school-of-european-taxonomy/
https://www.deepl.com/translator
https://www.vlinderstichting.nl/butterfly-conservation-europe/
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The project ABLE provided an extensive catalogue of field guides for butterflies in 11 European 

countries (Austria, Cyprus, Greece, Italy, Lithuania, Malta, Poland, Portugal, Slovenia, Slovakia and 

Spain), as well as many other relevant resources, including manuals for transects (translated into 

13 different European languages), identification guides, and guidance booklets to record butterfly 

data.  

Other resources might progressively be added as they are produced, such as inventories for images 

and sound records, poly-keys on the web, and outcomes supported by relational databases. 

2.6.5 Bridging the gap 

A plan is proposed to address the building of taxonomic capacity, considering the available 

resources in comparison to the requirements expected under the final agreed design of the EU 

PoMS (section 2.6.4). An overview on how the relationship between potential demand and current 

supply of taxonomic capacity for the various member states is summarised in Figure 2.6. 6. 

Figure 2.6. 6. The relationship between key elements of taxonomic capacity building for EU PoMS. The gap 

between the anticipated demand of the monitoring scheme and the current supply of taxonomists and other 

resources can be bridged through establishing and training of teams of experts with various levels of 

expertise, which will depend upon the specific Member State conditions.  

 

Qmspac8 ?srfmpqɃ cj_`mp_rgml,  

By matching requirements towards existing capacity, the model envisaged for identifying needs of 

resources proposes three different Tiers based on the actual differences between the demand 

(requirements) and the supply (availability) at a certain time and per Member State. Such a 

difference or shortage may vary from 0 to 100% with specific thresholds suggested for:  

ð Tier 1: the estimated gap is over 70%. 

ð Tier 2: the estimated gap falls between 30 and 70%.  

ð Tier 3: the estimated gap counts less than 30%.  

Tier 1: Substantial shortfall: the estimated gap is large, over 70%, and immediate and 

substantial measures need to be undertaken to ensure that EU PoMS can be implemented in timely 

manner and with the expected quality standards in terms of data gathered. Additional efforts 
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should be allocated to effectively realising measures and integrating the results into the European 

aggregated scheme.  

Tier 2: Moderate shortfall: the estimated difference, which falls between 30% and 70%, is likely 

to require a structured mechanism that tackles a diversity of factors including training and capacity 

building, attractive recruitment, additional funding, and collaboration between a variety of actors 

(from governments to academia, research institutions, biodiversity-related organizations, and 

citizens science initiatives). With adequate financial support, the implementation of the required 

measures should take up to 2 years, with a direct and visible impact on the increase of the 

taxonomic resources available. 

Tier 3: No current shortfall: the estimated difference is less than 30% of what is required, are 

relatively easily to address. The actions required to overcome the gap are straightforward to 

implement (through pre-identified mechanisms), relatively low-cost to undertake, efficient in their 

implementation (target audiences and committed partners), quick to execute (less than 2 years), 

and with a direct and visible impact on the increase of the resources available. 

Evaluating the evidence of the shortfalls should lead to policies and measures under a double 

approach to differentiate short-term and long-term perspectives. There are clear differences that 

drive such a distinction. First, the initial baseline requires an immediate action for grouping the 

necessary resources, making them available to the experts and implementing in situ the model in a 

systematic manner. Importantly, it needs to be robust and accurate to determine the starting data 

to which the evaluation of trends will be referred to over time. Such a challenge necessarily relies 

on the availability of existing resources plus short-term initiatives to complement them, with a very 

tight margin to create and solidify the needed components of the model (including human 

resources and tools).  

This approach can be easily applied for Tiers 3 and 2 (provided critical measures are adopted in the 

latter case) and will require larger efforts for Tier 1. Immediate actions should be accompanied by 

a clear, structured, and harmonised model that will ensure expansion, sustainability and regularity 

of the efforts allocated for monitoring during the initial phase of EU PoMS and apply to all three 

Tiers. 

With this approach in mind, it is critical to have comprehensive data from a survey launched at EU 

level to capture up-to-date national data regarding the actual capacity expertise available for 

monitoring. Those results will be instrumental to fine-tune and shape more precisely the actions to 

be undertaken for a comprehensive and consistent action in both the short and the long term. 

2.6.5.1 Requirements for short-term action  

As per the Tiers presented above, there is a significant effort needed to strengthen the taxonomic 

capacity that is required for the effective implementation of the monitoring of pollinators based on 

a harmonized and balanced system. Actions should address punctually what is needed in each 

Member State as to be able to form a skilled, trained and resourced team with the adequate tools 

and mechanisms to perform their work. 

Two specific set of actions are envisaged. On one hand, mobilisation of experts that can act as 

trainers and tutors and could potentially train in countries in their proximity. On the other hand, 

training and e-learning will act as drivers for: (i) raising awareness across different communities of 

practitioners; (ii) crystalizing expertise capacity and engaging new generations of taxonomists; and 

(iii) form a solid foundation of taxonomic expertise. 



 

82 
 

Mobilisation of experts in punctual campaigns. To accommodate these needs to the specific 

national circumstances where implementation procedures may have already started and may 

involve contractual external agents.  In case of a surplus of taxonomic expertise over the number 

m`lpdm`_ di ^`mo\di H`h]`m No\o`' oc`t ^jpg_ `\ndgt \^o \n om\di`mn #di oc` hj_`g ºom\di oc` om\di`mn» 

approach) in proxy countries which may fall under other critical Tiers.  

Training and capacity building. Several EU-funded projects and initiatives have developed or are 

developing material and courses that aim at providing professional training, including skills and 

competencies or the use the right tools, that will allow professionals to gain expertise to efficiently 

identify species either on site or at the lab, provided they can access to reliable material. The 

efforts in training should be focused on: (i) increasing taxonomic capacity among experts, 

professionals and non-academic practitioners, and (ii) providing access to the necessary tools, 

reference documents and collections and training material at large that tool-up the actors. 

Increase taxonomic capacity. Two different categories of courses should be set up to ensure 

that capacity is available timely and with the standards required: a Harmonization module and a 

Skills and competencies modules. 

Harmonization module: To ensure alignment across countries, allow equal access to centralised 

resources, and facilitate a shared understanding of objectives, mechanisms and expected 

outcomes. The target audience should be the entire set of teams involved in the process. It could 

adopt a blended format with an overarching workshop targeting European actors, and this followed 

by online module that could be reached by individuals at their best convenience: 

ð Targeted audience: expert taxonomists to be directly involved in EU PoMS. 

ð Format: online or physical workshop. 

ð Duration of the course: 3 hours. 

Skills and competencies modules: a variety of courses should be made available centrally 

through the Pollinator Academy and CETAF-DEST platform where other initiatives (such as 

Transmitting Science, or ForBio12) are linked. The level of the courses should be accommodated to 

the needs at country level. In this respect: 

Tier 3: They may require the teaching of Advanced Courses for better-trained personnel, 

specifically on the identification of bees, hoverflies, and butterflies: 

ð Targeted audience: PhD students and experienced professionals. 

ð Number of trainees, per course: 20 people. 

ð Duration of the course: 4 days online (4hrs each), plus 1 session (1 day) for fieldwork. 

ð Number of iterations, per country: as needed to cover the shortfall of skilled collaborators. 

Some of these courses could be adapted for the different taxon groups (e.g. for butterflies, it is 

more valuable to have more field time than online). 

 

 

12 https://www.forbio.uio.no/  

https://www.transmittingscience.com/
https://www.forbio.uio.no/
https://www.forbio.uio.no/
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Tier 2: Additional modules should be provided for intermediate levels, so that they can initiate the 

process to go from intermediate to advance levels in a period of 1-2 years. 

ð Targeted audience: Amateurs and Citizen Scientists (see section 2.7), and collectors in general 

of intermediate ability and/or with previous experience in the field. 

ð Number of trainees, per course: 20 people. 

ð Duration of the course: 4 days online (4hrs each), plus 1 session (1 day) for fieldwork. 

ð Number of iterations, per country: as needed to cover the shortfall of skilled collaborators, at 

least 1 per site per year (to ensure replacement in the number of iterations per site). 

Tier 1: Specific effort should be dedicated to build capacity in these Member States where online 

training can be complemented with in-situ training, to build capacity. Other factors, such as 

capacity to retain trainees, progressive and consistent programmes, or om\di`mn½ \q\dg\]dgdot hdbco 

be more critical than just the possibility to access to instrumental courses. Collaboration with 

taxonomic facilities (as museums) will be essential at this stage to ensure access to collections and 

high-level experts. 

Pollinator Citizen Science initiatives for monitoring are considered pivotal for the implementation of 

EU PoMS across Europe in the long run. As described in section 2.7, the most relevant aspects 

influencing Pollinator Citizen Science, including scientific, cultural and social are better established 

in northern and Western Europe while those tend to be scored as in embryonic or developing stages 

in Southern and Eastern countries. Still, critically for butterflies, embedding Pollinator Citizen 

Science as part of the monitoring scheme can greatly support the potential lack of other more 

experienced amateurs, especially in data collection and recording to which most of the Citizen 

Science projects are linked to (74% as per SPRING data).  

While some of the Pollinator Citizen Science may fall under well trained categories of amateurs, 

their major role in supporting the role of experts is strongly linked to the use of technologies (e.g. 

image classification) and/or well-documented reference manuals (e.g. field guides). Despite other 

significant benefits of the Citizen Science involvement in environmental issues, their participation in 

monitoring schemes can be important to lower the costs of the human resources component, 

provided their commitment is stabilised and their skills upgrade is consistent and matches the 

needs for pollinators monitoring. Projects such as ABLE and SPRING have aimed at increasing the 

capacity of Pollinator Citizen Science to embed their participation in EU PoMS. Initial precautions 

and concerns in relation to their skills levels required for reliable species identification could be 

easily softened with a set of protocols and procedures, good validation processes (by experts), 

tooling them up adequately (with apps and other techniques), and training and capacity building 

actions. 

Provide access to adequate resources. On top of what it is already available through the 

Pollinator Academy, an additional effort may be required to compile resources of any kind and 

typology, for different levels and for different targeted audiences. Apart from ORBIT, Taxo-Fly and 

Butterfly Conservation Europe, other related initiatives should be integrated, and outcomes should 

be classified and gathered when applicable to address pollinators monitoring. National endeavours 

need to be identified and integrated. Special considerations should be given to linkage with Citizen 

Scientist projects (by exploring links through the European Citizen Science Association-ECSA) to 

leverage on their objectives and benefit from existing results. Among others, reference collections 

from TETTRIs, the factsheets already compiled from the European Pollinators and field guides from 

Life4Pollinators project can be easily gathered in a centralised, fully accessible, open-source 

https://www.ecsa.ngo/
https://life4pollinators.eu/en/downloads/fieldguides
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platform that can offer training material and a variety of resources adapted to the different actors 

involved in EU PoMS. In this respect, the building of (physical and virtual) reference collections at 

national level should be prioritised as a reliable, systematic and stable tool. 

2.6.5.2 Model for long-term sustainability  

Despite the urgent actions required to first implement EU PoMS and ensure a consistent and 

comprehensive European data collection for pollinator monitoring, a stable (harmonised with 

implementing protocols, standards and indicators), secured (with revisions agreed to improve the 

system), sustainable (in space and time) and well-supported model (organizationally, scientifically 

and financially) should be shaped and improved with results obtained from the first 

implementation round. 

While in the short-term monitoring primarily is expected to be supported by highly skilled experts 

(professionally based), the system could move towards a hybrid (combined) format where 

professionals are assisted by volunteers whose competencies will increase over time, provided they 

are recognized, tool-up satisfactorily and guided efficiently. 

Therefore, we distinguish actions directly tackling: (i) the development of taxonomic expertise in 

professionals, and (ii) the engagement and commitment of volunteers, notably Citizen Scientists (as 

defined in section 2.7).  

Actions for taxonomic expertise capacity, towards strengthening and consolidation 

Currently, taxonomists are usually linked to research institutions where biological collections are 

hosted. Those can be universities, museums, botanical gardens and biodiversity centres, and to a 

much lower extent, other facilities for which identification of biological material might be central 

(e.g. pharmaceutical industry). During the last decades shortage of these current positions is 

growing, since many positions are not being renewed (e.g. due to budget cuts), and European 

academic tracks are not giving significance to the discipline as to attract new generations of 

taxonomists. In this same scenario, the need for taxonomic knowledge has increased under the 

umbrella of strategic frameworks in Europe (the European Green Deal13 and the EU Biodiversity 

Strategy for 2030 (European Commission, 2020)) and globally (Kunming-Montreal Global 

Biodiversity Framework-GBF, (Convention on Biological Diversity, 2022a)) that recognise the 

contribution of taxonomy as a fundamental pillar for biodiversity conservation,  and more 

importantly to provide the baseline for tackling major challenges (see GBF Targets 1 to 8, under 

Chapter 1-Reducing threats to biodiversity). 

Those two contradictory forces, the decline of experts and rise of taxonomic capacity requirements, 

are producing the shortfalls discussed in section 2.6.4, which need a long-term sustainable model 

to be overcome.  

To ensure long-term stability and sustainability in building taxonomic capacity in Europe to meet 

the challenges imposed by the need of more, better and larger datasets on pollinators for their 

accurate and reliable monitoring, it appears essential to implement a multifaceted strategy that 

encompasses a variety of critical dimensions including funding, education, technology, 

 

 

13 https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en  

https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
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collaboration, and policy integration. We present here some of the measures to facility monitoring 

implementation with a long-term perspective. 

Recognition:  Lack of recognition works as a pressure for taxonomic activity. Taxonomic research 

\i_ don jpo^jh`n \m` jao`i ^jind_`m`_ `doc`m ºjg_-a\ncdji`_» jm ijo ndbidad^\io jm dhk\^oapg `ijpbc) 

Therefore, specific actions should be implemented to recognise the role of taxonomists in tackling 

major challenges and their contributions should be highlighted to identify what to preserve, monitor 

and restore, wherever and whenever needed. Among the activities running under the TETTRIs 

project, the Taxonomy Recognition Day was launched (in 2024 for the first time) to raise 

awareness of this critical activity for halting biodiversity loss and preserving our natural resources. 

Academic pathways: Attracting young students to the science of taxonomy necessitates its 

inclusion in the academic curricula from which it has progressively disappeared. Generally, biology 

only tackles taxonomy laterally during the Bachelor and Master programmes in most of the 

Universities across Europe. While taxonomy is referred to in many doctorate courses, it is only a 

fragment of the course content and never the core of the training. Only few specialised courses are 

taught specifically addressing taxonomy and most of the training addresses audiences formed by 

interested people rather than biologists or biology post-doc students (e.g. see Synthesys+ project14 

and its catalogue of training resources). This overall picture for taxonomic expertise applies equally 

to pollinators. Yet, to attract students, the academic curriculum should include this discipline and 

address the varied applied taxonomic research opportunities. In this respect, academic programmes 

should address taxonomy with an integral approach, where faunistic and molecular methods are 

combined, so that students can gain the necessary skills for undertaking better, expanded and 

reliable species identification. Graduates would then be able to choose to work at a university or a 

research institute, or access openly to a new array of opportunities, provided those employment 

opportunities exist in the labour market and offer a space for professional development. Some 

efforts are currently underway, such as the TETTRIs project which tackles specific academic 

^`modad^\odjin #ajm H\no`m½n \i_ ?j^ojm\o` _`bm``n$ ajm o\sjijht' \i_ is building a roadmap for the 

European Taxonomic Agency where academia, private sector, scientific organizations, and policy 

makers can discuss mechanisms to improve taxonomic capacity in Europe. Other lateral factors 

such as taxonomic publishing should be revised and standards for taxonomic assessment reviewed 

in accordance to its relevance and impact. 

Professional careers: New generations need to have future employment positions to build their 

professional careers, both scientifically and financially. Member States should become more aware 

of the shortfalls detected and make a firm commitment to support creation of new positions. 

Support should be targeted to: 

ð Consolidate taxonomy-related positions in research institutions. 

ð Integrate taxonomic expertise in policymaking processes, through governmental agencies (in 

public health, civil planning, agriculture, wildlife management and forestry). 

ð Facilitate and foster linkage with private sector (such as agricultural processors and 

pharmaceutical companies). 

 

 

14 https://www.synthesys.info/about-synthesys/deliverables.html  

https://www.synthesys.info/about-synthesys/deliverables.html
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ð Endorse scientific protocols for monitoring process, making this implementation binding (as for 

the environmental impact assessments). 

ð Promote the implementation of taxonomic practices across actors. In this context, the TETTRIs 

project has cre\o`_ oc` kmjbm\hh` ºO\sjijhdnon di M`nd_`i^`» oc\o \dhn oj \nnj^d\o` oc` 

practice and transfer the knowledge of taxonomists from taxonomy to other different 

disciplines and fields.  

Actions for volunteers, towards engagement and commitment 

It is expected that the majority of Member States will use professionals for sampling identification 

at the start of EU PoMS; however, the transition to a more volunteer focused approach poses 

important opportunities and challenges. Linkage with Citizen Science initiatives (see section 2.7) 

and in situ practitioners (including farmers and protected areas managers) will be essential to build 

a coherent and sustained model for pollinators monitoring. 

Participation of citizens with voluntary contributions to the implementation of the EU PoMS  in the 

long run will require the creation, development and continuous training of stable groups raised 

locally, to efficiently move from a flat towards a hybrid format (with non-professionals potentially 

contributing up to 50% of the workforce). It should be noted that the non-professionals, in most 

cases, should concentrate their efforts in one single site, close to their residences, deeply known by 

means of repeat visits and strongly linked to their particular interests. 

While Pollinator Citizen Science is well anchored in the societal structures in northern Europe, where 

important initiatives support their work very efficiently (such as national portals and global 

initiative such as eBird and iNaturalist), most of the countries in southern Europe may need 

additional efforts to create these structures. In both cases, across the entirety of Europe, to fully 

integrate Pollinator Citizen Science into EU PoMS in the long run, several dimensions should be 

tackled in a multifaceted effort: 

ð Involvement of enlarged numbers of volunteers. Apart from naturalists, there are several target 

groups that could be involved, based on shared interests and impacts: gardeners, practitioners 

linked to forestry, citizens engaged in outdoor activities, beekeepers, farmers, and other 

members of agricultural communities. In this context, local governments are critical to reach 

these groups and engage them through communication campaigns and raising awareness of 

oc` dhkjmo\i^` ja oc` ^dodu`i½n ^jiomd]podji oj km`n`mqe natural resources of the community. 

ð Commitment and stability. These potential groups of interest need to be organised in 

communities that form stable structures that can be easily reachable. For this, local 

governmental bodies and other institutional entities (such as local museum, botanic gardens, 

parks and similar) could facilitate the creation of these informally as stable structures to 

b\oc`m k`jkg`½n dio`m`non \i_ `ic\i^` ^jhhdoh`io) 
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ð Resources provision to communities. Adequate tools should be provided to enable communities 

to become meaningful collaborators. Access to keys, field guides, atlases, Apps, and web-based 

tools should be granted free of charge, and the communities should be trained in their use. 

Leveraging on outcomes from projects such as TETTRIs and SPRING, facilitating benchmarking, 

promoting school camps, and enabling exchange of information and networking (across 

localities, at national level, and when feasible also beyond country borders), and other similar 

initiatives should be provided. On top of those local efforts, centralised training (in both online 

and blended formats with practise in the field) should be created and promoted through a 

central hub, at European level. National authorities should finance necessary translation and 

provision of expert trainers. 

ð Structural recognition. All actors involved in these activities should be engaged with the 

recognition of those supporting communities. Through publications, awards, organization of 

events, integration in institutional websites and social media, and many other initiatives could 

be put in place to recognise the extremely important role of citizens in the implementation of 

EU PoMS. 

 
 



 

88 
 

2.6.6 General recommendations 

We consider that the implementation of EU PoMS needs to rely on a holistic approach that 

encompasses social, technical, and financial facets. This comprehensive strategy could contribute 

to ensuring the longevity and effectiveness of the scheme across Member States under the 

umbrella of a harmonised mechanism at the European level.  Strategic support for monitoring 

implies the design of a resilient and adaptive framework for taxonomic capacity, capable of 

evolving and improving in response to the national requirements across the EU-27. We present 

here some key recommendations that may guide the design of a comprehensive scheme for 

building taxonomic capacity critical to run EU PoMS with a long-term perspective. These 

recommendations require the integration of European and national commitments.  

2.6.6.1 Social infrastructure 

The social component is extremely pivotal, since no strategy for pollinator monitoring would be 

successful without the necessary dedicated expertise and the engagement of various actors.  

Building taxonomic capacity requires a concerted effort from academia and educational 

institutions, research entities, non-governmental organizations, and government bodies.  Key 

options should include: 

Education and training:  

ð Launch educational programmes (from primary schools) to raise interest and consciousness 

about taxonomy and its role in preserving a healthy environment for the future. 

ð Establish targeted training programmes and integrate them in the formal education systems, in 

collaboration with academia and existing training initiatives for taxonomy. 

ð Facilitate the certification and validation of non-formal training programmes provided by 

recognised entities that ensure expertise of tutors and quality of contents. 

Workforce Development: 

ð Create clear career paths for taxonomists, including roles in academia, government agencies, 

NGOs, and the private sector, ensuring job diversity and security.  

ð Foster mentorship programs that connect emerging taxonomists with experienced 

professionals, encouraging knowledge transfer and skill development. 

ð Facilitate the integration of taxonomists in a wider multidisciplinary environment (e.g. through 

didod\odq`n np^c \n ºO\sjijhdnon di M`nd_`i^`»$' oj pi_`mgdi` oc` md^ci`nn \i_ \kkgd^\]dgdot ja 

taxonomic knowledge. 

Collaboration and partnerships: 

ð Validate the role of European networks on taxonomy (as CETAF) that can foster collaboration 

among institutions, researchers, and practitioners, facilitating the sharing of knowledge, 

resources, and best practices. 

ð Strengthen international partnerships to leverage global expertise and resources, and alignment 

with sister initiatives at international level.  

Policies integration and coordination: 
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ð Integrate taxonomic knowledge and expertise into European environmental policy and decision-

making processes, recognizing the importance of taxonomy in addressing biodiversity loss, and 

support among others, pollinator monitoring.  

ð Support the community participation through existing hubs of experts that can act as direct 

interlocutors and coordinators of actions. 

2.6.6.2 Technical infrastructure 

Parallel to the social infrastructure, the development of a robust technical infrastructure is 

essential. This encompasses the deployment of tools and mechanisms that support the intricacies 

of taxonomic work for pollinator monitoring. Those include digital libraries and reference 

collections, to provide accessible, accurate, and comprehensive taxonomic information. Equally, the 

provision of tools and mechanisms to ease the gathering, interpretation, and analysis of data in the 

field to facilitate the work of practitioners at all levels, from enthusiasts and volunteers to 

managers, professionals and experienced amateurs, and also the taxonomic experts located at the 

end of the knowledge creation and data validation chains. Multilingual aspects and customisation 

to national specificities should be considered. Key actions should include: 

ð Establish and coordinate national units where the main tasks will be conducted for monitoring 

(identification and databasing). 

ð Support the development of comprehensive digital databases (as virtual reference collections) 

and online platforms (e.g. DEST and the Pollinators Academy) that facilitate the sharing of 

taxonomic data on pollinators and resources across Europe, and globally.  

ð Implement policies that sustain the building and conservation of taxonomic reference 

collections at national level (physical and virtual), encompassing larger taxa, ensuring they are 

well maintained, updated, and made accessible for future research. Achieving this goal 

necessitates a concerted effort to foster both staffing levels and the technical infrastructure 

within natural history museums and other taxonomic facilities. 

ð Link to a coordination hub, and allocate a central platform at European level (e.g. under the 

Pollinator Information Hive) to gather available protocols, standards, indicators and other 

different policies that are intrinsically linked to pollinators monitoring. Specific pages per 

country could be integrated.  

ð Ensure that adequate pipelines are implemented to secure uploading data from the teams 

working in the monitoring, quality checks and validation mechanisms. Workflows should made 

available in the central hub. 

ð Invest and promote the integration of advanced technologies, such as AI, machine learning, and 

genetic sequencing, to foster integrative taxonomic research. 

2.6.6.3 Financial infrastructure 

The financial infrastructure necessarily plays a critical role in underpinning the other components 

and ensuring that the overall system works efficiently. Sustained longer-term funding for 

taxonomic work at both national and European levels is vital. This entails not only securing 

government allocations but also exploring diverse funding streams notably public-private 

partnerships. Financial resources are required not only for the direct costs associated with research 

and fieldwork, but also for supporting the development and maintenance of technical 
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infrastructure, and for facilitating capacity-building activities.  This financial structure also needs to 

consider aspects such as equity and inclusiveness to compensate for differences between northern 

and southern regions, the former being better developed currently, while the latter has higher 

kjggdi\ojmn½ md^ci`nn) F`t \^odjin ncjpg_ di^gp_`5 

ð Create and implement a sustainable funding model to cover the implementation of EU PoMS: (i) 

a centralised hub for harmonisation of the scheme, its standards, protocols and indicators; and 

(ii) a distributed mechanism supported by national governments, with a diversified mechanisms 

for funding (national grants, private sector partnerships, grants from environmental and 

scientific foundations, and crowd-sourced initiatives). 

ð Create a robust mechanism to ensure efficiency in the use of resources, effectiveness in the 

implementation of measures and adaptability to overcome new challenges and detected 

bottlenecks. In that regard, the use of adaptive models such as the OECD evaluation model 

(OECD, 2021) could be customised and applied (Figure 2.6. 7). 

ð Establish dedicated endowments for taxonomy to ensure long-term financial stability: EU-level 

support through calls and subsidies specifically earmarked for taxonomic research and 

taxonomy-related infrastructures, emphasizing the critical role of taxonomy in biodiversity 

conservation (and environmental policy at large). 

Figure 2.6. 7. The OECD evaluation model framework, which could be adapted to ensure the effective 

implementation of financial measures.  

 

Source: OECD (2021). 
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2.7 Options for building Citizen Science capacity for EU PoMS 

2.7.1 Summary 

Europe has a long and rich tradition of Citizen Science and its innovation. This has provided a 

wealth of data and knowledge alongside the benefit of engaging people with science and nature. 

Recognising this value, Citizen Science has become increasingly prevalent within European Union 

funding programmes such as Horizon Europe, BiodivERsA, COST Actions and LIFE projects, and 

recognised by European institutions (De Rijck et al., 2020). In this chapter, we evaluate the potential 

of Citizen Science as an integral element of an EU pollinator monitoring scheme.  

We summarise the current state and capacity of Citizen Science networks in EU countries using 

results from the SPRING project, notably a questionnaire receiving over 320 responses on the 

current status of Pollinator Citizen Science. The mean score for most countries placed factors (i.e. 

aspects influencing Pollinator Citizen Science) as either developing or establishing, indicating that 

there is support and potential for Pollinator Citizen Science across all countries.  There was a 

general trend for most factors being more established in northern and western Europe. Factors in 

southern and eastern Europe tended to be scored as in embryonic or developing stages, aligned 

with our expectation that these regions pose the greatest challenge to embed Pollinator Citizen 

Science as integral part of EU PoMS. 

Although Pollinator Citizen Science encompasses a range of approaches, SPRING results showed 

that data collection projects fall into one of three types based on broad ecological scope: most 

projects (74%) focus on recording organisms that are pollinators; one quarter (25%) collect data on 

the process of pollination, typically plant-pollinator interactions; and only a very small number (1%) 

examines the outcomes of pollination through measuring attributes like seed-set.  

We review the potential of involving a range of new audiences in Pollinator Citizen Science, beyond 

established networks of people interested in recording species. We provide an overview of options 

for Pollinator Citizen Science in a farmland context given the importance of agriculture in Europe. 

Farmers and other members of agricultural communities are an important audience as they 

engage regularly with data collection sites and can adapt their farming practices as a direct 

response to the results of data collection on their own land. 

We identify opportunities provided by Citizen Science across the range of EU PoMS proposed 

monitoring approaches, including core scheme sampling via reinforced transects, moth monitoring, 

rare and threatened species surveys, and wider insect diversity monitoring. While the early phase of 

the implementation of EU PoMS is expected to be primarily professional-led, the longer-term 

ambition is to increase the role of volunteers in the scheme as it matures. We note that the extent 

and rate of this shift to a more hybrid approach will depend very much upon the starting conditions 

and resources available for each Member State. In particular, Citizen Science has a potentially 

important future role in reinforced transects, one of the core methods of EU PoMS. This includes 

data collection by experienced naturalists for some groups and specialists for other groups and for 

training and engagement. Transects involving Citizen Science has potential to integrate with 

existing schemes, particularly Butterfly Monitoring Schemes and place-based monitoring (e.g. 

Nature Reserves).  

The barriers and opportunities for successful Citizen Science are increasingly being recognised and 

we provide recommendations of key consideration when implementing new initiatives, including for 

farmland, and as an important component of EU PoMS and wider initiatives to protect and restore 

biodiversity in the EU.  
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2.7.2 Overview of current Citizen Science activities 

>dodu`i N^d`i^` ^\i ]` _`adi`_ \n ºoc` diqjgq`h`io ja oc` iji-academic public in the process of 

scientific research ¸ whether community-_mdq`i m`n`\m^c jm bgj]\g diq`nodb\odjin»15. As might be 

expected from this broad definition, there are a wide variety of related terms (e.g. participatory 

action research, civic science, amateur science, community science, crowdsourced science) which 

are either synonymous with Citizen Science or overlap in scope. In the context of biodiversity, 

Citizen Science has a long and rich history (e.g. Pocock et al., 2015; Silvertown, 2009) and has been 

used in a wide variety of research (e.g. Hochachka et al., 2012) and applied contexts (e.g. McKinley 

et al., 2017), including biodiversity monitoring (Chandler et al., 2017). Citizen Science is increasingly 

recognised as a cost-effective approach to monitoring (Breeze et al., 2021) and has grown and 

diversified as an approach, often through the use of technology (Pocock et al., 2017). 

Although now a global phenomenon (Requier et al., 2020), Europe benefits from being home to a 

long and rich tradition of Citizen Science and its innovation. As well as providing a wealth of data 

and knowledge, environmental Citizen Science has the additional benefit of engaging people with 

science and nature, so supporting trust in science, pro-environmental behaviour and better natural 

resource management. Often, volunteers are engaged in data collection within Citizen Science 

projects, with expert volunteers also involved in the classification and quality-assurance of records 

(e.g. providing identification of photographed animals and plants). Volunteers can also be integral 

to the design and reporting of Citizen Science projects, working with researchers to co-design an 

approach and interpret results. Involving people in the process (not just the outputs) of scientific 

research can support informal learning and scientific awareness, enhance public engagement with 

science and support the development of public policy (McKinley et al., 2017; Tulloch et al., 2013). 

Implementation of the EU PoMS could benefit from involvement of citizen scientists, as volunteer 

participants and alongside professional researchers, data analysts and taxonomic experts, although 

the extent to which might vary over time and between regions of Europe. Differences in 

circumstance mean that Member States will be at different points along a gradient ranging from 

professional-dominated through to Citizen Science-dominated approaches to implementing the 

scheme. Although there are proven examples of Citizen Science involvement in pollinator 

monitoring in parts of Europe (e.g. Billaud et al., 2021), there are considerable challenges to 

strengthening Citizen Science capacity across the whole of the EU (Johnston et al., 2023; Richter et 

al., 2021). For example, butterfly monitoring through volunteers has over 40-year tradition in parts 

of Europe (e.g. the UK, the Netherlands, Catalonia, Finland) and has been undergoing a phase of 

expansion since mid-2000s (e.g. Germany, France, Luxembourg, Spain) with new schemes being 

established in the past few years (e.g. Italy, Portugal, Hungary). The recent expansion has been 

supported by EU funding through the ABLE project and the SPRING project. As part of the expansion 

and diversification of Citizen Science across environmental science, a range of approaches has 

been developed to assess pollinating insects beyond butterflies (Falk et al., 2019; H. E. Roy et al., 

2016), and pollination services  (Birkin and Goulson, 2015; Bloom and Crowder, 2020; Garratt et al., 

2019). This includes reaching new audiences, such as Citizen Science involving farmers, which has 

been shown to be successful in relating biodiversity trends to agricultural practices 

(https://www.greatsunflower.org/  (Billaud et al., 2021), though the majority of Citizen Science 

 

 

15 https://citizenscience.org/ 

https://www.greatsunflower.org/
https://citizenscience.org/
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initiatives on farmland leaves farmers out of the picture (Ebitu et al., 2021; Garratt et al., 2019; 

Ruck et al., 2023). 

This report expands on previous Pollinator Citizen Science. The first part is based on work 

undertaken during the SPRING project (Pocock and Bane in prep). During the first year of the 

SPRING project (2022), the current state and capacity of Citizen Science networks in EU countries 

were assessed using expert consultation, through a workshop, and via an online survey. A 

preliminary workshop was held on the 6th of December 2021 with experts to collaboratively 

develop criteria for the prioritisation of Pollinator Citizen Science across different regions. Eighteen 

experts from across the EU attended and all participants completed a pre-workshop task: 

identifying factors that enable successful Pollinator Citizen Science and Citizen Science more 

generally. These factors were finalised, and a set of barriers to Pollinator Citizen Science were 

identified in the workshop.  

Key aspects identified in the workshop were used to create a questionnaire. This was sent out to 

stakeholders across the EU to assess the existing capacity for Pollinator Citizen Science. The survey 

was live for 3 weeks and was widely promoted through the SPRING network, other pollinator 

research networks and on X (formerly Twitter). The survey was completed by 321 participants from 

across Europe, representing 37 different countries and all EU Member States (Figure 2.7. 1Figure 

2.7. 1). Response rates varied greatly across countries, with 62 responses from Ireland, none from 

Malta and a median response rate of 5 per country. 

Figure 2.7. 1. Schematic method for the assessment of Pollinator Citizen Science across the EU, showing the 

number of responses per country and region on the right. The minimum of 3 responses was achieved for all 

but 3 countries (Czechia, Slovakia and Malta). All regional targets were achieved (>5), and greatly surpassed 

in some cases. Overall, the response rate was sufficient for our analysis. 

Qmspac8 ?srfmpqɃ cj_`mp_rgml `_qcb ml rfc QNPGLE npmhcar, 
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2.7.3 Current state of Pollinator Citizen Science 

Twelve key factors that enable successful Pollinator Citizen Science were identified and their 

current status evaluated in countries across Europe (Figure 2.7. 3). Factors were evaluated 

according to our EDEE scale (Embryonic, Developing, Establishing and Embedded; Figure 2.7. 2). 

Overall, the mean score for most countries placed factors as either developing or establishing, 

indicating that there is support and potential for Pollinator Citizen Science across all countries. 

Figure 2.7. 2. Embryonic, Developing, Establishing and Embedded scale (EDEE scale) for evaluating factors 

that enable Pollinator Citizen Science. Based on the EDGE scale16 used to evaluate public engagement 

('Embryonic', 'Developing', 'Establishing' and 'Embedded'). 

 

Qmspac8 ?srfmpqɃ cj_`mp_rgml, 

Oc`m` r\n \ b`i`m\g om`i_ ajm hjno ¼a\^ojmn½ (i.e. aspects influencing Pollinator Citizen Science) 

being more established in northern and western Europe. Factors in southern and eastern Europe 

tended to be scored as in embryonic or developing stages. This trend is aligned with our expectation 

based on previous discussions with experts and indicates that the greatest challenge for EU PoMS 

to embed Pollinator Citizen Science would be in southern and eastern Europe. 

 

 

16 https://www.publicengagement.ac.uk/support-engagement/strategy-and-planning/edge-tool  

https://www.publicengagement.ac.uk/support-engagement/strategy-and-planning/edge-tool
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Figure 2.7. 3. The overall state of Pollinator Citizen Science, grouped into a) cultural factors, b) scientific 

factors and c) external factors. 

 

Source: ?srfmpqɃ cj_`mp_rgml `_qcb ml rfc QNPGLE npmhcar, 

The greatest barriers for Pollinator Citizen Science, notably across southern and eastern Europe, 

identified by SPRING and in line with Richter et al. (2021), are the extent to which there is 'adult 

enb\b`h`io rdoc kjggdi\ojmn½ \i_ \q\dg\]dgdot ja #gj^\g$ funding (Figure 2.7. 4). On the other hand, it 

was reported that adult citizens tend to be well engaged with nature, and that nature organisations 

facilitate public engagement in biodiversity (Figure 2.7. 4). It is logical to assume that these two 

factors are highly interlinked, with engaging nature organisations improving adults' engagement in 

nature and interested adults creating an active audience and demand for nature organisations to 

cater to. There are likely to be other important factors affecting Pollinator Citizen Science 

development that have not been assessed here; lack of trust in government and institutions, 

including those promoting or organising Citizen Science may be a barrier in some situations, for 

example.  



 

96 
 

Figure 2.7. 4. Oc` a\^ojmn oc\o n^jm`_ gjr`no \^mjnn @pmjk` r`m` \$ ¼<_pgo ^dodu`i `ib\b`h`io di kjggdi\ojmn½' 

\i_ ]$ ¼Gj^\g api_dib jkkjmopidod`n½) Oc`n` r`m` \gnj d_`iodad`_ \n ]`dib oc` bm`\o`no ]\mmd`mn oj np^^`nnapg 

Citizen Science. At the oth`m `i_ ja oc` nk`^omph r`m` ^$ ¼<_pgo `ib\b`h`io di i\opm`½ \i_ _$ ¼I\opm` 

jmb\idn\odji `ib\b`h`io rdoc oc` kp]gd^½) 

  

Source: ?srfmpqɃ cj_`mp_rgml `_qcb ml rfc QNPGLE npmhcar, 

2.7.4 Pollinator Citizen Science approaches 

Pollinator research is broad and rich in its scope. Similarly, Pollinator Citizen Science covers a 

myriad of different foci and approaches. The SPRING project undertook a review of Pollinator 

Citizen Science projects from across the world, but with a focus on Europe. The review focussed on 

data collection projects, but some also include citizen scientist involvement in project design and 

data analysis (Figure 2.7. 5). This \i\gtndn kmjqd_`_ \ ¼no\o` ja kg\t½ ja Pollinator Citizen Science 

globally as per Pocock et al. (2017) ajm >dodu`i N^d`i^` hjm` b`i`m\ggt) Do _d_ ijo \nn`nn ¼np^^`nn½ ja 

the projects, because this is difficult to do without a clear undemno\i_dib ja oc` kmje`^on½ \dhn) < 

database of circa 250 projects was constructed, with a systematic approach for scoring project 

attributes.  
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Figure 2.7. 5. Pollinator Citizen Science is made up of Citizen Science projects that collect data on organisms 

that are pollinators, the process of pollination and the outcomes of pollination. Data analysis and project 

design are also valuable Citizen Science approaches but are not the focus of the SPRING review. 

 

Source: ?srfmpqɃ cj_`mp_rgml `_qcb ml rfc QNPGLE npmhcar, 

The results showed that data collection Pollinator Citizen Science projects fall into one of three 

types based on broad ecological scope. Most Pollinator Citizen Science projects (74%) focus on 

recording organisms that are pollinators. One quarter (25%) collect data on the process of 

pollination, typically plant-pollinator interactions. Only a very small number (1%) examines the 

outcomes of pollination through measuring attributes like seed-set. There is huge diversity in the 

projects across many different attributes such as target audience, complexity, data type, data 

lp\gdot \i_ odh` m`lpdm`_) Ji` k\mod^pg\m \oomd]po`' oc` ¼nfdgg g`q`g m`lpdm`_½ r\n np]e`^o oj hp^c 

discussion in the expert workshop in connection with concerns over the ability of citizens to identify 

species and provide reliable data. Thus, we provide examples to illustrate the diversity of projects 

rdoc m`nk`^o oj ¼nfdgg g`q`g m`lpdm`_½ \i_ oc` ocm`` otk`n ja `^jgjbd^\g n^jk`' _`hjinom\odib that 

such concerns can be overcome through appropriate project design.  
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Figure 2.7. 6. Illustrating the diversity of Pollinator Citizen Science projects according to the skill required 

(based on species identification) and the ecological scope of projects. This is a simple representation (prior to 

formal analysis) and projects requiring greater identification skills in the field are towards the right of the 

figure. Links to ongoing projects named in figure: Spipoll17; X-Polli:Nation18; FITCount19; iRecord20; 

European Butterfly Monitoring Scheme21. 

 

Source: ?srfmpqɃ cj_`mp_rgml `_qcb ml rfc QNPGLE npmhcar, 

The SPRING report brings out that it is a common misconception for Pollinator Citizen Science that 

all citizen scientists must be able to identify pollinator species reliably. For some projects, such as 

the Pollard transect walks used by Butterfly Conservation Europe to record species abundance, this 

is a prerequisite and therefore only citizens with such skills (or those willing to learn them) can 

participate. Projects such as FIT counts run by the UK Pollinator Monitoring Scheme focus on plant-

pollinator interactions and only require identification to broad species groups. SPIPOLL and X-

Polli:nation take this a step further and utilise AI and expert identification of photographs to soften 

the requirement for identification from those collecting the data in the field. Projects that focus on 

measuring the outcomes of pollination such as seed set do not require insect identification skills 

(but may require other skills), because the data comes from counting or assessing seeds and fruit 

from a given plant. Therefore, a variety of approaches with different target audiences can be used 

to maximise Pollinator Citizen Science project uptake and data collection (Figure 2.7. 6). 

 

 

17 https://spipoll.org/ 
18 https://xpollination.org/  
19 https://ukpoms.org.uk/fit-counts  
20 https://irecord.org.uk/  
21 https://butterfly-monitoring.net/  

https://www.spipoll.org/
http://fitcount/
http://irecord/
https://spipoll.org/
https://xpollination.org/
https://ukpoms.org.uk/fit-counts
https://irecord.org.uk/
https://butterfly-monitoring.net/
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2.7.5 Developing EU pollinator Citizen Science 

As the above already indicates, there are many ways of doing Citizen Science, and Citizen Science 

itself is only one family of participatory approaches that relies on voluntary contributions in the 

context of environmental monitoring or management (others being e.g. collaborative management, 

community-based management, monitoring under adaptive management). Citizen Science itself is 

differently imagined and defined  (e.g. Eitzel et al., 2017) and has become a catch phrase that suits 

a large set of activities and circumstances. In reality very different forms of Citizen Science are 

practised, each with their own logics; and importantly for EU PoMS, connecting to different layers of 

society and working from different structures, principles and interests (see also Bryn et al., 2023; 

Land-Zandstra et al., 2021)  

2.7.5.1 Target audiences 

One of the reasons why environmental Citizen Science has been able to come up so rapidly as 

¼h`ocj_½ dn oc\o do c\n \kkmjkmd\o`_ r`gg-anchored structures in the western world to do with 

interests in species. The success of environmental-based Citizen Science activities therefore must 

be considered in relation to the long-term tradition of biological recording (Pocock et al., 2015). The 

most prevalent form of Citizen Science therefore goes far back, and the combination of deep 

environmental concern and digitisation has lifted the level at which traditional species recording 

and naturalist societies worked at to a global enterprise of digital biological recording communities 

- scaffolded by science itself (Larson et al., submitted) - of which the two giants, eBird22 and 

iNaturalist23, have become the image of environmental Citizen Science and what it can achieve. EU 

PoMS arguably works from and with that image and could connect to voluntary recorders from the 

(now digitally operating) biological recording world, i.e. naturalists, many of which hold rich 

knowledge and skill of the kind that EU PoMS values (i.e. species identification & field observation 

skills) (see section 4.4). Motivations of naturalists to contribute to Citizen Science initiatives are 

relatively well understood (e.g. Charvolin, 2022; Merenlender et al., 2016) and concern learning, 

attachment to nature and others, and sharing observations, while species identification is an 

important means for enacting their relationship with nature (Ellis, 2011). Attracting already-

engaged participants would bring years of experience and networks of contacts (Everett and 

Geoghegan, 2016).  

Environmental Citizen Science connects to many other specific audiences than naturalists, be it 

generally at a far smaller scale. Typical audiences are hunters, fishers and gardeners, each 

grouping around a specific interest and with structures (e.g. national, regional and local 

jmb\idn\odjin' ^jhhpid^\odji ^c\ii`gn$ oc\o \ggjr didod\ojmn #amjh rdocdi jm jpo rdoc ocjn` ¼rjmg_n½$ 

to reach potential volunteers. For EU PoMS,  gardeners could be of interest, and their motivations 

are also relatively well understood (e.g. Sharma et al., 2019)' ^`iomdib ji ¼g`\midib½ \i_ ¼c`gkdib½ 

(species, conservation and science). Another potentially relevant interest group, given the paucity of 

pollinator data from wooded landscapes, could be those connected to forestry. Less obvious but 

nevertheless potentially relevant interest groups could be those engaged in outdoor activities (e.g. 

walkers, bikers, climbers, orienteers, canoers and beekeepers), given some form well-structured and 

thus reachable communities. Beekeepers are a further potential group, already involved in Citizen 

 

 

22 https://ebird.org/home  
23 https://www.inaturalist.org/  

https://ebird.org/home
https://www.inaturalist.org/
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Science (e.g. INSIGNIA project) (Woodcock et al., 2022) and with a potential interest in, and 

`sk`modn` di' ¼rdg_½ kjggdi\odib din`^on) < h\ejm dio`m`no bmjpk ajm @P KjHN rjpg_ ]` a\mh`mn \i_ 

other members of agricultural communities (e.g. commercial beekeepers), hence covering those 

more extensively in the below. What most of these interest groups have in common is that 

potential volunteers therefrom hold deep understanding and relevant knowledge, but likely of 

different kinds from those we may expect due to differences in perspectives, experiences and 

worldviews; and as we will see in the below, their motivations may therefore differ too.  

2.7.5.2 Involving farmers 

Because of the importance of agriculture, farmers and other members of agricultural communities 

would be a natural target of EU PoMS - were it to include Citizen Science - for two reasons. First, 

they are well placed to participate in such monitoring given their proximity to and daily 

engagement with what would be their data collection sites (Ruck et al., 2023). Second, in terms of 

engagement and (for pollinators positive) change, farmers are a particularly important audience, 

given that they usually have at least some degree of agency to adapt their farming practices as a 

direct response to the results of data collection on their own land (Billaud et al., 2021). Ruck et al. 

(2023) reviewed existing Citizen Science approaches involving biodiversity monitoring on farmland, 

resulting in a typology of eight programme types unfolding along distinctions in types of data 

collected and nature of volunteer involvement. Their reflection on respective strengths and 

limitations is of considerable importance to EU PoMS and the different modes it may consider 

employing monitoring across Member States. Fundamentally, they point to two principal routes 

towards increasing the amount of volunteer-based biodiversity monitoring on farmland: 1) attract 

existing (naturalist) volunteers to new sites, i.e. on farmland, and 2) engage new groups of people 

that are already spending a lot of time on farmland, for example farmers, in the monitoring. Five 

key findings relevant to EU PoMS are:  

1. While all identified types of Citizen Science can make substantial contributions to farmland 

biodiversity monitoring, there is considerable scope for their further development, 

particularly through increased engagement of farmers (see also Ebitu et al., 2021) and the 

use of technologies to reduce technical barriers to participation (e.g. using image classifiers 

to support the identification of species). 

2. When developing farmland-specific programmes, the pool of potential volunteers is 

considerably reduced, making it yet more important to reflect on likely motivations of 

potential volunteers. With this in mind, naturalists may not be particularly attracted to 

farmland sites, while potential new volunteers from outside naturalist communities may be 

more attracted to programmes with methods where it is clear when a meaningful 

contribution (to e.g. science, contributing to greater knowledge on farmland biodiversity) is 

made. In many cases, highly prescribed programmes could be executed by professionals, 

although the costs would be higher. One can question whether it is ethical to engage 

volunteers if merely to reduce costs, particularly when a strongly structured (top-down) 

approach can regiment participants, thus limiting the influence of (for example) farmers on 

which biodiversity-related questions to address. It could also be safer to rely on 

professionals than on volunteers to ensure the long-term viability of the data collection. 

3. When using, or planning to use, Citizen Science as a way to monitor farmland biodiversity, it 

is important to be aware of the main strengths and limitations of the different types of 

programmes identified here, including those related to their respective primary audiences 

(see also Bloom and Crowder, 2020). Different types of monitoring programmes are useful 
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for different purposes and attract different participants. See Annex 2.7 for likely 

dimensions to include in reflections. 

4. Building links between Citizen Science and agricultural communities might be characterised 

\n ]md_bdib oc` b\kn ]`or``i orj _dnodi^o ¼^jhhpidod`n ja km\^od^`½ (e.g. Oswald, 2020; 

Sbrocchi et al., 2022). While bringing certain groups of people together through a common 

purpose or interest, such communities can also unwittingly create boundaries that make it 

challenging for those from outside that community to participate. This risk of such un-

intended consequences should be evaluated when building Citizen Science approaches to 

connect agricultural communities with citizen science practitioners. 

5. Adi\ggt' kmje`^on rdoc cdbc`m g`q`gn ja k\mod^dk\odji h\t ijo i`^`nn\mdgt ]` ¼]`oo`m½ oc\i 

those wc`m` qjgpio``mn½ k\mod^dk\odji dn gdhdo`_ oj _\o\ ^jgg`^odji \i_ np]hdnndji) º?``k 

learning is possible in any project, as participants learn differently and engage with the 

kmje`^o di pikg\ii`_ r\tn» (Van De Gevel et al., 2020; p. 35).  

2.7.5.3 Casting the net wide 

A third and final type of target audience could also be of relevance to EU PoMS, which are 

untrained (with respect to the tasks at hand) and/or less specific audiences. A common approach in 

Citizen Science is to involve school children, sometimes for the purpose of data collection but 

mostly for engagement (with nature and scientific methodology) or education reasons ¸ perennial 

dimensions of Citizen Science (Bonney and Dickinson, 2012). School structures allow for access, but 

mostly to classes at lower grades as at higher grades competition with fixed curricula intensifies. 

M`\^cdib ]mj\_ \p_d`i^`n ^\i \gnj ]` _ji` ocmjpbc _dbdo\g >dodu`i N^d`i^`) Njh` ja oc` Rjmg_½n 

largest Citizen Science programmes fall in this category. Zooniverse is the flagship example, which 

has generated over half a billion classification by registered volunteers so far. EU PoMS has 

opportunities here, within the Zooniverse ecosystem, or via more specialised approaches (e.g. X-

Polli:nation24, FITCounts25), through crowdsourcing, were it to employ networks of volunteers or new 

tools that generate a lot of images in need of species identification. Increasingly, such tasks are in 

the hands of automated species recognition software, which comes with opportunities and 

difficulties (Trulong and van der Wal, in review). Although such crowdsourcing can bring valuable 

data to scientists and rich experiences to participants, it is important to be aware of the risk of 

extractive processes, notably when also gamification comes in (Kreitmair and Magnus, 2019),  

exploiting people and their time without giving much in return (Ponti et al., 2018).  

2.7.6 Opportunities provided by Citizen Science in the EU PoMS proposed 

monitoring approaches 

As described above, Citizen Science has provided a wealth of data and knowledge on the status of 

pollinating insects in Europe, alongside the benefit of engaging people with science and nature. This 

section reviews the opportunities for Citizen Science to support the EU Pollinator Monitoring 

Scheme as the approaches are finalised. These opportunities include support for field sampling 

components as well as wider engagement and capacity building for pollinator monitoring.  

 

 

24 https://xpollination.org/  
25 https://fitcount.ceh.ac.uk/  

https://www.zooniverse.org/
https://xpollination.org/
https://fitcount.ceh.ac.uk/
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The EU Pollinator Monitoring Scheme as initially designed (Potts et al., 2021) comprised seven 

modules: a Minimum Viable Scheme (MVS, two modules), complementary approaches (two 

modules) and optional, additional modules (three modules). The revised design proposed in this 

report has two parts (see Figure 2.2.1 in section 2.1): the core scheme and complementary 

modules. The core scheme has 3 modules: 

ð Reinforced transects for monitoring bees, hoverflies and butterflies. 

ð Light traps for moths. 

ð Rare and threatened species using tailored methods depending upon the target species. 

Transects can be conducted by engaged volunteers if the protocols are sufficiently clear; they do 

not have to be skilled naturalists, but need to be trained such that the sampling is done in an 

ecologically sensible way. Identifying what is caught, however, requires reasonable (butterflies, 

some bees) to high (many other bees, hoverflies) skills, and hence select for either naturalists or 

professionals.  

Were the EU PoMS to transition to include a higher proportion of volunteer recording, then this 

would increase the need for Citizen Science capacity building, i.e. interest in pollinators and learning 

to identify pollinators. Here, naturalist societies and species group-centred organisations (e.g. 

BBCT26, Vlinderstichting27) can play a key role, through hands-on in-person training and promoting 

digital systems (e.g. X:polli-Nation). Collaboration of EU PoMS with digital operators such as 

iNaturalist28 and notably Observation.org29 (who cater specifically for Europe) could be of value, as 

would reaching out to other target audiences that are relatively easy to contact through 

stakeholder organisations (e.g. hunters, foresters, farmers, beekeepers, outdoor recreationists of 

various kind).  

The general principle of Citizen Science approaches are applicable to the core and complementary 

modules of the EU PoMS. We summarise the potential contributions from naturalist and other 

target audiences for Citizen Science approaches (Table 2.7. 1). 

 

 

26 https://www.bumblebeeconservation.org/  
27 https://www.vlinderstichting.nl/  
28 https://www.inaturalist.org/  
29 https://observation.org/  

https://www.bumblebeeconservation.org/
https://www.vlinderstichting.nl/
https://www.inaturalist.org/
https://observation.org/
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Table 2.7. 1. Overview of the potential for Citizen Science approaches to support modules of an EU 

pollinator monitoring scheme. 

EU PoMS 

module 

Naturalists Other target audiences Broader approaches 

Core scheme:  

Reinforced 

transects module 

Experienced 

naturalists for some 

groups; specialists for 

other.  

Training and engagement.   

Integrate with existing 

schemes ¸ particularly 

Butterfly Monitoring 

Schemes. 

Integrate with existing 

structured such as NGOs, 

specialist taxon-focused 

groups, and local place-based 

monitoring (e.g. Nature 

Reserves).  

Ethical considerations of 

destructive sampling. 

Core scheme:  

Moths module 

Generalists: trap 

placement and 

processing. 

Specialists: species 

identification 

supported by AI image 

classification. 

Trap placement and 

processing by target 

communities, notably 

farmers, foresters, 

hunters, outdoor 

recreation enthusiasts; 

and wider publics 

(including gardeners, 

green space managers). 

 

Broad recruitment activities.  

Potential to engage with 

farmers (as citizen scientists) 

as has proved successful for 

schemes in the Netherlands 

and Ireland. 

Core scheme:  

Rare & 

threatened 

species module 

Specialists on specific 

species or narrow 

taxonomic groups. 

Outdoor enthusiasts 

scouting for certain 

species to broaden 

chances of encounter. 

Launch annual call for focal 

species together with (digital 

and wider) biological recording 

organisations. Citizen Science 

could have a role depending 

on target species. 
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EU PoMS 

module 

Naturalists Other target audiences Broader approaches 

Complementary 

module:  

Pan traps module 

Generalists: trap 

placement and 

processing. 

Specialists: species 

identification. 

Trap placement and 

processing by target 

communities, notably 

farmers, foresters, 

hunters, outdoor 

recreation enthusiasts. 

Ample opportunities for 

training interested audiences; 

good focus for creating 

interest (and attracting new 

volunteers) together with 

country specific interest 

groups.  

Adaptable to participants. 

Could be combined with other 

protocols.  

Ethical considerations of 

destructive sampling. 

Complementary 

module:  

Wider insect 

diversity module 

Specialists for trap 

placement, sample 

processing and species 

identification. 

Trap placement and 

processing by target 

communities, notably 

nature reserve volunteers 

working alongside paid 

staff. 

Combined with molecular 

approaches for species 

identification. 

Source: ?srfmpqɃ cj_`mp_rgml, 

2.7.7 Conclusions and recommendations 

Europe has a long and rich tradition in Citizen Science. This includes world-leading monitoring of 

pollinating insects through long-established Butterfly Monitoring Schemes in several EU Member 

States. Schemes of this kind point to the value Citizen Science monitoring can bring to the EU PoMS 

¸ for extending e.g. butterfly monitoring to cover all EU Member States and to develop and promote 

Citizen Science approaches to encompass all pollinating insect groups.  While the opportunity is 

there, our evaluation also draws out that it is not without challenge and requires careful 

preparation, relationship building and coordination. Hence, we expect that EU PoMS will initially rely 

strongly on professional recorders, but that over time Member States might increasingly transition 

to higher proportions of volunteer recorders over the longer-term. The barriers and opportunities for 

successful Citizen Science are increasingly being recognised and are important to consider when 

considering new initiatives (Annex 2.7.A), including for farmland (Annex 2.7.B), as a component of 

EU PoMS and wider initiatives to protect and restore biodiversity in the EU.  

We recommend: 

1. Support coordination and development of Citizen Science in all Member States as a long-

term goal of capacity building to support an EU pollinator monitoring scheme. Resources 
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invested in Citizen Science should provide incentives and rewards for participants who given 

their time, e.g. provision of training, community-building events and regular feedback. 

2. Adopt proven Citizen Science methods such as Butterfly Monitoring Schemes in all Member 

States, to enable the collection of data to support assessment of trends in pollinating 

insects and development of biodiversity indicators. 

3. Evaluate Citizen Science methods that enable wide participation without requiring high 

levels of expertise in species identification, and which can be supported by new 

technologies such as image recognition and mobile applications. 

4. Engage with the farming community at Member State and EU levels to evaluate the 

potential of their involvement in Citizen Science to improve knowledge of biodiversity on 

farmland. 

5. Build collaborations between Citizen Science practitioners and social scientists to 

understand motivation of volunteers and overcoming barriers to participation, particularly 

for regions of Europe with less of a tradition for Citizen Science (e.g. Southern and Eastern 

Europe). 
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 Thinking tools for future capacity building of Pollinator Citizen Science  

,(1(;( Biq ni a_n =cnct_h M]c_h]_ »lcabn¼( Were Citizen Science to become part of EU PoMS, 

instigators may benefit from asking four fundamental and conceptually-related questions: 1) why 

to embark on an initiative (i.e. well-identified motivations); what should be achieved (i.e. setting 

and communicating clear aims, such as engagement or empower participants with actionable data 

to support the conservation of pollinating insects); who to involve (i.e. considered audience 

n`g`^odji' oc`m` dn ij "b`i`m\g½ kp]gd^ rc`i do ^jh`n oj nk`^dad^ dio`m`non$6 \i_ how to go about, 

thereby ascertaining that participants are not mere data providers but participants in their own 

right with valuable knowledge and expertise, whose involvement requires built-in opportunities for 

g`\midib rc`m` kjnnd]g` nc\kdib didod\odq`n½ kmj^`nn`n \i_ jpo^jh`n) C`m`' ^jind_`mdib a``_]\^f dn 

important. 

 

2.7.B. Dimensions of Pollinator Citizen Science on farmland. While using the above diagram, 

various dimensions may need reflection on when launching, modifying or promoting a Pollinator 

Citizen Science initiative. The list below are dimensions that were identified as part of the process 

of reviewing Citizen Science approaches intersecting with farmland (Ruck et al., 2023):  

ð Volume of data 

ð Accounting for farmland 

ð Spatial coverage 

ð Number of participants 

ð Skill levels (including attraction of 'high quality' volunteers) 

ð Ease to get started/record 

ð Species identification learning resource 

ð Data quality 

ð Long running/longitudinal data (including commitment pull) 
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ð Standardized methods and efforts 

ð Consistency of sites (longitudinal data) 

ð Farmland specific data 

ð Data from new sites 

ð Volunteer-professional engagement 

ð Farmer involvement/volunteer engagement 

ð Relevance of data 
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2.8 Design options for a rare and threatened species (RaTS) module 

2.8.1 Summary and recommendations 

Many insect species are rare, geographically localised or ecologically highly specialised. A 

standardised, large-scale pan-European pollinator monitoring scheme such as EU PoMS is 

extremely unlikely to sample these species sufficiently to detect changes in their status. The goals 

of the rare and threatened species module are: (i) to provide better data for assessing the 

conservation status of pollinators with the aim to reduce the number of Data Deficient and Not 

Evaluated species on the IUCN Red List and improve the data basis for threatened species; and (ii) 

to develop tailored recommendations to inform conservation management and future monitoring 

for each species or set of species in order to reverse declines of pollinator species.  

Prioritisation should focus on those species with the highest extinction risk (based upon the IUCN 

Red List) and lowest data availability. A formula for prioritisation is proposed based on: the IUCN 

Red List Score, date of last record, date of last survey and survey intensity. Priority lists should be 

co-developed between the European level and Member States, considering both EU and Member 

State priority species. Collaboration with non-EU countries should also be sought whenever priority 

species occur outside the EU. For each priority species, a list of potentially co-occurring rare species 

should be created to cover a maximum of species during each survey.  

Monitoring methods should focus on the most important information needed according to the 

current status of the species and may include presence-absence data, population size, density, 

timed counts, transect counts, phenology, host plant distribution or threats. Decisions about the 

monitoring methods should be based upon two primary questions: (i) what is the most important 

information needed to update the IUCN Red List assessment of the species and inform 

conservation action to improve the status of the species? (ii) which method should deliver the best 

(and most cost-effective) data to close respective knowledge gaps? After an initial survey, 

recommendations for long-time monitoring and management should be developed. Later 

monitoring should thus provide data to assess the efficacy of conservation action.  

Two indicators are proposed to measure the trends of rare and threatened species: (i) The IUCN Red 

List of Threatened Species, and (ii) the IUCN Green Status of Species. The IUCN Red List status can 

be used to calculate a Red List Index, which serves as a long-term indicator for biodiversity trends. 

The IUCN Green Status of Species provides a more rapid and more differentiated assessment of 

species recovery, and can be standardized across many different taxa and methods. Monitoring 

rare and threatened species requires good communication between the European level, EU Member 

States as well as interested NGOs, species experts and interested citizen scientists/naturalists. 
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2.8.2 Introduction 

Many insect species are rare, geographically localised or ecologically highly specialised. A 

standardised, large-scale pan-European pollinator monitoring scheme is extremely unlikely to 

sample these species sufficiently to be able to detect any meaningful changes in their status (D. 

Roy et al., 2020; van Swaay et al., 2008). However, data on their population status is important to 

measure biodiversity trends as rare and threatened species have a higher extinction risk than 

common species. The IUCN (International Union for Conservation of Nature) Red List of Threatened 

SpeciesTM is the most important tool providing information on the conservation status of species 

\i_ ^\i ]` ^jind_`m`_ \ º]\mjh`o`m ja gda`» (Stuart et al., 2010). It provides valuable data for 

measuring progress towards international biodiversity targets, such as the Convention on Biological 

Diversity (CBD, e.g. Global Biodiversity Framework (GBF) target 4) and the Sustainable Development 

Goals (e.g. SDGs 14 and 15). Assessing the IUCN Red List status of species is based upon five 

different criteria, but good knowledge of the distribution, population status and trend as well as the 

threats is required to provide robust assessments. Simply increasing the sampling effort of 

standardised monitoring approaches is not sufficient to provide reliable data on the population 

trends of rare species, as these schemes are designed to be representative of the landscape (not 

the taxon), and therefore unavoidably biased towards more common and widespread species (Potts 

et al., 2021). However, rare and threatened species often represent national and European 

endemics for which the European Union has a high responsibility in order to reach internationally 

agreed conservation targets. The chronic lack of data on distribution, population trends, ecology and 

threats to those insect species is a major obstacle to assessing their conservation status and to 

monitoring overall biodiversity trends (Hochkirch et al., 2021). This is illustrated by the first 

European Red List of Bees (Nieto et al., 2014), where 56% of the bee species occurring in the EU 

r`m` ajpi_ oj ]` ?\o\ ?`ad^d`io \i_ rc`m` oc`dm kjkpg\odji om`i_ r\n ^g\nndad`_ \n ºpifijri» ajm 
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79% of the species. Based upon experience from the European Butterfly Monitoring Scheme (eBMS) 

and expert opinion, it is estimated that ca. 40% of all insect species are too rare to be detected by 

a standardised monitoring scheme #Fpci `o \g)' -+--6 N`oo`g` \i_ QpedƎ k`mn) ^jhh)$. Consequently, 

specific monitoring approaches are needed for those species, tailored to the specific ecology and 

biology of the target species. The rare and threatened species module of EU PoMS has been 

developed to close this knowledge gap and focus on the least known and most highly threatened 

nk`^d`n rdoc oc` pgodh\o` bj\g oj \qjd_ \it ¼ndg`io½ `sodi^odjin)  

2.8.3 Aim of a rare and threatened species module 

The primary goal of the rare and threatened species module is to provide better data for assessing 

the conservation status of pollinators with the aim to reduce the number of Data Deficient and Not 

Evaluated species on the IUCN Red List and improve the data basis for threatened species. A 

second important goal is to provide tailored recommendations to inform conservation management 

and future monitoring for each species or set of species in order to reverse declines of pollinator 

species.  

Priority lists of rare and threatened pollinator monitoring should be created at the European level in 

collaboration with EU Member States. For each priority species, EU Member States should first 

conduct an initial survey to fill knowledge gaps and set the basis for future monitoring of the 

species in question. Member States should be encouraged to add their own priority species to the 

list of European priority species (particularly for Member States with low numbers of European-

wide priority species), but the European priority list should always be ranked higher. National 

priorities should focus on species listed in national Red Lists but may also include umbrella species 

or indicators of threatened habitat types. Collaboration with non-EU countries should also be 

sought whenever priority species occur outside the EU.  

During the first years of the implementation of the rare and threatened species module, the date of 

the last record will be of higher importance for prioritisation than the IUCN Red List status as the 

number of Data Deficient species is relatively high in insects (Hochkirch et al., 2021). The data 

recorded during monitoring can then help to update IUCN Red List assessments and over the years, 

the reduced time since the last records and last surveys will result in a stronger importance of the 

IUCN Red List status in informing the prioritisation process (see formula below). However, it also 

needs to be considered that IUCN Red List assessments are not updated regularly and may be 

outdated. Therefore, a proper management of the priority list is required, using published and 

unpublished information from species experts. Priority lists need to be developed, maintained and 

updated regularly at European level. A European coordination of the rare and threatened species 

module across the European Union would be ideal, as this would also facilitate EU-wide analyses. 

The priority list, current state of monitoring as well as the results should be made publicly available 

in order to inform conservation practitioners and engage citizen scientists.  

For each priority species, a list of potentially co-occurring rare species for its locations should be 

created to cover a maximum of species during each survey. After the initial surveys, future 

monitoring recommendations need to be developed for each species or species group based upon 

the results (including monitoring frequency and method). These recommendations should be 

drafted in collaboration with other Member States hosting populations of the target species. 

Furthermore, management recommendations would be devised based upon the monitoring results. 

These recommendations should be drafted in collaboration with relevant stakeholders and aim at 

reversing pollinator declines by mitigating the major threats to each species. After each monitoring 

round, the monitoring and management recommendations should be updated. This approach would 
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help to maximise the number of species monitored and ensure that Member States take 

accountability for the status of pollinator species. This in turn would also help to improve the 

conservation status of rare and threatened species and reach the target of halting the loss of 

pollinators. While moderately rare species might still be partly neglected by this approach, falling in 

the gap between the standardised monitoring of EU PoMS and the rare and threatened species 

module, they should be included in the list of co-occurring species as far as possible. Otherwise, 

they would fall into the focus of the rare and threatened species module only when their status 

changes into a threatened category of the IUCN Red List.  

2.8.4 Prioritisation of species for inclusion in the rare and threatened species 

module  

The number of rare and threatened pollinator species is very large and a complete coverage of all 

taxa is impossible, given that the majority of insect species has not even been scientifically 

described (X. Li and Wiens, 2023). Furthermore, our knowledge regarding the pollination function 

and efficacy of insect species as well as their ecological interactions is still at its infancy for many 

species. Therefore, a precautionary approach needs to be followed when deciding which species 

require targeted monitoring. A prioritisation mechanism is required, focusing on those species with 

the highest extinction risk (based upon the IUCN Red List) and lowest data availability. However, 

most insect species have not been assessed for the IUCN Red List so far, and even among the 

assessed species, there is often a lack of data regarding distribution, population trends, ecological 

requirements or threats (Hochkirch et al., 2021). While species in the threatened categories (i.e. 

Critically Endangered, Endangered, Vulnerable) (IUCN Species Survival Commission, 2001) should 

have the highest priority for monitoring in order to inform conservation action, Data Deficient or 

Not Evaluated species may also be at a high risk of extinction (Borgelt et al., 2022; Liu et al., 2022) 

and thus require similar attention, especially since lack/limited data may stem from their rarity, 

which further supports their prioritization.  

M`_dn^jq`mdib ºgjno nk`^d`n» #nk`^d`n oc\o c\q` ijo ]``i m`^jm_`_ ajm h\it t`\mn$ ncjpg_ ]` \ f`t 

task of the rare and threatened species module. The date of the last record and information on 

past survey efforts provide, therefore, additional layers for prioritisation. Obtaining data on the 

population status of species that have not been recorded for decades will help to assess or 

reassess their Red List status and provide the basis for future prioritisation. Furthermore, spatial 

overlap of several target species and less rare species needs to be considered in the prioritisation 

process in order to use the scarce resources as efficiently as possible by focusing on areas with 

overlapping occurrences of rare species. Other prioritisation mechanisms, which are sometimes 

used in nature conservation (e.g. ecological functionality, evolutionary distinctiveness) are here not 

considered, as biodiversity, ecological interactions and evolutionary relationships are still far from 

completely understood, but future development of a rare and threatened species module could 

consider these eventually. Moreover, recent evolutionary radiations may also be considered of high 

conservation value due to their high evolutionary future potential. In fact, conservation legislation 

(including the CBD) often highlights the intrinsic value of species, irrespective of their beauty, 

economic value, ecological role or evolutionary distinctiveness. Targets to achieve an increasing 

trend for pollinator populations can only be reached by obtaining data for a wide range of potential 

pollinators. Even pollinator groups, which are currently not selected as target groups for European 

legislation need to be considered. This also includes often-neglected pollinator taxa, such as many 

fly families (e.g. Bombyliidae, Mydidae, Phoridae, Conopidae, Muscidae, Calliphoridae), beetle 

families (e.g. Buprestidae, Oedemeridae, Meloidae, Mordellidae), hymenoptera families (e.g. 
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Pompilidae, Vespidae), thrips (Thysanoptera), flower bugs (Anthocoridae), bush-crickets 

(Tettigoniidae) or ectobiid cockroaches (Ectobiidae).  

2.8.4.1 Prioritisation formula 

At the start of the rare and threatened species monitoring scheme, the following formula (Equation 

2.8. 1) is proposed to prioritise species for monitoring:  

 

Equation 2.8. 1. Prioritisation formula for rare and threatened species monitoring. 

where 

SRL = Red List Score (Critically Endangered - Possibly Extinct = 1.0, Critically Endangered = 0.8, 

Endangered = 0.6, Vulnerable = 0.4, Near Threatened = 0.2, Least Concern = 0.1, Data Deficient = 

1.0, Not Evaluated = 1.0) 

SDR = Date of Last Record Score (Years since last record / 100) 

SLS = Date of Last Survey Score (Years since last survey / 100) 

SSI = Survey Intensity Score (comprehensive survey = 0, very high intensity = 0.2, high intensity = 

0.4, medium intensity = 0.6, low intensity = 0.8, insufficient intensity = 1.0) 

SRL is derived from the Red List Index (Butchart et al., 2007), but the calculations are inverse (to 

give species with a higher extinction risk a higher score) and slightly adapted (including a special 

score for possibly extinct taxa, data deficient taxa and not evaluated taxa. The SSI values would 

need to be scored in collaboration with experts for the species group and/or the researchers who 

conducted the surveys. All data available should be used to calculate P, including unpublished 

information from species experts (e.g. adjusting SRL if a Critically Endangered - Possible Extinct (CR-

PE) species has meanwhile been rediscovered; information on last surveys and survey intensity). 

For SDR, records on Citizen Science platforms should be considered, but (in case of doubts) carefully 

cross-checked with species experts. Final priorities should be discussed with species experts and 

adjusted if necessary. All priority scores should be entered (together with the known distribution) 

into a GIS, so that overlap analyses can be made to identify regions with occurrence of several 

priority species. After some years, the formula can be simplified by focusing on the Red List Score 

alone, because the scores for the date and intensity of the last survey will become close to zero 

after the onset of monitoring. In case of unsuccessful monitoring attempts of a lost species, 

extinction probability needs to be modelled and the chances of successful future monitoring rounds 

assessed (see Thompson et al., 2017). Ultimately, some species will be assessed as Extinct as a 

result of the monitoring efforts and removed from the priority list. These species should 

nevertheless be kept on a vigilance list for surveyors targeting other species in their region of 

occurrence.  

2.8.5 Monitoring methods 

The data required from the targeted monitoring may differ among species and should be adjusted 

to the most important information needed according to the current status of the species. For some 

species simple presence-absence may be sufficient to reconfirm their presence at a given site, for 

others more detailed data on the population size, density, host plant distribution or threats may be 

required. The methods used to survey each species will depend upon the ecology and biology of the 

ὖὶὭέὶὭὸώ ὖ = ὛὙὒ + ὛὈὙ  + (ὛὒὛ + ὛὛὍ) 1 
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species and may entail visual or acoustic surveys, pheromone traps, bait or light traps, mark-

recapture studies, transect walks, timed counts, counts of nests, eggs, larvae or adults, 

environmental DNA etc. Decisions about the methods should be based upon two primary questions: 

(i) what is the most important information needed to update the IUCN Red List assessment of the 

species and inform conservation action to improve the status of the species (e.g. population size, 

population trend, range size, number of locations, threats)? (ii) which method will deliver the best 

(and most cost-effective) data to close respective knowledge gaps?  

All data collected must be spatially explicit in order to inform any spatial planning efforts and 

should be made available with open access (except for sensitive data). The following data will be 

particularly important: 

ð Distribution: Distribution data are the most basic and fundamental data for biodiversity 

conservation. They are not only crucial for Red List assessments (IUCN Red List criteria B and 

D2), but also important for identifying Key Biodiversity Areas (KBAs), Key Pollinator Areas or 

other areas important for biodiversity, to inform strategic conservation planning and to 

implement appropriate conservation action. However, distribution information is usually 

incomplete or outdated for insects. Therefore, collecting up-to-date distribution data has the 

highest priority in the targeted monitoring for rare and threatened species. For species with a 

lack of recent records, targeted searches should be conducted based upon the records available 

in the literature, museum material and databases to reconfirm their presence. For species with 

presumably incomplete distribution data, the known occurrences as well as similar habitats in 

the vicinity of known records (or based upon species distribution modelling) should be surveyed 

so that the most comprehensive and up-to-date distribution data possible is obtained. For 

species that are easy to identify, Citizen Science approaches may be applied, while for elusive 

or highly cryptic species the use of more sophisticated methods (e.g. eDNA) may be prioritised 

(considering all life stages of the target species, i.e. eggs, juveniles (larvae, nymphs, pupae) and 

adults). Spatial data needs to be made available with open access, wherever possible (but 

protecting species which may be targeted by collectors etc.) to facilitate conservation practice 

(i.e. Red List assessors, national and regional authorities, NGOs, Protected Area managers) and 

encourage cross-sectoral collaboration, which is critical for successful conservation practice. 

ð Population: Population data are crucial to assess the extinction risk of species (IUCN Red List 

criteria A, C and D), identify populations with high conservation value and instigate conservation 

action timely. Estimating population trends is, therefore, a key element of species monitoring. 

To obtain data on population trends of rare and threatened species, it is important to use a 

standardised (but species-specific) method over time to measure or estimate population sizes 

or abundances. Methods to assess population sizes depend on several factors (detectability, 

habitat, phenology, life cycle, daily activity pattern) and, therefore, can vary strongly among 

species. They may include standardised trapping/recording on plots or transects or more 

sophisticated methods, such as mark-recapture (for species with small populations). Each 

survey aims to acquire robust data, allowing us to estimate or infer population trends of the 

respective species at a given site. To standardise methods as far as possible, monitoring 

guidelines should be developed at the European level and be regularly updated.  
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ð Ecology: Information on the habitat preferences of rare and/or threatened species is crucial for 

identifying and assessing the effects of potential threats (like habitat loss and fragmentation), 

and improving conservation planning and habitat management. Therefore, habitat variables 

considered relevant for the respective species should be recorded during each survey. These 

data will also help to improve future targeted searches for this species and improve distribution 

data. Important habitat parameters to consider are, for example, host plants, vegetation 

structure, nesting sites, microclimate, soil parameters etc. (depending upon the species under 

study). Habitat data should have to be stored alongside distribution and population data in an 

online, open access database so that this information can be used to inform Red List 

assessments and conservation action. These habitat data should follow a standardised habitat 

reference system, but additionally provide information in free text format to be able to cover 

any peculiar habitat requirements.  

ð Threats: Halting biodiversity decline is only possible by mitigating threats to species. While 

some general information on threats to European biodiversity is available, conservation action 

requires much more specific information on the major threats to each species at a given 

location. Therefore, actual or potential threats to the species under study should be recorded at 

each site. These may include details on known threats such as agricultural practices (e.g. type 

and density of livestock, crop type, use of pesticides and fertilisers, date and type of mowing, 

ploughing, rolling, drainage, irrigation), forestry (e.g. type, age and structure of forest, 

dominating tree species, use of liming, pesticides and fertilisers, type and number of roads and 

logging trails, use of heavy machines and other management practices), land abandonment, 

urbanisation and infrastructure, aquaculture, wildfires, drainage, damming, canalisation of lotic 

waters, mining, invasive species, biological resource use, direct human disturbance, pollution or 

effects of climate change. A clear scoring system of the severity of each threat, like the one 

offered by the IUCN Red List, should be applied so that the most pressing drivers of biodiversity 

decline as well as potential future drivers can be addressed. This information will be critical to 

improve habitat management and facilitate conservation action. 

2.8.6 Data storage, analysis and indicators 

All data obtained from the rare and threatened species module need to be validated at the national 

level and submitted or shared by the Member States in a standardised form via an online platform 

to a European data platform. National monitoring facilities should have their own interfaces to 

submit or correct data from the respective country. Each step of data entry, correction and 

validation, needs to be thoroughly documented. All data should be open access (CC0 or CC BY-NC 

licence) at capture resolution (but might be provided with lower resolution if sensitive data are 

included, such as species with high threat status). All data should be mirrored on several servers to 

avoid any loss of data. Data from Citizen Science should be submitted via an own gateway and 

incorporated in the database after validation by experts. Whenever possible, the data can be 

submitted via an App, but flexibility is required as different type of data may be submitted and 

different methods may be used. These data should be stored in the central database, but should be 

entered through the web portal.  

All data can be analysed by the Member States as well as on European level. The type of data 

required will be clarified during prioritisation and in the monitoring recommendations. The following 

key variables need to be analysed (depending on the status of each species):  
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ð Distribution: Spatially explicit information on occurrence of rare and threatened species is key 

to inform conservation management. Maintenance of a GIS database is, therefore, crucial. 

These data can be used, among others, to calculate (a) the number of populations, (b) the area 

of occupancy (AOO), (c) the extent of occurrence (EOO), and (d) the degree of population 

fragmentation. These measures, which are clearly defined by IUCN30, are important to conduct 

Red List assessments under IUCN Red List criterion B and D2.  

ð Population status: In most cases, it will not be possible to estimate the exact number of 

individuals of any insect population. However, population estimates can be obtained from 

mark-recapture studies and population trends can also be calculated from standardised 

monitoring on transects, timed counts or trapping. Calculating population reduction is 

particularly important for assessing the IUCN Red List status under criterion A, but data on 

kjkpg\odji om`i_n \gnj diajmh \nn`nnh`ion pi_`m DP>I M`_ Gdno ^mdo`md\ = \i_ > #º^jiodipdib 

d`^gdi`»' º`som`h` agp^op\odjin»$) Bjj_ kjkpg\odji `nodh\o`n #di o`mhn ja iph]`m ja h\opm` 

individuals) are required for IUCN Red List criteria C and D. Assessments of population viability 

can help to estimate the severity of population fragmentation (see IUCN Standards and 

Petitions Committee, 2024) and inform conservation planning processes. 

ð Threats: Information on the existence, importance and spatial distribution of threats is 

important to guide conservation planning and management. Threat information is also required 

for IUCN Red List assessments, including the estih\odji ja oc` ºiph]`m ja gj^\odjin» (as 

defined by IUCN Standards and Petitions Committee, 2024) under IUCN Red List criterion B as 

r`gg \n \nn`nnh`ion pi_`m DP>I M`_ Gdno ^mdo`mdji ?- #ºm`nomd^o`_ _dnomd]podji rdoc \ kg\pnd]g` 

future threat that could drive the taxon to CR or EX di \ q`mt ncjmo odh`»$) 

ð Ecology: Information on the habitat requirements of species is key to derive suitable 

conservation action. However, the habitat requirements of many insect species are still 

unknown. Therefore, it will be important to identify key gaps in ecological knowledge of each 

species and collect data to close those knowledge gaps. Data on habitat affiliation can help to 

guide searches to discover potentially unknown populations of threatened insect species or 

discover suitable, but unoccupied habitats, which may be suitable for any future 

reintroductions. Habitat data can also be used to infer population trends of species in case of 

highly specialised but elusive species.  

2.8.6.1 Indicators 

Two major indicators are proposed to measure the trends of rare and threatened species: (i) The 

IUCN Red List of Threatened Species, and (ii) The IUCN Green Status of Species. Using the data 

obtained from the rare and threatened species module monitoring, re-assessments of the IUCN Red 

List status could be made for each species. The assessments should always be made on the 

geographic level at which the inclusion of the species in the RaTS priority list was based upon (i.e. if 

a species has been included because of a high European Red List Score, the European Red List 

status should be used, while if a species has been added as a national priority, the national Red List 

score should be chosen).  

 

 

30 https://portals.iucn.org/library/node/10315  

https://portals.iucn.org/library/node/10315
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The IUCN Red List status can be used to calculate a Red List Index (RLI, Butchart et al., 2007), which 

serves as a long-term indicator for biodiversity trends (Stuart et al., 2010). However, IUCN Red List 

assessments have a strong inertia due to the methodological requirements and downlisting 

procedures (e.g. the 5-year rule, which regulates movements of taxa to a lower threat category 

ºrc`i iji` ja oc` ^mdo`md\ ja oc` cdbc`m ocm`\o ^\o`bjmt c\n ]``i h`o ajm adq` t`\mn jm hjm`»$ 

(IUCN Standards and Petitions Committee, 2024).  

The IUCN Green Status of Species provides a more rapid and more differentiated assessment of 

species recovery. It entails four different metrics (for details, see Akçakaya et al., 2018): (i) 

Conservation Legacy, which captures the impact of past conservation interventions on the status of 

oc` nk`^d`n #h`\npm`_ ]t \ ºM`^jq`mt N^jm`»' rcd^c m\ib`n amjh +г 8 `sodi^o' oj ,++г 8 apggt 

recovered), (ii) Conservation Dependence, which captures what is expected to happen over the next 

ten years if current conservation actions were to cease, (iii) Conservation Gain, which captures the 

change in status expected to occur within the next ten years resulting from planned conservation 

actions, and (iv) Recovery Potential, which is the maximum recovery that can be potentially reached 

bdq`i oc` no\o` ja oc` rjmg_ oj_\t) < nk`^d`n dn ^jind_`m`_ apggt m`^jq`m`_ ºda do dn qd\]g` \i_ 

ecologically functional in `\^c k\mo ja don di_db`ijpn \i_ kmje`^o`_ m\ib`» (Akçakaya et al., 2018). 

Changes in the Recovery Score could be a suitable indicator to measure progress in the 

conservation of rare and threatened species. The proposed Red List Index and Green Status of 

Species indicators are complementary to the general pollinator indicators linked to EU PoMS (see 

section 3.1).  

2.8.7 The rare and threatened species module monitoring framework 

Monitoring rare and threatened species requires good communication between the EU Member 

States, the EU as well as interested NGOs, species experts and interested citizen scientists or 

naturalists (Figure 2.8. 1). Prioritization needs to be done at the European level (creating, 

maintaining and updating the priority list of species), either by a European coordinating body or a 

coordination mechanism between national authorities. All other steps should be conducted at the 

Member State level. This includes the initial survey or first monitoring round, analysing all 

monitoring data and devising monitoring recommendations. National and local authorities need to 

be involved in co-developing management recommendations and are also responsible for the 

implementation, including both implementation of conservation action and further monitoring.  
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Figure 2.8. 1. Proposed framework for the rare and threatened species module.  

 

Qmspac8 ?srfmpqɃ cj_`mp_rgml,  

Spatially explicit data from both conservation actions and monitoring should be submitted to the 

European database. Ideally, there would also be a European-wide analysis of the data, update the 

priority list, re-assessment of the Red List status. All data, including the priority list, monitoring 

recommendations, management recommendations and monitoring data, should be made publicly 

available online in order to benefit from Citizen Science engagement. Information on priority 

species and monitoring results should be spread via reports and the social media to encourage 

citizen scientists to engage. Data from Citizen Science should be incorporated in the data 

management process by creating a platform to submit own monitoring data (ideally a sub-platform 

of existing Citizen Science platforms). There should be a particular focus on engaging citizen 

scientists in the search for lost species. For each species in the priority list, recommended 

monitoring methods minimum requirements for data submission should be provided. Information 

from other monitoring schemes, Citizen Science platforms, scientific research and other sources 

should be incorporated whenever possible. 

2.8.8 Budget and timelines 

At Member State level, the coordination, prioritisation and data management of the rare and 

threatened species module would require at least two full-time staff (1 coordinator, 1 database 

manager/data miner) as well as a budget to fund fieldwork. As most highly threatened or lost 

insect species have small geographic ranges and often a short activity period, the targeted the rare 

and threatened species module monitoring fieldwork does not require large funds. The funding 

required will differ among species (or species group), depending on their distribution, monitoring 

h`ocj_n \i_ `aajmo' ]po dn `sk`^o`_ oj ]` pnp\ggt g`nn oc\i Õ,+'+++ k`m nk`^d`n #jm \m`\$) Ajm 

dino\i^`' \ ads`_ ]p_b`o ja Õ0++'+++ k`m t`\m rjpg_ ocpn \ggjr npmq`tdib 90+ nk`^d`n #jm \m`\n 

with multiple species) per year. Member States may thus hire species experts, consultants or 

organisations to conduct the initial surveys of priority species (or sets of species) following the 

monitoring protocols. Here are some illustrative examples for monitoring recommendations in 

different circumstances: 
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ð A Data Deficient wild bee species is only known from type material collected several decades 

ago. The most important information is to confirm its occurrence at the type locality or areas 

close to it. In case of unknown habitat preferences, information from related taxa should be 

considered. An initial survey would include targeted searches in the area close to the type 

locality during the most likely season of adult appearance. This would involve some travel costs 

#ajm om\q`gdib oj \i_ ]`or``i _daa`m`io nop_t ndo`n$5 ^\) Õ,'0++' no\aa odh` #`)b) ,+ _\tn s 3 

cjpmn s - no\aa 8 ,1+ c$5 ^\) Õ3'+++' ^jinph\]g`n #`)b) qd\gn' gdlpd_n$5 ^\) Õ0++6 Ojo\g 8 

Õ,+'+++) 

ð An Endangered hoverfly species is known from three localities. The species is difficult to detect, 

but may be recorded by using eDNA from tree sap. This would involve some travel costs (for 

^jgg`^odib om`` n\kn$5 ^\) Õ-'+++' no\aa odh` #`)b) ,+ _\tn s 3 cjpmn s , no\aa$ 8 Õ/'+++' `?I< 

analysis and barcodinb #,++ n\hkg`n s .+ Õ$ 8 Õ.'+++6 Ojo\g 8 Õ4'+++) 

ð A Critically Endangered butterfly species is only known from a single locality. The species is 

easy to find and catch, mark-recapture is recommended as the most suitable method to 

estimate population size. This would involve travel costs (for travelling to the study site and 

^ji_p^o oc` h\mf m`^\kopm` nop_t jq`m . r``fn$ 8 Õ.'+++' no\aa odh` #-+ _\tn s . cjpmn s - 

no\aa$ 8 Õ1'+++' ^jinph\]g`n #^j\odib k`in' i`on$ 8 Õ0++6 Ojo\g 8 Õ4'0++) 
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2.9 Design options for a moths module (light traps) 

2.9.1 Summary and recommendations 

There is increasing evidence of the importance of nocturnal pollination, and moths are major 

contributors, hence monitoring moths is increasingly gaining attention. Moths can look very similar 

and there are over 8,000 species in Europe, thus moth monitoring was traditionally done by experts 

as identification can be complex.  

In recent years, the development of image recognition has made moth identification much easier 

(see section 5.2.4). Image recognition allows volunteers to quickly identify moths without extensive 

prior knowledge. An image recognition-based moth monitoring system has been developed to the 

point where it could potentially be quickly and widely deployed as part of a pollinator monitoring 

system. This system consists of a small light trap that can be placed out in the evening, and trap 

placement takes about 30 seconds. In the morning the trap is emptied by a volunteer (or 

professional), all moths are photographed using an already available App. After being 

photographed, the moths are released. 

This system has been tested in several European countries and, although adaptations had to be 

made to adjust for local circumstances, the results are very promising. By implementing this 

approach, moths could become one of the easiest pollinator groups to monitor and contribute 

greatly to our knowledge and insights into night pollination by collecting data on moth occurrence 

and abundance. 

To further develop this monitoring network to the EU scale we recommend the following actions:  

ð Appoint and fund a full time EU coordinator of the recognition-based moth monitoring system, 

and funding should be provided for national coordinators. The role of the European coordinator 

would be to support, motivate and help the Member State coordinators. The national 

coordinators would handle the contact with the local volunteers and manage the scheme on a 

national level. This approach reflects the European Butterfly Monitoring Scheme (eBMS), where 

this structure has worked well. 

ð Build and financially support a network of validators to give feedback to volunteers. This would 

rapidly collect additional training data for the image recognition system, allowing it to develop 

further. 

ð Create and translate supporting materials. These would be user-friendly moth information and 

identification materials to increase volunteer enthusiasm as well as user-friendly protocol 

descriptions. Although it is not necessary for volunteers to learn moth identification, being able 

to recognize some species and learning about them greatly increases enthusiasm, which in turn 

can increase volunteer retention. 
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ð Extend the existing IT infrastructure (see Chapter 4). The European Butterfly Monitoring 

Scheme31 (eBMS) IT system already fully supports moth recording via a mobile app using image 

recognition.  However, a pan European system would increase the pressure on the databases, 

portals and image recognition systems; hence, the IT infrastructure needs to be expanded. 

Additionally, the system needs dedicated support (e.g. respond to queries from users). 

ð Continue development of statistical analyses to produce trends and indicators for moths. The 

first results will be mostly based on data from countries where this scheme is already running 

(such as the Netherlands) but having the processing tools available could encourage countries 

to join. 

 
 

2.9.2 Background and context 

Many pollinators are difficult to recognize and image recognition can support volunteers by aiding 

with identification. Especially when combining image recognition systems with a structured 

monitoring network. There are over 8,000 moth species in Europe, and evidence of their importance 

as pollinators is mounting (Alison et al., 2022; Anderson et al., 2023; Walton et al., 2020) especially 

in agricultural systems (e.g. for strawberries, Fijen et al. (2023)). Until recently, monitoring moths 

was restricted to a select group of experts who could correctly identify these moth species. Image 

 

 

31 https://butterfly-monitoring.net/  

https://butterfly-monitoring.net/
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recognition now enables volunteers to quickly identify a large proportion of moth species without 

having to study moths for several years. At present, the average identification accuracy of the 

automatic identification is estimated at 94% for the macro-moths in north-western Europe, 

although it is important to note that this accuracy strongly depends on the exact selection in the 

validation data (e.g. which species are included, which regions; L. Hogeweg, lead designer of the 

Image Recognition System behind ObsIdentify, personal communication, 2024). This enables 

monitoring by non-experts, for example by volunteers or farmers, which has led to a rapid growth 

of the moth monitoring networks. 

As part of the SPRING project, the potential for moth monitoring with non-lethal LED based traps 

using image recognition was tested in five European countries (Netherlands, Sweden, Hungary, 

Spain and Germany). The trap is placed by a volunteer in the evening and emptied in the morning. 

When emptying the trap each moth is photographed and released. These photographs are 

automatically identified by image recognition software. Both the images and identification results 

are transmitted to a server and stored. 

Not all species are caught, as not all moth species are attracted by light. However, trends across 

years can be established because of the ease of identification and the standardisation of the effort 

and frequency of the monitoring. Photos of the moths can also be stored for later verification and 

further improvement of the identification algorithm. Note that the attractive nature of this trap is 

unlikely to cause a statistical problem as it is not competing with naturally occurring landscape 

features; i.e. the effectiveness of the trap is based on light, which does not depend on changing 

local landscape characteristics such as flower richness, though other sources of light must be 

considered when locating traps. This attractiveness will differ between landscape types (the 

attractive range will be smaller in a forest than in an open area). However, our aim is to calculate 

trends (analyse data on a location over multiple years). As the effect of landscape does not differ 

between years, the deployment across different landscape types does not affect our ability to 

calculate trends.  

The TRL (Technology Readiness Level) of this technique in north-western Europe is estimated to be 

8, the technique is ready for deployment in this region, but algorithms need further development to 

improve performance outside of north-western Europe. To achieve this, more validated images 

need to be collected of south-eastern European species. It is therefore important to include human 

validators in the EU-wide deployment of this monitoring scheme.   

This monitoring method has the potential to be upscaled as part of a pan-European monitoring 

system capable of delivering high quality species abundance data. It relies on non-lethal sampling 

and requires very limited knowledge to participate, making it attractive to volunteers. Once tested 

and refined for southern and eastern Europe, this method could have, with support, the potential to 

be a component of EU PoMS and deliver data suitable for moth trend analyses. 

2.9.3 SPRING field trial 

As part of the SPRING project, the potential for moth monitoring using image recognition was 

tested in 2022-2023 in five European countries (Netherlands, Sweden, Hungary, Spain and 

Germany), which led to the development of standardised monitoring protocols. This standardised 

monitoring protocol relied on traps that attract moths with LED lights (Figure 2.9. 1), the trap is 

placed by a volunteer in the evening and emptied in the morning. The moths are photographed and 

released in the morning. The moths are generally docile and easy to photograph, although in 

warmer climates they become more active early in the morning. This can be addressed by using a 
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mosquito net, or in extreme cases a killing agent. Once specimens are photographed, they are 

automatically identified by image recognition software.  

Figure 2.9. 1. Examples of the moth traps tested in the SPRING project.  

 

Source: SPRING project.  

Fieldwork was undertaken in 253 locations. In Sweden, Hungary and the Netherlands extra 

datapoints were added over the 125 that were originally planned. In total in 3,006 light traps were 

set out in the SPRING project (1,586 in 2022 and 1,420 in 2023).  

2.9.3.1 Protocols 

Three protocols to guide volunteers were produced by SPRING:  

¶ How to build your own LED moth trap32. Although for monitoring purposes is not needed to 

use exactly the same trap on every location (as long as the trap remains the same in time), 

the LED traps are a relatively cheap and versatile method to trap moths. 

 

 

32 https://butterfly-monitoring.net/sites/default/files/Pdf/moth monitorin/Self-made your LEDmoth Trap.pdf  

https://butterfly-monitoring.net/sites/default/files/Pdf/moth%20monitorin/Self-made%20your%20LEDmoth%20Trap.pdf
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¶ How to set up and use a LED trap33. Also available in Spanish34 , Italian35, German36, Dutch37 

and Swedish38. 

¶ How to register moth trap samples on eBMS website. 

More information can be found on BMS methods page39.  

The protocols were specifically designed to guide citizen scientists in placing the LED trap. The 

ButterflyCount app (available on Google Playstore and Apple Appstore) is designed to make 

entering data as simple as possible for volunteers. This app is fully developed, and already widely 

used. Not only does it make entering data easy and quick, but it also has a built-in moth 

identification via the ObsIdentify image recognition, which has been developed by the SPRING 

partner Naturalis. 

At the end of the SPRING project, extra attention was given to the validation of moth photos that 

have been entered using the ButterflyCount App. These photos can further improve the quality of 

the image recognition, as this algorithm is trained on a regular basis (usually once a year). 

2.9.3.2 Analysis and findings 

In total 69,426 moths of 1,506 species were reported, with a mean of 23.1 moths per trap per 

night (median 9 moths per trap per night). In 2022, most moths were trapped in Spain with a mean 

of more than 80 moths per trap per night for weeks 35-40 (Figure 2.9. 2). The lowest numbers 

were counted in the Netherlands. In 2023, Spain again had the highest number of moths per trap, 

however in August (between weeks 30 and 35) Hungary took over. Except for Spain, where 

numbers were comparable, mean number of moths in the investigated traps were higher in 2023 

than in 2022. 

 

 

33 https://butterfly-
monitoring.net/sites/default/files/Pdf/moth%20monitorin/Manual%20Ledtraps%20English%20Feb2022%20-
%202%20pages.pdf       

34 https://butterfly-
monitoring.net/sites/default/files/Pdf/moth%20monitorin/Manual%20Ledtrap%20Spanish%20Feb2022%20-
%202pages.pdf  

35 https://butterfly-
monitoring.net/sites/default/files/Pdf/moth%20monitorin/Manual%20Ledtraps%20Italian%20Feb2022%20-
%202%20pages.pdf  

36 https://butterfly-monitoring.net/sites/default/files/Pdf/moth monitorin/Manual LedEmmers German March 2022.pdf  
37 https://butterfly-monitoring.net/sites/default/files/Pdf/moth monitorin/Manual Ledtraps Dutch.pdf  
38 https://butterfly-monitoring.net/sites/default/files/Pdf/moth monitorin/Manual LedEmmers Swedish maart 2022.pdf  
39 https://butterfly-monitoring.net/bms-methods  

https://butterfly-monitoring.net/sites/default/files/Pdf/moth%20monitorin/Manual%20Ledtraps%20English%20Feb2022%20-%202%20pages.pdf
https://butterfly-monitoring.net/sites/default/files/Pdf/moth%20monitorin/Manual%20Ledtraps%20English%20Feb2022%20-%202%20pages.pdf
https://butterfly-monitoring.net/sites/default/files/Pdf/moth%20monitorin/Manual%20Ledtraps%20English%20Feb2022%20-%202%20pages.pdf
https://butterfly-monitoring.net/sites/default/files/Pdf/moth%20monitorin/Manual%20Ledtrap%20Spanish%20Feb2022%20-%202pages.pdf
https://butterfly-monitoring.net/sites/default/files/Pdf/moth%20monitorin/Manual%20Ledtrap%20Spanish%20Feb2022%20-%202pages.pdf
https://butterfly-monitoring.net/sites/default/files/Pdf/moth%20monitorin/Manual%20Ledtrap%20Spanish%20Feb2022%20-%202pages.pdf
https://butterfly-monitoring.net/sites/default/files/Pdf/moth%20monitorin/Manual%20Ledtraps%20Italian%20Feb2022%20-%202%20pages.pdf
https://butterfly-monitoring.net/sites/default/files/Pdf/moth%20monitorin/Manual%20Ledtraps%20Italian%20Feb2022%20-%202%20pages.pdf
https://butterfly-monitoring.net/sites/default/files/Pdf/moth%20monitorin/Manual%20Ledtraps%20Italian%20Feb2022%20-%202%20pages.pdf
https://butterfly-monitoring.net/sites/default/files/Pdf/moth%20monitorin/Manual%20LedEmmers%20German%20March%202022.pdf
https://butterfly-monitoring.net/sites/default/files/Pdf/moth%20monitorin/Manual%20Ledtraps%20Dutch.pdf
https://butterfly-monitoring.net/sites/default/files/Pdf/moth%20monitorin/Manual%20LedEmmers%20Swedish%20maart%202022.pdf
https://butterfly-monitoring.net/bms-methods
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Figure 2.9. 2. Mean number of moths per trap per night per country, in 2022 and 2023. 

 

Qmspac8 ?srfmpqɃ cj_`mp_rgml `_qcb ml rfc QNPGLE npmhcar,  

The traps are deployed in clusters of 5, each single trap caught close to 50% of the total number 

of species observed in all 5 traps, for most of the countries and habitats (Figure 2.9. 3). Only in 

traps in urban areas, is this percentage clearly higher, indicating a more homogeneous moth fauna 

in cities and villages.  



 

125 
 

Figure 2.9. 3. For each country (top, orange) and habitat (bottom, blue) the distribution of the percentage of 

the species of a cluster per trap is given.  

 

Qmspac8 ?srfmpqɃ cj_`mp_rgml `_qcb ml rfc QNPGLE npmhcar, 

2.9.4 Current status and development opportunities 

Currently the image identification works best in north-western Europe. Further development is 

required to improve the moth recognition in the rest of Europe. This development is currently 

ongoing but is constrained by low image availability for rare species or species occurring in parts of 

Europe with limited monitoring activity. By starting the monitoring scheme with additional experts 

to validate images of underrepresented species, the availability of training data should rapidly 

increase, allowing the algorithms to be improved.  

The advantages of including additional sensors that record local conditions (such as sound or light 

levels) are currently being investigated; however, this would make the trap more expensive. 

The data requirements of this tool are similar to other image recognition-based techniques: large 

datasets (preferably several hundred images per species) of validated images, even more if 

multiple forms, phenotypes or angles of the same species are to be recognised. Access to high 

performance computation resources is usually required to develop and update these algorithms. 
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2.9.4.1 Advantages and limitations 

This method does not depend on lethal sampling, gives immediate results, and both deploying the 

trap and emptying it can be done without much effort and require no special expertise. This makes 

the method highly suitable for volunteers in addition to professionals. The technology has already 

been developed to the point where it can be deployed widely and the first international field tests 

were successful. A power analysis in the Netherlands shows that the method produces data of 

sufficient quality to allow for trend monitoring and also indicates that the costs are low, even if the 

scheme was entirely operated by experts (see 2.9.4 and 2.9.5). 

The effectiveness of the trap will change when the environment becomes lighter (e.g. additional 

street lighting being placed), this would have to be noted and potentially the trap has to be moved. 

The light dependency of this trap means that it will perform poorly in northern countries where in 

summer the nights are very light. However, as this effect is stable through time, this should not 

affect our ability to calculate a trend, but it will affect our ability to measure both species richness 

and abundance. In southern European countries the opposite problem occurs, where species 

become active early in the morning, and become difficult to photograph. This can be counteracted 

with a mosquito net or by using a killing agent.  

The effective range of these traps depends on the local landscape, e.g. the light will have a smaller 

range in a forest. This is not an issue if trend calculations only focus on a comparison between 

years. However, this would be a significant problem if these data were to be used to compare 

species richness between different habitat types; and it is important to note local changes in 

circumstances, such as habitat structure or light pollution.  

The LED trap is primarily focused on moths, as few other pollinators are attracted to light. Not all 

moth species can be monitored using light traps, as not all moth species are attracted to light. In 

general, macro-moths are more attracted to light than micro-moths. For these two groups 

combined, experts estimate that roughly 80% of species can be monitored using light trapping on a 

European scale. 

2.9.4.2 Estimated costs 

The LED traps are currently being sold at ~Õ,++ ajm hjidojmdib kpmkjn`n' \i_ ajm ~Õ,0+ oj 

interested individuals not part of a monitoring scheme (excluding shipping costs). A detailed DIY 

guide is available, so anyone can easily produce these traps. Having an expert deploy and emptying 

\ ndibg` om\k ^jnon Õ20 k`m n\hkgdib `q`io) Oc`n` ^osts were calculated by previous STING1 group 

(Potts et al., 2021). Hence, operating a single trap for a year (assuming 6 visits per year) costs 

Õ/0+) =\n`_ ji oc` kjr`m \i\gtndn di n`^odji -)4)0' dn the Netherlands ~40 traps would produce a 

kjr`m ja 3+г) Oc`m`ajm`' no\modib oc` hjidojmdib n^c`h` rjpg_ ^jno Õ/'+++ #\nnphdib Õ,++ k`m 

trap). The yearly operational costs of the entire moth monitoring network, solely based on experts, 

rjpg_ ^jno \]jpo Õ,8,000. This does not include travel expenses, coordination, (image) data 

storage and data processing. This is an example based on a relatively small country with a low 

diversity of habitat types, but it indicates that compared to other monitoring techniques and 

species groups, moth monitoring can be done at relatively low costs. 

2.9.5 Feasibility for inclusion of moth monitoring in EU PoMS 

As part of the SPRING project, successful moth monitoring was conducted in five European 

countries (Sweden, Netherlands, Germany, Hungary and Spain), which led to minor adjustments to 

the existing well-established, standardized, monitoring protocols. These adjustments ensure that 
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established field methods should also be feasible in other European countries. This standardized 

monitoring protocol relies on led traps that attract moths with LED lights. Although not all species 

are caught, most species can be. What is important, though, is that trends across years can be 

established because of the ease of identification and the standardization of the effort and 

frequency of the monitoring. Photos of the moths can also be stored for later verification. 

To determine the required monitoring effort to get reliable five-year trend estimates of macro 

moths as a group (not a trend per species), model-based power analyses were conducted for 

different combinations of number of traps and visits per trap per year (with each visit consisting of 

one night). The effect size was estimated from the data in the Dutch moth monitoring scheme. 

Figure 2.9. 4 shows the power for different combinations of number of traps and number of visits 

per trap. For a power of ~80%, one could use 40 LED traps that are visited six times a year. As can 

be seen in Figure 2.9. 4, other combinations are also possible, for example 25 traps visited ten 

times a year. This exact number of sites strongly depends on the spatial distribution of sites and on 

how well they represent main habitat types. As well as the number of main habitat types present in 

a country. This example is based on a small country with a relatively limited number of habitat 

types. However, it clearly shows the potential of this approach.  

In the SPRING project, data are acquired from traps in spatially close clusters in different countries 

(for this purpose analysed: Hungary, Sweden, Spain, and the Netherlands). This dataset shows that 

there is little overlap in macro-moth counts (total number of macro-moths) between these spatially 

close traps. 

Species composition showed little commonality between traps that are spatially close. Hence 

placing several traps on a single sampling site seems a good strategy to place the required number 

of traps without a drastic increase in sampling effort.  

Figure 2.9. 4. Power to detect changes in moth abundance for different combinations of visits per trap and 

number of traps (different coloured lines) for all observations of macro moths in all habitats in the Dutch 

moth monitoring scheme. The horizontal grey line indicates a threshold of 80%. (A) Power analysis results for 

a generalized linear mixed model, with year as an ordered factor and polynomial contrasts. (B) Same as (A), 

but with year as factor with repeated contrasts. 
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Given the smaller number of moths present in intensive agricultural areas in the Netherlands and 

their importance for pollination in these areas (Fijen et al., 2023), power analyses were also 

conducted only on agricultural monitoring sites (Figure 2.9. 5). We found that a solely agricultural 

landscape will require a slightly higher sampling effort, but differences are minimal.  

It is important to stress that for placing and emptying the traps, no moth-identification skills are 

needed. Simply making photos of all moths inside the trap, and identifying them either via AI or 

later via an expert, makes it possible for every interested farmer, warden or nature lover to 

participate in the monitoring of moths, making this one of the monitoring methods which can be 

relatively easily deployed with the help of volunteers. This can help in reducing the costs for moth 

monitoring. 

Figure 2.9. 5. Power for different combinations of visits per trap and number of traps (different lines) for 

observations of macro moths in agricultural areas in the Dutch moth monitoring scheme. The horizontal grey 

line indicates a threshold of 80%. (A) Power analysis results for a generalized linear mixed model, with year 

as an ordered factor and polynomial contrasts. (B) Same as (A), but with year as factor with repeated 

contrasts. 

 

Qmspac8 ?srfmpqɃ cj_`mp_rgml `_qcb ml rfc QNPGLE npmhcar, 

Well-established and standardized protocols for the monitoring of moths are used already in eight 

European countries (Belgium (Flanders), Estonia, Finland, Ireland, Hungary, the Netherlands, the 

United Kingdom, and Portugal). These protocols, together with the monitoring effort here 

determined, provide a feasible method to monitor and estimate reliable trends of macro moths 

across the European Union.  This can be done in habitats rich in pollinators but could also be 

sufficient for trend estimates in areas with lower insect densities like intensively used agricultural 

areas as in north-western Europe. Due to the relative ease of identifying moths and clear protocols 

for monitoring, monitoring moths in more European countries could provide reliable trends as 

indicator of changes in pollinators in Europe. 

In the Netherlands, establishing a monitoring system that allows us to detect a significant change 

over five years requires 40 traps deployed once a month in the season (six times per year). 

However, as the Netherlands has a volunteer-based moth monitoring scheme running many more 

sites already, extra costs would be minimal. This also applies to the other countries where moth 

monitoring schemes are already underway.  
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2.9.6 Future steps 

The standardised protocols described here provide a strong basis for further refinement for 

inclusion in EU PoMS, and this will be addressed in STING+. The image recognition system could be 

expanded to include all European moth species. This is already underway but still requires 

significant work. By piloting and testing the monitoring system, additional images can be quickly be 

collected. During the testing of this technique in the SPRING project, we had reports of large 

numbers of moths being captured in south-eastern Europe, and these moths were reported to 

become active early in the morning. This can be addressed by using a weaker LED light, combined 

with a mosquito net or a stunning/killing agent. Local and regional differences in species richness 

and diversity throughout Europe would likely require further small adaptations; several datasets 

and information sources have already been offered to support further fine-tuning of this method. 

However, these regional differences should not introduce a bias in the trend calculations, as a 

location is studied through time. If a European moth monitoring scheme is properly supported, and 

the method is further tested and refined in southern and eastern Europe, it could potentially grow 

into a prominent component of the EU PoMS.  

Based on the experiences of the European Butterfly Monitoring Scheme with setting up such a 

network, we recommend the following steps:  

ð Appoint and fund a full time European coordinator of a European moth monitoring scheme, as 

well as national coordinators. This would boost the growth rate of the volunteer network.  

ð Build and financially support a network of validators to ensure quality of moth identification 

and ensure validated input for the AI system. Validators would target species where image 

classification success is lowest, in order to make the greatest contribution to ongoing 

development of image classification models.  

ð To further lower the threshold for volunteers to get started, supporting materials should be 

created and translated. These could be user-friendly moth information and identification 

materials as well as user-friendly protocol descriptions.  

ð Extend the existing IT infrastructure. The eBMS IT system already fully supports moth recording 

using image recognition, but the system would need to be expanded. A pan-European scheme 

would increase the pressure on the databases, portals and image recognition systems.  

ð Continue development of statistical analyses to produce trends and indicators for moths (see 

modelling and indicator development in section 3.1). In particular, this would need to include 

southern and eastern Member States. The first results are likely to be mostly based on data 

from countries where this scheme is already running (such as the Netherlands) but having the 

processing tools available could encourage other countries to join.  
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2.10 Options for monitoring pressures and site co-location 

2.10.1 Summary and recommendations 

Five candidate schemes potentially suitable for co-locating the EU PoMS site network have been 

identified: Land Use and Cover Area frame Survey (LUCAS); the European Monitoring of Biodiversity in 

Agricultural Landscapes (EMBAL); the Monitoring of Environmental Pollution using Honey Bees (INSIGNIA); 

the Integrated European Long-Term Ecosystem, critical zone and socio-ecological Research Infrastructure 

(eLTER RI); and the EU Farm Sustainability Data Network (FSDN).  

Oc`m` dn ij ndibg` ¼ji`-size-fits-\gg½ hjidojmdib n^c`h` rdoc rcd^c @P KjHN dn ]`no \gdbi`_ rdoc) Ocdn dn 

because of limitations due to: (i) limited environmental information (LUCAS, INSIGNIA, eLTER, FSDN), (ii) 

non-representative coverage of the land cover across the EU (LUCAS Grassland, EMBAL, FSDN), or (iii) an 

insufficient number of observation sites (INSIGNIA, eLTER).  

Since EU PoMS should representatively cover the land cover and habitat types across the EU Member 

States, there can only be partial alignment with one or multiple other monitoring initiatives, i.e. a subset of 

EU PoMS sites is aligned to selected monitoring scheme(s), while the other part is (stratified) randomly 

distributed. For the (stratified) random sampling, the LUCAS Master grid is proposed. However, for a 

subset of EU PoMS sites to be co-located with INSIGNIA, eLTER or FSDN sites, some flexibility to allow for 

deviations of the gridded approach would be needed. It is likely that aligning with more than one initiative 

might be challenging in terms of agreements and coordination. 

We recommend the design of EU PoMS is prioritised, and that EMBAL (or maybe LUCAS Grassland) and 

INSIGNIA co-locate to EU PoMS sites. INSIGNIA could further aim to increase the number of sampling sites 

considerably and seek options for a more spatially constant sampling design. 

2.10.2 Introduction  

Potts et al. (2021, section 5.2.3) proposed a systematic random or stratified-random process to determine 

the location of EU PoMS sampling sites to ensure pollinator monitoring is not overly biased towards 

specific regions, habitats or location of recorders. They further recommended that sites should be co-

located with other EU monitoring initiatives to make use of synergistic effects. These effects include: 

ð Obtaining additional data on environmental factors and thus optimising the interpretation of pollinator 

monitoring data, e.g. when set into different environmental contexts. 

ð Enabling the identification of critical drivers of decline, or the quantification of different restoration 

interventions. 

ð Fostering the development of explanatory and, moreover, predictive modelling for a spatially-explicit 

risk assessment and further guidance for targeted mitigation and restoration. 

ð Utilising an existing network of surveyors familiar with the sites and potentially available to undertake 

pollinator monitoring. 

ð Gaining access to a wider knowledge-exchange network including (online) infrastructure and 

stakeholders to aid promotion of survey activities. 

Here we provide an overview of other in situ EU monitoring initiatives potentially suitable for co-locating 

the EU PoMS site network; and assess opportunities and barriers to co-locating EU PoMS sites with other 

schemes.  
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2.10.3 Potential monitoring schemes for site co-location 

Five candidate schemes have been identified:  

ð Land Use and Cover Area frame Survey40 (LUCAS)  

ð European Monitoring of Biodiversity in Agricultural Landscapes41 (EMBAL)  

ð Monitoring of Environmental Pollution using Honey Bees42 (INSIGNIA)  

ð Integrated European Long-Term Ecosystem, critical zone and socio-ecological Research 

Infrastructure43 (eLTER RI) 

ð EU Farm Sustainability Data Network44 (FSDN) 

2.10.3.1 LUCAS: Land Use and Cover Area frame Survey 

Based on a decision by the European Parliament, a collection of data on land cover and land use is 

organised by the European Statistical Office (EUROSTAT), in close cooperation with DG AGRI and supported 

by the JRC, across all 27 EU Member States. Data collection started in 2009 and is repeated every third 

year. It is based on the intersection points of a regular 2 km grid including more than 1 million points 

across EU 27. The latest LUCAS survey took place in 2022. Out of the 1 million points, 400,000 points 

were observed based on a stratified random sub-sampling. Half of them were monitored directly in the 

field (within a radius of 1.5 m) and the other half through photointerpretation (when they cannot be 

accessed45). Each survey round (every third year), a different subset is selected, and each sample location 

is visited once per round. Within this so-called Master sample or grid, information on land cover (74 

classes) and socio-economic land use (40 classes) is collected at the spot. Surveyors also take pictures of 

the point and in all cardinal directions. In addition to the Master sample, five different modules exist which 

are based on subsamples of the Master sample (Soil, Grassland, Extended Grassland, Landscape Features, 

Copernicus) of which the Grassland module can be of particular relevance for EU PoMS. This module was 

piloted in 2018 with 3734 sites and repeated in 2022 with 20,000 sites selected as a subset of the 

Master sample. Grassland type and quality is monitored via a transect of 20 m in length and 2.5 m in 

width, giving a total surveyed area of 50 m². The following variables are surveyed: Habitat type (e.g. 

EUNIS type, presence of structural species), Environmental conditions (e.g. slope in degrees, orientation, 

heterogeneity of soil surface), Age of grassland (estimated based on visible evidence), Use type (e.g. type 

of grazing animal, evidence of abandonment, presence of agroforestry), Use intensity (derived from type 

of vigour, height of vegetation, indicated fertilization, indicated irrigation, mono-structured vegetation), 

Structure of vegetation (e.g. heights and coverages of different elements of vegetation layers), 

Biodiversity value (e.g. presence of indicator species, balance of elements of herb layer), Pollinator value 

(e.g. number of flowering species, flower density) (Sutcliffe et al., 2019). 

 

 

40 https://esdac.jrc.ec.europa.eu/projects/lucas  
41 https://wikis.ec.europa.eu/pages/viewpage.action?pageId=25560696  
42 https://www.insignia-bee.eu/  
43 https://elter-ri.eu/  
44 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2022:296:FIN 
45 https://ec.europa.eu/eurostat/web/products-statistical-working-papers/-/ks-tc-22-005  

https://esdac.jrc.ec.europa.eu/projects/lucas
https://wikis.ec.europa.eu/pages/viewpage.action?pageId=25560696
https://www.insignia-bee.eu/
https://elter-ri.eu/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2022:296:FIN
https://ec.europa.eu/eurostat/web/products-statistical-working-papers/-/ks-tc-22-005
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2.10.3.2 EMBAL: European Monitoring of Biodiversity in Agricultural Landscapes  

EMBAL was launched by the European Commission DG ENV to provide a harmonised pan-European 

overview of the state and changes of biodiversity in agricultural landscapes and with the particular aim to 

contribute to the EU Pollinators Initiative (amongst others). It started with a pilot in 2020 at 250 plots and 

to rollout in 2022 (3,000 plots), continuing in 2023 at the same plots. Based on simulation studies and 

respective power analyses, a range between 5,000 and 40,000 plots has been recommended when being 

fully operational, depending on different scenario settings (including a rolling design). Its design is based 

on and fully harmonised with LUCAS, i.e. the same 2 km x 2 km grid (1 million points) and the subset of 

the Master sample. Whether the sample locations will be spatially fixed or will be based on a rolling 

design has not been decided yet. The locations are visited once per year, but within a vegetation 

phenology-optimised time window. The survey is restricted to areas under agricultural use (arable land, 

permanent grassland, permanent pasture, permanent crops), while non-agricultural elements are only 

basically classified. It is based on plots of 500 m x 500 m (25 ha) with a condition of having at least 10% 

agricultural land as a selection criterion. The surveys cover three spatial levels: (i) plots; (ii) parcels and 

landscape elements; and (iii) vegetation transects. At the plot level (500 m x 500 m), information from the 

parcels and landscape elements is aggregated and includes landscape structure, land cover (8 broader 

categories, 81 finer categories), land-use intensity, and structural diversity. At the parcel and landscape 

element level, the elements are digitised yielding relevant structural metrics, in addition to information on 

the stage of the vegetation, use intensity (crop coverage vs wild plant coverage, irrigation, vigour of 

grassland, graminoid vs forb coverage) and pollinator value (flower density, number of flowering colours). 

Across the plots, nine transects are placed (5 within agricultural fields, 4 at the field border) covering 20 

m in length and 2.5 m in width (according to the LUCAS grassland module design). On the transects, all 

former mentioned measures are taken and additional information on EUNIS grassland type, land use 

intensity (grassland fertilisation, height of arable crop), and pollinator value (number of flowering forb 

species, type and number of plant indicator species) is obtained. 

2.10.3.3 INSIGNIA: Monitoring of Environmental Pollution using honey bees 

Based on a proposal by the European Parliament, INSIGNIA aims to use the honey bee (Apis mellifera) as 

a bioindicator for the monitoring of environmental pollutants. In a pilot project (2018-2021) focusing on 

pesticides, relevant methods have been identified and tested and respective protocols have been 

developed. During a Preparatory Action (2022-2023), more than 600 apiaries were sampled across all EU 

Member States and the focus will be expanded to other environmental pollutants such as heavy metals, 

air pollutants, microplastics, veterinary products. The sampling design is based on a Citizen Science 

approach, where participating beekeepers are asked to sample beehive matrices (e.g. pollen) and deploy 

non-biological passive samplers, both of which will be sent to laboratories for residue analyses. The 

selection of apiary locations is intended to be stratified according to country size, land use type 

(agricultural, artificial, forest, natural), and land use diversity (high, medium, low). 

2.10.3.4 eLTER-RI: Integrated European Long-Term Ecosystem, critical zone and socio-

ecological Research Infrastructure 

The Integrated European Long-Term Ecosystem, critical zone and socio-ecological Research Infrastructure 

ajggjrn \ ºrcjg` ntno`h m`n`\m^c» kcdgjnjkct oj a\^dgdo\o` m`n`\m^c ji dhk\^on ja ^gdh\o` ^c\ib`' 

biodiversity loss, soil degradation, pollution, and unsustainable resource use. eLTER is now in the 

preparatory phase on the way to becoming a fully-fledged European Research Infrastructure. It covers a 

broad range of European ecosystems and with the eLTER facilities also socio-ecological systems, and it 

provides access to over 500 sites and more than 50 larger eLTER facilities. Because of the bottom-up 

evolution of the networks, the sites vary considerably in size and in the monitoring focus and 

methodological monitoring approaches. However, a number of Standard Observations (76) have been 

proposed, which shall be made at all sites finally constituting the Research Infrastructure (Zacharias et al., 
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2021). These Standard Observations cover six fields: abiotic heterogeneity (17 variables), water budget 

(12), matter budget (10), energy budget (5), socio-ecology (24), and, most relevant for pollinators, biotic 

diversity (8, e.g. flying insects [Malaise traps], habitat structure [remote sensing], birds [amongst other 

groups, voice recognition], and plant phenology [video recognition]). 

2.10.3.5 FSDN: EU Farm Sustainability Data Network 

The EU Farm Sustainability Data Network (FSDN) is based on the EU Farm Accountancy Data Network 

(FADN). A proposal to convert FADN into FSDN was adopted by the European Commission on 22 June 

202246. Respective amendments have been negotiated47 and a provisional agreement between the 

European Parliament and the Council was reached on 29 June 202348. The aim of this conversion is to 

]`oo`m m`ag`^o oc` bj\gn ja oc` "a\mh oj ajmf" nom\o`bt \i_ oj dhkmjq` oc` npno\di\]dgdot ja oc` @P½n ajj_ 

systems through an enhanced data collection process. In addition to the already collected microeconomic 

and accountancy data, environmental and social data (to be specified) will be collected. In particular, FSDN 

also aims to improve links with other data collection initiatives, making them useful for 

research and policy-making. Collected data shall be representative for all agricultural holdings in 

the EU of at least 1 hectare, but Member States had established their own selection plans not to sample 

all farms but a representative subsample. To account for the immense heterogeneity across the EU, a 

stratification approach is used for selection, based on region, economic size classes and type of farming. 

Guided by this stratification, a random subsampling is done on an annual basis. However, since the 

participation of farmers is on a voluntary basis, full randomisation cannot always be reached. Currently, 

FADN is based on a network of 80,000 farms (representing ~5 million farms in the EU and ~90% of the 

agricultural area and production). The final FSDN will include detailed data on microeconomies and farm 

production (also including innovation and market position), environmental variables relevant for assessing 

natural resource, nutrient, and pesticide use and management, emissions, energy use and production, 

biodiversity, and social aspects such as working conditions, social inclusion, and generational renewal. 

2.10.4 Summary of suitability across initiatives 

Options for co-location are assessed based on two hierarchical criteria (Table 2.10. 1). Implementation 

covers the phase of implementation (regulatory basis, preparatory, rollout, fully operational) and mode of 

co-location (alignment) where the respective monitoring initiative can/should align with EU PoMS or EU 

PoMS needs to align with the initiative. The spatial design includes spatial coverage (in terms of number 

of EU Member States); the design, i.e. whether sample locations are grid-based, opportunistic or placed 

randomly; the number of sample locations (spatial points); spatial constancy, i.e. whether the sample 

locations are constant through time or variable; and the spatial extent of the sampling activity. The 

temporal design provides information on the inter- and intra-annual sampling design. The criterion 

environmental variables informs about the measured environmental conditions and whether the 

information is spatially explicit or not. Co-benefits covers information on additional biodiversity aspects 

and ecosystem properties. Socio-economy indicates whether additional information on microeconomics, 

agricultural production, and economically relevant land use is available. 

 

 

 

46 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52022PC0296  
47 https://data.consilium.europa.eu/doc/document/ST-9067-2023-INIT/en/pdf  
48 https://www.consilium.europa.eu/en/press/press-releases/2023/06/29/farm-sustainability-data-network-council-and-parliament-

reach-provisional-political-agreement/  

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52022PC0296
https://data.consilium.europa.eu/doc/document/ST-9067-2023-INIT/en/pdf
https://www.consilium.europa.eu/en/press/press-releases/2023/06/29/farm-sustainability-data-network-council-and-parliament-reach-provisional-political-agreement/
https://www.consilium.europa.eu/en/press/press-releases/2023/06/29/farm-sustainability-data-network-council-and-parliament-reach-provisional-political-agreement/
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Table 2.10. 1. Suitability of other monitoring initiatives for co-locating EU PoMS sites. For combined co-location with multiple initiatives (EMBAL-FSDN; EMBAL-FSDN-eLTER), 

the best colour code per criterion is given: Green, optimal; Yellow, with restrictions; Orange, suboptimal; Grey, not yet decided.  

Criterion I Criterion II LUCAS 

Master 

LUCAS 

Grassland 

EMBAL INSIGNIA eLTER-RI FSDN EMBAL 

FSDN 

EMBAL 

FSDN 

eLTER 

Implementation Phase Operational Operational Rollout 

(2022) 

Preparatory 

(2022-2023) 

Implementation 

(2021) 

Operational in 

2026 

Regulation 

adopted 2023 

    

Alignment With EU 

PoMS 

With EU 

PoMS 

With EU 

PoMS 

EU PoMS 

should align 

EU PoMS should 

align 

EU PoMS 

should align 

  

Spatial design Spatial coverage EU-27 EU-27 EU-27 EU-27 19 Member State EU-27     

Spatial design Grid Grid Grid Opportunistic Opportunistic Random     

Sample points 400,000 20,000 5,000 - 

40,000 

>600 >500 80,000     

Spatial constancy Yes Yes Yes No Yes Yes     

Spatial extent 7m² 50 m² 25 ha 5 km² Varying Varying     

Temporal design Inter-annual Triannual Triannual Not decided Not decided Varying Annual     

Intra-annual Once Once Once 9 rounds Varying Once     

Environmental 

variables 

Spatially explicit Yes Yes Yes Yes Yes No 

  

Land cover 74 classes 74 classes 81 classes No Yes No     

Use intensity No Yes Yes No Yes Detailed     
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Criterion I Criterion II LUCAS 

Master 

LUCAS 

Grassland 

EMBAL INSIGNIA eLTER-RI FSDN EMBAL 

FSDN 

EMBAL 

FSDN 

eLTER 

Pesticides  No No No Exposure No Application     

Restricted to 

habitat type 

No Grasslands Agricultural No No Agricultural     

Habitat type Yes Yes Yes No Yes Agricultural     

Habitat quality No Yes Yes No No Agricultural     

Vegetation No Yes Yes No No No     

Pollinator value No Yes, less 

detailed 

Yes, more 

detailed 

No No No     

Terrain No Yes Yes No No No     

Co-benefits Biodiversity No No No No Yes Limited     

Ecosystem No No No No Yes Limited     

Socio-economy Microeconomies No No No No Partly Yes     

Production No No No No Partly Yes     

Land use 40 classes 40 classes No (LUCAS) No Yes Yes     

Source: ?srfmpqɃ cj_`mp_rgml, 
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2.10.5 Assessment of opportunities and barriers to co-locating EU PoMS sites 

with other schemes 

Opportunities and potential barriers of co-locating EU PoMS sites with the identified monitoring 

schemes depend on agreed priorities, i.e. which kind of synergies are most desired. Each of the 

schemes has its particular benefits and shortcomings for co-location with EU PoMS sites, covering 

aspects of implementation (and timing), the spatial and temporal design, type, number and quality 

of assessed environmental variables, potential co-benefits with other biodiversity and ecosystem 

measures, and the coverage of socio-economic factors (Table 2.10. 1).  

2.10.5.1 LUCAS 

Pros: LUCAS, and in particular the LUCAS Grassland module, is fully operational and covers all EU 

27 Member State. The spatial design along a 2 km grid and a stratified random subsampling 

provides an objective, un-biased, and sufficient number of candidate points for alignment with EU 

PoMS. Both LUCAS and the LUCAS Grassland module provide basic land cover and habitat 

information. Particularly valuable for EU PoMS is the assessment of pollinator value variables, 

providing important information on the local context. 

Cons: A particular drawback of both schemes is the limited spatial extent of the sampling (7 m² for 

LUCAS, 50 m² for the Grassland module) and the triannual sampling frequency. A much larger 

extent would be needed for EU PoMS reinforced transects (proposed 1km2, as a compromise to 

consider foraging ranges of both small and large pollinators) and to relate them to LUCAS 

measurements. In addition, information on an annual basis would be desirable to match EU PoMS 

sampling and to identify relationships between pollinator trends and the landscape, habitat or local 

flower resources, particularly in the first years of EU PoMS with limited power to detect trends. 

While LUCAS covers a representative sample of all EU habitat types, the Grassland module, which 

is in principle more beneficial for EU PoMS, is restricted to grasslands. However, this restriction does 

not match with the aim of EU PoMS to be representative across all habitat types of the EU. Finally, 

both schemes do not allow to link results from EU PoMS to other measures of biodiversity or 

ecosystem-relevant variables, for the assessment of potential co-benefits, or to (detailed) socio-

economic conditions with final relevance for policy-making.     

Conclusion: The main benefit of a link to the LUCAS site network is that it provides the grid 

structure that allows for a stratified random selection of EU PoMS survey sites. However, the 

sampling protocols within LUCAS offer relatively limited direct benefit for EU PoMS. Any EU PoMS 

activity would have to be set up independently from the LUCAS work, will benefit only very little 

from LUCAS point information, and will not benefit from LUCAS survey infrastructure. 

2.10.5.2 EMBAL 

Pros: Since EMBAL builds upon the LUCAS sampling scheme, it has all its benefits but adds more. 

The multi-scale approach (from 50 m² to 25 ha) allows for potentially perfect alignment with EU 

PoMS sites. In addition to matching spatial scales, EMBAL provides detailed information on local 

and landscape-level floral resources enabling assessments of pollinator value metrics, to set the 

monitoring results from EU PoMS into local context. 

Cons: At this time, EMBAL is not fully implemented yet and respective synergistic effects will 

depend on the timing of the rollout phase. In addition, the final number of sampling points has not 

been decided yet, and the suggestions (between 5,000 and 40,000 sites across the EU) and the 
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potential degree of possible alignment with EU PoMS sites would need to be considered. In addition, 

EMBAL is restricted to agricultural landscapes, which is not in line with an unbiased representation 

of EU PoMS sites, but can provide highly relevant additional information for the Farmland Pollinator 

Indicator. Same as LUCAS, EMBAL does not allow to link results from EU PoMS to other measures 

of biodiversity or ecosystem-relevant variables, for the assessment of potential co-benefits, or to 

(detailed) socio-economic conditions with final relevance for policy-making. 

Conclusion: EMBAL combines the benefits of LUCAS and additionally provides (i) a better matching 

with EU PoMS in terms of spatial coverage, and (ii) more detailed information on local flower 

resources and thus qualifies well for co-location with EU PoMS sites. The fact that the final design 

is not decided yet, in terms of number of sites and sampling frequency (annual, multi-annual, 

rolling), might provide options for a better coordination between the two schemes and a tighter link 

is recommended. However, EMBAL is restricted to agricultural areas. To avoid a biased distribution 

sample locations towards agricultural land, EMBAL cannot be the only source for co-location.   

2.10.5.3 INSIGNIA 

Pros: INSIGNIA covers all EU 27 Member States and provides some critical information on 

environmental pollutants, including pesticides. Approximated by the average flight range of the 

honey bees, it covers an area of about 5 km² which is sufficient for placing EU PoMS reinforced 

transects. Direct measures of exposure to chemicals can be related to pollinator trend analyses and 

thus represent valuable information that is lacking in most of the other monitoring schemes. 

Cons: The current number of INSIGNIA sites (about 600) provides only limited opportunities for co-

locating EU PoMS sites. Moreover, the locations of most of the apiaries can be expected to vary 

across and even within the years, particularly if professional beekeepers are involved as they 

usually move the hives to optimise honey production. Such high spatial dynamics challenge co-

location with EU PoMS sites, since trend analyses on spatially fixed sites might be more reliable 

and less questionable. However, a certain level of spatial stability might be expected, e.g. for 

orchards and private beekeepers, but for a limited number of apiaries. Same as for LUCAS and 

EMBAL, INSIGNIA does not provide information on other measures of biodiversity or ecosystem-

relevant variables, or on socio-economic conditions. 

Conclusion: Information on environmental pollutants (including pesticides) is highly relevant as 

they represent major drivers of pollinator declines and are not provided by most of the other 

monitoring schemes. However, current low numbers of participating beekeepers and an expected 

high proportion of spatial dynamics in the site locations challenge co-location with EU PoMS sites. 

Depending on the final number of participating beekeepers once the scheme has been fully rolled 

out, a fraction of stable locations (we recommend an alignment with EMBAL and/or EU PoMS sites) 

might be considered for co-location with EU PoMS sites but INSIGNIA cannot be the only source for 

co-location.    

2.10.5.4 eLTER-RI 

Pros: Once fully operational, the eLTER-RI provides infrastructure which can be utilised by EU PoMS 

together with a vast amount of standardised background data, in particular on other biodiversity 

measures, ecosystem variables and partly on socio-economic conditions. This information is unique 

compared to the schemes discussed before, and particularly helpful for the assessment of co-

benefits, e.g. with respect to successful pollinator restoration interventions, and to set changing 

pollinator trends into a socio-economic context. In addition, mutual benefits for eLTER would 
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emerge from aligning EU PoMS sites to eLTER. Despite the coverage of multiple species groups and 

ecosystem variables, pollinators are not explicitly considered in the set of standard observations, 

although they will be (partly) covered by catches from Malaise traps which will be analysed through 

metabarcoding (see also section 5.4). However, an additional targeted measure of pollinator 

abundance and diversity would also enrich the set of eLTER standard observations. 

Cons: Not all EU 27 Member States are covered and the locations of the sites are a result of a 

naturally evolving network and are thus less representative of the overall landscape of the EU 

Member States. In addition, similar to INSIGNIA, the number of sites (about 500) is low compared 

to the likely requirements of EU PoMS (see section 2.4). In addition, detailed information on habitat 

quality, particularly on pollinator value (i.e. floral resource density and diversity) is lacking and 

socio-economic variables are collected on a smaller subset only. 

Conclusion: The largest benefit of aligning EU PoMS sites with eLTER sites would be the link to co-

benefits in terms of other biodiversity aspects and ecosystem variables. However, the low number 

of sites and the only partial coverage of the EU Member States, limits the options for co-location. 

2.10.5.5 FSDN 

Pros: Linking with FSDN would provide clear benefits for gaining the most detailed information on 

land use intensity, in particular on pesticide applications, in contrast to INSIGNIA, which provides 

pesticide exposure, and on socio-economics, especially on microeconomics and agricultural 

production, which makes it unique compared to all other schemes. FSDN covers all EU 27 Member 

States; it is based on a stratified random sampling and a more than sufficient number of 

participating holdings. In contrast to all other schemes, FSDN data are collected annually which 

eases a direct link to EU PoMS data and allows to identify respective relationships within a shorter 

time period. Aligning with FSDN would also enable a direct link to the EU Common Agricultural 

Policy (CAP) via information on direct payments and rural development and thus to assess the 

contribution of the CAP to the European Green Deal. 

Cons: The information collected by FSDN is not spatially explicit, but refers to the participating 

agricultural holdings, which complicates the link between FSDN data and the EU PoMS indicators 

obtained at a particular site. However, at higher aggregation levels, e.g. Member States or region, 

such links can be established. FSDN holds highly sensitive data such as personalised financial data 

and information on management practices and resulting yields. Although improved links with other 

collection initiatives and usability for research and policy-making are envisaged, access options for 

such sensitive data are still not clarified. In addition, same as EMBAL and LUCAS Grassland, FSDN 

information does not represent the full range of land cover across the EU but is restricted to land 

under agricultural use. Finally, it does not provide information on pollinator value, e.g. such as 

EMBAL. 

Conclusion: FSDN would provide the most detailed information on land use intensity and the 

socio-economic context, allowing links to the CAP, but access conditions to the highly sensitive data 

need to be clarified. Furthermore, due to the sectoral focus on farm conditions, FSDN cannot be the 

only source for co-location with EU PoMS sites. 

2.10.6 Conclusions and recommendations 

Oc`m` dn ij ndibg` ¼ji`-size-fits-\gg½ hjidojmdib n^c`h` rdoc rcd^c @P KjHN dn ]`no \gdbi`_ rdoc) 

This is because of limitations due to: (i) limited environmental information (LUCAS, INSIGNIA, eLTER, 
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FSDN); (ii) non-representative coverage of the land cover across the EU (LUCAS Grassland, EMBAL, 

FSDN); or (iii) an insufficient number of observation sites (INSIGNIA, eLTER). 

Since EU PoMS needs to representatively cover the land cover and habitat types across the EU 

Member States, there can only be partial alignment with one or multiple other monitoring 

initiatives, i.e. a subset of EU PoMS sites is aligned to selected monitoring scheme(s), while the 

other part is (stratified) randomly distributed. For the (stratified) random sampling, the LUCAS 

Master grid is proposed. However, for a subset of EU PoMS sites to be co-located with INSIGNIA, 

eLTER or FSDN sites, some flexibility to allow for deviations of the gridded approach would be 

needed. 

Therefore, if a decision is taken to align with only one scheme, a prioritisation process is needed, 

depending on the preferred synergism. In short, LUCAS Grassland and more so EMBAL could 

provide detailed information on local context, i.e. flower abundance and distribution, in addition to 

coarser land cover and intensity measures. EMBAL might be preferred over LUCAS Grassland 

because of its better matching of the spatial scale needed for EU PoMS. INSIGNIA provides 

information on pesticide exposure, while FSDN collects detailed information on pesticide application 

in addition to CAP-relevant socio-economics data. Here, FSDN might be preferred over INSIGNIA 

because of the low number of the sample sites, which may be spatially varying, of the latter and 

the additional socio-economic information of FSDN. All these initiatives have a strong bias towards 

agricultural land, therefore options for aligning these with a potential Farmland Pollinator Indicator 

(see section 3.2) should be considered. In all cases, data access needs to be clarified. If the focus 

should be on co-benefits with other biodiversity and ecosystem aspects, then eLTER-RI might be 

chosen, but keeping the low number of sample sites in mind. 

Partial alignment with a combination of other monitoring initiatives would optimise synergistic 

effects. A combination of EMBAL and FSDN, for instance, would increase the amount of valuable 

information considerably, and adding eLTER sites would provide most detailed information on 

almost all of the analysed criteria, i.e. covering: (i) environmental variables at the landscape and 

local scale, including information on pollinator value and land use intensity; (ii) co-benefits, 

including biodiversity and ecosystem aspects; and (iii) the socio-economic context with high policy 

relevance (Table 2.10. 1). 

An option we recommend is to prioritise the design of EU PoMS, and that EMBAL (or maybe LUCAS 

Grassland) and INSIGNIA co-locate to EU PoMS sites. INSIGNIA could further aim to increase the 

number of sampling sites considerably and seek options for a more spatially constant sampling 

design. Since EMBAL, LUCAS and INSIGNIA do not cover all land cover types across the EU, EU PoMS 

sites can only partly be co-located with these schemes. The final EU PoMS design should ensure a 

representative coverage of all relevant land cover types for which we recommend using the LUCAS 

Master grid, but also allowing some flexibility to align some EU PoMS sites with less flexible 

initiatives such as FSDN and eLTER. To utilise comprehensive information on land use intensity and 

the socio-economic context from FSDN, we recommend establishing agreements regulating the 

access to these data.  
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3 Options for pollinator indicators 

3.1 Options for a General Pollinator Indicator 

3.1.1 Summary 

We define a set of options for converting EU PoMS data into pollinator biodiversity indicators, and 

how these indicators can be used to assess whether there has been a reverse in the decline of 

pollinators (i.e. a trend should be shifted from a declining to an increasing one), using annually 

collected data, assessed over a standardised time interval of 6 years, at the Member State level by 

a given date. Based on the EU PI, and STING expert consensus, we recommend species abundance 

as the core metric for assessing trends. We describe a set of metrics that could be derived from EU 

PoMS and some options for statistical models to fit them. We demonstrate how indicators of the 

state of pollinator diversity might be used, potentially in combination, to assess targets for whether 

there has been a reverse in the decline of pollinators. We make a series of recommendations for 

next steps.  

3.1.2 Background and context 

The EU PoMS will generate valuable data on the state of pollinating insects across the European 

Union. The purpose of this section is to define options for converting these data into useful 

information, including biodiversity indicators. 

This report is written in five sections. Section 3.1.3 defines the principles and assumptions that 

have guided the development of this work. Section 3.1.4 identifies the range of biodiversity metrics 

that can be derived from the data in the core scheme. Section 3.1.5 outlines a set of statistical 

models to estimate these metrics and present them as biodiversity indicators. Section 3.1.6 

considers options for assessing these indicators against targets with different time horizons. 

Finally, in section 3.1.7, these issues are brought together into a series of recommendations. 

3.1.3 Principles and assumptions 

ð Reporting is at the Member State level, so it is at Member State level that we need indicator(s). 

Further stratification by biogeographic region, ecosystem level and Natura 2000 or habitat type 

(farmland vs semi-natural) within a Member State is desirable but not considered here. 

ð We seek indicators that can be calculated annually, but the assessment of trends would only be 

undertaken towards 2030, and thereafter every 6 years. 

ð The primary data source consists of counts of individual pollinators from reinforced transect 

walks (section 2.2). The aim is that counts are resolved at species level. It is recognised that 

this will require swift and adequate investment in taxonomic capacity building in all Member 

States (see section 2.6). 

ð Regardless of the taxonomic level of recording, we assume that it will be possible to harmonise 

the transect data for each Member State to a common set of taxa for reporting. Any variability 

within Member State in taxonomic resolution, either among sites or over time, would incur a 

cost in terms of data management and potentially also in terms of statistical power.  

ð The scheme design and protocols are not discussed here. 
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ð The indicator is intended to measure changes in wild pollinators, so honey bees and other 

intensively managed species should be excluded. 

 
 

3.1.4 Metric options 

Biodiversity is multi-faceted and multi-scale in nature. For this reason, there are many biodiversity 

metrics in use, none of which can adequately represent all facets. 

It is useful to think about the potential metrics in terms of Essential Biodiversity Variables (EBVs). 

EBVs provide a framework for harmonizing the collection and reporting of biodiversity data. In 

particular, the 21 EBV types, arranged into six classes, provide a way to reduce the complexity of 

biodiversity into a few key axes. In the context of the EU PI, the most relevant are four EBV types in 

the Species Populations or Community Composition classes.  

3.1.4.1 Species Population: Species Abundance 

Species abundance is an essential metric for reporting biodiversity change. Reporting on changes in 

species abundance is a central requirement of the EU PoMS scheme. Species abundance is a highly 

valued metric because it is considered more responsive to environmental change than other 

h`omd^n' \i_ ]`^\pn` do dn _dm`^ogt m`g\o`_ oj nk`^d`n½ kmj]\]dgdot ja `xtinction.  

High quality data on species abundance can be relatively costly to collect and can present 

numerous challenges for modelling. The most acute of these challenges occurs when abundance 

fluctuates markedly from one year to another. Extreme fluctuations are commonly observed in 

insect populations, arising from a capacity for rapid population growth, strong density dependence 

and the fact that population counts reflect not just abundance but also activity, which is primarily a 



 

142 
 

function of weather conditions. For this reason, indicators of insect population abundance are 

unlikely to show meaningful patterns over short time periods (White, 2019). One solution to 

population fluctuations is to apply some kind of statistical smoothing, the aim of which is to reveal 

the multi-year trajectory underlying the interannual variation. Thus, a question for EU PoMS is 

whether it is possible to detect change in a smoothed index of abundance within a six-year 

assessment window. Note that the power analysis (section 2.3) was conducted on the basis of 

measuring linear trends in species abundance over a six-year period. 

Calculating an indicator of species abundance typically involves two stages of analysis (Gregory et 

al., 2005). The data for each species are first converted into a national index of abundance for each 

year, using a statistical model. These species index values are then combined in a second step, 

using the geometric mean, and finally scaled to have a value of 100 in the baseline year. The 

geometric mean is preferred over other metrics because it has a number of desirable properties for 

measuring change over time (Buckland et al., 2005, 2011). One or both calculation stages might 

involve smoothing the data to remove interannual fluctuations. Many well-known indicators of 

species abundance follow this general recipe, including the UK Farmland Bird Index49, the Common 

bird index in Europe50, the European Grassland Butterfly indicator51 and the Living Planet Index52. 

3.1.4.2 Species Population: Species Distribution 

Species distributions can be conceptualised in many ways, including the Extent of Occurrence and 

Area of Occupancy, both of which are used for IUCN Red List assessments (see IUCN criteria53 for 

_`adidodjin ja oc`n` o`mhn$) Ajm \iip\g di_d^\ojmn' oc` hjno \kkmjkmd\o` h`\npm` ja nk`^d`n½ 

distribution size is occupancy (i.e. the proportion of occupied sites). Indicators of occupancy, such as 

the UK indicator of Pollinating insects54 are now gaining popularity. As with an abundance index, the 

workflow typically involves a separate analysis to calculate national trends for each species, which 

are then combined (Boyd et al., 2023).  

H`omd^n ]\n`_ ji nk`^d`n½ j^^pk\i^t \m` ngjr`m oj m`nkji_ oj `iqdmjih`io\g ^c\ib` oc\i nk`^d`n 

abundance, but contain fewer challenges for modelling and interpretation. An occupancy indicator 

would provide a valuable complement to an abundance indicator. 

3.1.4.3 Community Composition: Taxonomic diversity 

The Taxonomic diversity EBV includes a broad suite of biodiversity metrics. The simplest of these is 

species richness, i.e. the number of species present at each site.  

Note that taxonomic diversity is dependent upon the scale at which it is measured. Diversity at 

individual sites is referred to alpha diversity, whereas diversity at large scale, such as a Member 

State, is referred to as gamma diversity. Indicators based on gamma diversity are not 

recommended, because they would be extremely insensitive to change. 

 

 

49 https://www.bto.org/our-science/publications/developing-bird-indicators#farmland  
50  https://www.eea.europa.eu/en/analysis/indicators/common-bird-index-in-europe 
51 https://www.eea.europa.eu/data-and-maps/figures/european-grassland-butterfly-indicator  
52 https://www.livingplanetindex.org/latest_results  
53 https://portals.iucn.org/library/node/10315  
54 https://jncc.gov.uk/our-work/ukbi-d1c-pollinating-insects/  

https://jncc.gov.uk/our-work/ukbi-d1c-pollinating-insects/
https://www.bto.org/our-science/publications/developing-bird-indicators#farmland
https://www.eea.europa.eu/en/analysis/indicators/common-bird-index-in-europe
https://www.eea.europa.eu/data-and-maps/figures/european-grassland-butterfly-indicator
https://www.livingplanetindex.org/latest_results
https://portals.iucn.org/library/node/10315
https://jncc.gov.uk/our-work/ukbi-d1c-pollinating-insects/
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If an index of taxonomic diversity were chosen, it would be important to develop rules for which 

species would be included and excluded among the pool of potential species, in order to avoid 

perverse consequences. For example, we recommend excluding any invasive alien species, but 

including species that colonize naturally from neighbouring countries, perhaps in response to 

climate change. 

Many other biodiversity metrics could conceivably be reported under the Taxonomic diversity EBV. 

In particular, two families of metrics are worth considering. The first family is the set of alpha 

diversity metrics that include information about species abundance and evenness (i.e. how 

\]pi_\i^` dn _dnomd]po`_ ]`or``i nk`^d`n$) Oc` ]`no fijri ja oc`n` h`omd^n \m` Nc\iiji½n di_`s 

\i_ Ndhknji½n di_`s) Oc` n`^ji_ a\hdgt ja h`omd^n ^\kopm` cjr ^jhhpidot ^jhkjndodji q\md`n 

across sites: these are known as beta diversity metrics. A decrease in beta diversity over time 

would indicate that sites are becoming more similar to one another (i.e. biotic homogenisation). 

Metrics capturing taxonomic diversity would provide useful information that is complementary to 

an indicator of species abundance. An index based on species richness (e.g. the geometric mean 

across monitored sites) would have similar properties to an index of species occupancy, since both 

are based upon changes in species presence-absence across sites. 

3.1.4.4 Community Composition: Taxon-aggregated abundance 

The total abundance of all species within a community is seen as being relevant to the potential 

delivery of ecosystem services (Purvis, 2020). The key distinction between indicators of taxon-

aggregated abundance and species abundance (section 3.1.4.1) is that changes in the former 

reflect trends among common species, whereas in indicators of species abundance each species is 

weighted equally. 

For insects, taxon abundance would be expected to fluctuate substantially from year to year, in the 

same way as species average, so a degree of smoothing would be appropriate. The Biodiversity 

Intactness Index55 is conceptualised as a measure of taxon abundance. The UK Pollinator 

Monitoring Scheme is developing an index of taxon-aggregated abundance.  

An index of taxon-aggregated abundance is not consistent with the primary focus of EU PoMS but 

could be a useful complement to an indicator of species abundance. In particular, taxon-aggregated 

abundance is seen as a good indicator of the provision of ecosystem services.  

3.1.5 Models for pollinator indicators 

3.1.5.1 The need for models 

Ecological monitoring data are extremely noisy, even for schemes with rigorous survey design and 

protocols. This noisiness arises from a number of unavoidable hard facts. First, it is simply 

impossible to observe all of the species present on a site, let alone count all of the individuals. This 

is known as imperfect detection. Second, the detectability of many species, especially for 

 

 

55 https://www.nhm.ac.uk/our-science/data/biodiversity-indicators/biodiversity-intactness-index-data?future-
scenario=ssp2_rcp4p5_message_globiom&georegion=001&min-year=1970&max-year=2050&georegion-
compare=null&future-scenario-compare=null&show-uncertainty=true&min-biigraph-y-axis=0&max-biigraph-y-
axis=100&min-factorgraph-y-axis=0&max-factorgraph-y-axis=100&underlying-factor=crp  

https://www.nhm.ac.uk/our-science/data/biodiversity-indicators/biodiversity-intactness-index-data?future-scenario=ssp2_rcp4p5_message_globiom&georegion=001&min-year=1970&max-year=2050&georegion-compare=null&future-scenario-compare=null&show-uncertainty=true&min-biigraph-y-axis=0&max-biigraph-y-axis=100&min-factorgraph-y-axis=0&max-factorgraph-y-axis=100&underlying-factor=crp
https://www.nhm.ac.uk/our-science/data/biodiversity-indicators/biodiversity-intactness-index-data?future-scenario=ssp2_rcp4p5_message_globiom&georegion=001&min-year=1970&max-year=2050&georegion-compare=null&future-scenario-compare=null&show-uncertainty=true&min-biigraph-y-axis=0&max-biigraph-y-axis=100&min-factorgraph-y-axis=0&max-factorgraph-y-axis=100&underlying-factor=crp
https://www.nhm.ac.uk/our-science/data/biodiversity-indicators/biodiversity-intactness-index-data?future-scenario=ssp2_rcp4p5_message_globiom&georegion=001&min-year=1970&max-year=2050&georegion-compare=null&future-scenario-compare=null&show-uncertainty=true&min-biigraph-y-axis=0&max-biigraph-y-axis=100&min-factorgraph-y-axis=0&max-factorgraph-y-axis=100&underlying-factor=crp
https://www.nhm.ac.uk/our-science/data/biodiversity-indicators/biodiversity-intactness-index-data?future-scenario=ssp2_rcp4p5_message_globiom&georegion=001&min-year=1970&max-year=2050&georegion-compare=null&future-scenario-compare=null&show-uncertainty=true&min-biigraph-y-axis=0&max-biigraph-y-axis=100&min-factorgraph-y-axis=0&max-factorgraph-y-axis=100&underlying-factor=crp
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pollinating insects on transects, varies with the weather: it is typically much higher on warm sunny 

days than when it is cold, overcast, or in windy conditions. Third, the population size for many 

organisms is highly seasonal. This is especially true of pollinating insects, many of which live as 

adults for just a few weeks. As a result, the actual number of organisms that are available for 

detection changes throughout the year. Fourth, not every planned survey actually takes place, 

because of either equipment failures, bad weather or illness among the survey team. This creates 

missingness in the resulting datasets. 

For these reasons, it is not possible to derive indicators directly from raw data without advanced 

statistical processing. Fortunately, ecological statisticians have created a rich set of modelling tools 

for estimating metrics of interest using models.  

3.1.5.2 Generalised indicator workflow 

As mentioned previously, biodiversity indicators are the product of multiple stages of data 

processing and analysis, typically involving more than one statistical model. Collectively, these 

steps are referred to as a workflows (Boyd et al., 2023; Kissling et al., 2018). Figure 3.1. 1 defines a 

generalised workflow for species-based indicators of the state of biodiversity, modelled on the UK 

Wild Bird Indicators56 and the English species abundance index57 (which was developed by Nick 

Isaac and will be used to assess a legally binding target to halt the loss of species abundance). This 

approach would be appropriate for metrics in the Species Populations EBV class (i.e. species 

abundance or occupancy): slight variations would be required for Community Composition metrics.  

Figure 3.1. 1. Generalised workflow for biodiversity indicators.  

 

Qmspac8 ?srfmpqɃ cj_`mp_rgml, 

The first steps in a biodiversity workflow are to (i) collect data in the field and (ii) input these into a 

database (Figure 3.1. 1). The data ingestion step would include checks to validate and verify the 

data: these aspects of EU PoMS are described elsewhere (section 4.6). Once the data have been 

assembled, the third step is to fit a statistical model to the data for each species to create national 

indexes for each year for the metric of interest (e.g. abundance). Not every species has sufficient 

data to derive reliable index values, so there is a need for rules to determine which species should 

 

 

56 https://www.bto.org/our-science/publications/developing-bird-indicators  
57 https://www.gov.uk/government/statistics/indicators-of-species-abundance-in-england/indicators-of-species-

abundance-in-england  

https://www.bto.org/our-science/publications/developing-bird-indicators
https://www.gov.uk/government/statistics/indicators-of-species-abundance-in-england/indicators-of-species-abundance-in-england
https://www.gov.uk/government/statistics/indicators-of-species-abundance-in-england/indicators-of-species-abundance-in-england
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be included. Options for which statistical models to use for EU PoMS data are described in more 

detail in the next section. The fourth step is to aggregate the results from these species-specific 

hj_`gn dioj \ _\o\]\n`) Ocdn º_\o\ kmj_p^o» dn njh`odh`n _`n^md]`_ \n \i º@=Q _\o\-^p]`» (Kissling 

et al., 2018). The fifth stage is to combine the species-level data into a multispecies aggregate. 

This could be a simple summary, such as a geometric mean. More typically, the structure of the 

data demands a statistical model (Freeman et al., 2021) to create the multispecies summary.     

In the context of EU PoMS, this workflow would be performed separately for each biodiversity 

metric (species abundance, distribution, taxonomic diversity, taxon-aggregated abundance) for each 

taxonomic group (bees, hoverflies, butterflies) and for each Member State.  

 

3.1.5.3 Options for models 

The STING1 report contained a series of modelling options. In that report, the key question defining 

the model options was whether the data from the transect data are at species level or not. Here we 

focus on the modelling approaches that would be appropriate for the different metrics from 

transect data only. We present brief summaries of the various modelling options, rather than 

provide detailed equations. Further development of these models is expected to be a major focus 

of STING+. 

Species abundance model 

This refers to a separate model for the abundance of each species: 

 

Equation 3.1. 1. Species abundance model.  

ὔὭὸ ~ίὭὸὩὭ + ώὩὥὶὸ  1 
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In Equation 3.1. 1, Nit refers to species abundance at site i in year t. Abundance is modelled on the 

log scale, reflecting that population growth is a multiplicative process. The year effects of this 

model can be interpreted as the national index of log(abundance) of the species in question for 

each year. 

The simple version of this model contains a term for the site identity, reflecting the fact that sites 

vary in abundance, and year. The year effects from the model capture change over time and can be 

interpreted as the national index of log(abundance) of the species in question for each year. These 

index values are what is passed onto the next step of the indicator workflow, in which an indicator 

of species abundance would be calculated as the geometric mean value of Nit for each year 

(Buckland et al., 2005, 2011). 

The year effect could be modelled either as a categorical effect or, more likely, as a smoothed 

function. Note that the power analysis implemented a version of this model in which the year 

effect was modelled as a linear change: this was appropriate given the aims of the power analysis, 

but would not be appropriate for a real indicator of change over time. To make the model suitable 

for noisy ecological data, it would also be appropriate to include terms in this model for seasonal 

variation and potentially also weather conditions at the time of the survey (Müller et al. 2023). 

Status: This type of model is routinely applied to existing monitoring data, including most Butterfly 

Monitoring Schemes (Dennis et al., 2016), so there would be relatively little development work 

required for use on EU PoMS. The main area for development would be to derive rules for when 

there is enough data to fit a model and to determine the appropriate degree of smoothing. 

Advantages: Provides data that is consistent with established indicators, following standard 

methods. 

Disadvantages: Sufficient data are usually available for only the widespread and common species.  

Richness and Occupancy 

Indicators of species occupancy (the proportion of sites that are occupied by a particular species) 

are produced in several nations using species-specific occupancy models (Boyd et al., 2023).  

 

Equation 3.1. 2. Species-specific occupancy model.  

In Equation 3.1. 2, Zit represents a binary presence-absence state at site i in year t. Occupancy is 

modelled on the logit scale, which converts numbers bounded between zero and one onto an 

unbounded scale, which is convenient for linear modelling. An indicator of species occupancy would 

be calculated by first aggregating across sites to derive the proportion of occupied sites for each 

species in each year, then averaging across species for each year (Figure 3.1. 2).   

As with the abundance model described above, a species-specific occupancy model from EU PoMS 

data should be augmented to account for variation in detection across the year and across sites, 

and for survey-specific weather conditions. 

  

ὤὭὸ ~ίὭὸὩὭ + ώὩὥὶὸ  1 
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Whilst species-specific occupancy models are already used for biodiversity indicators elsewhere, 

there are several arguments for using a multispecies approach.  

 

Equation 3.1. 3. Multispecies model.  

In Equation 3.1. 3, the year effects reflect the multispecies average, i.e. a single model would 

capture steps 4-6 of the workflow in Figure 3.1. 1 in a single step. A second advantage of the 

multispecies model is that trends in the occupancy of individual species could be modelled at the 

same time as trends in the species richness of sites, since these are complementary summaries of 

the Zijt matrix (Figure 3.1. 2). 

ὤὭὮ ὸ ~ίὭὸὩὭ + ώὩὥὶὮὸ 1 
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Figure 3.1. 2. Deriving complementary indicators from the species-space-time cube of occupancy. The 

individual cell indicates whether the site in question was occupied by the focal species in a particular year, i.e. 

the Zijt of Equation 3.1. 3. Indicators of species occupancy and species richness are both derived as 

alternative ways of summarising this cube. 

 

Qmspac8 ?srfmpqɃ cj_`mp_rgml, 

Status: occupancy modelling is a mature approach in statistical ecology (MacKenzie et al., 2006), 

including multispecies variants. As with the abundance models above, there would need to be some 

development to data thresholds, especially for the single-species variant. The multispecies model 

would need to be tested extensively to test for sensitivity to rarely observed species. 

Advantages: Produces indicators and metrics of both richness and occupancy in a single model. 

Disadvantages: Multispecies variant would need to be tested thoroughly. 
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Community Diversity 

Community diversity derives from measures of each species at each site in each year. This is best 

conceptualised as a multispecies abundance model. 

 

Equation 3.1. 4. Multispecies abundance model.  

Om`i_n di h`\npm`n ja ^jhhpidot _dq`mndot #`)b) Nc\iiji½n Di_`s$ ^jpg_ ]` _`mdq`_ \n \ nphh\mt 

of the three-dimensional Nijt matrix. As with previous models, it would be appropriate to include 

terms to account for seasonality and weather. 

An indicator of community diversity could be derived as the annual mean value of the site-specific 

Nc\iiji½n Di_`s q\gp`n #jm joc`m h`oric).  

Status: Not a standard product from existing monitoring schemes. Would need to be developed and 

tested thoroughly. 

Advantages: This model captures elements of both species abundance and richness, so it could be 

used to estimate all metrics of interest. If imperfect detection were modelled properly then no need 

to have rules for the inclusion of species in the model. 

Disadvantages: Diversity indices are more difficult to communicate than other metrics.  

Group abundance model 

The total abundance at the group level (either all pollinating insects or for each group separately) 

could emerge as a simple summation of the Nijt matrix in Equation 4. A simpler alternative would be 

to aggregate the data to groups first, and then fit an abundance model as in Equation 1. 

An indicator of group abundance would be derived by first summing the abundances for each 

site:year combination, then calculating the annual average across sites.  

Status: A similar approach is being developed for the UK Pollinator Monitoring Scheme.  

Advantages: Straightforward to model: the multispecies trend emerges from a simple model.  

Disadvantages: Potentially complicated to communicate, especially in conjunction with species 

abundance. In addition, this metric is unlikely to be sensitive to change. 

3.1.6 Assessing the target 

To assess a reverse in the decline of pollinators (by a given date) means that the trend should be 

shifted from a declining to an increasing one. In the context of biodiversity indicators that measure 

the state of some biodiversity metric each year, the target would be met if the first derivative (the 

change from one year to the next, or growth rate) of this indicator line would be greater than zero. 

In this section, we discuss some of the issues associated with assessment of targets using 

indicators, and the pros and cons of different metrics as indicators (recognising that the EU PoMS 

design makes it possible to estimate several metrics ¸ see above). 

ὔὭὮ ὸ ~ίὭὸὩὭ + ώὩὥὶὮὸ 1 
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3.1.6.1 Bayesian vs Classical; qualitative vs quantitative assessment 

Traditional metrics are assessed using classical inference, based on null hypothesis significance 

testing (NHST). One attraction is that the result is expressed as a binary outcome: either the null is 

rejected or not. However, this does not translate into an unambiguous test of whether the target 

has been met (i.e. whether the trend in pollinators has shifted from negative to positive). This is 

because the power to reject this null hypothesis is strongly influenced by the confidence intervals 

around the quantity being estimated: if these are wide then it creates a strong bias toward 

_`o`^odib ºij jq`m\gg ^c\ib`» #d)`) a\dgdib oj m`e`^o oc` ipgg ctkjoc`ndn$) Ocpn' \ ^g\nnd^\g ICNO c\n 

the potential to create ambiguous results about whether the tarb`o c\n ]``i \^cd`q`_) Do½n kjnnd]g` 

oj ^ji^`dq` \ ndop\odji di rcd^c oc` º]`no» `nodh\o` ja oc` admno _`mdq\odq` dn kjndodq`' ]po \gnj oc\o do 

is not significantly different from the previous year in which the best estimate was negative (Figure 

3.1.3). 

Bayesian statistics present a potential solution to this problem. Whereas in classical statistics, the 

confidence intervals define the probability of the data given the parameter values, in Bayesian 

statistics the credible intervals can be interpreted as in terms of the probability that the true value 

lies within this range. Therefore, if the results in Figure 3.1. 3 were derived from a Bayesian model, 

we might conclude that there is 99% confidence that the indicator declined in the previous year, 

and 51% confident that it increased during the target year (noting that confidence can never be 

lower than 50%).  

This makes it possible to define the assessment of a target in probabilistic terms, by setting a 

threshold level for the confidence required in order to pass. It is perhaps easier to think of these 

thresholds in terms of an odds ratio: e.g. if we set the threshold to 75%, it would be stating that 

the weight of evidence for an increase was three times greater than the evidence for a decline 

(75:25). Similarly, a 90% threshold would be stating that the ratio of evidence for an increase was 

at least 9 times the evidence for a decline (i.e. 90:10). Framing the assessment in this way is 

consistent with a recent proposal by Leung and Gonzalez (2024) to assess biodiversity targets in a 

risk-based context, considering both the magnitude and probability of change.  



 

151 
 

Figure 3.1. 3. Illustration of problems associated with assessing the target by null-hypothesis significance 

testing. The data show hypothetical parameter estimates for two years: the year in which the target is 

assessed (right hand side) and the year before. The y-axis shows the growth rate, i.e. the annual change in 

the metric beiib \nn`nn`_) Oc` cjmdujio\g ]\m ncjrn oc` º]`no» `nodh\o`' oc` ]js _`gdhdon ø, no\i_\m_ `mmjm' 

and the vertical bars extend to the 95% confidence limits. Achieving the target requires this growth rate 

should be positive. In this example, the growth rate in the target year is slightly above zero, following a 

period in which the metric has been in decline (significantly negative growth rates). In this instance, the 

trajectory of the indicator has clearly improved, but it is ambiguous whether this is enough to meet the 

target. Specifically, we cannot conclude that the index has declined, nor that it has increased, nor whether the 

growth rate has changed from the previous year (during which there was a significant negative decline). 

 

Qmspac8 ?srfmpqɃ cj_`mp_rgmn. 

3.1.6.2 Risks and perverse outcomes associated with particular metrics 

As described in section 3.1.5, the candidate metrics for reporting in indicators (for the 2030 target 

and beyond) have a range of properties that should be carefully considered when deciding which to 

use.  

There are specific risks associated with the short time window between the start of the EU PoMS in 

2026 and assessment in 2030.  This is only a five-year window, thus the metric for assessment 

must have the potential to show a change during this period. This has two components: (i) is the 

metric likely to have changed over a five-year period, and (ii) if the metric does change, are we 

likely to detect it? Both conditions must be met in order for the metric to be useful. The choice 

between alternate metrics is complicated by the fact that there is a trade-off between these two 

components: metrics that are likely to meet the criteria for the first component are more likely to 

fail the second, and vice versa.  

To illustrate this in more detail, let us first consider compositional-based metrics, i.e. species 

richness, occupancy and Sør`in`i½n di_`s ja ]`o\ _dq`mndot) Di jm_`m ajm oc`n` h`omd^n oj ^c\ib`' 

entire populations need to be lost (for a decrease) or new sites colonized (for an increase). These 

changes happen relatively rarely, so the plausible effect size over five years is rather small. 

However, changes in richness and occupancy should be fairly easy to detect, given the spatially-

replicated design of EU PoMS. 
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By contrast, abundance of insects (including Group or Total abundance) is likely to be far more 

responsive to environmental change (either positive or negative). However, insect populations tend 

to fluctuate markedly from year to year, in part because the number of insects counted on 

transects reflects not just abundance but also activity, which is a function of weather conditions. 

This means that insect abundance time-series insects tend to be very noisy and require smoothing 

before assessment. Smoothing will dampen out these fluctuations, but make it more difficult to 

detect changes in the trajectory of the indicator. Basing the assessment solely on an abundance-

based metric would run the risk of ambiguous results in all Member States (i.e. high uncertainty 

and/or a bias tjr\m_n ºij jq`m\gg ^c\ib`»$) 

Dodn kjnnd]g` oc\o ^jhhpidot h`omd^n' np^c \n Nc\iiji½n di_`s' hdbco ]` hjm` n`indodq` oj ^c\ib` 

than compositional metrics whilst also less noisy than simple abundance metrics. However, this 

would need to be tested formally using simulations (e.g. an extension of the power analysis). 

Whatever the metric chosen, some careful attention would need to be given to which species 

should be included, and which should be excluded. If no stipulation were applied then the metric 

could be ºb\h`_» ]t kmjhjodib oc` nkm`\_ ja diomj_p^`_ nk`^d`n' di^gp_dib invasive aliens. Given 

that climate change is already causing the many species to shift their ranges (Chen et al., 2011), it 

would be appropriate to allow natural colonists to be included. However, species classed as 

anthropogenic introductions (i.e. alien invasive species) should not.  

Note that, apart from taxon-level abundance, all of the metric proposed in section 3.1.4 require 

species-level data. Although it is the stated aim that all observation on EU PoMS will be identified 

to species level, there is not yet the taxonomic capacity to achieve this in many Member States. 

Thus, unless taxon-level abundance is included in the suite of metrics for assessment, there is a 

risk that data collected under EU PoMS will not be fit for evaluating the target. 
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3.1.6.3 Options for assessing targets 

Option A: assess based on a single metric from the above 

The simplest approach would be to select one metric and assess based on this. The only real 

advantage of this approach is that it is simple and clear. There are several disadvantages. One is 

that choosing any one metric would capture only a partial picture of how biodiversity is changing. 

Another is that the metric may have to be decided before the data become available. Species 

abundance is often seen as the gold standard, but there are risks that an index solely based on 

species abundance would deliver ambiguous results.  

Option B: Alternative metrics 

A second option is to make the assessment based on the trajectory of multiple metrics, e.g. species 

abundance and richness. Each metric would have a separate indicator, but the assessment of the 

target would be based on both. There are several ways in which this could be achieved, depending 

on whether the test was conducted as NHST or using Bayesian methods. 

An assessment with NHST would deliver a traffic-light measure for each metric: green for 

increasing, red for decreasing and amber for no overall change. The target would then be assessed 

according to some vote counting approach, e.g. the target might require that there are more green 

gdbcon oc\i m`_)  Cjr`q`m' \n ijo`_ km`qdjpngt' oc` ºij jq`m\gg ^c\ib`» ^\tegory is problematic, and 

potentially reflects lack of power rather than genuine evidence for stability. Setting these 

thresholds should be informed by an augmented power analysis. 

If Bayesian methods were used, then it becomes possible to construct a more sophisticated test 

using the confidence (or probability) that the true trend is increasing. One possibility one could 

convert each confidence score into an odds ratio and calculating the product across all available 

metrics. For example, consider that a trend has been assessed for three separate metrics: for total 

abundance there is weak evidence for an increase (60% confidence); for occupancy, there is strong 

evidence for an increase (80% confidence) and for species abundance there is weak evidence for a 

decrease (33% confidence of increase vs 67% confidence of a decrease). Converting these into 

odds ratios we get 60/40 = 1.5, 80/20 = 4 and 33/67 = 0.5, so the product across all three metrics 

is 3, which corresponds to a 75% confidence in an overall increase across metrics. 

If the combination of Bayesian confidence scores were adopted, this approach could also be used 

to combine metrics for bees, hoverflies and butterflies into a single composite assessment for each 

Member State. 

The assessment could be made more sophisticated by weighting the metrics according to some 

pre-defined values (e.g. if the species abundance was considered more important than other 

metrics). Weighting the probabilities is mathematically trivial, but weights would be difficult to 

justify as objective, and the outcome would be highly sensitive to the weighting chosen. 

One advantage of this approach is that it makes full use of the breadth of biodiversity metrics that 

could be estimated from EU PoMS. It also reduces the risks associated with option A. For these 

reasons, this is our recommended approach.  
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3.1.7 Recommendations 

ð Refine and test statistical models for species abundance, a multispecies model for richness and 

occupancy, for taxon-level abundance and potentially also a multispecies abundance model. 

Test the sensitivity of these models to data from rarely observed species and develop data-

driven thresholds for which species to include. Test the statistical properties of these models 

and the resultant multispecies indicators in the context of their ability to detect changes over a 

six-year window. 

ð Fit these models in a Bayesian context to facilitate assessment of the target within a risk-

based framework. 

ð Develop tests for the target based on combining indicators from multiple biodiversity metrics. 

Evaluate the power of these tests to correctly diagnose biodiversity trends within Member 

States, using an extended version of the power analysis. 
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3.2 Options for a Farmland Pollinator Indicator 

3.2.1 Summary 

Pollinators are of great importance for agriculture as they make a major contribution to food 

n`^pmdot' a\mh`m½n di^jh` ocmjpbc n``_ kmj_p^odji' ampdo kmj_p^odji' \i_ \bmd^pgopm\g kmj_p^odji di 

general, as well as maintaining plant diversity. It should therefore be in the interests of agriculture 

to protect and promote pollinators. The EU Common Agricultural Policy (CAP) plays an important 

role in this context, as the CAP defines the framework for action for the Member States and thus 

plays a key role in shaping agricultural landscapes within the EU, with close to 90% of the utilised 

agricultural area being covered by CAP policy.  

EU PoMS provides an opportunity for monitoring pollinators in agricultural landscapes. To achieve 

this, we suggest a two-stage monitoring approach to cope with the complex interplay of site 

characteristics, land use history, different production branches and forms of management and 

policy interventions, such as CAP measures. The monitoring approach consists of either surveillance 

monitoring and monitoring under adaptive management, so that medium- and long-term 

statements on development of farmland pollinators can be made, and the impact of different types 

and levels of CAP implementations can be assessed using State and Impact indicators. While the 

trend monitoring is based on the sampling methods and the sample set of the EU PoMS core 

scheme, a Citizen Science-based approach with farmers is proposed for the monitoring under 

adaptive management approach. This is because farmers decide where and when which CAP 

measures are implemented and make it possible to evaluate them at farm level in the best 

possible way. To ensure that the proposed indicators for farmland pollinators are functional and 

can be reported in the future, we recommend conducting a pilot study in selected EU agricultural 

landscapes to test and further develop the conceptual approaches presented here.  

3.2.2 Background and context 

Around 38% of the land in Europe is used for agriculture purpose (European Commission Eurostat, 

2022). Hence, agricultural land makes an important contribution to open-land habitats of 

pollinators. The quality of those habitats is to a considerable extent driven by policy-induced 

interventions such as CAP measures. The purpose of this chapter is therefore, to outline potential 

monitoring approaches and indicators for reporting agriculture-related trends of pollinators, and 

also assessing effects of different types and different levels of policy induced land and land use 

change inter alia related to implementation of CAP.  

The chapter is divided into two parts: The first part is dedicated to the need for a Farmland 

Pollinator Indicator (section 3.2.3) and which insights for its development can be drawn from 

existing indicators, such as the Farmland Bird Indicator and the Grassland Butterfly Indicator 

(section 3.2.4). In addition, the potential of existing CAP indicators with regard to their suitability as 

surrogate indicators for an interim evaluation of the CAP is assessed (section 3.2.5). Based on the 

insights gained, conclusions are drawn for developing options for a Farmland Pollinator Indicator 

(sections 3.2.6 and 3.2.7). The second part of the chapter deals with conceptual considerations of a 

Europe-wide Farmland Pollinator Indicator. Section 3.2.9 formulates the demands on its design 

considering the political (CAP) context. As the design of the core scheme is unsuitable for a 

farmland specific focus, an optional two-stage monitoring approach with a selection of possible 

state and impact indicators is presented (3.2.10) and evaluated regarding their potential 
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informative value (3.2.11). The chapter ends with recommendations for the next steps that are 

considered necessary, towards developing a Europe-wide Farmland Pollinator Indicator (3.2.12). 

3.2.3 Why a Farmland Pollinator Indicator is useful and what can be learned 

from other existing farmland indicators 

The European Parliament, in its resolution of 23 November 2023 on the revised Pollinators 

Initiative, agreed that pollinator decline poses a threat to agricultural productivity and food security, 

hence to human well-being. It further emphasised that crop pollination mediated by wild and 

domesticated animals is an essential agricultural input and is a crucial and endangered ecosystem 

service. Despite the importance of pollinators for agriculture, intensive agriculture is one of the 

most pressing drivers of pollinator decline (IPBES, 2016). Decline of pollinators in farmland across 

the EU is putting this agricultural input of pollinators at risk. 

Within agricultural landscapes, the destruction of suitable natural and semi-natural habitats and 

degradation of habitat quality in terms of high regional flower cover and nest-site availability are 

considered to be among the main drivers of pollinator decline across Europe (Nieto et al., 2014; 

Ockermüller et al., 2023). Habitat loss and habitat degradation are driven by a syndrome of factors 

linked to the development of farming practices, including the spatially inclusive and comprehensive 

use of agrochemicals, high nitrogen input as well as herbicide and insecticide application in 

particular. A high input of nitrogen fertilizers results in nitrophilous plant communities with low 

plant species diversity, resulting in a monotonous diet for bees (Kleijn et al., 2009) and decreased 

survival of Lepidoptera larvae due to excessive dietary nitrogen content (Kurze et al., 2018), 

especially within managed grasslands. The use of insecticides in the crops, and the drift of these 

insecticides into adjacent semi-natural habitats can cause sublethal or lethal effects on pollinators 

(Chmiel et al., 2020; Tosi and Nieh, 2019). Although the use of pesticides is highly regulated, 

chronic or toxic effects of insecticides on pollinators under commercial field conditions still remain 

largely unknown (Arce et al., 2018; Tosi et al., 2022; Tosi and Nieh, 2019; Woodcock et al., 2016). 

Low crop diversity with a high percentage of wind pollinated or self-pollinating plants, along with 

use of herbicides resulting in a low diversity of the arable weed communities, impact bees 

indirectly by diminishing resource availability (Bretagnolle and Gaba, 2015). Such simplified crop 

rotations combined with large field size and loss of semi-natural habitats such as hedgerows, 

fallows or road and field margins have led to homogeneous landscapes with very few structures of 

ecological value for pollinators (Stoate et al., 2001; Tscharntke et al., 2002). The combination of 

these stressors, together with competition with introduced species, the spread of parasites and 

diseases, as well as climate change is likely to have harmful consequences for pollinators (Goulson 

et al., 2015; Potts et al., 2010). 

Therefore, with about 40% of land in the EU covered by agriculture (European Commission 

Eurostat, 2022), farmers and other open-land users in the EU play an essential role of maintaining 

habitats for pollinators and fostering sustainable agricultural practices that prioritise the well-being 

of pollinators and contribute to their preservation and the preservation of habitats and resources 

those require. There is evidence that mitigation measures such as some agri-environment schemes 

can benefit pollinators in agricultural landscapes, in particular those measures increasing floral and 

nesting resource (Ammann et al., 2024; Bishop et al., 2024; Image et al., 2022). 

Given our understanding of the principal pressure and mitigation factors affecting pollinators in 

agricultural land, the application of a DPSIR-approach in farmland pollinator monitoring would 

facilitate the evaluation of national and/or regional pollinator protection strategies and of the 

common agriculture policy (CAP) strategic plans. In addition to the monitoring of the state (species 
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richness and abundance) of pollinators, trends on the development of pressure and mitigation 

factors could provide insights in the potential success of the strategies, way before the state of the 

pollinators may respond to the measures applied. 

In the following we look at what we can learn from existing state indicators of other farmland taxa 

(i.e. farmland birds and grassland butterflies) for farmland pollinator monitoring and indicators and 

which existing environmental and land use indicators may serve as pressure/mitigation indicators in 

an integrated farmland pollinator monitoring. First, we provide a short overview of the DPSIR-

approach. 

3.2.4 The DPSIR model 

The Driver-Pressure-State-Impact-Response (DPSIR) framework was developed by the European 

Environment Agency (EEA) in 199958. It was built upon several existing environmental reporting 

frameworks, like the Pressure-State-Response (PSR) framework developed by the Organization for 

Economic Co-operation and Development (OECD) in 1993. The DPSIR model has been adopted as 

the most appropriate way to structure environmental information by most Member States of the 

European Union and by international organisations dealing with environmental information, such as 

Eurostat, the European Environment Agency (EEA), and (since the early 1990s, as PSR model) by 

the OECD. 

From the policy point of view, there is a need for clear and specific information on: 

ð Driving forces and 

ð the resulting environmental Pressures, on 

ð the State of the Environment and 

ð Impacts resulting from changes in environmental quality and on 

ð the societal Response to these changes in the environment (Figure 3.2. 1). 

Due to pressure on the environment, the state of the environment changes. These changes then 

have impacts on the functions of the environment, such as human and ecosystem health, resources 

availability, losses of manufactured capital, and biodiversity. Impact indicators are used to describe 

changes in these conditions (Gabrielsen and Bosch, 2003).  

 

 

58 https://www.eea.europa.eu/publications/TEC25  

https://www.eea.europa.eu/publications/TEC25
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Figure 3.2. 1. The agricultural DPSIR model.  

 

Source: European Commission (2000). 

Indicators from different parts of the DPSIR framework have more or less relevance to policy 

makers depending on what stage the policy life cycle has reached (Figure 3.2. 2). For problems that 

are in the beginning of their policy life cycle, that is, in the stage of problem identification, 

indicators on the state of the environment and on impacts play a major role. Once the problem is 

politically accepted and measures are being designed, the attention shifts to pressure and driving 

force indicators. In the next and longer stages of the policy cycle - from formulation of policy 

responses to implementation of measures and control - policy-makers focus on what they can 

influence, the driving forces through volume measures, the pressures with technical measures and 

educational projects. Performance indicators on changes in driving forces and pressures are the 

most used. In the last stage - the control phase of the policy cycle - state and impact indicators 

become important again to watch the recovery of the environment and a limited number of these 

indicators will be used to continuously monitor the state of the environment (Gabrielsen and Bosch, 

2003).  
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