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Abstract 

Evidence of declines in wild and managed pollinators and pollination services is increasingly being 

documented around the world. This has driven the development of a wide range of practical 

management and policy responses which were reviewed in the Intergovernmental science-policy 

Platform on Biodiversity and Ecosystem Services (IPBES) global assessment of ‘Pollinators, Pollination 

and Food Production’. We take 38 responses from this report as a basis to explore the importance of 

scale for the effective delivery of an intervention’s benefit to pollinators. We considered five scale 

categories: Spatial, the spatial scale at which the response is most effective; Temporal, the time scale 

over which the response is most effective; Actors, the number of actors needed for most effectively 

implementing a response; Social, the sphere of influence or motivation that determines an effective 

response; and, Sector, the sector(s) of society which should be involved to increase effectiveness. Each 

scale category was split into multiple levels and we scored each in terms of how important they were for 

determining the effectiveness of a given response option. Using our combined scores, we aim to explore 

general trends and raise awareness around the main issues relating to the importance of scale, with 

illustrated examples from the literature. We show how scales have impacted on the effectiveness of 

interventions and provide recommendations on how to improve scale matching when planning a 

response action. While the relative importance of scales and levels for effectiveness was heterogeneous 

across response options, there were some general patterns. Interventions were only effective when 

targeted over the right spatial scales over a sufficient period of time and involved all relevant social and 

sectoral groups and actors. 
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1. INTRODUCTION 

There is a rapidly increasing body of knowledge on the status and trends of pollinators and the drivers 

linked to substantial declines in some wild pollinator taxa in several regions of the world (IPBES, 2016a). 

Our understanding of the role of land use change, climate change, agricultural intensification, pathogens 

and invasive alien species as drivers of declines are widely documented, though the impacts of multiple 

drivers, and their interactions, remains unclear (Gill et al. 2016; Potts et al. 2016; Vanbergen et al. 2013). 

There is increasing recognition of the wide range of economic and socio-cultural values pollinators bring 

to society stimulating calls from the public, growers, conservationists, scientists and policy makers for 

actions to protect and sustainably manage pollinators (Harvey et al. 2020). A diverse portfolio of 

management and policy response options exists, which were assessed comprehensively in the IPBES 

(2016a) assessment of ‘Pollinators, Pollination and Food Production’. These included local habitat 

management in farms and cities, developing landscape-scale ecological infrastructure, improving 

training and technology for agrochemical inputs, capitalizing on local and indigenous knowledge of 

pollinator conservation, and developing policy frameworks to incentivize and regulate for better 

pollinator protection.   

The IPBES report outlined key responses that could be implemented across multiple spatial scales, 

sectors and timespans, but there are outstanding challenges, and major knowledge gaps, remaining 

around how to most successfully operationalize these in practice. In particular, how can we maximise 

the effectiveness of responses accounting for spatial and temporal scales, and the number and type of 

actors, sectors, and social spheres of influence involved? Whether responses aim to improve current 

conditions for pollinators, transform landscapes, or enhance society’s relationship with pollinators, the 

impact of different dimensions of ‘scale’ on the effectiveness of interventions and their outcomes is 

rarely considered in detail. We systematically address the influence of scales through a framework that 

explores multiple categories of scale, how these can change the effectiveness of interventions, and 

providing a way to ensure consideration of the appropriate scales during planning and implementation 

of interventions and responses. For instance, even if an intervention (e.g. a flower strip) is implemented 

at the appropriate spatial scale (e.g. field) and involving the right actor (farmers) and sectors (e.g. agri-

food and policy), if the timeframe is insufficient (e.g. less than a year) then the intervention is unlikely to 

deliver any measurable benefits for pollinators because a key dimension of scale was inadequately 

considered. In this paper, we assess the influence of five scale categories:  
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 Spatial, the spatial scale at which the response is most effective;  

 Temporal, the time scale over which the response is most effective;  

 Actors, is defined as a group of individuals with shared occupations or roles (e.g. farmer, 

beekeeper, nature reserve manager and politician), and this category considers the number of 

actors needed for most effectively implementing a response;  

 Social, the sphere (or scale) of influence or motivation that determines an effective response. 

This is derived from social groups which may or may not include multiple actors and sectors, 

such as the influence of the immediate peer groups, all the way to the wider public opinion; 

 Sector, is defined as a specific part or division of society or the economy, made up of similar 

elements (e.g. business, NGO, policy and public), and this category considers the types of sectors  

which should be involved to increase effectiveness. 

Currently the most comprehensive global overview of pollinator interventions is the IPBES (2016a) 

assessment of ‘Pollinators, Pollination and Food Production’, and we use the table summarizing the 

responses (IPBES, 2016b; Table SPM.1) as the basis to assess the importance of the selected five scales, 

the responses have been grouped under eight broad themes:  

1. Enhancing floral resources; 

2. Enhancing the wider landscape; 

3. Regulation and management of pesticides; 

4. Managed pollinators; 

5. Diversifying farming systems; 

6. Improving markets; 

7. Knowledge generation and exchange; 

8. High level pollination initiatives and strategies. 

We use examples of interventions where scale is known to have impacted effectiveness, highlighting 

successes and failures, and provide recommendations on how to improve scale matching when planning 
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an intervention. Inevitably there is some overlap between themes, however, we aim to provide an 

overview of the wide range of interventions identified by IPBES (2016a) and indicate where an 

intervention falls within more than one theme.  

 

2. ASSESSING THE IMPORTANCE OF SCALES 

The IPBES (2016b) report provides an overview of 39 strategic responses to risks and opportunities 

associated with pollinators and pollination and classified these into three broad approaches: (i) 

Improving current conditions for pollinators and/or maintaining pollination by managing the immediate 

risks and utilizing immediate opportunities; (ii) Transforming agricultural landscapes by ecologically 

intensifying agriculture through active management of ecosystem services, strengthening existing 

diversified farming systems and investing in ecological infrastructure (Vanbergen et al THIS VOLUME); 

and (iii) Transforming society’s relationship with nature, which includes integrating peoples’ diverse 

knowledge and values into management and linking people and pollinators through collaborative, cross-

sectoral approaches. The IPBES table (SPM.1 in IPBES 2016b) itself is not exhaustive, and includes about 

half of the interventions documented in the main technical report (2016a), but it represents the broad 

diversity of responses including some of the most commonly adopted. We added one additional 

response ‘Plant breeding solutions to reduce reliance on biotic pollination’. This was originally included 

in the IPBES (2016b) table but was removed in the penultimate draft during the science-policy dialogue 

process due to strong opposition by one IPBES signatory government. The full list of responses used in 

this paper and their full definitions are given in Supplementary Materials (SM1). 

To explore the issue of scale, the authors of this paper independently scored each response to assess 

the different levels of scale within each category in terms of how important they were for determining 

the effectiveness of a response option. For instance, spatial scale has five levels: field, farm, landscape, 

national and global.  The definitions of the scale categories and the levels within each scale category are 

given in Table 1.  

 [INSERT TABLE 1 HERE] 

Importance was defined as the extent to which a particular level (e.g. farm or other land unit) within a 

given scale category (e.g. spatial) determines the effectiveness of an intervention in terms of benefits to 
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pollinator conservation or sustainable management of pollination services. Importance scores were 

assigned as: ‘no importance or relevance’ (score = 0), ‘low or some importance’ (score = 1), or ‘high 

importance’ (score = 2). The scores for the five authors were then summed for each response scale 

category level cell, to provide an overall score between 0 and 10, and raw scores are provided in 

Supplementary Materials (SM2). 

Based on the scoring process we made a minor change to the list of responses to remove three that we 

considered overly broad because they combined multiple types of interventions, which made it too 

difficult to score consistently using our framework. However, all the individual interventions listed 

within these three broad responses are captured within other responses in the IPBES table (2016b). The 

three responses removed were: (i) ‘Patchiness, crop rotation and co-production of knowledge between 

indigenous and local knowledge holders, scientists and stakeholders’, which is covered by ‘Support 

diversified farming systems’ and ‘Support knowledge co-production and exchange’; (ii) ‘Support organic 

farming systems; diversified farming systems; and food security, including the ability to determine one’s 

own agricultural and food policies, resilience and ecological intensification’, which is covered by ‘Reduce 

pesticide use’, ‘Support diversified farming systems’, ‘Traditional and knowledge co-production for 

habitat management’ and ‘Support knowledge co-production and exchange’; and, (iii) ‘Support large-

scale land-use planning and traditional practices that manage habitat patchiness and biocultural 

diversity’, which is covered by ‘Collaborative approaches to landscape management’, ‘Increase 

connectivity between habitat patches’ and ‘Support “biocultural diversity” conservation approaches’. 

The final list therefore comprised 38 responses and the full definitions and their shortened forms are 

given in Supplementary Materials (SM1). 

After the initial round of scoring, all authors independently reviewed the table and identified any major 

differences between individual and overall group scores. The authors then met to discuss these 

differences to reach a consensus score as a group considering available evidence. Of the 798 scoring 

cells in the table (21 levels x 38 responses) only six scores were adjusted (<1%). Both the original score 

and adjustments made are described in Supplementary Materials (SM2). 

Our approach aimed to be a preliminary assessment focusing on the importance of scale and we 

recognize there are a number of caveats that go with this. First, there were only five assessors involved 

and the process could have benefited from a larger group with more diverse knowledge and a more 

formal scoring and consensus approach (e.g. Delphi panels where experts are surveyed independently 
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on a topic, then asked to discuss their answers before rescoring their responses until consensus is 

reached; Mukherjee et al. 2015). However, the authors share >90 years of collective experience of 

working with pollinators, possess extensive expertise relevant to this assessment (ecological science, 

pollination economics, policy and practice, societal engagement) and two authors were heavily involved 

in the IPBES pollination assessment as a Co-chair and a Lead Author. Secondly, the Table SPM.1 in IPBES 

(2016b) is not an exhaustive list of responses, and there has been new knowledge generated since 2016. 

More data would be needed for a detailed quantitative analysis of scale across all interventions and to 

present such a thorough review of the evidence is not the aim of this paper. Instead, we aim to explore 

trends, and raise awareness of the main issues around the importance of scale in responding to the 

impacts of human activities on pollinators and pollination through a variety of illustrative examples from 

the IPBES assessment (IPBES, 2016a) and more recent studies.  

 

3. SCALE INFLUENCES ON THE EFFECTIVENESS OF INTERVENTIONS FOR 

POLLINATORS AND POLLINATION   

The relative importance of different scale categories and the levels within a scale category were 

heterogeneous across the range of response options and themes (Table 2). Several patterns emerged 

and these are highlighted, along with their implications for pollinator conservation and sustainable 

management, in our eight themes.   

[INSERT TABLE 2 HERE] 

 

3.1 Enhancing Floral Resources 

Responses assessed: 

 Create uncultivated patches of vegetation 

 Restore natural habitats  

 Manage road verges 

 Manage rights of way and vacant land in cities  

 Manage urban spaces for pollinators and collaborative pathways  
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There is strong evidence that reduced floral resource availability is an important limiting factor for bee 

populations (e.g. Carvell et al. 2015; Carvell et al. 2017; Roulston and Goodell, 2011), and so enhancing 

floral resources has become a focus of many pollinator conservation efforts. Flower-rich habitat can 

provide sources of nectar and pollen for pollinators throughout an extended flowering period and can 

directly enhance the connectivity and complexity of landscapes (Kovács-Hostyánszki et al. 2017) [see 

section 3.2]. Enhancing floral resources can promote higher pollinator abundance and richness and can 

subsequently provide improved crop pollination services (Gill et al. 2016). However, pollinator 

biodiversity and pollination services can also exhibit diverging responses to farm management actions.  

For instance, Nicholson et al. (2020) showed that florally enhanced field edges harbored bee 

communities that were more abundant, diverse (taxonomically and functionally) and compositionally 

distinct than in control edges. These floral enhancements did not increase the abundance or diversity of 

bees visiting crops, indicating that the supply of pollination services might differ between edge and 

center of fields and highlighting the differences in effectiveness based on spatial location. From the 

overview included in the IPBES table (IPBES, 2016b), the strategic responses involving the enhancement 

of floral resources are creating uncultivated patches of vegetation, managing road verges, managing 

rights of way and vacant land, restoring natural habitats and managing urban spaces for pollinators. 

Based on our assessment, the most important scales to consider when implementing floral 

enhancement measures are spatial and temporal scales. Farmer-level interventions (e.g. field margins) 

are largely implemented at smaller scales over the shorter term, whereas floral enhancement in 

conjunction with transport infrastructure and urban spaces generally operate at larger spatial scales 

over a longer timeframe (Table 2).  

 

In agricultural landscapes, portions of farmland can be left uncultivated and flower-rich areas such as 

sown field margins, hedgerows and wildflower strips can be established. Wildflower strips can enhance 

pollinator diversity and abundance at both local and landscape spatial scales (Jönsson et al. 2015; 

Kovács-Hostyánszki et al. 2017) however, these scale-dependent effects may differ between different 

pollinator groups (Jönsson et al. 2015). At larger spatial scales, the effectiveness of these practices can 

be moderated by the extent of uptake by farmers (Baude et al. 2016) and landscape context, with a 

greater likelihood of effectiveness in simple landscapes (defined as 1-20% semi-natural habitat) 

compared to more complex landscapes (>20% semi-natural habitat) (Scheper et al. 2013). Moreover, the 

distance from florally rich areas can moderate the delivery of crop pollination services by wild 

pollinators (Garibaldi et al. 2011). Enhancing flower-rich areas in agroecosystems can provide short-term 
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benefits for pollinators. Evidence shows that such actions can enhance wild bumblebee reproductive 

success (Carvell et al. 2015) and colony survival (Carvell et al. 2017). However, the effectiveness of these 

practices for increasing pollinator populations over the longer term is not well-understood. There is 

evidence that uncropped flower-rich areas can also promote pollination services to agricultural crops; 

however, effectiveness may be moderated by spatial scale [see section 3.2]. For example, Pywell et al. 

(2015) showed that the yield of field bean Vicia faba at the farm-scale can be increased by 25% and 35% 

where 3% and 8% of the area, respectively, was converted to wildflower strips and other semi-natural 

habitat. Sown field margins can provide high sources of nectar and pollen seasonally, although, a recent 

European-wide analysis suggests that seasonal temporal trends can strongly differ geographically (Cole 

et al. 2020). Cole et al. (2020) also highlighted that field margins across Europe generally lack flowers 

that provide nectar and/or pollen resources for pollinators later in the season. Designing flower mixes to 

provide temporal resource continuity throughout the season is vital for supporting pollinator 

communities within these flower-rich areas (Scheper et al. 2015) and so future seed mixes should be 

developed to assure a succession of pollen and nectar sources over a few years. Moreover, future 

plantings should be designed to support bee and non-bee pollinators (see Howlett et al. THIS VOLUME), 

as sown flower strips are often tailored towards common bumblebee species and can fail to support the 

majority of pollinator taxa (Wood et al. 2017). Hedgerow restoration schemes that provide pollinators 

with floral and nesting resources over many years may be a more effective measure for promoting 

pollinator populations in the long-term than annual wildflower strips. M’Gonigle et al. (2015) 

successfully showed that restoring flowering hedgerows that bordered larger crop fields in the Central 

Valley of California, USA, increased pollinator species richness at the local farm scale over an eight-year 

period. Overall, the creation of uncultivated vegetation currently tends to operate over the shorter-

term, at field to landscape scales, with the involvement of a single actor (landowner i.e. farmer). 

 

Roads and other ‘rights of way’ infrastructure (railway embankments, powerlines, pipelines, rivers and 

canals) are interwoven throughout rural and urban landscapes and have the potential to provide 

valuable additional linear habitat for insect pollinators (Wojcik and Buchmann, 2012). They can act as 

corridors, at least for some pollinator taxa (Moroń et al. 2017) and improve habitat connectivity across 

the wider landscape [see section 3.2]. As these linear habitats cover such a large extent of the landscape 

(Wojcik and Buchmann, 2012) it is likely that they would be effective at supporting pollinator 

communities, particularly when managed at larger spatial scales. Other scales can also influence the 

effectiveness of linear habitat management, for example, the number and types of actors is important 
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for success (e.g. landowners, transportation agencies, researchers, academics, conservation 

organisations, and the public). In Minnesota, USA, through the coalition of multiple actors, thousands of 

acres worth of roadside prairie grassland has been enhanced, with the aim of creating valuable habitat 

for the Monarch butterfly and other native wildlife (Minnesota DNR, 2020). Although managing habitats 

associated with transport or other infrastructure has been recognised as a way to connect habitats and 

support pollinator communities, few policy strategies are currently in place to institute coordinated 

efforts for their management at the landscape scale (IPBES, 2016a). It should be noted that current 

evidence on the effects ‘rights of way’ habitat to support pollinators over long timescales is scarce, with 

most studies limited to ≤ 2 years (Villemey et al. 2018). 

From our assessment, we concluded that the enhancement of flower-rich habitat in urban spaces tends 

to operate at landscape and national scales (Table 2) and usually involves a multi-actor and multi-sector 

approach [see section 3.2]. City-scale plant-pollinator network robustness can be increased through the 

enhancement of urban floral resources, as shown by Baldock et al. (2019). This study modelled the 

effect of increasing floral resources in parks, road verges and other greenspaces across four 

geographically distant UK cities and predicted that adding three abundant and commonly visited plant 

species to the different green spaces will increase city-scale plant-pollinator robustness (Baldock et al. 

2019). Moreover, Baldock et al. (2019) found that the number of bee visits were greater in residential 

gardens and allotments than any other land use type, and when scaled up to city level, 54-83% of flower 

visits by pollinators occurred in residential gardens. Enhancing flower-rich areas in existing urban green 

spaces through gardener education and engagement and through coordinated management practices in 

public green spaces can scale up to create a network of high-quality urban spaces that can support 

abundant and diverse pollinator communities across cities (Aronson et al. 2017). The collaboration 

between a diverse set of actors (e.g. urban planners, developers, academics, researchers, policymakers, 

gardeners and the general public) across multiple sectors will likely maximise effectiveness at the city 

scale and ensure that urban spaces meet both the needs of pollinators and the socio-cultural needs of 

local residents. As the number of stakeholders increases, finding mutually agreeable management 

outcomes at larger spatial scales can become increasingly difficult, however, there are examples of 

success (River Revitalization Foundation Milwaukee, 2020; The National Pollinator Garden Network, 

2019). In addition, many non-profit organisations (e.g. Buglife, 2020a; Pollinator Partnership, 2020a; 

Xerces Society, 2020) engage with the private and public landowners and promote planting pollinator-

friendly floral resources.   
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There is sufficient evidence demonstrating that floral enhancement interventions can contribute 

towards enhancing pollinator communities, and from our assessment of scale, we concluded that spatial 

and temporal scales are of critical importance when implementing such actions. In addition, the 

inclusion of multiple appropriate actors can play an important role in the effective implementation of 

large-scale floral enhancement (e.g. in urban spaces and transportation links). Exactly what levels of 

spatial and temporal scale the different interventions for floral enhancement should be implemented at 

in terms of efficacy in supporting pollinators in the future landscape remains poorly understood and 

further requires long-term research. 

 

3.2 Enhancing the Wider Landscape 

Responses assessed: 

 Restore natural habitats  

 Increase connectivity between habitat patches 

 Change grassland management 

 Manage road verges 

 Manage rights of way and vacant land in cities 

 Manage urban spaces for pollinators and collaborative pathways 

 Protect heritage sites and practices 

 

Land degradation has resulted in biodiversity declines and in the disruption of ecosystem function and 

services worldwide (IPBES, 2018). Habitat restoration is a key measure to counteract negative impacts 

on biodiversity from habitat loss and fragmentation (Winsa et al. 2017) and forms an integral part of 

enhancing wider landscapes. There is evidence from both urban and rural environments to suggest that 

landscape management measures can contribute towards enhancing and restoring pollinator 

communities (Senapathi et al. 2017). However, the spatial scales at which each intervention is most 

effective may vary with each option. Whilst initiatives such as restoring natural habitats and managing 

urban spaces for pollinators needs to happen at a large spatial scale (i.e. local, national or regional 

scale), management responses such as increasing habitat connectivity or changing grassland 
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management need to be highly local and can be effective at the farm scale or even at the field level (see 

Table 2).   

 

Some of the interventions outlined above clearly overlap with measures for enhancing floral resources 

[section 3.1]. For example, the widely adopted practice in Europe and North America of planting 

flowering shrubs and forbs along field edges (M’Gonigle et al. 2017) with positive impacts on pollinator 

communities (Haaland et al. 2011; Hardman et al. 2016b) could be considered under both floral 

enhancements [section 3.1] and the wider landscape improvement categories. Wider landscape 

management could also involve improving floral and nesting resources in urban green spaces such as 

domestic gardens and allotments which have been shown to have a positive impact on pollinator 

communities (Baldock, 2020). Forest landscapes are also known to benefit pollinator communities and 

the pollination services of adjoining agricultural land but there still exist significant knowledge gaps in 

terms of management practices that can enhance pollinator communties in this specific landscape 

(Krishnan et al. 2020). 

 

Another intervention with an overlap between the wider landscape and the floral resource themes is 

that of road verges. Roadside verges and hedges can provide hotspots of resources for pollinators in 

rural and urban landscapes and along motorways effectively contributing to greenspace connectivity 

(Free et al. 1975; O’Sullivan et al. 2017; Phillips et al. 2019). However, their benefits to pollinators can be 

reduced by heavy traffic pollution and summer verge cutting (Phillips et al. 2019). Diesel exhaust 

pollution has been shown to affect bee olfaction and reduce flower detection due to negative impacts 

on learning and memory (Lusebrink et al. 2015; Reitmayer et al. 2019). Conversely reduced mowing 

frequency could enhance biodiversity, aesthetics and pollination services, whilst delivering costs savings, 

thereby potentially being acceptable to the public (O’Sullivan et al. 2017). It is therefore crucial to 

consider not just the spatial scales, but also the timing of implementation and management of 

measures.  

 

Studies of native bee richness and abundance indicate that many diverse communities of wild bees 

persist in urban landscapes, and that cities and towns can be important refuges for pollinator 

populations (Baldock et al. 2015, 2019; Hall et al. 2017). However, Hall et al. (2017) indicate that while 

advances in pollinator conservation in rural landscapes are proliferating across governance scales, only a 

few city councils (Baldock et al. 2015), local authorities (Hertfordshire Pollinator Strategy, 2019) and 
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national governments (DEFRA, 2019) are targeting urban landscapes and funding such efforts. EU Life 

funded Urban Green projects in Italy and Poland, focused on improving the management of urban green 

spaces, have benefitted ecosystem services and biodiversity, including pollinators  (Life Urban Green, 

2018). 

 

In addition to urban and rural environments, the IPBES report (IPBES, 2016a) as well as subsequent 

articles (Potts et al. 2016) have highlighted the importance of protecting local, national and regional 

heritage sites and practices as a means towards pollinator conservation. Examples of sites that recognize 

such approaches include the Coffee Cultural Landscape of Colombia; the Osun Sacred Grove protected 

by Yoruba peoples near Osogbo, Nigeria; and the Agave Landscape in Mexico (Hill et al. 2019). All of 

these involve management at large spatial scales with multiple actors from different sectors including 

local communities, industry and science contributing towards these efforts (Cely-Santos and Lu, 2019; 

Trejo-Salazar and Eguiarte, 2016).  

 

The effectiveness of the actions depends on the actors and sectors involved and the time scales over 

which they are implemented or assessed. While the specific actions taking place at the field or farm 

scale (e.g. hedgerow or grassland management) can be a single actor decision making process 

predominantly driven by the landowner or farmer (Britt et al. 2011), landscape scale initiatives usually 

require a multi-actor, multi-sectoral approach. For example, governments commonly provide incentives 

to encourage farmers to adopt production techniques that allow biodiversity to coexist alongside 

agriculture (Scherr and McNeely, 2008). Initiatives such as ‘The Landscapes for Wild Pollinators and 

Farm Wildlife’ (Stafford 2018; Buglife, 2020b) project is providing free, tailored advice to farmers and 

landowners in the UK and brings together policy, delivery agencies and NGOs. Businesses including agri-

food may also be involved in enhancing landscape management through their influence on grower and 

supply chains to implement pollinator friendly management measures. Certification schemes such as 

‘Bee Friendly Farming’ (Pollinator Partnership, 2020b) or ‘Bee Better Certified’ (Xerxes Society, 2020a) 

provide specialist advise to growers or farmers on pollinator habitat management and reduced pesticide 

use (Herrick, 2017), while others such as ‘Fair to Nature Conservation Grade’ (Fair to Nature, 2020) 

aimed at wider biodiversity could also aid pollinator communities as a consequence (Hardman et al. 

2016a).  
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While spatial scales may be the most important consideration, it should also be noted that different 

interventions will operate over different time scales. Field and farm level enhancements even within a 

wider landscape management context, may occur on a seasonal or annual basis, or even over the course 

of agri-environment scheme assessment timelines (e.g. 5-10 years); for instance, evidence suggests that 

the timing of mowing within a season in grassland management can significantly impact pollinator 

communities (Johansen et al. 2019). Policy timeframes in contrast, are more likely to operate on a five 

to ten-year timeframe, such as the many national pollinator strategies and action plans that currently 

exist (European Commission, 2020; National Biodiversity Data Centre, 2020; Rijksoverheid, 2018; 

SAPOLL, 2019; Senapathi et al. 2017) [see section 3.8]. Pollinators may also benefit from habitat 

restoration and protection measures incorporated in national and international Biodiversity 2020 plans 

as well as international conventions such as the CBD’s specific Aichi targets (CBD, 2013) which operate 

on a decade long cycle. 

 

Enhancing the wider landscapes generally works in terms of the “bigger, better and more joined up” 

approach as popularised by the ‘Making Space for Nature’ report (Lawton et al. 2010). However, whilst 

the spatial scales and associated timelines are taken into consideration, the question of where best to 

target actions, remains an open one. Evidence suggests that restoration actions should be targeted to 

sites near potential source populations of pollinators in the landscape to ensure that more species with 

limited mobility (e.g. many solitary bee species) can recolonize the restored habitat patches (Öckinger et 

al. 2018). This requires prior knowledge of where extant source populations are or are likely to exist in 

order to best target interventions in the right places. When planning restoration actions, it is also 

important to consider that species with certain traits (e.g. high resource specialisation) are unlikely to 

colonize restored sites without human assistance, even if they are present in the landscape (Öckinger et 

al. 2018).  

 

In summary, ample evidence exists to indicate that responses related to enhancing the wider landscape 

positively contribute towards improving pollinator communities. The spatial and temporal scales of the 

interventions and the roles and coordination of different actors in a landscape context are a critical 

consideration to ensure optimal effectiveness of measures deployed. While further evidence is required 

to understand exactly where and in what locations these interventions would be most effective, Kleijn et 

al.’s (THIS ISSUE) suggestion to incorporate key performance indicators that can be quantified easily 
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over large areas would be a practical means of monitoring, evaluating and assessing conservation 

effectiveness of interventions at the landscape scale. 

 

3.3 Regulation and Management of Pesticides 

Responses assessed: 

 Raise standards of pesticide and GMO risk assessment 

 Practices to reduce pesticide drift and exposure 

 Reduce pesticide use 

 Promote Integrated Pest Management (IPM) 

Pesticides are used to control injurious pests in agricultural systems and include insecticides, herbicides 

and fungicides. Conventional synthetic pesticides have become a key input upon which farmers rely in 

modern intensive agriculture. While underpinning high yields, they have led to widespread unintended 

environmental consequences (Wilson and Tisdell, 2001). The negative impacts of pesticides, and 

particularly insecticides, on pollinators has been subject to intensive research in recent years (Sponsler 

et al. 2019) with a multitude of effects on pollinators reported including on behaviour, reproduction, 

longevity (Godfray et al. 2014) and resulting pollination services (Stanley et al. 2015). Reducing pesticide 

use will ultimately require coordinated action of multiple actors from many sectors (Sponsler et al. 2019) 

and given the negative environmental implications of over reliance on pesticide, it is a priority for 

society as a whole. However, some small scale actions can be effective and we conclude from our 

assessment that they will require direct action from only a few actors (e.g. farmers) with support from 

one or two sectors (e.g. Agri-food, Policy) (Table 2).  

Mitigating the negative impacts of pesticides on pollinators is a priority and requires multiple actions 

that go beyond simply banning their use, given their utility in multiple contexts. Responses include 

‘Raising standards of risk assessments for pesticides and GMO’, which are required before any product 

can go to market. With regards to impacts on pollinators, assessments have tended to focus on effects 

on a limited number of pollinator species, including the western honey bee Apis mellifera, which recent 

studies have shown is relatively less sensitive to insecticides than other pollinators (Rundlöf et al. 2015). 

To understand true risks, assessments need to consider sub-lethal effects on a wider set of pollinator 
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species over the longer term and in the context of field realistic doses (Stoner, 2016; Thompson and 

Hunt, 1999; IPBES 2016a; Mancini et al. 2020 THIS ISSUE). Also, the wider ecological implications of their 

use need to be considered, for example the loss of pollinator forage plants following employment of 

GMO ‘herbicide ready’ crops and subsequent application reducing arable weed availability (Bohan et al. 

2005).  

Recent estimates of the full costs of bringing a single active ingredient from discovery to market are, on 

average, U.S. $286 million and take over 11 years (McDougall, 2016). Effective risk assessment requires 

coordinated action from multiple sectors including policy makers who set risk assessment standards and 

agrochemical companies who develop pesticide products or GMO crops lines. Following reassessment, 

the European Food Safety Authority (EFSA) considered the widely used neonicotinoid family of 

insecticides to pose an unacceptable harm to bees, resulting in a ban on their use in outdoor crops 

across Member States. Acting through policy at a continental scale will restrict pesticide use. The extent 

that this will deliver benefits for pollinators remains to be seen, however, given the potential time lags 

for measurable effects on pollinator populations to emerge (Woodcock et al. 2016. Mancini et al 2020 

THIS ISSUE) and the unknown impacts of alternative chemicals marketed and used (Zhang et al. 2017). 

Including appropriate risk assessment procedures that considered factors raised as presenting 

unacceptable risks in the EFSA 2018 report would have avoided the need for a retrospective restriction. 

This requires coordinated action between multiple actors and sectors, allowing science to inform policy 

and industry in order to shape risk assessment, and such processes must be in place well before active 

ingredients may be released to market (Table 2).   

Beyond wide scale restrictions on the availability of pesticides, ‘Reducing pesticide use’ by encouraging 

alternatives and utilising new technologies or application approaches ‘to reduce pesticide drift and 

exposure’ could reduce pesticide pressures on pollinators at smaller spatial scales. These practices can 

be implemented by individual farmers on individual farms and deliver several short-term benefits. For 

example, the negative effects of pesticides on pollinators at the time of application (Brittain et al. 2010) 

can be mitigated through the establishment of buffer zones. These comprise adjacent riparian zones and 

field edges known to be key foraging and nesting habitats for pollinators and so minimise contact with 

treated crops (Cole et al. 2015; Garratt et al. 2017; Lagerlöf et al. 1992). This will also avoid 

unintentional pesticide drift and leaching into semi-natural areas where pollinators can become exposed 

(Botías et al. 2016; Dover et al. 1990). Given the wide foraging range of many pollinating insects (Doyle 

et al. 2020; Greenleaf et al. 2007), farm and field scale approaches to reduce pesticide use cannot fully 
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mitigate the risks. Exposure will ultimately result from pollinator foraging on other crops and wild plants 

within the wider landscape (Brittain et al. 2010; McArt et al. 2017). Maintaining a high proportion of 

semi-natural habitat in the landscape may mitigate further the effects of pesticide and promote the 

recovery of pollinator populations (Park et al. 2015). To be most effective, practices to reduce pesticide 

application need to be implemented beyond individual fields and take into account risk of exposure 

across the whole landscape [see section 3.2]. 

Actions to reduce risks from pesticides are needed at multiple spatial and temporal scales and this will 

require collaboration between multiple actors within several sectors (policy, farmers and 

manufacturers). To ensure products that do not pose an unacceptable risk to pollinators are available, 

risk assessment needs to be fit for purpose requiring coordinated inputs from researchers, policy makers 

and industry (e.g. chemical manufacturers, growers, agronomists) over a sustained period to avoid 

outcomes such as the retrospective restriction on neonicotinoids based on evidence of environmental 

harm (IPBES 2016a; van Lexmond et al. 2015). This has presented many challenges, particularly for 

farmers, in adapting management practice at short notice. By contrast, local scale responses to reduce 

application and drift of pesticides, as well as employment of Integrated Pest Management (IPM) 

(Vanbergen et al. 2020 THIS ISSUE) [see section 3.5], undoubtedly deliver benefits to pollinators by 

avoiding direct exposure to pesticides. This requires action from only a few sectors, namely the agri-food 

sector, with support from policy. 

 

3.4 Managed Pollinators 

Responses assessed:  

 

 Manage diseases and trade in managed pollinators 

 Improve managed bee husbandry 

 Develop alternative managed pollinators 

 Quantify the benefits of managed pollinators 

 Develop markets for alternative managed pollinators 

In many global systems, a number of managed insects, such as the European honeybee (Apis mellifera), 

bumblebees (Bombus spp.) and stingless bees (Meliponinina spp.) are used to provide large scale 
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pollination services and can act to supplement or  provide insurance against wild pollinator declines. 

While global use of managed pollinators has increased, localized declines due to disease can significantly 

disrupt crop systems that rely upon them (Aizen et al. 2019, 2020 THIS VOLUME). The IPBES report 

recommends a number of responses around the theme of managed pollinators: managing diseases and 

trade, improving husbandry, developing alternative managed pollinators and markets for them and 

properly quantifying the benefits to crops. Of the scales considered, spatial (e.g. national), actor (e.g. 

beekeeper) and sectoral (e.g. beekeeping) are the most important to managed pollinators, although a 

degree of long-term planning is also necessary for many.  

Although honeybees are often managed exclusively for the hive products, such as honey, wax and 

propolis, demands for crop pollination from farmers have driven their widespread use as crop 

pollinators (Rollin and Garibaldi, 2019; Aizen et al. 2020 THIS VOLUME). Much of the global use of 

honeybees as pollinators is at small spatial scales, with local beekeepers providing services to local 

farmers in exchange for payment or simply the right to access high densities of flowers (e.g. Breeze et al. 

2019). However, in some countries, large commercial beekeepers provide contracted pollination service 

work to farmers, often travelling significant distances to do so (Lee et al. 2018). Managed pollination on 

the scale seen in the USA is critically dependent upon the continued demands of high-intensity almond 

production in California that creates sustained income opportunities for migratory beekeepers who 

otherwise subsist on lower paid pollination contracts and honey (Lee et al. 2018). Such intensive 

pollination markets are unlikely to arise elsewhere due to the lack of such concentrated and reliable 

demand for pollination services and international barriers such as differences in regulations regarding 

honeybee movement and language differences (Breeze et al. 2019). As such, many issues of bee health 

are a product of national spatial scales, driven by activity between different actors (growers and 

beekeepers) within the agri-food sector.   

Despite their high numbers, honeybees are not efficient pollinators of many crops or in every crop 

system (Bosch and Kemp, 2002; Garibaldi et al. 2013). Subsequent demand for more reliable 

alternatives has driven the domestication of a number of alternative managed pollinators. Most notably, 

the commercial production of colonies of the bumblebee Bombus terrestris arose primarily from market 

demands for a reliable source of tomato pollination (Banda and Paxton, 1991; Velthuis and van Doorn, 

2006). Despite limited evidence of the densities required for effective pollination, the use of B. terrestris 

and other alternative taxa has expanded globally and through innovation to other crop systems, such as 

soft fruits in semi-enclosed systems. However, this global trade of B. terrestris has created issues of 
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potential biological invasions (Aizen et al. 2020 THIS VOLUME; Vanbergen et al. 2018), resulting in many 

countries placing restrictions on the import of managed bumblebees and ultimately domesticating other 

local species such as B. hypocrita in Japan (Takeuchi et al. 2018) to fulfil their role as managed 

pollinators in local farming. Other pollinators have been bred for more specialized systems such as the 

alfalfa leafcutter bee (Megachile rotundata), initially to facilitate alfalfa production for livestock fodder 

(Pitts-Singer and Cane, 2011), but it has since proven to be efficient in a range of other crop plants 

(Richards, 2016, 2020). Commercial rearing of a species typically takes around a decade (Bosch and 

Kemp, 2002) and requires corporation between actors in farming, beekeeping and research primarily 

working in the agri-food sector. Further commercial rearing of species is likely to continue to be market-

driven, relying on demands from growers for a cheaper, more effective alternative to honeybees, 

particularly in countries where the managed pollinator market is insufficient to sustain large beekeeping 

stocks. 

To date, control on the use of managed pollinators by local or national government has been relatively 

localized. For example, the UK restricts bumblebee imports to native subspecies of B. terrestris (Natural 

England, 2020) while Japan has banned B. terrestris imports entirely in response to feral populations 

causing severe resource pressures on native bumblebee species (Ministry of the Environment, 2004). 

Effective regulation of the movement of managed pollinators is likely to require multiple actors 

(policymakers, breeders and farmers) and sectors (private enterprises and governments) across multiple 

countries (Aizen et al. 2018). Failure to act across large spatial scales has led to the global spread of the 

parasitic mite Varroa destructor, a leading driver of honeybee colony mortality globally (Vanbergen et al. 

2018). Currently Australia is the only region unaffected by the mite thanks to its strict biosecurity policy 

(Philips, 2020; Australian Government, 2020). However, some countries such as the USA have since 

stepped up biosecurity to prevent the spread of further parasites such as Tropilaelaps sp. into their own 

borders (Steinhauer et al. 2018). Furthermore, there is growing evidence that the mass transit of 

managed pollinators creates additional pressures on wild pollinator populations through resource 

competition, disease and gene transfer (Aizen et al. THIS VOLUME; Graystock et al. 2016; Lindström et 

al. 2016).  

Managed honeybee colonies can number several thousand individuals and have lifespans of several 

years, making commutable diseases and parasites a significant long-term pressure upon their 

populations. At smaller social and spatial scales, beekeeping associations and communities may also play 

a role in improving bee husbandry through informal knowledge exchange on best practices (Bedford and 
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Neville, 2016). However, the extent of such knowledge exchange is unclear and may be regarded by 

some actors as less valuable than primary research due to limited scientific rigor (Maderson and Wynne-

Jones, 2016). Efforts to control honeybee pests and diseases at larger spatial scales are typically policy 

oriented, driven by government or by local or national beekeeping organizations. In particular, several 

countries have national bee health programmes designed to monitor and combat outbreaks of serious 

pests and diseases, for example, the European Union provides centralized funds for a range of bee 

health activities within Member States (European Commission, 2013). This lacks central co-ordination 

and has not been substantially updated in recent years. These programs are often long term but require 

continued updates to adapt to the increasing spread of pests and diseases. Although there have been 

recommendations for international approaches to improve bee husbandry and disease management 

practices (Jacques et al. 2017), to date, such international collaboration is limited. The most prominent 

example is the, COLOSS (Prevention of Honeybee Colony Losses) research network, spanning 95 

countries which manages much of the international monitoring of honeybee colony losses and provides 

a platform for exchanging data and information but not prescriptive action (COLOSS, 2020).  

The available evidence highlights the need to consider responses to pressures on managed pollinators at 

multiple scales. Spatial scales vary tremendously from local demands for innovative managed pollinators 

and improved bee husbandry to international efforts to support bee health. Multi-actor collaborations 

across agri-food sector actors and policy are consistently important for managed pollinator 

interventions. However, despite a substantial body of research on specific practices, knowledge on how 

the links between different actors (consumers, growers and managed pollinator suppliers) can affect the 

effectiveness of these measures remains lacking.  

 

3.5 Diversifying Farming Systems 

Responses assessed: 

 Managing blossoming of mass-flowering crops 

 Change management of grasslands 

 Plant breeding to reduce reliance on biotic pollination 

 Support diversified farming 

 Promote no-till farming 
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 Adapt farming to climate change 

 Promote Integrated Pest Management (IPM) 

Agricultural expansion and intensification are key drivers of biodiversity loss and extinctions at local, 

regional and global scales (Newbold et al. 2016) with impacts on the organisms that provide services 

underpinning crop production itself including pollination (Tscharntke et al. 2012). The IPBES report 

highlights a number of responses around the theme of ‘Supporting diversified farming’ that could 

mitigate the effects of conventional agricultural practices on pollinators. Such diversification can be at 

the whole system level, including promoting alternative philosophies that incorporate practices which 

can benefit pollinators (e.g. IPM, no-till farming, changed management of grasslands) including 

ecological intensification, organic farming and agro-ecological farming (Garibaldi et al. 2017; Vanbergen 

et al. 2020 THIS ISSUE). Diversification of farming can also be achieved by moderating how many and 

which crops are grown in the landscape. This can be realized either through increasing the diversity of 

crops produced at local, regional and national scales (Aizen et al. 2019) or by combining arable and 

livestock through mixed farming, which can provide grassland habitats beneficial for pollinators, if 

appropriately managed (Orford et al. 2016). Diversity can also be introduced to the farmed environment 

by incorporating crops with particular traits such as ‘plant breeding to reduce reliance on biotic 

pollination’ or moderating planting regimes to allow for ‘managing blossoming of mass-flowering crops’, 

which could improve the availability of pollen and nectar in the landscape. The spatial and temporal 

scales, actors and sectors involved vary depending on responses, from short-term field scale 

interventions such as reduced tillage to landscape coordination of flowering crops and long-term crop 

breeding initiatives (Table 2). 

Increasing crop diversity requires pollinator communities to contain functionally diverse species to 

ensure optimal pollination of different crops (Garibaldi et al. 2015; Garratt et al. 2014; Winfree et al. 

2018). At the same time growing different crops can provide contrasting nesting and forage resources 

and deliver benefits for pollinators at the field (Montoya et al. 2020; Pereira et al. 2015) and farm scale 

(Guzman et al. 2019). Such responses could be implemented by individual farmers and deliver benefits 

in the short term. However, crop diversity alone may not deliver all necessary resources for pollinators, 

and the presence of non-crop areas as source habitat within the wider landscape is still critical (Hass et 

al. 2018; Kennedy et al. 2013) as discussed in Section 3.2. To date however, crop diversification at 

national, regional and global scales has failed to track increase demands in pollination services (Aizen et 

al. 2019). 
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Diversifying farming can also be achieved through a suite of management options or approaches ranging 

from optimizing management, substituting harmful practices or redesigning the farm system to make 

better use of nature-based agricultural solutions (Vanbergen et al. THIS VOLUME). Ecological 

intensification, organic farming and IPM approaches can benefit pollinators by providing additional 

forage and reducing exposure to agrochemicals (Biddinger and Rajotte, 2015; Kovács-Hostyánszki et al. 

2017; Tuck et al. 2014). Even when organic farms and fields are embedded in conventional agricultural 

landscapes, they have been shown to increase pollinator diversity (Holzschuh et al. 2008). Promoting 

and supporting system level changes to farming practice and agricultural systems is challenging 

(Vanbergen et al THIS VOLUME) and has not always been successful, as is the case for IPM (Alwang et al. 

2019; Creissen et al. 2019). It requires engagement of multiple actors (e.g. farmers, researchers, 

industry, politicians) from several sectors and motivation derived from wider social groups and markets 

[see section 3.6].  

Plant breeding to reduce our reliance on pollinators could minimise the vulnerability of food production 

systems to pollinator decline (Knapp et al. 2017). However, making crops independent of pollinators 

could forsake the benefits to crop yield and quality and disease resilience which outcrossing delivers 

(Klatt et al. 2014). In any case successfully breeding new crops by conventional means will take many 

years and requires the support of plant breeders and the agri-food sector, although gene editing 

technology may provide a solution (see Vanbergen et al. 2020 THIS ISSUE). Breeding crop varieties that 

provide an improved floral resource for pollinators (e.g. in the form of increased nectar or pollen 

availability) could help protect pollinator populations in agricultural landscapes (Prasifka et al. 2018), 

particularly considering the role mass-flowering crops can play in benefiting pollinators (Westphal et al. 

2003).  

Diversifying farming systems can be achieved through action at multiple spatial and temporal scales, 

from changes to field scale management practices in the short term, to supporting widespread shifts of 

whole farming approaches in the longer-term. It is clear that benefits to pollinators through increased 

resource availability can be achieved even by relatively small-scale actions e.g. diversifying crops within 

fields or rotations. However, larger scale and longer-term changes to farming approaches will require 

action from multiple actors beyond farmers, support from beyond the agri-food sector (e.g. researchers 

and policy makers) and will likely be driven by pressure from beyond the immediate peer group (e.g. 

general public).    
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3.6 Improving Markets 

Responses assessed: 

• Reward farmers for pollinator-friendly practices 

• Support product certification and livelihood approaches 

• Establish payment for pollination services schemes 

• Support market-based solutions and innovations 

Pollination services are a key production input to the global agri-food sector, with an estimated 

economic value of hundreds of billions of US$ globally (IPBES, 2016a). Furthermore, many of the 

pressures affecting pollinators are driven by economic activities, such as land use and management 

changes to accommodate demand for large scale, low cost food. As such, market-oriented efforts to 

support a transition to a more sustainable food system have often been proposed as a means to 

alleviate pollinator declines. In addition to direct rewards for pollinator-friendly practices, the IPBES 

(2016a) report highlights the potential of product certification, livelihoods approaches, payments for 

ecosystem services and market-oriented solutions as means to potentially support pollinator 

conservation within markets.     

To date, most relevant market-oriented innovations are label-based schemes, operating at a national or 

international level, that offer individual participating farmers a premium for using lower chemical inputs 

(organic farming) or maintaining diverse habitats or management practices (e.g. LEAF, 2020; Pico-

Mendoza et al. 2020) [see section 3.5]. These schemes typically arise in response to consumer demands 

for sustainable products (Edwards and Laurance, 2012) but are implemented through a co-operation 

between growers and particular businesses. Although such schemes can be effective at supporting 

pollinator populations (e.g. shade coffee - Iverson et al. 2019; organic farming - Kennedy et al. 2013), 

they are almost never directly targeted at improving pollination services or populations of key 

pollinators. Furthermore, their focus is limited in scale to individual farmers to supplying a premium 

product rather than transforming the wider food system. Expanding such schemes is possible and may 

even be inevitable, if consumer demand is high enough, but careful planning is necessary to ensure that 

environmental gains do not come at the expense of food availability (Reganold and Wachter, 2016) due 

to lower overall productivity or higher prices (Seufert et al. 2012). 
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A broader approach to incentivizing management has come from national and regional government 

sponsored agri-environment schemes, developed in response to societal concerns over the impact of 

farming on the environment. These schemes (e.g. Batáry et al. 2015 for an EU review) directly pay 

growers for undertaking management that benefits biodiversity. This affects markets indirectly by 

reducing the availability of land for food production at a national scale and compensating farmers for 

otherwise risky and unproductive measures. However, although measures such as crop diversification 

and planting flower rich field margins can be effective in supporting pollinators [see section 3.1], many 

are not directly targeted towards supporting pollinators and where they are (e.g. flower rich field 

margins), they may not be suitable for particular local species assemblages (Wood et al. 2015). Many of 

the most effective options are also among the most expensive (Breeze et al. 2014), increasing the initial 

capital requirements for such measures and reducing the value of payments made (Blaauw and Isaacs, 

2014). Such payments often cannot simply be increased to add greater incentives, due to international 

governance on trade (WTO, 1995). Finally, these incentives remain mostly focused on encouraging 

individual farmers to undertake action in specific fields rather than fostering a larger scale more 

collaborative approach necessary for maximum benefit (Kleijn et al. 2019).  

The most market-oriented efforts to supporting pollination services are payments for ecosystem 

services (PES) schemes. These are dual or multi-actor schemes where stakeholders (usually a business in 

collaboration with an NGO or government) directly pay landowners for providing a particular ecosystem 

service. Effective local, national and international PES schemes have been developed for services such as 

water quality (Martin-Ortega et al. 2013) and carbon capture (Balvanera et al. 2012) but not for 

pollination at present. However, effective PES schemes typically require payments by results, which in 

the case of pollination requires dedicated methods of assessment (Garratt et al. 2019) and can vary due 

to interactions between the plant and other growing conditions such as soil quality (Bishop et al. 2020). 

Furthermore, because pollination is a non-excludable service (Fisher et al. 2009), some potential buyers 

may “free-ride” the system and receive the benefits without payment. As the beneficiaries and suppliers 

of pollination services are likely to be farmers, PES schemes are most likely to be effective as contracts 

between different farmers within the same landscape, with those who do not directly benefit from 

pollination services receiving payments from those farmers who do. 

The effectiveness of each of these market-oriented initiatives could potentially be demonstrated by 

evaluating the economic benefits of such measures over a longer time span than simply the year in 

which they are planted. For example, Blaauw and Isaacs (2014) demonstrated that flower rich field 
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margins increased blueberry yields sufficiently to become profitable in 3-5 years depending on market 

price and subsidies. Under such circumstances, farmers may be more inclined to partake in pollinator 

conservation with or without a degree of external investment, simply to ensure their own long-term 

profitability (Kleijn et al. 2019). To date however, such applied economic evidence is relatively scare 

(Breeze et al. 2016). 

In summary, existing market-oriented efforts that benefit pollinators are consistently focused on 

supporting action at small (field and farm) spatial scales but are driven by multi-actor interactions 

between different sectors – growers, retailers and policy. Many of these efforts are relatively new, 

spatially limited or poorly studied. As such, there is a lack of key evidence on their cost-effectiveness, 

which will be critical to facilitating their wider adoption by farmers and other market actors.  

 

3.7 Knowledge Generation and Exchange 

Responses assessed: 

 Inform farmers about pollination requirements 

 Collaborative approaches to landscape management 

 Translate pollinator research into agricultural practices 

 Traditional and knowledge co-production for habitat management 

 Support biocultural diversity conservation approaches 

 Support knowledge co-production and exchange 

 Strengthening Indigenous and Local Knowledge 

 Education and outreach programmes 

 Monitor and evaluate pollination on farms 

 Monitor pollinators 

 Increase taxonomic expertise  

 

Research on pollinator conservation and the efficacy of specific interventions to enhance pollinator 

communities as well as pollination has increased substantially in the last few decades; however, the 

knowledge gained so far has been mainly fragmented and difficult to collate and combine, making it 
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difficult to integrate and synthesise (Bartomeus and Dicks, 2019). Knowledge exchange and 

dissemination is key to ensuring that evidence is translated into practical impact, and the list of 

interventions above, while illustrative, is not exhaustive in terms of how this could be achieved. 

 

Most of the interventions outlined above need no further detailed explanation, but ‘biocultural 

diversity’, requires explanation. Biocultural diversity refers to the variety of people–nature interlinkages 

that have developed over time in specific ecosystems. Biocultural approaches to conservation 

incorporate customary governance systems of indigenous peoples and local communities (IPLCs) across 

the world, their spiritual and cultural values and explicitly build on conservation practices inherent in 

sustaining IPLC livelihoods (Hill et al. 2019). These authors identified several biocultural approaches to 

pollinator conservation across the world. The strongest approaches incorporate policies that recognize 

customary tenure over traditional lands, strengthen indigenous and community-conserved areas, 

promote heritage listing and support diversified farming systems within a food sovereignty approach 

delivering mutual benefits for pollinators and people. They also highlighted that these responses 

operate across various spatio-temporal scales. For example, biocultural interactions in the Agave 

Landscape in Mexico have been in place since the 16th century to produce tequila spirit, with knowledge 

transfer transcending several generations over an extensive landscape. Such long-term biocultural 

approaches may also be limited to smaller spatial scales such as within single tribes of honey hunters in 

Ethiopia, Cameroon and Nepal. 

 

An inter-disciplinary, cross-sectoral approach is reflected in almost all the options highlighted in this 

section; many are influenced by social scales in particular peer groups, local communities and wider 

society (Table 2). For instance, if collaborative approaches to landscape management are to be 

successful in enhancing pollinator communities, they need to incorporate various other components 

including translating research into practice, informing farmers about pollination requirements, 

monitoring and evaluation, as well as supporting knowledge co-production and exchange. None of these 

can be successful unless they are multi-actor responses that work across landscapes and bring together 

various sectors including policy, business, NGOs, researchers as well as the general public and require 

buy in from the community and society. For instance, The Xerces Society’s Bee Better Certified scheme 

states, “The Bee Better production standards are science-based and field-tested, guaranteeing that the 

actions farmers take actually improve pollinator well-being. Third-party verification ensures that the 

certification process is transparent and trustworthy”, providing an example of cross-sectoral approach 
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relevant to agri-food business as well as consumers (Xerxes Society, 2020b). The Landscapes for wild 

pollinators initiative [see section 3.2) is also an example of a cross-sectoral approach to pollinator 

conservation. 

 

Many international, regional and national plans involve education institutions such as schools and some 

include faith communities too. Faith and local communities have an important role in ensuring that 

traditional, indigenous and local knowledge is utilised for habitat management approaches. For 

instance, the Ethiopian Orthodox Tewahido Churches are situated within forests, which are both a 

religious and a biodiversity sanctuary, providing the local community with ecosystem services such as 

fresh water, shade, honey, pollinators, and spiritual value (Cardelus et al. 2012). Local indigenous 

knowledge is being utilised for the recovery of stingless beekeeping for rural livelihoods, in several areas 

across the world including tropical America, India, Africa and temperate South America (Hill et al. 2019; 

Rehel et al. 2009). These knowledge exchange and knowledge transfer options while limited to the local 

landscape of a specific community, may transcend multiple generations and are heavily influenced by 

the social aspects of peer groups and local communities. 

 

A much shorter timeline towards pollinator conservation success could be achieved through improved 

and increased education and outreach programs to distribute knowledge across wider spatial scales in 

shorter time. There already exists a suite of materials developed by various organisations across the 

world to disseminate information to growers, land managers, general public as well as school children 

(FAO, 2013; Iowa State University, 2013; U.S. Fish and Wildlife Service, 2019). Local councils and national 

governments have also instituted awards for primary and secondary schools that establish pollinator 

conservation scheme in their local environment, such as the Bees Needs Champions Awards (DEFRA, 

2017). The United Nations World Bee Day, celebrated on the 20th of May, and National insect weeks that 

are celebrated annually also improve awareness and enable wider broadcasting of the need for 

pollinator conservation and bring-together local communities and the wider society. 

 

Ecologically intensive (EI) approaches to farming (Vanbergen et al. THIS VOLUME) can help pollinators, 

yet despite some evidence proving the benefits to crop yields (Blaauw and Isaacs, 2014; Pywell et al. 

2015; Garibaldi et al. 2019), there has often been a lack of widespread uptake. This has been blamed, at 

least in part, on a failure to utilise appropriate knowledge pathways and mechanisms (Wyckhuys et al. 

2018) or consider the social and economic contexts that guide farmer behaviour (Caron et al. 2014; 
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Rusere et al. 2019). Limited adoption of integrated pest management (IPM) [see section 3.3] has also 

been attributed to a lack of farmer awareness and knowledge, perceptions of low profitability, and risk 

and uncertainty, particularly in smallholder farming systems (Alwang et al. 2019). Engaging end-user 

(farmers in the case of EI and IPM) at the knowledge generation stage and considering factors such as 

yield and profit and spatio-temporal scales relevant to farmers, will likely improve uptake when effective 

interventions are developed (Kleijn et al. 2019).  

  

Perhaps the most challenging aspect of knowledge generation and exchange is monitoring and 

evaluating the success of such measures. There have been some long-term initiatives like the Vigie 

Nature in France (Vigie Nature, 2020) which was initiated over 20 years ago as a participatory science 

programme aimed at beginners to experts. The UK Pollinator Monitoring Scheme (PoMS, 2020) 

established in 2018 aims to systematically collect data and build on a wealth of existing citizen science 

expertise, which includes both amateur natural historian and academic researchers. The EU Pollinators 

Initiative (European Commission, 2020) is also developing a regional monitoring scheme, one of the key 

challenges is the availability of taxonomic experts to accurately identify the pollinator species in 

different locations. Initiatives such as the EU COST Action Scheme SUPER-B (SUPER-B, 2018) provided 

training for early career entomologists to hone their taxonomic identification skills through a series of 

workshops but such opportunities remain few and confined to certain geographical areas. Facilitating 

the transfer of knowledge from experts to the next generations remains a crucial aspect of guaranteeing 

the future success of the interventions discussed within this theme. 

 

3.8 High Level Pollination Initiatives and Strategies 

Responses assessed: 

• Support high-level pollination initiatives and strategies 

The last decade or so has seen the emergence of several global and many national initiatives for 

pollinators; by definition these cover the national and global spatial scales. A common element running 

through all of them is the inclusion of multiple actors and multiple sectors, with action plans and 

strategies operating over the longer term (Table 2). 
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The UN Intergovernmental science-policy Platform on Biodiversity and Ecosystem Services (IPBES, 

www.IPBES.net) undertook the first global assessment of evidence on the status, trends, values, and 

drivers of pollinators and pollination services, as well as the adaptation and mitigation options (IPBES, 

2016a, b). It addressed these across spatial and temporal scales and included responses and approaches 

from single and multiple actors from across all sectors. While the IPBES reports did not provide specific 

recommendations, they did provide policy relevant information and options, which fed into or 

stimulated many global (e.g. Convention on Biological Diversity, CBD (CBD, 2020), Food and Agriculture 

Organisation International Pollinator Initiative, FAO IPI (FAO, 2020)), regional (e.g. EU Pollinators 

Initiative, EPI, COM, 2018) and national initiatives and strategies (e.g. the 28 members of Promote 

Pollinators (Promote Pollinators, 2020), formerly Coalition of the Willing on Pollinators).   

The CBD Conference of Parties Decision XIII/15 (CBD, 2016), endorsed by all signatory governments and 

set out a number of actions to protect pollinators and encouraged their adoption at the national and 

global scales (196 governments) and involving multiple actors (e.g. farmers, beekeepers, pesticide 

manufacturers, indigenous peoples, policy makers, researchers, academics) drawn from multiple 

sectors. The actions include many of the responses, and scale relevant aspects, described in the previous 

seven themes, but while the action plans for most of these initiatives are for 5 or 10 years (e.g. EPI), they 

often have visions going well beyond this up to 2050 (e.g. FAO IPI). National plans and strategies are 

structured in similar ways taking into account multiple spatial, temporal, actor, social and sectoral scales 

(e.g. the 28 countries of Promote Pollinators). There are other initiatives with different scale dimensions, 

such as the NGO International Union for Conservation of Nature, IUCN (IUCN, 2020), which has 

conducted pollinator threat assessments at the global (mammals only), regional (European bees and 

butterflies), and national scales (IPBES, 2016a); these are partnerships between the IUCN, researchers, 

citizen scientists and other experts such as amateur entomologists.  

A common driver of all the international and national initiatives is the increased awareness and call to 

action from the public (as well as scientists, businesses and NGOs). No formal assessments of how the 

different dimensions of scale influence the effectiveness of high level strategies, initiatives and 

responses aiming to conserve pollinators and pollination through exist to our knowledge. The fact that 

conserving pollinators is a complex multi-faceted challenge involving all sectors of society means that 

large scale, long-term multi-actor approaches are deemed essential for addressing these challenges (Gill 

et al. 2016).  
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4. CONCLUSION AND OUTLOOK 

Our assessment of the relative importance of scales, and levels within scale categories, for the 

effectiveness of interventions revealed a heterogeneous spread (Table 2). However, there were several 

emergent patterns highlighted through our exploration of the eight themes. Overall, we found that 

ecological interventions will only be effective when targeted over the right spatial scales over a sufficient 

period of time and involve all relevant social and sectoral groups and actors. While the effective scales 

may vary between individual responses, the common denominator for success is the identification of 

the right actors and sectors to enable optimal implementation across those spatial and time scales. 

Further, in all cases the motivations and support for interventions is often derived from groups beyond 

the actors themselves and so engagement and awareness raising is needed. In order to achieve 

effective, sustainable management, we need to both recognize different scales and consider how they 

interact to affect decisions.  

Many of the motivations driving the implementation of interventions for pollinator conservation or 

pollination services management stem from complex interactions between human needs and 

environmental goals that are rarely the focus of primary research. However, the available evidence 

highlights the need to consider interventions at multiple scales, although knowledge on what exact 

scales at which specific responses should be implemented to effectively support pollinators remains 

lacking. We therefore recommend that when planning interventions an early assessment of the most 

critical spatial, temporal, actor, social and sector scales is made in order to provide the best pre-

conditions for effective implementation and probability of success. An assessment of scale requirements 

to inform on targeting the correct spatial and temporal scales and involving and engaging the 

appropriate set of actors and sectors, is likely to constitute a relatively small cost in resources. This initial 

investment is likely to be hugely offset through a substantial increase in the effectiveness of 

interventions and the benefits they provide.  

In this paper, we followed a largely exploratory approach, with a small number of experts rapidly 

assessing the importance scale. While this highlighted several general trends, we recognize there is a 

major opportunity to build on this using a much more rigorous Delphi process (e.g. Mukherjee et al. 

2015). We recommend that a larger panel of experts is used (e.g. 20-30 individuals) with a greater 
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breadth of knowledge and drawn from the academic, policy and practitioner community, with the 

composition tailored to match the aim of the assessment. Such an approach, for instance, has worked 

well for the assessment of agri-environment-type measures to support pollinators in EU agriculture 

(Cole et al. 2020). Future approaches could take a global perspective and explore how scale and 

effectiveness relationship change regionally, or they could be tightly focused and look at a small number 

of interventions in specific contexts (e.g. on farm habitat management in a particular country) and used 

to fine tune the implementation of management practices. 

To deliver maximum benefit for pollinators and pollination, implementation of multiple responses 

simultaneously will be required, including those that mitigate risks to pollinators, maximise the 

ecosystem services they provide, transform landscapes to support populations, and raise awareness and 

promote engagement with pollinators and pollination. Coordination of such an array of approaches will 

likely fall to large scale initiative and strategies and be implemented across large spatial scales and long 

timeframes. Such initiatives will shape the landscapes of the future by integrating activities in the urban, 

agricultural, and natural environments and engaging the many sectors and actors necessary to do this. 

Ultimately these landscapes will be made up of a combination of the many small-scale targeted 

responses and larger scale activities to create multifunctional landscapes that promote and sustain 

pollinator populations whilst simultaneously meeting the needs of people, agriculture, and food 

security. 
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Table 1. Definitions of the five scales and their levels used in this study. 

Category  Level Definition 

Spatial, the spatial scale at 
which the response is most 
effective 

Field 
Area of cultivated land (enclosed or otherwise) which may be a few 
10s of m2 to a few 100 ha in area 

Farm 
Area of land comprising multiple fields and boundaries used for 
crops and/or livestock and includes infrastructure such as buildings 
and roads 

Landscape 
Area of land often including multiple land uses (and sometimes 
multiple farms) and typically several to several 100 km2 

National Country 

Global Worldwide 

Temporal, the time scale at 
which the response is most 
effective 

Season 
A period of time within the year marked by changes in weather, 
ecology, and the amount of daylight (e.g. spring, monsoon), 
typically a few weeks or months 

Years A period of time between 1 and a few years 

Decades A period of time of more than 10 but less than 30 years 

Generation A period of time more than 30 years 

Actors, the number of actors 
(e.g. farmer, beekeeper, 
nature reserve manager and 
politician) needed for the 
most effectively 
implementing a response 

Single 
One actor group 

Dual 
Two actor groups 

Multi 
Three of more actor groups 

Social, the sphere (or scale) 
of influence or motivation 
that stimulates a response 

Individual/ self-
motivated 

Response self-motivated by individual without any external 
influence 

Family/ peer-
network 

Response influenced by family members or peer network (including 
friends, colleagues) 

Local 
community 

Response influenced by local community (that could be the 
neighbourhood, village, tribe or indigenous community that 
individual belongs to) 

Wider society 
Response influenced by the opinions and actions of wider society 
(at national, regional or global scale) 

Sector, the sector(s) of 
society (e.g. business, NGO, 
policy and public) which 
should be involved to 
increase effectiveness 

Agri-food 
business 

An amalgamation of market-based agricultural activities such as 
farming and beekeeping and broader food activities such as 
suppliers, retailers and processors 

Non-agri-food 
business 

Other sectors of the economy such as energy generation, 
manufacturing and media 

Policy 
Governmental bodies whose actions directly affect economic 
activity and consumption patterns 

NGO 
Non-Governmental organizations involved in relevant 
environmental or ecological activities as the basis for their 
economic activities 

Public 
The wider public whose activities fuel the economic activity of 
other sectors 
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Table 2. Summary of the importance of different levels of scale for the effectiveness of a range of 

management and policy responses for pollinators and pollination included in the IPBES (2016a, b) global 

pollination assessment. For each category (spatial, temporal, actors, social and sector) the depth of 

shading indicates the relative level of importance assigned for each level within a category: no shading – 

no importance or relevance (summed author scores 0-3); light shading – low or sum importance or 

relevance (summed author scores 4-7); and, dark shading – high importance or relevance (summed 

author scores 8-10). Summed scores for each cell are provided in Supplementary Materials (SM2). 
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Supplementary Online Materials 1. 

Short names used in this paper and full names from the IPBES 2016b report. 

 

Short name Full name used in IPBES 2016b 

Create uncultivated patches of vegetation Create uncultivated patches of vegetation such as field 
margins with extended flowering periods 

Manage blooming of mass-flowering crops Manage blooming of mass-flowering crops 

Change management of grasslands Change management of grasslands 

Reward farmers for pollinator-friendly practices Reward farmers for pollinator-friendly practices 

Inform farmers about pollination requirements Inform farmers about pollination requirements 

Raise standards of pesticide and GMO risk assessment Raise standards of pesticide and genetically modified 
organism (GMO) risk assessment 

Practices to reduce pesticide drift and exposure Develop and promote the use of technologies that reduce 
pesticide drift and agricultural practices that reduce 
exposure to pesticides 

Manage diseases and trade in managed pollinators Prevent infections and treat diseases of managed 
pollinators; regulate trade in managed pollinators 

Reduce pesticide use Reduce pesticide use 

Support product certification and livelihood approaches Support product certification and livelihood approaches 

Improve managed bee husbandry Improve managed bee husbandry 

Develop alternative managed pollinators Develop alternative managed pollinators 

Quantify the benefits of managed pollinators Quantify the benefits of managed pollinators 

Manage road verges Manage road verges 

Manage rights of way and vacant land in cities Manage rights of way and vacant land in cities to support 
pollinators 

Plant breeding to reduce reliance on biotic pollination Plant breeding solutions to reduce reliance on biotic 
pollination 

Support diversified farming systems Support diversified farming systems 

Promote no-till agriculture Promote no-till agriculture 

Adapt farming to climate change Adapt farming to climate change 

Collaborative approaches to landscape management Encourage farmers to work together to plan landscapes; 
engage communities (participatory management) 

Promote IPM Promote Integrated Pest Management (IPM) and pesticide 
management  

Monitor and evaluate pollination on farms Monitor and evaluate pollination on farms 

Establish payment for pollination services schemes Establish payment for pollination services schemes 

Develop markets for alternative managed pollinators Develop and build markets for alternative managed 
pollinators 

Traditional and knowledge co-production for habitat 
management 

Support traditional practices for managing habitat 
patchiness, crop rotation and co-production of knowledge 
between indigenous and local knowledge holders, scientists 
and stakeholders 

Support “biocultural diversity” conservation approaches Support “biocultural diversity” conservation approaches, 
recognition of rights, tenure and strengthening of ILK 

Restore natural habitats Restore natural habitats (also in urban areas) 

Protect heritage sites and practices Protect heritage sites and practices 

Increase connectivity between habitat patches Increase connectivity between habitat patches 

Translate pollinator research into agricultural practices Translate pollinator research into agricultural practices 

Support knowledge co-production and exchange Support knowledge co-production and exchange among 
indigenous and local knowledge holders, scientists and 
stakeholders 

Strengthen Indigenous and Local Knowledge Strengthen ILK that fosters pollinators and pollination, and 
knowledge exchange among researchers and stakeholders 

Support market based solutions and innovations  Support innovative pollinator activities that engage 
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stakeholders with attachments to the multiple socio-
cultural values of pollinators and market based solutions 
and innovations  

Monitor pollinators Monitor pollinators (collaboration between farmers, the 
broader community and pollinator experts) 

Increase taxonomic expertise Increase taxonomic expertise through education, training 
and technology 

Education and outreach programmes Education and outreach programmes 

Manage urban spaces for pollinators and collaborative 
pathways 

Manage urban spaces for pollinators and collaborative 
pathways 

Support high-level pollination initiatives and strategies Support high-level pollination initiatives and strategies 
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Supplementary Online Materials 2. 

 

 Changes made from original scoring based on group discussion of the evidence: 

 Inform farmers about pollination requirements: Actors – Multi cell rescored to 7 (from 2) 

 Raise standards of pesticide and GMO risk assessment: Spatial – Global cell rescored to 8 (from 

4) 

 Practices to reduce pesticide drift and exposure: Temporal – Season cell scored to 8 (from 4) 

 Practices to reduce pesticide drift and exposure: Temporal – Decade cell scored to 7 (from 5) 

 Manage road verges: Actors – Multi cell rescored to 8 (from 6) 

 Protect heritage sites and practices: Spatial – Global cell rescored to 7 (from 4) 

 

All other cells remained unchanged. 
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Create uncultivated patches of vegetation 10 10 8 0 0 10 9 4 0 10 5 1 10 7 5 1 10 1 7 3 2

Manage blooming of mass-flowering crops 7 10 10 1 1 10 9 2 0 10 3 2 10 7 1 0 10 1 4 1 1

Change management of grasslands 7 10 9 3 0 6 9 8 1 9 4 1 9 8 3 0 9 0 6 3 3

Reward farmers for pollinator-friendly practices 8 10 10 6 1 6 10 7 1 7 4 2 9 9 2 3 10 2 9 1 2

Inform farmers about pollination requirements 2 10 3 2 0 7 10 2 0 10 0 7* 9 6 0 1 10 1 9 1 0

Raise standards of pesticide and GMO risk assessment 2 5 5 5 8* 4 8 8 0 8 0 2 2 2 0 8 6 2 10 0 1

Practices to reduce pesticide drift and exposure 8 10 5 2 0 8* 8 5* 2 10 1 2 6 5 2 5 9 4 5 1 2

Manage diseases and trade in managed pollinators 0 1 7 10 6 2 8 8 0 4 7 3 4 9 4 2 6 2 10 2 0

Reduce pesticide use 4 10 10 10 6 3 9 10 4 9 6 4 8 8 4 8 10 3 9 3 4

Support product certification and livelihood approaches 1 6 3 7 1 1 6 8 2 2 2 8 3 5 8 10 9 4 5 6 5

Improve managed bee husbandry 0 0 2 10 2 0 10 9 1 5 8 0 8 10 2 0 4 7 5 5 2

Develop alternative managed pollinators 1 3 2 8 3 0 7 10 1 5 8 0 3 10 6 0 7 9 4 2 1

Quantify the benefits of managed pollinators 7 9 4 1 1 8 9 4 0 9 2 1 7 6 2 0 8 2 4 0 0

Manage road verges 0 1 9 7 0 6 9 6 1 2 1 8* 0 2 7 9 3 6 8 4 2

Manage rights of way and vacant land in cities 0 1 9 9 0 6 9 7 0 3 2 8 0 5 8 7 1 8 7 5 4

Plant breeding to reduce reliance on biotic pollination 0 3 8 7 2 1 7 7 1 8 7 3 3 9 5 0 10 1 2 0 0

Support diversified farming systems 4 9 10 4 0 4 8 10 0 8 2 2 8 10 2 2 10 2 9 1 1

Promote no-till agriculture 9 10 4 0 0 8 9 5 0 8 2 0 8 10 0 0 10 0 5 1 0

Adapt farming to climate change 4 10 10 9 4 3 5 10 7 7 1 4 5 9 8 7 10 8 10 7 6

Collaborative approaches to landscape management 3 6 8 3 0 3 10 9 1 1 8 7 4 10 8 0 10 3 7 4 2

Promote IPM 4 10 8 3 0 4 10 4 0 10 0 2 10 10 1 2 10 1 8 1 1

Monitor and evaluate pollination on farms 5 10 3 3 1 8 10 4 1 10 1 2 9 10 1 0 8 1 7 1 1

Establish payment for pollination services schemes 0 10 8 6 0 3 10 6 0 1 6 5 7 8 5 7 8 3 10 2 2

Develop markets for alternative managed pollinators 0 3 2 6 4 1 5 6 2 2 6 1 1 8 0 0 8 1 2 0 0

Traditional and knowledge co-production for habitat management 4 9 10 8 2 2 9 9 5 1 5 10 4 10 10 5 8 10 6 8 5

Support “biocultural diversity” conservation approaches 2 3 7 9 3 4 10 8 0 0 4 8 1 5 9 10 4 6 8 8 7

Restore natural habitats 2 5 10 8 4 8 10 5 2 2 3 8 5 9 8 7 4 6 8 10 7

Protect heritage sites and practices 0 1 6 9 7* 2 9 10 2 2 5 8 4 6 10 8 4 6 9 9 5

Increase connectivity between habitat patches 1 8 10 6 1 0 7 10 3 3 8 8 3 10 7 3 8 4 9 5 3

Translate pollinator research into agricultural practices 2 3 6 10 5 1 5 10 6 1 3 8 1 7 5 7 9 7 9 3 1

Support knowledge co-production and exchange 0 1 8 10 5 0 4 9 8 0 0 10 0 8 9 2 7 7 6 6 4

Strengthen Indigenous and Local Knowledge 0 0 4 10 5 0 3 8 8 0 0 10 0 6 9 3 6 5 8 5 4

Support market based solutions and innovations 0 0 7 10 4 0 4 10 6 0 0 10 0 8 9 4 6 8 6 8 7

Monitor pollinators 2 8 10 10 4 1 7 10 6 0 0 10 1 7 8 8 8 5 10 10 9

Increase taxonomic expertise 0 0 1 10 5 0 2 10 9 2 4 5 8 7 6 0 2 6 5 10 3

Education and outreach programmes 0 0 5 10 2 0 6 10 9 0 4 10 3 6 7 8 5 7 6 8 9

Manage urban spaces for pollinators and collaborative pathways 0 0 8 8 1 0 6 9 5 0 6 8 3 6 9 6 0 8 8 8 8

Support high-level pollination initiatives and strategies 0 0 1 10 8 0 2 10 10 0 0 10 0 0 3 10 7 6 10 7 6
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