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Executive Summary 
Insect pollinators provide a vital economic and ecological service through the pollination of crops 
and wildflowers. However, many insect pollinators are becoming less widespread in Britain and 
elsewhere and we have a poor understanding of the effect of these changes on the so-called 
άpollination servicesέ ǇǊƻǾƛŘed by these insects. This is largely due to the lack of long-term 
standardised monitoring of wild bees and hoverflies.  Here we describe a two-year research project 
which developed and tested a range of approaches to derive a National Pollinator and Pollination 
Monitoring Framework (NPPMFnote1). The NPPMF aims to address two core questions, with a focus 
on wild bees and hoverflies, and on pollination services to crops rather than wildflowers, but with 
overall scope to better understand changes in population status of the full community of flower-
visiting insects across GB:  

a) How is the status of insect pollinator populations and communities changing over time in both 
agricultural landscapes and the wider environment?  

b) How are pollination services to agricultural and horticultural crops changing over time? 

We addressed the following five Objectives: 

1. Review existing schemes, datasets and methods for measuring status and trends of UK pollinators 
and pollination services to identify key strengths and limitations of each in terms of scientific 
robustness, statistical power, cost and appeal to volunteer recorders; 

2. Develop a variety of robust and realistic survey methods, specifically assessing their suitability for 
use by both professional and volunteer recorder groups; 

3. Identify appropriate sampling frameworks for selected methods to ensure that monitoring will be 
representative from regional to national (GB) scales and capable of detecting spatio-temporal 
changes for different pollinators and pollination services; 

4. Conduct a pilot study of the proposed NPPMF, testing best methods across a sub-set of potential 
sites and produce detailed protocols, including cost-benefit analysis, for successful delivery of each 
potential component highlighting appropriate statistical methods and the requirements necessary to 
support the scheme (validation, verification, data flow and data management); 

5. Build on our partnership with the voluntary recording network and explore other relevant Citizen 
Science initiatives.  

Key findings can be summarised as follows (referring to numbered Sections within this report): 

¶ A review of existing National Recording Schemes and Societies (NSS), projects and datasets 
highlighted the value of verified (high quality) occurrence records compiled by experts 
within BWARS and HRSnote 1 for estimating long-term trends in species distributions. There 
are no long-term (>2 year) datasets, collected using systematic methods, that show changes 
in pollinator abundance or pollination service levels, and those datasets that do exist are 
small and biased towards England (Section 1.1). 

¶ New modelling approaches using NSS datasets allowed robust estimates of species-level 
trends in occupancy of 1km squares across Britain to be made for around 50% of bee and 
hoverfly species over a 30 year time period (1980-2010). Of these, 28-51% became less 
widespread, whereas only 14-27% became more widespread, with the remaining species 
classified as stable (depending on the criteria used to classify change). During a similar time 

                                                           
1
 Guide to main acronyms: NPPMF = National Pollinator and Pollination Monitoring Framework; NSS = National 

Recording Schemes and Societies; BWARS =Bees, Wasps and Ants Recording Society; HRS = Hoverfly Recording 
Scheme; NPS = National Pollinator Strategy. 
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period, the demand for pollination services to crops and the area of insect pollinated crops 
have risen by more than 20%. The precision of these trend estimates would be improved, for 
some species at least, by combining the NSS occurrence data with stratified systematic 
surveys (Section 1.2). 

¶ There are around 268 bee species and 284 hoverfly species in the UK. The majority of crop 
pollination is provided by a small proportion of common, widespread species that are 
effective in transferring pollen between flowers. We present a list of candidate species, 
meeting these and other criteria, for analysis from any long-term monitoring scheme, given 
that even a well-designed systematic scheme is unlikely to detect reliable trend estimates 
for all species (Section 1.2). 

¶ We estimated the sample sizes and site networks required from different methods to 
achieve statistical power to detect trends in key measures relating to pollinators (e.g. 
ŀōǳƴŘŀƴŎŜ ŀǘ ǎǇŜŎƛŜǎ ƻǊ ΨƎǊƻǳǇΩ ƭŜǾŜƭύ ŀƴŘ pollination services (e.g. pollination deficit) over a 
10 year period. This suggested that between 20 and 75 sites across GB could provide 
sufficient power (>80%) to detect a 30-50% change over 10 years (equating to 3.5 ς 7% 
annual change) for widespread, common species or groups (eg. summed abundance of 
bumblebees) with initial annual counts of 10 or more individuals per site. More sites would 
be required (ca. 145) for species or groups occurring in small numbers (initial counts of 1 per 
site) or to detect smaller changes. Between 100-200 fields per crop would be required to 
detect 10-year changes of 30% in direct measures of pollination service or deficit, though 
ideal detection levels are likely to vary between crops with per hectare value and level of 
dependency on insect pollination (Sections 1.3 and 4). 

¶ The costs associated with collecting data on pollinators vary greatly depending on approach. 
The highest cost/record research project (IPI Agriland), was also the most rigorous as it 
included many sites not typically visited by volunteers.  However, the NSS represent 
substantial value. Assessment of the time spent on co-ordination and administration of 
BWARS and HRS revealed that equivalent professional staff would cost ~£143,000/year, in 
addition to time spent by volunteers in gathering and submitting the ca 51,000 records 
received each year (Section 1.4).  

¶ For monitoring pollinators in the wider environment, we present a standardised protocol 
designed to be implemented by one person on one day (with four repeat site visits per year). 
A pilot study of this protocol carried out by different recorder groups, across 14 sites in 
England, Scotland and Wales, identified a combination of water-filled pan traps, fixed 
transect walks and timed floral observations as providing a comprehensive toolkit for 
assessing pollinator diversity and wildflower visitation. This protocol would generate sample 
sizes required to assess long-term trends in abundance at broad group level (bumblebees, 
solitary bees, hoverflies) but probably only at species-level for a few common species (e.g. 
21% of the 108 species sampled in the pilot) (Section 3.1). Small scale field trials were also 
conducted to refine different methods and develop robust protocols for monitoring 
pollinators and pollination services to crops (Section 2.1). 

¶ Pan traps (typically of three colours set at vegetation height to mimic flowers and collected 
after a standardised time) provide the least biased approach to sampling a wide range of 
pollinators, being particularly effective for many of the smaller solitary bee and hoverfly 
species (Section 3.1a). Trials of a 6-7 hour trapping duration performed as well as 24 hours 
with regard to number of insects caught, providing data of sufficient quality for quantitative 
analysis (Sections 2.1a, 3.1a).  

¶ Fixed transect walks sampled comparable numbers of individuals and species of bumblebee 
to pan traps. Numbers of hoverflies on transects were similar to those in co-located pan 
traps but the number of species sampled was significantly less and for solitary bees transects 
were less effective than pan traps for numbers of individuals and species (Section 3.1a). A 
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transect width of 1m width is recommended if all flower-visiting insects are to be recorded, 
rather than the 4-5m used by other single-taxon monitoring schemes (eg. UKBMS, 
BeeWalks), to minimise bias towards more conspicuous species (Section 2.1a). Transects 
present an accessible method for recorders at different levels, can provide data on insect-
flower interactions and estimates of pollinator density per unit area (Section 3.1a).  

¶ Timed focal flower observations (10-minute watches of insect visits to defined plant species 
within a 50x50cm quadrat) offer an accessible and enjoyable approach to generating data on 
abundance and visitation rates at least to group level, which are shown to correlate with 
those from fixed transects. With training, they could be implemented by volunteers as part 
of a wider citizen science initiative. Selecting from a defined list of common plant species 
would help standardise observations, though further development is required to understand 
trade-offs between the area, duration and number of observations required and data quality 
(Section 2.1a, 3.1a). 

¶ For all three methods it is important to factor in information on the availability of flowers, as 
this will have an influence on the number of insects recorded (Section 2.1a).  

¶ For pollination services to crops, transect walks in flowering fields can be used to monitor 
changes in crop pollinator activity, generating counts of flower visitors by broad groups or to 
species level for a few easily recognised species. However, direct measures of pollination 
using hand pollination and bagging experiments remain the most reliable way to detect 
changes in pollination service or identify possible deficits that are independent of agronomic 
or regional variation (Section 2.1b).  

¶ A better understanding of the relationship between pollinator activity, pollination service 
levels and crop yield for different crops is required before estimates of changing crop 
production, due to insect pollination, can be made based on detecting changes in pollinator 
activity or crop pollination alone.  Based on findings from this project, the use of simple 
measures such as seed set show potential for some crops but require further development 
and testing (Section 2.2). 

 

Presenting a Framework and costed scenarios for monitoring pollinators and pollination services 

Here we summarise the research findings as five potential scenarios/options with varying levels of 
professional and volunteer involvement, which range both in cost (£49K - £8.6M over 10 years; 
between £4.5K - £851K annually for years 2-10) and in the specific metrics they can deliver. We set 
out the components included within each scenario along with consideration of the sampling design 
and assumptions, support requirements, likely costs, benefits and limitations of each.  The scenarios 
are not mutually exclusive and indeed may be complementary, offering overall cost savings if 
particular options are implemented in combination; Scenarios 1 ς 4 represent potential new 
activities in order of increasing volunteer involvement and decreased likely cost, and Scenario 5 
represents existing biological recording activity with a simulated 10% increase in number of usable 
records: 

SCENARIO 1: Professionally-led systematic repeated sampling of a stratified network of 1km squares 
across GB 
SCENARIO 2: Professionally-led repeated systematic sampling focussed on crop pollination  
SCENARIO 3: Volunteer-led pan trap network (using conventional taxonomy or DNA barcoding) 
SCENARIO 4: Timed floral observations on existing scheme sites or as a wider citizen science activity 
SCENARIO 5: Biological recording through National Recording Schemes and Societies (NSS) 

Through an online survey of experts from across Europe, we identified that variations of Scenario 1 
or 2, with 75 - 150 ǎƛǘŜǎ ŀƴŘ ŘŜǘŜŎǘƛƻƴ ƻŦ Җр҈ ŀƴƴǳŀƭ ŎƘŀƴƎŜǎΣ would meet the criteria to fully assess 
the sampling needs of eight key research questions on the drivers of pollinator decline, four of which 
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ǿƻǳƭŘ ƳŜŜǘ ǘƘŜ ŜȄǇŜǊǘΩǎ ƛŘŜŀƭ ǎǘŀƴŘŀǊŘ. As such, the monitoring networks proposed have the 
potential to supply very large amounts of high quality data to answer key research questions, in turn 
providing substantial benefits by reducing research investments needed (Section 5).  

There are many opportunities but also challenges for increasing volunteer involvement in pollinator 
monitoring. These challenges relate to:  

i) taxonomy (currently a limited pool of skilled taxonomists; reliable identification to broad 
groups may be learnt quickly but identification to species level often takes years to 
become accomplished);  

ii) sampling methods (collection of standardised data requires the consistent use of reliable 
methods, potentially involving capture of specimens, with associated requirements for 
training and support);  

iii) recruitment and retention (potentially only ca. 50 active volunteer experts within BWARS 
and HRS combined with skills for species-level identification of bees and hoverflies, but 
with limited time to engage with training and supporting new recorders);  

iv) data verification and management (current efforts of volunteer NSS organisers in record 
verification are unsustainable; online systems (e.g. crowd-sourcing identifications from 
photographs) and novel technologies (e.g. DNA barcoding) offer potential for increasing 
numbers of verified records and supporting volunteers but none are yet sufficiently 
developed for implementation and the capacity for verification remains limited) (Section 
4).  

In conclusion, there is considerable scope to enhance monitoring of pollinators and pollination 
services to ensure a robust and rigorous evidence-base to support the needs of policy, however this 
project has demonstrated clear trade-offs between likely cost and data quality, especially in terms of 
the taxonomic resolution and accuracy of species identifications. Currently the volunteer sector, 
namely the NSS, provides the expertise to deliver monitoring of changes in species occurrence or 
distributions at a national scale for many, but not all, species. Indeed the total value of voluntary 
work provided by BWARS and HRS under Scenario 5 is estimated, based on current levels, to reach in 
excess of £5M over ten years. Repeated systematic sampling from a stratified network of sites not 
typically covered by the NSS has the potential to add considerable value, providing data on 
pollinator abundance that may link with provision of pollination services and filling gaps in the 
spatial extent and species coverage. Enhancements to improve the range and accuracy of 
monitoring pollinators and pollination services over large spatial and temporal scales will depend on 
adequate resources to support capacity building, coordination and implementation. 
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Introduction ς why monitor pollinator populations and pollination services? 

The National Pollinator Strategy (NPS) was published by Defra in November 20141, setting out an 
integrated approach to address the threats faced by pollinating insects in England. Many of these 
threats, the species facing them and the most appropriate conservation actions are common across 
Great Britain, indeed the Action Plan for Pollinators in Wales (2013)2 preceded the NPS and similar 
strategies are being developed in Scotland and Ireland. The NPS sets out 11 key Actions to improve 
evidence on the status of pollinators and the service they provide, with the first of these being to:  

άDevelop and field-test a new (sustainable, long-term) monitoring framework that can be 
implemented by professionals and volunteersέΦ  

This report summarises the findings of a project undertaken during 2014-2015 by a team of 
Research Institutes, Universities, NSS and NGOs to address this evidence action. We present a 
framework with costed scenarios for potential new monitoring activities that range in levels of 
professional and volunteer involvement (see Fig. 1.0 and Section 4). 

A report (hereafter Status Report) was published alongside the NPS summarising current evidence 
on the status of pollinators in GB, the economic and ecological benefits of both managed and wild 
pollinators (their contribution to GB crop production being valued at £630M panote2 based on the 
dependence and production value of insect pollinated crops in the UK including field crops, top fruit, 
soft fruit and horticultural crops) and the pressures on them from various environmental drivers3. 
The Status Report concluded that there is good evidence that species diversity and distributions of 
wild bees are changing in Britain, with more areas showing a loss of species than increase. However, 
it also highlighted the lack of long-term standardised monitoring of wild bees and hoverflies, the 
most important pollinators of crops and wild plants in GB.  

 

                                                           
2
 Updated from 2007 using 2012 Defra agricultural statistics using the methodology from the UK National 

Ecosystem Assessment (2011) Chapter 13. 
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Figure 1.0. Illustration of the over-arching objectives for pollinator monitoring in GB. The red dashed 

line shows the current position, with the potential quality and relevance of data outputs increasing as more intensive 
sampling strategies are employed from levels a - c (modified from Isaac & Pocock (2015)

4
 and M. Stevenson pers. comm.).  

Since publication of the NPS and Status Report, several new studies have added to the growing 
evidence of declines in pollinators, linked in particular to large-scale agricultural changes during the 
20th century5-8. Each one of these publications has used opportunistic records of species occurrence 
submitted by volunteer recorders (Fig. 1.0 Level a) across Britain. These large-scale and long-term 
distribution datasets offer unparalleled opportunities for tracking large-scale changes in species 
distributions, but provide no information on abundance and hence population sizes and are known 
to be temporally and spatially biased because people record wherever and whenever they choose4. 
Furthermore, their application to the recent European Red List of Bees concluded that the majority 
of species, 57%, ǿŜǊŜ ΨŘŀǘŀ ŘŜŦƛŎƛŜƴǘΩ ŀƴŘ ƘŜƴŎŜ ǘƘǊŜŀǘ ǎǘŀǘǳǎ ŎƻǳƭŘ ƴot be assigned9. For UK 
butterflies and moths, repeated standardised counts of individual insects along fixed transect routes 
or sampled in light traps since the 1970s have provided powerful means of monitoring trends in 
population size, and indeed the latest analyses of these large-scale and long-term abundance 
datasets reveal significant declines10. However, despite their shared use of floral resources, the 
major life history differences between butterflies or moths and other pollinator taxa make them a 
weak proxy for other species3Φ !ǎƛŘŜ ŦǊƻƳ ǘƘŜ .ǳƳōƭŜōŜŜ /ƻƴǎŜǊǾŀǘƛƻƴ ¢ǊǳǎǘΩǎ network of ca. 280 
Ψ.ŜŜ²ŀƭƪΩ ōǳƳōƭŜōŜŜ ǘǊŀƴǎŜŎǘǎ ǊǳƴƴƛƴƎ ǎƛƴŎŜ нлмн, there are currently no equivalent standardised 
data on changes in abundance of bees or hoverflies (Fig 1.0 Level b) for any country across the globe. 
To date there are no schemes or frameworks for monitoring pollination services to crops or wild 
plants (Fig. 1.0 Level c). 

Understanding of the functional links between insect pollinators and the production of crops which 
benefit from insect pollination is improving, however much of the evidence is correlative rather than 
based on direct evidence11,12. Several studies show that wild insects, and not honeybees, are the 
main providers of crop pollination services (Fig. 2.0)11,13,14, and that in general just a small handful of 
common species provide the vast majority of services. Similarly much of the evidence for 
relationships between land use or habitat management and pollinator populations is indirect and/or 
correlative, limiting our ability to assess the impact of interventions at representative scales (e.g. 
from farm-country). For example a large-scale experiment showed that where flower-rich habitats 
for pollinators were sown along field margins, within-field yields of crops such as field beans 
significantly increased over time15.  Likewise, research in towns and cities has revealed a wealth of 
pollinating species where favourable habitats exist. This suggests that pollinator-friendly actions, as 
encouraged through the NPS and the new Countryside Stewardship scheme in Englandnote 3, can 
reduce the loss of pollinators and resulting erosion of the pollination services and other benefits we 
derive from nature. However, better evidence informed by standardised monitoring of pollinating 
insects and pollination would improve our ability to accurately predict the effects of conservation 
measures, future land-use changes and other environmental pressures on pollinators and pollination 
services from local to national scales16. 

Monitoring pollinators will be more challenging than for some already monitored taxa such as birds, 
because: i) there are many more species; ii) most of these cannot be identified to species in the field 
so capture of specimens becomes necessary; iii) there are comparatively few volunteer recorders or 
citizen science initiatives focussed on pollinating insects; and iv) identification of collected specimens 
is time-consuming and requires specialist skills. Therefore, the sampling design, taxonomic 
resolution and range of species or groups to be monitored, levels of volunteer and professional 
involvement, data handling and support tools will all be critical to the success of any long-term 
pollinator monitoring framework (Fig. 1.0).    

                                                           
3
 https://www.gov.uk/government/collections/countryside-stewardship-get-paid-for-environmental-land-

management 
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Figure 1.1. Bumblebees (left, the rare Bombus ruderatus, Large Garden Bumblebee ©C. Carvell) and 
solitary bees are considered the most effective and important wild pollinators; honeybees (centre, 
Apis mellifera: ©M. Nowakowski) can be important crop pollinators in the vicinity of hives, though 
may be less effective per visit if, as shown here visiting apple blossom, not transferring pollen via 
stigmal contact; hoverflies (right, the common Episyrphus balteatus, Marmalade hoverfly: ©N. 
Mitschunas) carry less pollen than bees but their large numbers and diversity often make them 
important pollinators of crops and wild plants (see Section 1.2b).  

The level of taxonomic resolution required depends on the question, policy need or hypothesis being 
tested. Species-level data are required for assigning conservation status9, understanding the 
direction and magnitude of change in population sizes and in patterns of species diversity. Species-
level data has added importance given the potential turnover in species and communities with 
environmental change17 that could see dominant crop types or native plant communities and their 
key pollinators change in the future. However, given the challenges of identification to species for 
many insect groups and sampling intensities required to detect changes for the less common species 
(addressed in this report), higher-level taxonomic groupings are often used. Studies suggest that 
analysis at genus-level does not affect our ability to discern changes in community composition for 
some invertebrate assemblages18, but the relationship has not been tested for pollinators and even 
identification to genus level is challenging for many bees and flies. Use of broader taxonomic 
groupings (e.g. total bees or separating to bumblebees, solitary bees and honeybees) offers more 
potential for non-expert involvement, especially if standardised counts and/or flower visitation rates 
can be generated. These metrics provide a proxy for changing levels of pollination service to crops 
and wildflowers, but a better understanding of the links between pollinator abundance and service 
provision is still required (as discussed and tested this report, see Section 2). We also consider the 
potential value of DNA barcoding techniques and online crowd-sourcing with photographs for 
specimen identification to support large-scale monitoring (Section 4). 

We focus here on bees (considering bumblebees, solitary bees and honeybees as distinct taxonomic 
groups) and hoverflies (Fig. 1.1), although the methods proposed are appropriate to sampling a wide 
range of other flower-visiting insects that may be important pollinators in some contexts. Where we 
ǊŜŦŜǊ ǘƻ άǇƻƭƭƛƴŀǘƻǊǎέΣ ǘƘƛǎ ǘŜǊƳ ƛǎ ōǊƻŀŘƭȅ ǳǎŜŘ ǘƻ ŘŜǎŎǊƛōŜ all flower-visiting insects, with the caveat 
that their particular behaviour, morphology, activity period ŀƴŘ ƘŜƴŎŜ άŜŦŦƛŎƛŜƴŎȅέ ŀǘ ǘǊŀƴǎŦŜǊǊƛƴƎ 
viable pollen between flowers will be the true determinant of their effectiveness as pollinators19. 
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Project Aims and Objectives  
The overarching aim of this project was to design and test a National Pollinator and Pollination 
Monitoring Framework (hereafter NPPMF) that will provide the scientific evidence base for assessing 
changes in UK pollinator populations (abundance and distribution) and communities (diversity and 
composition) and the pollination services they provide to crops.  

The NPPMF will aim to address two core questions and evaluate the interrelationship between 
them:  

a) How is the status of insect pollinator populations and communities changing over time in both 
agricultural landscapes and the wider environment?  

b) How are pollination services to agricultural and horticultural crops changing over time? 

For each of these questions we addressed the following five Objectives: 

1. Review existing schemes, datasets and methods for measuring status and trends of UK pollinators 
and pollination services to identify key strengths and limitations of each in terms of scientific 
robustness, statistical power, cost and appeal to volunteer recorders; 

2. Develop a variety of robust and realistic survey methods, specifically assessing their suitability for 
use by both professional and volunteer recorders; 

3. Identify appropriate sampling frameworks for selected methods (from Tasks 1 and 2) to ensure 
that monitoring will be representative from regional to national (GB) scales and capable of detecting 
spatio-temporal changes for different pollinators and pollination services; 

4. Conduct a pilot study of the proposed NPPMF, testing best methods agreed from Task 2 across a 
sub-set of potential sites and produce detailed protocols, including cost-benefit analysis, for 
successful delivery of each potential component highlighting appropriate statistical methods and the 
requirements necessary to support the scheme (validation, verification, data flow and data 
management); 

5. Build on our partnership with the voluntary recording network and explore other relevant Citizen 
Science initiatives.  

This report provides a summary of project findings and key recommendations, presented under the 
two core themes relating to a) pollinators and b) pollination services to crops where these were 
addressed under separate tasks.  Full details of methods and results are provided within technical 
Annexes (A ς G), and within two accompanying Electronic Appendices. The scope of the project 
extended in most cases to the GB-level (in terms of pilot testing, stakeholder and Steering Group 
involvement), however the relevant National Recording Schemes and Societies (NSS) operate at UK-
level and the new status and trend analyses presented in Section 1.2 include data from N Ireland. 
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1: Review of existing schemes, datasets and methods for measuring status 

and trends in pollinators (Objective 1). 

A variety of approaches are currently used to gather information on insect pollinators and 
pollination services across GB, from mass participation citizen science to hypothesis-led research 
projects that between them encompass a wide range of volunteer and professional recorders 
spanning from novice to expert.   

The aim of this Objective was to review existing schemes, datasets and methods for measuring 
status and trends of UK pollinators and pollination services to identify the key strengths and 
limitations of each in terms of scientific robustness, statistical power, cost and appeal to volunteer 
recorders.  

1.1 Metadata capture from existing schemes and datasets 

The project team (comprising a broad range of taxonomic expertise and spanning professional and 
volunteer sectors) compiled information on a range of relevant schemes (including NSS), projects 
and datasets covering wild and managed bees, hoverflies, butterflies and measures of pollination 
service in crops and wild plants. Table 1.1 provides examples, and a full catalogue is provided in 
Electronic Appendix 1, including information on ownership, survey design, spatial and temporal 
scale, survey methods and taxonomic coverage.  

For pollinators, a total of 7 NSS or established volunteer recording networks; 11 citizen science 
initiatives or projects involving public participation in recording pollinators (many now inactive) and 
35 different large-scale datasets from systematic surveys or research projects were identified.  

For pollination services, 47 potentially relevant datasets were identified from 11 distinct research 
projects, covering the field crops oilseed rape and beans, top fruits (including apples and pears) and 
the soft fruits strawberries and blackcurrants. Data from a number of different standardised survey 
methods were available (including pan traps, fixed transects, timed observations and hand 
pollination and bagging experiments).  

For pollinators and pollination services there was a clear shortage of long-term systematic datasets 
of >2 years involving repeated sampling of the same locations, and a general bias towards England in 
coverage. Furthermore, even large-scale systematic surveys being undertaken by professionals as 
part of funded research projects do not always generate species-level data on bees and/or hoverflies 
(depending on their overall aims), and where they do, these records are often not submitted (as 
standard practice) to the relevant NSS.  
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Table 1.1. Examples of schemes and projects involving volunteers that generate data on UK 
pollinators. See Glossary for project aims or definitions; key to categories below.

V/P Volunteer or Professional-led (whether coordinated by volunteers or paid professionals); Quality assurance (degree 
of data verification by experts), Annual number of participants (annual average from the lifespan of the project; in many 
cases only a small proportion arŜ ΨŀŎǘƛǾŜΩ ǊŜƎǳƭŀǊ ǊŜŎƻǊŘŜǊǎύΤ Average annual number of records (annual average from the 
lifespan of the project, in the case of BWARS and HRS, averages between the years 2008-2012); Response measures that 
could be assessed from the data generated (SP = species presence; DO = species distribution/ occupancy; FD = functional 
diversity; SD = species diversity; AbGp = abundance at group level; AbSp = abundance at species level; VR = visitation rate; 
Hab = habitat type within area sampled).  All schemes/ projects are currently active with the exception of the Big 
Bumblebee Discovery. Note that the rigour of the response measures is dependent on quality of the data submitted. All 
projects cover the UK in scope except for BWARS (GB and Ireland) and HRS (GB only) but data from all projects is currently 
biased spatially and temporally. There is one citizen science project currently generating data on pollination service 
ǘƘǊƻǳƎƘ ƎǊƻǿƛƴƎ ōŜŀƴǎ ƛƴ ƎŀǊŘŜƴǎ ŀƴŘ ǳǊōŀƴ ƎǊŜŜƴ ǎǇŀŎŜǎ όΨ.ŜŜǎ ƴ .ŜŀƴǎΩ http://www.ljbees.org.uk/

20
). 

Scheme/ 

Project Name

V/ P Routes to 

involvement

Quality 

assurance

Training Annual no. 

participants

Average 

annual no. 

records            vs 

= verified to 

species level

Response 

measures

Weblink

Bees Wasps and 

Ants Recording 

Society 

(BWARS)

V Website, annual 

meeting, training 

courses, forum, 

social media

High Courses 

(members only); 

forums

400 

members 

25,000 vs   

(bees)

SP; DO; FD; SDhttp://www.bwar

s.com/

Hoverfly 

Recording 

Scheme (HRS)

V Website, annual 

meeting, training 

courses, forum, 

social media

High Paid and 

members only 

courses; forums

>1000 26,293 vs   

(hoverflies)

SP; DO; FD; SDhttp://www.hove

rfly.org.uk/portal.

php

BeeWalks P Website, 

training courses

Medium Online & paper 

ID resources; 

photo support; 

forum

232 30,000    

mostly vs 

(bumblebees)

SP; DO; FD; SD; 

AbGp; AbSp 

bumblebees 

only; Hab

http://www.beew

alk.org.uk/

BeeWatch P Website Medium Online ID 

resources; 

photo support; 

forum

920 2,141 vs   

2,800 total

SP; DO; FD; SD 

bumblebees 

only

http://bumblebe

econservation.or

g/get-

involved/surveys/

beewatch/
UK Butterfly 

Monitoring 

Scheme 

(UKBMS)

P Website, annual 

meeting 

High Online 

materials

630 563,000 vs 

(butterflies)

SP; DO; FD; SD; 

AbGp; AbSp 

butterflies 

only; Hab

http://www.ukbm

s.org/

Wider 

Countryside 

Butterfly Survey 

(WCBS)

P Website, annual 

meeting 

Medium Online 

materials

643 101,000 vs 

(butterflies, 

moths, 

dragonflies)

SP; DO; FD; SD; 

AbGp; AbSp 

butterflies 

only; Hab

http://www.ukbm

s.org/wcbs.aspx

Open Farm 

Sunday 

Pollinator 

Survey 

P Website, 

attendance at 

participating 

farm

Low 

(untrained 

volunteers) 

to high 

(professional 

surveys) 

On-line 

podcasts and 

guidance from 

ecologists on 

selected farms

480 11,000     

(flower 

visitors)

AbGp; VR; Habhttp://www.farm

sunday.org/ofs12

b/open/Pollinato

rSurvey.eb

Great British 

Bee Count

P Smartphone app; 

Website

Low Online 

materials

23,732 832,110     

(bees)

AbGp; SP for 

~10 targeted 

bee species 

(2014)

https://www.foe.

co.uk/what_we_d

o/the_bee_cause

_home_map_393

71Big Bumblebee 

Discovery

P Website; on-line 

supporting 

materials; Log 

books and 

materials sent to 

schools

Low to 

Medium 

(sample of 

records 

checked)

On-line 

podcasts

13,000 4,000 AbGp; VR 

bumblebees 

only

http://jointhepod

.org/campaigns/c

ampaign/31

http://www.ljbees.org.uk/
http://www.ljbees.org.uk/
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1.2 Understanding status and trends from existing National Recording Schemes and Societies and 

other datasets  

1.2a) Pollinators 

Aims: using a combination of volunteer-collected occurrence and systematically collected data, to: 

i) Estimate reliable trends in occupancy (distributions) of all UK bees and hoverflies 
between 1980 - 2010; 

ii) Investigate the added value to status and trend estimates from systematically collected 
data. 

 
1.2a i) New trend estimates for bees and hoverflies using volunteer-collected occurrence data 

Volunteer-collected occurrence data from NSS provide valuable information about changes in 
ǎǇŜŎƛŜǎΩ distributions and status. However, extracting this information and using it to analyse trends 
over time is difficult, because records are not collected in a standardised way and are subject to 
many forms of bias4. Techniques have been developed to account for these biases in recording effort 
and currently, occupancy-detection models are considered to provide the most robust results10,21.  

Here, we use occupancy models to estimate reliable species-specific trends for all hoverfly species 
ŀƴŘ ŀƭƭ ǿƛƭŘ ōŜŜ ǎǇŜŎƛŜǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ΨǇƻƭƭƛƴŀǘƻǊǎΩ ƛƴ D. όōŀǎŜŘ ƻƴ ŜȄǇŜǊǘ ƻǇƛƴƛƻƴύΦ ¢ƘŜ ǎŀƳŜ 
occupancy models were also used to assess composite trends across multi-species ΨLƴŘƛŎŀǘƻǊΩ 
groups22. Occupancy models estimate the proportion of 1km grid cells occupied by each species, 
each year, while simultaneously estimating and accounting for variation in detection probability. To 
maximise the robustness of trend estimates, only 1km cells with at least 3 years of data were 
included. Final datasets consisted of 38,229 visits across 3234 cells for 159 bee species and 67,074 
visits across 5882 cells for 263 hoverfly species. A visit is a record of any species within the target 
group.  Each model was run in a Bayesian framework with 20000 iterations per species. The 95% 
credible intervals of each estimate were used to assess uncertainty and determine the statistical 
significance of the trend. Note these analyses were conducted at the UK scale (including N Ireland) 
for consistency with the Indicator work, but records from N Ireland constituted a very small 
proportion of the total. 

Species-level trends 

Two occupancy trend estimates were calculated for each species: a long-term 30-year (1980 to 
2010) and short-term 10-year (2000 to 2010) trend.  Species trends were calculated as the 
percentage change in fitted occupancy over each time period.  Statistically robust trend estimates 
could be made for only approximately 50% of species, due to data limitations (the Bayesian 
occupancy approach is data hungry, requiring multiple visits to each grid cell within a year, therefore 
our ability to estimate robust trends for species with few records was limited). 

Trend estimates for all species are given in Annex A, with examples in Figure 1.2 and Table 1.4. 
Overall, a greater proportion of species significantly decreased than increased in occupancy of 1km 
squares in both the long-term (28% of species decreased; 14% increased) and short-term (11% of 
species decreased; 9% increased). Patterns varied between bee and hoverfly groups (Figure 1.1), and 
bumblebees showed contrasting patterns between time periods with 40% of the 10 modelled 
species increasing and 60% remaining stable over the long-term but 46% of the 11 modelled species 
decreasing over the short-term.  

The annual variation in the occupancy estimates (Figure 1.2), and contrasting patterns between time 
periods (Figure 1.1) may be partly explained by variation in weather conditions, although a number 
of pressures (including climate, land-use and management intensity) are likely to impact on local 
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pollinator distribution and abundance23. It is not known whether the more recent decreases in 
occupancy of several bumblebee species since 2000 represent the start of a longer-term trend or a 
short term fluctuation, or some un-modelled source of bias (e.g. a tendency among recorders to 
submit fewer records of common bumblebee species). We note that this assessment covers 
relatively recent patterns of change (1980-2010) and many species are likely to have experienced 
most severe declines in the period before 198024. Furthermore, the degree to which these trends in 
occupancy are accompanied by changes in abundance is not known. As individual species become 
more or less widespread, their relative abundances are likely to change and the communities in a 
given area become more or less diverse. This has implications for pollination service since more 
diverse pollinator communities are more effective at pollinating a range of crops11 and wild plants 
(see Section 2.2).  

 

a) Long-term trends (1980 ς 2010) 

Figure 1.1. The percentage of species 
in each taxonomic grouping that had 
increased (blue), were stable (grey) or 
declined (red) in occupancy of 1km 
squares across the UK between a) 
1980 to 2010 (long-term, top graph) 
and b) 2000 to 2010 (short-term, 
bottom graph).  Figure is based only on 

those species where a trend could be 
reliably estimated (long-term = 58% and 
40% of all bee and hoverfly species 
respectively, short-term = 62% and 48% of 
all bee and hoverfly species respectively).  

b) Short-term trends (2000 ς 
2010) 

For the long-term trend (a) the figure is 
based on 82 solitary bee species, 10 
bumblebee (Bombus) species, and 105 
hoverflies, while the short-term trend 
(b) is based on 87 solitary bee species, 
11 were Bombus species and 126 
hoverflies. The correlation between the 
long-term and short-term trend was 
low. 
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Figure 1.2. Annual occupancy estimates for Andrena fulva, the Tawny mining bee (right, © Steven 
Falk), a relatively common species and crop visitor that has undergone a significant decrease in 
occupancy of 50% since 1980. The grey band represents the 95% credible interval surrounding each annual 

occupancy estimate as a measure of uncertainty, hence we can be 95% certain that the true value falls within 
this range.  The red point highlights an unreliable occupancy estimate where the model failed to converge. 
Note inter-annual variability that is likely to be partly explained by annual variation in weather. 
 

Pollinator indicator  

Our headline figure of 28% is lower than the 51% of bee and hoverfly species that were reported to 
have become less widespread as  in the recent 2015 Indicator of Pollinating Insects22. The two values 
were based on the same data and occupancy models, but differ in the way that the trend estimate 
was calculated.  For the pollinator Indicator, specieǎ ǿŜǊŜ ŎƭŀǎǎƛŦƛŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ΨōŜǎǘ ŜǎǘƛƳŀǘŜΩ 
of their trend, and a decrease was defined as a reduction in occupancy of at least 1% per year in line 
with thresholds applied to other indicators (eg. for birds). By contrast, the figure of 28% presented in 
this report is the proportion of species for which we are at least 95% confident that occupancy has 
decreased. Most of the discrepancy consists of species for which our best estimate is that they 
decreased by more than 1% per year, but we are rather uncertain about this value (i.e. the decrease 
ƛǎ ǎǳōǎǘŀƴǘƛŀƭ ōǳǘ ƴƻǘ ΨǎƛƎƴƛŦƛŎŀƴǘΩ ƛƴ ŀ ǎǘŀǘƛǎǘƛŎŀƭ ǎŜƴǎŜύΦ IƻǿŜǾŜǊ, there is a small number of species 
for which the converse is true (i.e. we are very confident that they declined, but the magnitude of 
the decline was smaller than 1% per year). In reality, the true proportion of species in decline is 
between the 28% reported here (more conservative estimate) and the 51% reported in the 
Indicator.   

Note that all species are given equal weight in the pollinator Indicator; effectively assuming species 
are equally valuable in terms of their contribution to pollination services.  However, contribution to 
pollination is known to vary between species and with overall abundance, and groups other than 
bees and hoverflies such as anthomyid or muscid flies may be important in certain situations (see 
Sections 1.2b and 2.2). Future work will examine the feasibility of weighting the Indicator to take 
account of this variation in speciesΩ importance as pollinators and to include trends from other 
taxonomic groups known to pollinate crops and wild plants (see Section 1.2c). 

 

1.2a ii) Preliminary analysis of added value from systematically collected data 

The project considered the capacity to build on existing NSS activities using, where relevant, 
systematically collected data in combination with unstandardised occurrence records. Such a 
combination has the potential to add value to the current occupancy modelling approach by a) 
reducing uncertainty in current estimates of status for multiple species and b) improving the spatial 
resolution or reducing patchiness of current recording activity. To demonstrate this potential, we 
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present a preliminary analysis using the occupancy-detection models described above for two bee 
species comparing and combining occurrence data (BWARS) from a single year (2012) with 
systematically collected data from the IPI Agriland project (see Glossary) in which professional 
researchers surveyed 96 predominantly agricultural sites on three occasions during 2012 for 
pollinators using pan traps. The approach is based on the principle that adding more records to a 
model will almost always increase its precision; an important question is whether the improvement 
per record from systematic surveys is greater than adding the same number of unstructured records. 
Note that we make the simplifying assumption here that recording scheme datasets are a random 
draw from across the UK, which as explained is not the case, and is likely to lead to different forms of 
bias for habitat specialists compared with those occurring across the wider countryside. 

The total number of unique bee records across all species (where a record is defined as a survey 
event on which a species is recorded) in BWARS and Agriland for 2012 were very similar (2367 and 
2596 respectively) despite a ten-fold difference in the number of sites (1047 vs 96). Occupancy 
estimates for the two datasets were quite different (Table 1.2), as expected because they sampled 
both the landscape and the bee species differently. BWARS sites are biased towards semi-natural 
habitat in southern England with direct observations of individuals being made on an ad-hoc basis, 
whereas Agriland sites were stratified across gradients of land-use intensity in six regions of England 
and Scotland (thus can be considered more representative of GB as a whole than the BWARS data) 
with bees sampled passively in pan traps. Moreover, no sites were shared between datasets. 
However, for each species the occupancy estimates from both datasets combined were 
intermediate between those from the individual datasets. For Bombus pascuorum, the more 
widespread of the two species, precision (the converse of uncertainty as referred to in Figure 1.2) 
was considerably improved when datasets were combined. This was not the case for Andrena 
haemorrhoa, for which the estimate from Agriland was more precise than the combined estimate. 

Table 1.2. Results of occupancy models for two bee species using volunteer-collected records 
(BWARS) and systematic repeated sampling (Agriland) during 2012.  

Dataset Bombus pascuorum Andrena haemorrhoa 

Records Occupancy Precision Records Occupancy Precision 

BWARS 169 0.819 237 40 0.961 116 

Agriland 87 0.745 145 41 0.333 816 

Combined 256 0.771 356 81 0.460 149 

Bombus pascuorum is common and widespread; Andrena haemorrhoa is more patchy in its distribution. 
Agriland Řŀǘŀ ǿŜǊŜ ǘǊŜŀǘŜŘ ŀǎ ǇǊŜǎŜƴŎŜκŀōǎŜƴŎŜ ǊŀǘƘŜǊ ǘƘŀƴ ŀōǳƴŘŀƴŎŜΦ ΨhŎŎǳǇŀƴŎȅΩ Ґ ǘƘŜ ƳŜŀƴ όƳƻŘŜƭƭŜŘύ 
ǇǊƻǇƻǊǘƛƻƴ ƻŦ ƻŎŎǳǇƛŜŘ ǎƛǘŜǎΤ ΨtǊŜŎƛǎƛƻƴΩ Ґ ǘƘŜ ǊŜŎƛǇǊƻŎŀƭ ƻŦ ǾŀǊƛŀƴŎŜ in the occupancy estimate across all model 
runs for each species. 

These preliminary results suggest firstly that modelled estimates of occupancy or distribution may 
differ depending on survey and sampling approaches. Secondly they suggest that combining 
occurrence records with systematically collected data may influence precision of the estimates in 
ways that vary among species depending for example on whether they are habitat specialists or 
more generalist and widespread. Repeated systematic sampling from a stratified network of sites 
not typically covered by NSS therefore has the potential to improve both the precision of current 
occupancy estimates and fill gaps in the spatial extent of typical recording activity for some 
(especially widespread) species. However further research is required to understand how recording 
bias across habitats or towards particular species may affect the relative differences between 
resulting occupancy or trend estimates.   
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1.2b) Pollination Services 

Aims: using existing survey data sets, the wider literature and current national scale crop data, to: 

i)) Identify key crop pollinators in GB to inform any targeted crop pollinator monitoring scheme; 
ii) Estimate recent trends in the demand for crop pollination across GB and at a country level.   

1.2b i) Identifying key crop pollinators 

The capacity of a pollinator to provide pollination services to a crop is a product of its abundance 
and visitation rate to crop flowers in the field, and the efficiency of those visits in transferring viable 
pollen and improving fruit set or seed set. Using existing data sets produced by the IPI Sustainable 
Pollination Services for UK Crops Projectnote4, we identified the species that were the most abundant 
flower visitors to four key UK crops in our study regions: oilseed rape (Yorkshire), field beans 
(Berkshire and Oxfordshire), strawberries (Yorkshire) and apples (Kent). Combining these 
observations with experimental data on pollination efficiency from the wider literature (with 
broader geographic coverage), potentially important taxa providing pollination services to these 
crops can be summarised as follows (see Annex A for full details):  

¶ The most abundant visitors to apple flowers in the Kent orchards surveyed were solitary 
bees, constituting over 49% of visitors.  Abundant species included Andrena 
haemorrhoa, Andrena nitida and Andrena dorsata.  More widely, Andrena species are 
efficient apple pollinators and can be more effective on a per visit basis than honeybees 
and bumblebees.  

¶ Bombus terrestris/lucorum, Apis mellifera and Bombus lapidarius were the most 
abundant field bean flower visitors observed on fields in Oxon and Berks, constituting 
more than 77% of visitors. More widely, Bombus terrestris is an efficient bean pollinator 
when not involved in ΨƴŜŎǘŀǊ ǊƻōōƛƴƎΩ behaviour (making holes in the flower corolla to 
allow direct access to the nectaries) and the long-tongued species Bombus hortorum and 
Bombus pascuorum are also effective pollinators.  

¶ Common flower visitors to oilseed rape (on fields in Yorkshire) included Apis mellifera, 
Bombus terrestris/lucorum and some hoverfly species.  The most common hoverfly 
species were Melanostoma mellinum/ scalare and Platycheirus manicatus. Many species 
have been shown to be effective pollinators of oilseed rape, including hoverflies, and 
solitary bees for which the likelihood of pollen transfer may be greater than for 
honeybees or bumblebees.  

¶ Strawberries were visited most often by Apis mellifera, Bombus terrestris/lucorum and 
Bombus lapidarius (on fields in Yorkshire). More widely, honeybees and species of 
bumblebee, solitary bee and hoverfly can all be efficient strawberry pollinators. 

1.2b ii) Trends in supply and demand for crop pollination  

Quantifying the demand for pollination services to crops is challenging. Most accurately, άdemaƴŘέ 
can be defined as the sum number of pollen grains that need to be transferred to receptive flowers, 
however this is currently unknown and very difficult to estimate for most crops.  Furthermore, the 
demand for pollination services to crops will change spatially and temporally due to a range of 
climatic and economic factors, including those which limit crop production and their subsequent 
dependence on pollination by insects. Consequently, the area of insect pollinated crop is often used 
as a proxy for demand25,26. However, the efficiency of pollinators and the demands for pollination 
can vary between crops, so some studies have instead quantified demand as the number of 
honeybee colonies required to provide recommended levels of pollination13. The supply of and 

                                                           
4
 http://www.reading.ac.uk/caer/Project_IPI_Crops/project_ipi_crops_index.html 
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demand for wild pollinators required for crop pollination is extremely difficult to quantify as their 
abundance and diversity are affected by multiple environmental factors and there is no standardised 
and systematic monitoring of their populations. 

The demand for honeybee pollination services (using data from Defra, 2015, and the methods of 
Breeze et al, 201127) and the area of insect pollinated crops have risen by 54% and 23% respectively 
between 1992 and 2012 (Annex A). The uneven distribution in demand for crop pollination is 
highlighted by a comparison across Scotland, Wales and England (Table 1.3). It is possible to 
determine areas particularly at risk of reduced production, in the face of increased demand for or 
reduced supply of pollination service, at fine spatial scales and target any crop pollination service 
monitoring to the most vulnerable areas.  Spatial maps of pollination service have been developed 
for a limited number of UK crops including field beans25 and apples26, but data to do this for all UK 
insect pollinated crops is currently lacking. 

Table 1.3. Demand for pollination services in England, Scotland and Wales (2012) 

  Scotland Wales England 

Crop Hives/ha 
Area 
(ha) 

Demand 
(hives) 

Area 
(ha) 

Demand 
(hives) 

Area 
(ha) 

Demand 
(hives) 

Orchard fruits 1.3 89 113 365 464 24,200 30,769 

Oilseed Rape 1 39,603 39,603 5,628 5628 756,000 756,000 

Strawberries 1.2 186 223    3300 3,960 

Other Soft Fruit 1.6 622 970 408 636 6100 9,516 

Beans (not combined) 1.8 1,193 2,088       

Field Beans 2.5 3,789 9,472    96,000 240,000 

Total   45,482 52,469 6,401 6,729 913,600 1,040,245 
Crop = crop group. As the cited references often do not specify the exact area of specific crops these broad categories are 
used instead. Hives/ha = the lowest recommended stocking rates reported in Breeze et al. (2014). For crop categories, an 
average of all applicable UK crops was used. Area = the area (in ha) of crop reported in Defra (2012), SAG (2015) and WAG 
(2015). Demand (hives) = demand for pollination services, measured as the total number of honeybee hives required to 
provide pollination services at the recommended stocking rates. Note that as data sources differ between this table and 
the more comprehensive information in Annex A some differences may be observed.  

1.2c) Moving towards a list of candidate species for long-term monitoring? 

Given limited resources, even a well-designed systematic monitoring scheme is unlikely to be able to 
detect reliable trend estimates for all species (see Sections 3 and 4). We therefore propose a list of 
candidate species for analysis from any long-term systematic monitoring effort, selected on the basis 
of being widespread and abundant in the wider countryside or suburban areas across GB (using 
detectability within a large-scale pan trapping study as a proxy) and/or abundant visitors to key UK 
crops (see 1.2b) (Table 1.4). Species within the list show both decreasing and increasing recent long- 
and short- term trends in occupancy, these trend estimates tending to have less uncertainty than 
those for the rarer species (Annex A) given that the widespread species are usually associated with 
more records.  These species are likely to be encountered in sufficient numbers across different 
regions to detect long-term changes in their populations and many are functionally important 
pollinators of crops and wild plants in the current climate.  Such changes could therefore act as a 
measure of the long-term capacity of the pollinator community to provide pollination services, 
alongside measures of overall grouped abundance and species diversity (see Framework, Section 4). 
A better understanding of species ecology, pollination efficiency and how this varies between 
regions and crops is required to refine any list of appropriate indicator species for monitoring. 

 

 

 

http://www.gov.scot/Resource/0048/00488076.xlsx
http://gov.wales/statistics-and-research/survey-agricultural-horticulture/?lang=en
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Table 1.4. Candidate species for long-term systematic monitoring.  
            Extent of occupancy  Trend in occupancy 

Species name Group 

Ease 
of 
ID 

Flight 
season 

Detect
ability 

Crop 
visitor 

Eng-
land Wales 

Scot-
land Long-term 1980-2010  Short-term 2000-2010 

Bombus hortorum BB 3 Mar-Sep 1 Y 94 43 92 32.66 (3.71 - 69.47) -29.2 (-41.42 - -14.35) 

Bombus lapidarius BB 1 Mar-Oct 1 Y
2 

104 126 31 49.82 (25.8 - 76.36) -22.2 (-32.39 - -10.54) 

Bombus lucorum s.l. BB 
1 - 
5* Mar-Oct 1 Y1= 101 75 107 NA NA 

Bombus pascuorum BB 2 Mar-Oct 1 Y7 109 133 94 53.2 (34.81 - 74.05) -17.87 (-26.51 - -8.53) 

Bombus pratorum BB 3 Mar-Sep 1   97 105 53 15.74 (-3.65 - 38.67) -37.93 (-49.47 - -24.24) 

Bombus terrestris BB 1-5* Feb-Oct 1 Y1= 97 54 26 11.18 (-9.69 - 34.6) -34.65 (-43.49 - -24.13) 

Apis mellifera HB 1 Jan-Dec 1 Y 55 6 22 NA NA 

Andrena cineraria (S) SB 1 Mar-June 0 Y 47 19 0 322.19 (179.13 - 557.59) 46.4 (1.82 - 124.01) 

Andrena dorsata SB 3 
Mar-
Sep** 0 Y9 49 0 6 331.46 (201.18 - 527.11) 8.94 (-16.54 - 46.98) 

Andrena flavipes SB 2 Mar-Sep 0 Y4 48 10 6 60.41 (27.43 - 104.51) -9.74 (-28.63 - 12.44) 

Andrena fulva SB 1 Mar-June 1* Y8 62 21 0 -49.53 (-65.3 - -30.5) -38.82 (-60.98 - -7.52) 

Andrena haemorrhoa SB 1 Mar-Jul 1 Y5 75 37 19 -5.74 (-19.35 - 12.28) -0.86 (-24.67 - 27.69) 

Andrena nitida (S) SB 2 Mar-Jul 0 Y 52 32 6 55.84 (14.21 - 113.76) -14.48 (-38.48 - 17.61) 

Andrena scotica SB 3 Mar-Jul 0 Y6 72 41 22 -6.32 (-25.66 - 18.34) 11.95 (-22.11 - 50.61) 

Anthidium manicatum SB 1 May-Aug 1*   36 13 0 32.3 (-32.77 - 128.23) -47.19 (-69.8 - -9.95) 

Anthophora plumipes SB 2 Feb-May 1*   53 4 0 77.73 (-3.74 - 178.02) -14.59 (-36.98 - 18.35) 

Lasioglossum albipes SB 3 Mar-Sep 1   59 25 7 -12.67 (-38.44 - 28.36) -12.59 (-46.56 - 39.15) 

Lasioglossum calceatum  SB 3 Mar-Oct 1  10 81 47 18 -1.35 (-16.83 - 17.96) 11.76 (-12.31 - 38.86) 

Osmia bicolor SB 2 Mar-Jul 1   21 0 0 12.44 (-54.01 - 119.03) 15.92 (-33.03 - 144.2) 

Osmia bicornis (S) SB 1 Mar-Jul 1*   87 43 10 -16.28 (-42.03 - 11.75) -48.38 (-62.73 - -29.31) 

Episyrphus balteatus HF 1 Jan-Dec 1   113 130 120 6.96 (0.15 - 14.04) -6.83 (-12.39 - -1.02) 

Eristalis abusivus HF 3 Mar-Oct 1   26 27 18 NA NA 

Eristalis arbustorum HF 2 Apr-Nov 1   107 130 82 -22.68 (-28.88 - -16.52) -12.41 (-21.85 - -1.76) 

Eristalis pertinax HF 1 Mar-Nov 1   111 128 112 12.86 (5.69 - 21.25) 1.63 (-4.93 - 8.77) 

Eristalis tenax HF 1 Jan-Dec 1   111 130 82 -20.01 (-27.52 - -12.25) -16.2 (-23.71 - -7.7) 

Eupeodes corollae HF 2 Mar-Nov 1   99 117 49 -27.67 (-36.91 - -16.17) -7.91 (-26.41 - 16.35) 

Helophilus hybridus HF 2 Apr-Oct 1   59 42 15 -14.08 (-41.22 - 24.97) 27.83 (-23.7 - 103.98) 

Helophilus pendulus HF 2 Apr-Nov 1 Y 109 127 102 -10.43 (-15.55 - -5.03) -2.9 (-10.27 - 4.26) 

Melanostoma mellinum  HF 2 Apr-Oct 1 Y  107 127 110 -20.79 (-28.77 - -12.49) 3.06 (-8.19 - 16.33) 

Melanostoma scalare HF 2 Apr-Nov 1 Y 108 124 112 14.55 (5.07 - 25.76) 25.79 (13.15 - 40.62) 

Neoascia podagrica HF 3 Apr-Nov 1   93 114 74 -38.39 (-47.4 - -27.49) -13.43 (-33.07 - 11.8) 

Platycheirus albimanus HF 2 Mar-Nov 1 Y 109 124 111 1.77 (-4.54 - 8.99) -0.96 (-9.08 - 7.49) 

Platycheirus 
granditarsus HF 1 May-Oct 1   79 118 48 -24.08 (-39.63 - -2.02) 19.77 (-7.65 - 57.48) 

Platycheirus manicatus HF 2 Apr-Nov 1 Y  77 48 76 -27.73 (-43.09 - -8.7) -38.79 (-59.82 - -4.17) 

Rhingia campestris HF 1 Apr-Oct 1   106 126 83 -4.93 (-13.09 - 3.83) -7.94 (-17.14 - 2.35) 

Sericomyia silentis HF 1 May-Nov 1   70 110 107 -10.6 (-29.71 - 11.29) -5.3 (-20.35 - 13.03) 

Syrphus ribesii HF 3 Mar-Nov 1   107 118 89 -4.36 (-12.2 - 5.26) 33.47 (18.63 - 51.74) 

BB = bumblebee; SB = solitary bee; HB = honeybee; HF = hoverfly. Species were assessed according to their 
Ease of ID (identification difficulty scores representing ease of ID by any recorder regardless of experience; 
generated by NSS experts. 1 = Can be identified at sight in the field by anyone with a bit of experience. Species 
with which the beginner rapidly becomes familiar. Usually identifiable from a photo; 2 = Can be identified in 
the field with care and experience. Needs a good view or the netting of a specimen to check, but the specimen 
can then be released. May be identifiable from a good photo, or series of photos; 3 = Identification only 
accepted from known recorders or else needs confirmation from vice county recorder; 4 = Species needs 
confirmation from national expert; 5 = Voucher specimen required to be examined by national expert.) 1-5* 
denotes that for B. lucorum and B. terrestris, queens may be easily identified but workers are difficult to 
separate, and B. lucorum ƛƴŎƭǳŘŜǎ ŀ ΨŎƻƳǇƭŜȄΩ ƻŦ ǘƘǊŜŜ ǎǇŜŎƛŜǎ ǿƘƛŎƘ ǊŜǉǳƛǊŜ ŜȄǇŜǊǘƛǎŜ ǘƻ ǊŜƭƛŀōƭȅ ǎŜǇŀǊŀǘŜΤ 
Flight period (months during which the species is typically on the wing, ** two generations Mar-May/Jul-Sep); 
Detectability (a proxy based on the large-scale Agriland pan trapping study: 1 = mean annual abundance per 
site >1 and/or detected in pan traps at 40 or more out of 96 sites; 0 = mean annual abundance <1 and/or 
detected at fewer than 40 sites (* species not abundant in pan traps in countryside but frequently seen in 
gardens/parks)); whether key Crop visitors (most abundant flower visitors to four key UK crops in IPI crops 
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project, see above 1.2b; 
1-10

 indicate rankings of European crop pollinators from a recent meta-analysis, also 
including IPI UK Crops Project data (Kleijn et al. 2015)); Extent of occupancy in England, Scotland and Wales 
(% coverage based on BWARS/ HRS records from 1996-2010 applied at country level); Long and short-term 
trends (% change in occupancy at UK level based on occupancy-detection model output; species where the 
95% credible intervals s (in brackets) span zero were defined as stable, status of the others was classified as 
either increasing or decreasing based on their trend). Species with (S) are listed on the Scottish Biodiversity List 
as priorities for conservation, no other species currently of conservation concern in England, Wales or 
Scotland.  

 

1.3: Statistical power analyses using existing datasets to inform sampling design  

Appropriate design and statistical power are essential to any biodiversity monitoring scheme if the 
resulting data are to be widely accepted as credible indicators of change. Here, we conducted 
statistical power analyses using available datasets from systematic surveys measuring pollinators 
and pollination services to UK crops (identified in 1.1), simulating a range of potential scenarios of 
change over a 10 year period. 

Aims: To estimate the minimum levels of replication (primarily at the site or field level) required to 
detect changes in: 

i) abundance and species richness of the different key pollinator groups (bumblebees, honey bees, 
solitary bees and hoverflies) sampled using either pan traps or transect methods, and  

ii) measures of pollination service provision (deficits and visitation rates) for oilseed rape, field beans 
and apples. 

Input data (likely initial count values and parameters representing variation in counts and in rates of 
change over time between sites) for the power simulations were derived from systematic survey 
data from the IPI AgriLand and IPI Crops projects (see Glossary). Various scenarios were explored 
that differed in initial pollinator abundance or levels of service provision, degree of % change over 10 
years and number of sites monitored (full details given in Annex B).  

Results suggest that between 20 and 75 sites across GB could provide sufficient power (>80%) to 
detect a 30-50% change over 10 years (equating to 3.5 ς 7% annual change) for widespread, 
common species or pollinator groups (eg. summed abundance of bumblebees) with initial annual 
counts of 10 or more individuals per site. Standardised surveys using pan traps and/or transect 
ƳŜǘƘƻŘǎ ŀǇǇƭƛŜŘ ŀǘ ƭŜŀǎǘ ǘƘǊŜŜ ǘƛƳŜǎ ŘǳǊƛƴƎ ǘƘŜ ǇƻƭƭƛƴŀǘƻǊǎΩ ŦƭƛƎƘǘ ǇŜǊƛƻŘ could be used to generate 
such counts. Higher numbers of sites would be required (ca. 150) for species or groups occurring in 
small numbers (initial counts of 1 per site) or if lower rates of decline are to be detected (ca. 1000 
ǎƛǘŜǎ ǘƻ ŘŜǘŜŎǘ Җмл҈ ŎƘŀƴƎŜ ƻǾŜǊ мл ȅŜŀǊǎΣ ŜǉǳŀǘƛƴƎ ǘƻ ŀ м҈ ŀƴƴǳŀƭ ŘŜŎƭƛƴŜύΦ Note however that it is 
difficult to estimate the likely variability in pollinator numbers over a 10-year period with existing 
datasets which typically span up to 3 years, show large variation between sites and seasons and 
contain many zero values. In a recent analysis of the number of farms required across different 
European countries to detect changes in species richness of plants, earthworms, spiders and bees, 
bees demonstrated the highest data variability and therefore required the largest farm sample size 
of all groups28. Our estimates of likely power should therefore be considered as coarse rather than 
precise indications, contingent on building up data over the initial 5-10 years of any future scenario, 
and using summed abundances to group level where species-level counts are insufficient to show 
robust trends. 

Data generated by crop pollinator surveys (e.g. transect counts of crop visitors) were similar to those 
of the broader pollinator surveys.  The number of sites required to detect a change in direct 
measures of pollination service varies considerably between crops and whether a deficit or change in 
pollination service is being detected.  In all cases, at least 100 and possibly up to 200 sites (fields per 
crop) are needed to detect 30% changes in pollination service or deficits over 10 years (except 
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service in oilseed rape). In most cases, detecting a change in service levels requires fewer sites than 
detecting a change in deficits, due to the lower initial estimates of deficit in all crops except Gala 
apples. Note that we are not referring here to direct measures of deficit in crop yield but to deficits 
measured as the difference in proportion of pods or fruit set between open and hand-pollinated 
flowers. 

Defining the level of change in population size or pollination service that should be detectable 
from a monitoring scheme 

An important question is whether a detection level of 30% over 10 years (or 3-4% annual change) is 
sufficiently sensitive, for example, to allow for mitigation responses to be implemented within 
adequate time frames to reverse pollinator declines, or to meet the thresholds that growers would 
tolerate or need to respond to in different crops. Outcomes of the benefits survey of expert 
researchers (Section 5 and Annex C) offer valuable insight, suggesting that detection rates of 5% 
annual decline (equating to a 40% decline over 10 years) for each pollinator response measure, and 
10% annual decline in crop output would meet expert recommendations for an effective monitoring 
network. The detection of a 30% decline in population size over 10 years also matches the criterion 
applied under the IUCN Red List (www.iucnredlist.org) to categorise a species within the lowest 
ǘƘǊŜŀǘ ŎŀǘŜƎƻǊȅ ƻŦ ΨǾǳƭƴŜǊŀōƭŜΩ, as recently used to produce the European Red List of Bees9.  

Since our understanding of the relationship between local crop pollinator abundance and service is 
quite limited and varies with crop type and context (Section 2.2), it is not yet possible to define 
levels of pollinator population change that would significantly compromise crop pollination services. 
We focussed instead on direct measures of change in crop pollination service. The percentage 
change in production directly related to animal pollination that growers may tolerate will of course 
vary between crops depending on factors such as per hectare value and level of dependency on 
insect pollination. Where the latter is low, such as in oilseed rape (typically 20-25%), detection of a 
10% change in pod set may be adequate. Where per ha values and dependency on insect pollination 
are high, such as in apples (usually >50%29), a fruit grower may be interested in a very small % 
change, closer to between 1-3%. The sampling networks proposed in the costed scenarios (Section 
4) have used the outputs of these power analyses as a guide to likely levels of replication required 
from systematic surveys. Ultimately, detection levels are likely to vary depending on the key 
question or response measure and the level of resourcing available to run a viable monitoring 
scheme. 

 

 

 

1.4: Cost-efficiency analysis of existing National Recording Schemes and Societies and associated 

datasets 

Aims: To assess the relative cost-efficiency of monitoring schemes and research projects in collecting 
and identifying records for use in scientific analysis and to identify the otherwise uncaptured value 
of voluntary labour.   

i) Costs of existing recording schemes and systematic monitoring of bees and hoverflies 

The costs of existing NSS (BWARS, HRS, the Wider Countryside Butterfly Survey and Garden Bird 
Watch) were derived from data supplied by participating organizations. This included the average 
number of voluntary hours that scheme coordinators had worked annually over the 5 year period 
2008-2012. Data were not available to calculate the time taken by volunteer recorders to collect and 
submit records. The effective economic value of this voluntary labour was estimated using the 

http://www.iucnredlist.org/
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replacement cost method, which equates the monetary value of a scheme  with the costs of hiring 
professional consultants to undertake the work (at £40/hr).  

Costs for generating records from research projects were estimated from the projects within the 
Insect Pollinator Initiative (IPI) and the Status and Trends of European Pollinators (STEP) conducted 
by the University of Reading and the University of Leeds. For the AgriLand project, costs are 
subdivided into Agriland (max), the core 96 sites, and Agriland (Lite) which covers the additional 24 
sites surveyed by the University of Reading as part of the project. These are presented together as 
Agriland (All).  These costs do not include the costs of data analysis or dissemination work.  

Table 1.5. Cost efficiency per record from existing NSS and studies. 

Scheme/study * 
Base 
costs 

Unpaid 
labour 
(hours) 

Value of 
unpaid 
labour 

Full costs Records 
Cost/ 
Record 
(base) 

Cost/R
ecord 
(full) 

Bees Wasps and Ants Recording 
Society  

£7,543 1700 £70,000 £77,543 25000 vs £0.30 £3.10 

Hoverfly Recording Scheme £16,000 1832 £73,280 £89,280 26293 vs £0.60 £3.40 

Wider Countryside Butterfly Survey £45,000 620 £31,000 £76,000 29300 vsb £1.54 £2.60 

Garden Bird Watch £150,000 b!Ϟ NA £179,750 130000 bb £1.15 £1.38 

Big Bee Project £106,118 NA NA £221,165 18022 vs £5.89 £12.27 

IPI Agriland (All) £97,062 NA NA £446,587 29530 vs £3.29 £15.12 

IPI Agriland (Lite) £30,215 NA NA £76,055 9347 vs £3.23 £8.14 

IPI Agriland (Max) £66,848 NA NA £370,531 20183 vs £3.31 £18.36 

IPI Crops £55,905 NA NA £112,741 13007 vs £4.30 £8.67 

Status and Trends of European 
Pollinators 

£28,058 NA NA £82,486 32214 vs £0.87 £2.56 

*NSS and ongoing surveys in white; previous studies or projects in blue. Base costs = paid administrative costs, field staff, 
mandatory training costs for recorders and materials costs. Unpaid labour (hours) = the number of hours of 
administration, identification and data management undertaken by experts in the scheme (NOT including hours spent by 
volunteer recorders ƻƴ ²/.{ ŀƴŘ D.²Τ ϞǇǊƛƳŀǊȅ ǎǳǇǇƻǊǘ Ŏƻǎǘǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ōƛǊŘ ǊŜŎƻǊŘƛƴƎύ. Value of unpaid labour = 
sum value of all voluntary hours at £40/hr Full costs = the total costs of the scheme, including the value of paid or unpaid 
labour, all field staff, fuel costs and identification work.  Records = the number of records of bees and/or hoverflies at 
species, genus or family level collected annually; ΨvsΩ Ґ ǊŜŎƻǊŘǎ ǘƘŀǘ ŀǊŜ verified to species level; vsb = butterfly records; 
ΨbbΩ Ґ ǳƴǾŜǊƛŦƛŜŘ ǊŜŎƻǊŘǎ ƻŦ ōŜŜǎ όŎŀΦ плΣлллύ ŀƴŘ ōǳǘǘŜǊŦƭƛŜǎ όŎŀΦ флΣлллύΦ Costs and records are based on an annual 
average from the lifespan of the project or, in the case of BWARS and HRS ς the years 2008-2012.  

The findings indicate that the full costs of generating records are generally lower for NSS than for 
research studies due to the substantial costs of travel and staff involved in field data collection. This 
ƛǎ ǇŀǊǘƛŎǳƭŀǊƭȅ ǇǊƻƴƻǳƴŎŜŘ ƛƴ ǘƘŜ LtL !ƎǊƛƭŀƴŘ ǇǊƻƧŜŎǘ ŘǳŜ ǘƻ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŎƻƳǇǊŜƘŜƴǎƛǾŜ Ǌŀndom 
sampling network design that included a number of very remote sites that required vehicle hire to 
access. The differences in costs are similarly pronounced when only the base costs are considered 
due primarily to the higher administrative costs at professional research organizations.  

The results also illustrate the substantial value added by NSS, with scheme coordinators committing 
the equivalent of 447 working days of labour to the NSS, worth ~£143,000/year in equivalent 
salaried staff time between BWARS and HRS alone. The NSS make substantial contributions to 
research and policy 22 . Not only are the contributions from NSS either low or no cost but the 
taxonomic resolution and quality of the records are high. Verified records of species have 
considerably more value for assessing trends in pollinators and associated pollination services than 
unverified records or records for which the taxonomic resolution is low (broad or functional groups). 
The NSS are the major contributors of the expertise necessary for verification to species level across 
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the breadth of insects considered as important pollinators. It is critical that the capacity and 
expertise represented by the NSS is maintained and ideally enhanced.     

 

 

Key findings (Section/Objective 1) 

¶ A review of existing National Recording Schemes and Societies (NSS), projects and datasets 
highlighted the value of verified occurrence records compiled by experts within the NSS, 
specifically the Bees, Wasps and Ants Recording Society (BWARS) and Hoverfly Recording 
Scheme (HRS), for generating estimates of species-level status and long-term trends in 
distribution. There is a clear shortage of long-term systematic datasets of >2 years including 
measures of abundance for both pollinators and measures of pollination service, with 
existing datasets showing a bias in coverage towards England. 

¶ New modelling approaches allowed robust estimates of trends in occupancy of 1km squares 
across GB to be made for around 50% of bee and hoverfly species over a 30 year time period 
(1980-2010). Of these, 28-51% became less widespread, whereas only 14-27% became more 
widespread, with the remaining species classified as stable (depending on the criteria used 
to classify change). During a similar time period, the demand for pollination services to crops 
and the area of insect pollinated crops have risen by more than 20%. The precision of these 
trend estimates and our ability to quantify the demand for wild pollinators required for crop 
pollination would be improved, for some species at least, by combining the NSS occurrence 
data with stratified systematic surveys. 

¶ To understand the degree to which these trends in occupancy and distribution are 
accompanied by changes in abundance, and hence their likely impacts on pollination 
services, additional systematically collected data coupled with a better understanding of 
important crop pollinators across different regions are required. 

¶ Statistical power analyses suggest that between 20 and 75 sites across GB could provide 
sufficient power (>80%) to detect a 30-50% change over 10 years (equating to 3.5 ς 7% 
annual change) for widespread, common species or pollinator groups (eg. summed 
abundance of bumblebees) with initial annual counts from systematic surveys of 10 or more 
individuals per site. More sites would be required (ca. 145) for species or groups occurring in 
small numbers (initial counts of 1 per site) or to detect smaller changes. Between 100-200 
fields per crop would be required to detect changes of 30% in direct measures of pollination 
service or deficit over 10 years, with ideal detection levels likely to vary between crops with 
per hectare value and level of dependency on insect pollination. 

¶ It is difficult to estimate likely variability in pollinator numbers over a 10-year period with 
existing short-term datasets which show variation between sites and seasons and contain 
many zero values. Our estimates of likely power should therefore be considered as coarse 
rather than precise indications, contingent on building up data over the initial 5-10 years of 
any future scenario, and using summed abundances to group level where species-level 
counts are insufficient to show robust trends. 

¶ Assessment of the costs of collecting pollinator records through research projects indicates 
that they vary greatly in their costs/record, depending largely on the number of sites 
sampled and the distribution of these throughout the UK. The highest cost/record research 
project (IPI Agriland), was also the most rigorous as it included many sites that are not 
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typically visited by volunteers. Costs/record are much lower for voluntary NSS, but increase 
when identification is conducted to species level.  

¶ ¢ƘŜ ¦YΩǎ Ƴŀƛƴ ǾƻƭǳƴǘŀǊȅ ǊŜŎƻǊŘƛƴƎ societies (NSS) represent substantial added value. 
Assessment of the time spent on co-ordination and administration of BWARS and HRS 
revealed that equivalent professional staff would cost ~£143,000/year. This figure is an 
underestimate of the total Ψƛƴ-ƪƛƴŘΩ ǾŀƭǳŜ ƻŦ ŜŦŦƻǊǘ into these schemes as data is not 
available to accurately estimate the time spent by volunteers in gathering and submitting 
the ca 51,000 records that the NSS receive each year.  

2: Developing robust and realistic survey methods for monitoring pollinators 

and pollination services (Objective 2). 

The last section dealt with how more could be gleaned from existing datasets and emerging 
analytical tools. The following sections deal with how these could be supplemented using 
standardised survey methods to provide additional information on changing pollinator populations, 
starting with consideration of the suitability of different methods for different recorder groups and 
then improving their effectiveness in the field. 

Aims:  to develop and test survey methods, focussing on their suitability for use by different types of 

recorder (professional to volunteer) via a combination of:  

i) Assessment of the capacity of different ΨǊŜŎƻǊŘŜǊ ƎǊƻǳǇǎΩ and sampling methods to provide data 
on different measures of interest, through a scoring exercise conducted by the project team and at 
stakeholder workshops; 

ii) Small-scale field trials to refine methods and protocols for monitoring pollinators and pollination 
services and inform the design of larger-scale pilot studies for 2015. 

2.1 a) Pollinators 

i) Assessing the capacity of recorder groups and methods for monitoring pollinators 

A range of potential methods for surveying pollinators were assessed for their capacity to provide 
measures relevant to informing longer-term monitoring (e.g. abundance of key pollinator groups or 
species, species richness), when implemented by different types of recorder (professional experts or 
non-experts and volunteer experts or non-experts; see Glossary for descriptions of methods and 
terms).  !ƴ ŀǎǎŜǎǎƳŜƴǘ ΨƳŀǘǊƛȄΩ ǿŀǎ ǳǎŜŘ ǘƻ systematically assign scores to each Recorder ς Method 
ς Measure combination, based on whether it could be achieved and what degree of training might 
be required. This exercise was conducted first by the project team using expert opinion and 
published research and considering up to 15 different methods (full scores and means across each 
method provided in Electronic Appendix 2). The same assessment matrix was then used at a 
stakeholder workshop (December 2014), during which a range of methods were discussed but with 
the scoring exercise focussing on pan traps, transect walks (either observational or using hand 
netting to collect specimens) and timed floral observations ŀǎ ǘƘŜ ƭƛƪŜƭȅ ΨŦǊƻƴǘ ǊǳƴƴŜǊΩ ƳŜǘƘƻŘǎ ŦƻǊ 
pilot testing. Participants at the workshop represented the volunteer recording community, NSS, 
NGOs, Agencies and academics (see Annex G for stakeholder workshop scores and a full report of 
attendees and issues explored; these have also been referred to under the Scenarios in section 4). 

The methods assessment can be summarised as follows: 

¶ Current monitoring based on ad-hoc records submitted to NSS scored poorly for all potential 
measures of community composition relating to abundance. It was thought possible that 
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additional metadata could be collected, for example whether a complete list of species was 
included for each visit, but it is very uncertain whether this is achievable.  

¶ Professional and volunteer experts were generally considered capable of collecting and 
processing specimens or records using most methods, but could not consistently provide 
data to species level when the method was entirely based on field observations (ie. 
specimens would need to be collected on transects for identification). 

¶ There was little confidence in the ability of non-experts (professional or volunteer) to 
provide data from any method at the resolution of species, and in some cases even at the 
resolution of broad groups (separating solitary bees from honeybees, bumblebees or flies), 
with the possible exception of bumblebees on transects. At best a large amount of training 
and investment would be required for identification to species level in the field or from 
collected specimens.  

¶ /ƻƭƭŜŎǘƛƴƎ Řŀǘŀ ƻƴ ǘƘŜ ŀōǳƴŘŀƴŎŜ ƻŦ ΨƭŜǎǎ ŎƻƳƳƻƴΩ ŀƴŘ ΨǊŀǊŜΩ ǎǇŜŎƛŜǎ ƛǎ ǳƴƭƛƪŜƭȅ ǘƻ ōŜ 
achieved without the use of targeted surveys.  

¶ There was general consensus between the mean scores from the ΨexpertΩ and stakeholder 
workshop assessments, with both reflecting low confidence in the ability of non-experts to 
provide data at the resolution of species.  However, for the observational methods 
(transects and timed floral observations), workshop participants scored the capacity of non-
experts lower than the expert assessment, suggesting less confidence in the chance of 
adequately training non-experts in species identification.  

ii) Small-scale field trials to refine methods and protocols  

A key challenge to monitoring pollinating insects is ensuring that sampling methods provide 
adequate amounts of data whilst minimising bias and remaining feasible. Pan traps, transects and 
timed focal floral observations were all used in the 2015 pilot, but in 2014 and 2015 additional small 
trials were conducted for each method to identify the optimal protocol for each (see Annex D for 
study design, analysis, full results of trials): 

 

Figure 2.1. Standardised methods for monitoring pollinators. Pan traps (left ©C. Carvell); transect 
walk (centre © H. Lowther) and focal floral observations (right ©M. Harvey). 

Pan traps are a passive sampling approach using water-filled bowls, typically of three colours set on 
stakes at vegetation height to mimic flowers and collected after a specified duration. Trials showed 
that the duration traps were left out in the field only slightly influenced total catch, with higher total 
abundance and species richness of bees and hoverflies over 48 hours, but no difference between 6-7 
hour and 24-hour trapping periods5. Bowl size affected the total catch across all insect groups, but 
had variable effects on bees and hoverflies, leading to our choice of three 12oz (341 ml) bowls (as 
shown in Fig. 2.1) for the pilot study (Obj. 4). Results also showed that the number of bees caught 

                                                           
5
 Results refer throughout to tests for statistical significance at the 95% level (p<0.05): full results given in 

Annex D.  
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was positively influenced by the number of flowers surrounding a trap and so data on floral 
resources should also be collected. 

Transect walks describe linear transects of defined width and length (up to 1km) over which insects 
seen visiting flowers (or in flight) are recorded during good weather; they can include netting for 
identification to species level. Trials showed that whilst increasing the width of transects from 1m to 
2m can increase the number of insects recorded, this leads to a larger increase in the number of 
bumblebees recorded than for hoverflies. This is probably because larger, more conspicuous insects 
remain visible at larger distances while smaller insects are harder to see.  As such, when collecting 
data for such diverse groups as all bees and hoverflies, a 1m transect width is recommended to 
avoid creating a bias for recording larger species. Trials also confirmed that the abundance of 
pollinators on transects can be strongly influenced by the number of flowers, especially for 
bumblebees, hence data on the availability of floral resources should also be collected.  

Focal floral observations (FFOs) involve a standardised floral resource being observed over a set 
period of time to record all insects visiting flowers. Visits to flowers from a list of 25-ол ΨǘƻǇΩ Ǉƭŀƴǘǎ 
for pollinators within a 0.5 x 0.5m quadrat (Fig. 2.1) were observed for 10 minutes during our 2015 
pilot. Trials revealed that increasing observation time to 20 minutes and the area observed to 1m2 
increases the number of insects recorded, but risks increasing the number of smaller insects 
recorded (such as hoverflies) more than the number of larger insects (such as bumblebees). This is 
problematic given that it was much harder to keep track of hoverflies when observing 1 m2, reducing 
the reliability of counts. Observing a 0.25m2 area for 10 minutes is a good compromise for 
maintaining data quality, whilst collecting sufficient observations for monitoring purposes, although 
greater replication or longer observation times may be required during times of the year when 
general flowering and flying activity are low.  

In order to further develop specific methods and protocols and to underpin the pilot field test in 
2015, two additional sub-projects were run in 2014: 

1. How well do pan traps and transects represent the abundance of different pollinator species? A 
trial on the Isles of Scilly  

A study was carried out during the summer of 2014 on two islands of the Isles of Scilly, with the aim 
of assessing how well pan traps and transects represented the actual abundance of different 
pollinator species. Standardised pan trapping and transect methods were conducted alongside an in-
depth Mark-Release-Recapture (MRR) study of individual bees and hoverflies which attempted to 
estimate population sizes for individual species. The results showed Ǉŀƴ ǘǊŀǇǎ ŀƴŘ άŦǊŜŜέ ǘǊŀƴǎŜcts 
(used in MRR surveys) captured more species than standardised transects, and pan traps caught 
many more small solitary bees than did either of the transect methods (as undertaken by research 
staff). MRR population estimates could only be made for 2-3 species that had recaptures on each 
island. Overall, these estimates fell between pan traps and standardised transects on Little Ganilly, 
whereas on Great Ganinick the MRR estimate differed from both standardised methods. In general, 
low confidence in population size estimates from the MRR mean that no solid conclusions can as yet 
be drawn as to whether pan trap or transect methods provided a better estimate of abundance. 

2. Comparing bumblebee transect walks between expert and non-expert volunteers 

The aim of this trial was to compare data collected by Ψself-selectedΩ volunteer recorders with that 
ŎƻƭƭŜŎǘŜŘ ōȅ ŀƴ ŜȄǇŜǊǘ ǿƛǘƘ Ƴŀƴȅ ȅŜŀǊǎΩ ŜȄǇŜǊƛŜƴŎŜ ƻŦ ōǳƳōƭŜōŜŜ ǊŜŎƻǊŘƛƴƎΣ ŦƻǊ ōǳƳōƭŜōŜŜ 
monitoring, using the BeeWalk protocol. Expert and non-experts (with a range of levels of training 
through the Bumblebee Conservation Trust) followed identical protocols across a total of nine 
transect walks on eight sites in July and August 2014. Analyses showed there to be close similarity in 
species community composition between the experǘΩǎ ǎƛƎƘǘƛƴƎǎ ŀƴŘ ǘƘƻǎŜ ƻŦ ǘƘŜ ǾƻƭǳƴǘŜŜǊǎΣ 
ŎƻƴǎƛŘŜǊŜŘ ǿƛǘƘ ŜŀŎƘ ǎŜŎǘƛƻƴ ƻŦ ǘǊŀƴǎŜŎǘ ŀǎ ŀ ǎŜǇŀǊŀǘŜ ǎƛǘŜΦ ¢ƘŜ ŜȄǇŜǊǘΩǎ ƛƳǇǊŜǎǎƛƻƴǎ ƻŦ ǾƻƭǳƴǘŜŜǊ 
ability were generally good: volunteers were able to accurately follow the recording protocol, and 
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when dealing with unusual bumblebees they correctly recorded individuals they were uncertain of 
ŀǎ ΨBombus ǎǇΦΩ ǊŀǘƘŜǊ ǘƘŀƴ ǊŜŎƻǊŘƛƴƎ ǿƛǘƘ ǎǇǳǊƛƻǳǎ ŀŎŎǳǊŀŎȅΦ 

 

 

 

2.1b) Pollination Services 

i) Assessing the capacity of recorder groups and methods for monitoring pollination services 

Potential methods for monitoring pollination services were assessed by the project team (full scores 
and means provided in Electronic Appendix 2) and with representatives of the stakeholder 
community on their capacity to provide different measures of interest (e.g. abundance of key 
pollinator groups, direct measures of service provision), using the same assessment ΨmatrixΩ ŀƴŘ 
scoring system as for pollinators in 2.1a. At the stakeholder workshop on monitoring crop pollination 
services (held in December 2015) participants represented farmers, agronomists, pollination service 
suppliers, NGOs and academics. Three key questions were explored in breakout groups (see Annex G 
for full workshop report): 

(1) What should a National monitoring scheme deliver? This identified which crops, geographic 
areas, response variables and detection thresholds were most relevant. 

(2) What methods should be used? This included the assessment matrix to consider the feasibility, 
pros and cons of different recorder groups (growers, agronomists, pollination service suppliers, 
researchers and novice volunteers) using different methods (pantraps, transects, observation plots, 
and service/deficit measures). 

(3) How to build a user community? This explored who could potentially be involved in a recorder 
community, what incentives and barriers there are for these groups and what support and training 
would be needed  

This assessment suggested that all recorder groups have the capacity to implement all pollinator 
survey methods on crops, but the level of training required is considerable for non-experts, and 
again non-experts would not be able to provide species level data for those methods that require it.  
Pan trapping scored highest because it would require less training than other methods.  With 
training, some pollination service measures taken directly from the crop (e.g. using bagging 
experiments) could be implemented by all recorder groups. However access to field level crop 
production data could be achieved only with the involvement of farmers or agronomists, and pollen 
deposition experiments would not be possible for non-experts.   

ii) Small-scale field trials to refine methods and protocols  

In 2014, three field trials were implemented with three distinct aims; 1) to test if pollination service 
monitoring techniques can be implemented by novice volunteers following a basic protocol, 2) 
understand if standard measures of pollination service and deficit in oilseed can be used to detect 
pollinator contributions to crop yield or a yield deficit and 3) to refine methods for measuring 
pollination service and deficits in strawberries (See Annex D for experimental details and results).  In 
summary, these trials showed that:     
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¶ it is possible to develop a protocol for measuring crop pollinators and crop pollination 
services which can be implemented by novice volunteers although some variability in 
the data collected was apparent.  

¶ standard bagging and hand pollination measures of pollination service and deficits in 
oilseed do reflect crop yield responses to pollination, provided the correct pollination 
metrics are used.   

¶ it is possible to effectively measure levels of pollination service in strawberries using 
flower bags but hand pollination to simulate maximal pollination is not effective.  If 
pollination deficits in strawberries are to be monitored long term then an effective 

method needs to be developed. 

Figure 2.1. Standardised methods for measuring pollination service to crops. Transect walk to 
count crop flower visitors (left); and direct measures of pollination using bagging (apple blossom 
covered with mesh bag to exclude insects and assess pollination deficit - centre) and hand 
pollination (ΨƳŀȄƛƳǳƳΩ ǇƻƭƭŜƴ ǘǊŀƴǎŦŜǊ ƳŜŘƛŀǘŜŘ ǳǎƛƴƎ ŀ ǇŀƛƴǘōǊǳǎƘ ǘƻ ŀǎǎŜǎǎ Ǉƻƭƭƛƴŀǘƛƻƴ ǎŜǊǾƛŎŜ - 
right). All photos ©M. Garratt. 

In 2015, wider scale pilot studies were carried out to build on previous work and these had two 
primary objectives: 

i) Establish a link between the level of activity of pollinators visiting crops and measures of crop 
pollination service.  

ii) Further understand the relationship between measured levels of crop pollination by insects and 
actual crop yield responses.   

To address these objectives, field trials were set up in oilseed, beans and apple crops.  Large field 
cages were used to manipulate levels of pollinator activity during flowering so that crops received 
normal insect pollination, reduced pollination or no insect pollination.  Measures of crop pollination 
(eg. seeds per pod) and standard measures of pollination service and deficit were taken to assess the 
impact of these pollinator community manipulations on pollination and resulting yield (See Annex D 
for full study design, analysis, results and discussion). 

Crop pollinator manipulations using field cages affected crop production with greater crop yield 
following normal insect pollination compared to reduced pollination or no insect pollination for 
oilseed and apples although this was only statistically significant for apples6.  Other measures of crop 
pollination including oilseed seeds per pod, seeds per apple, apple size and fruit number per tree 
also responded significantly to pollination treatments with more seeds and more fruit under insect 

                                                           
6
 Results refer throughout to tests for statistical significance at the 95% level (p<0.05): full results given in 

Annex D. 
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pollination treatments (Fig. 2.2).  Bean yield, oilseed percentage pod set, bean pods per plant and 
beans per plant did not respond significantly (Annex D).  These results show that a number of crop 
pollination metrics, and particularly seed set in oilseed and apples, respond to levels of insect 
pollination and could therefore be used to monitor levels of crop pollination by insects across time 
and space.  The exact nature of the relationship between pollinator activity and crop pollination 
responses needs to be well established for different crops so predictions about levels of insect 
pollination can be made in line with Objective i.    

   

 

 

Figure 2.2. Pollination of oilseed (left), apples (centre) and field beans (right) following field cage 
manipulations to reduce or exclude insect pollinators.   

Levels of pollination service and deficits detected using hand pollination and bagging experiments 
followed the expected pattern with greater levels of pollination service apparent in insect pollinated 
plots than pollinator excluded plots for both oilseed rape and beans, although this was not 
significant for oilseed.  Similarly, pollination deficits were detected in pollinator excluded plots and 
deficits were not apparent in insect pollinated plots (Annex D).  No clear pattern was seen for apples 
and this is possibly due to the use of fruit set as a metric rather than apple quality or seed set.  These 
findings demonstrate that these bagging and hand pollination techniques for measuring pollination 
service and deficits can be effective and appear to reflect levels of pollination by insects but correct 
metrics need to be used and replication needs to be adequate to ensure statistical power and to 
quantitatively link measures of crop pollination with crop pollinator activity in any given locality 
(Objective i).  

In order to address Objective ii, this experimental design enables us to link metrics of crop 
pollination, pollination service and pollination deficits with final crop output.  Analysis of simple 
proxies of crop pollination, some of which have been shown to respond to levels insect pollination 
(Fig 2.2), such as seeds per pod in oilseed, seeds per apple or pods set per floral node in beans, were 
investigated to see if these could be used to accurately predict final crop output.  Both oilseed seeds 
per pod and seeds per apple were strongly positively correlated with final crop yield, but this was 
not the case for pods set in beans (Fig. 2.3).  With regards to linking hand pollination and bagging 
measures of pollination service and deficit with crop yield, for oilseed this seems to hold with 
greater service apparent in insect pollinated plots which in turn had greater yield, and deficits in 
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pollinator excluded plots which had lower yield although due to low replication these were not 
statistically significant.  However, in the case of beans, a large pollination deficit was detected by the 
hand pollination experiment but resulting bean yield was similar under all field pollination 
treatments suggesting no yield deficit and plants were able to compensate for reduced pollination.   

  

Figure 2.3. Relationship between metrics of crop pollination and final crop production in oilseed 
(left) and apples (right).    

In summary, some metrics of crop pollination including seeds per pod or seeds per apple were highly 
sensitive to field cage treatments with significant reductions in seed set following the exclusion of 
pollinators.  Therefore, these simple measures of crop pollination could be used to assess levels of 
insect pollination in the field in line with Objective i and could be used to monitor changes in the 
activity of crop pollinators in space and time.  That these measures were also highly correlated with 
final crop yield presents the possibility that they could also be used to anticipate final yield and how 
this may be affected by changing levels of insect pollination in any given locality, as outlined by 
Objective ii.  Hand pollination and bagging methods are more labour intensive, but these methods 
have the advantage of controlling for agronomic and regional variability. However, the level of 
replication and metrics used need to be appropriate and in some cases such as for beans in this 
study, they may not reflect final crop yield deficits.  Again links between pollinator activity measures 
and service and deficits detected (Objective i) and final crop production metrics (Objective ii) need 
to be well established for the crop to be monitored. 

2.2) Further understanding the links between pollinators and pollination services 

Current evidence from a wide range of studies suggests that both the diversity and abundance of 
pollinator communities (those insects seen visiting flowers) are positively related to the delivery of 
pollination services to both pollinator-dependent crops11 and wild flowers30.  However, the form of 
the relationship between these pollinator community attributes and the level of service is highly 
dependent on crop type31 or environmental context. For instance, the agronomic context, such as 
nutrient availability, drought stress and pest pressure will affect crop demand or dependence on 
insect pollination32-34.  Furthermore, the visitation to crops by local pollinator communities is also 
influenced by the environmental context beyond the field or farm scale. For example, visitation rates 
are governed by geographic location, time (year, season, time of day), local plant and pollinator 
community structure and landscape composition. For the UK, datasets (e.g. from the IPI Sustainable 
Crops project35) and work carried out as part of this project are available to characterise the 
relationship between the pollination of some crops and wildflowers and their flower visiting 
community in particular locations36.  However, the ability to generalise the relationship between 
pollinators and pollination services is limited. 

Emerging findings from the NPPMF project indicate that some measures of crop pollination, such as 
seed set, respond to levels of insect pollination and are linked to final crop yield, but these 
relationships need to be quantified for different crops and varieties if these metrics are to be used as 
part of a crop pollination service monitoring scheme.  Direct measures of pollination services (e.g. 
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using pollinator exclusion and hand pollination methods) are currently the best way to quantitatively 
assess pollination service delivery (i.e. the contribution of insect pollinators to crop pollination) and 
pollination service deficits (i.e. the gap between ambient and maximum potential pollination). 
Visitation rates to crops of known pollinating species or taxa (see key crop visitors, Table 1.4), could 
be used as a crude proxy of pollination, and may be useful for comparing relative levels of service 
provision. However, they are not sufficiently robust to quantify the level of pollination service 
contributing to crop production itself given confounding effects of other variables affecting crop 
productivity.  The NPPMF project cannot inform on the utility of monitoring wild flower pollinators 
as a proxy for wild flower pollination as this aspect was outside the tender remit; however, the same 
limitations are likely to apply as for crop pollination. 

Further synthesis and meta-analysis of UK (and selected European) datasets are needed to: (i) 
further characterise the relationship between pollinator visitation and crop pollination services; (ii) 
assist in the identification of suitable proxies of service provision or identify where no suitable proxy 
is currently available; (iii) understand how geographical location, particularly across the UK, affects 
the pollinator communities servicing crops and (iv) highlight key gaps in our knowledge where new 
empirical data is needed to characterise the linkages between pollinators and services and develop 
proxies (e.g. for particular crops and varieties). 

Key findings (Section 2) 

¶ Small-scale field trials were conducted to test for effects of pan trap size and duration on 
insects caught. The largest bowl size (12oz) caught the largest number of insects, but a 6-7 
hour trapping duration performed as well as 24 hours with regard to number of insects 
caught (typically on average 3-4 bees and hoverflies per set of three traps left out for one 
day) and should provide data of sufficient quality for quantitative analysis (Sections 2.1a and 
3.1a).  Increased floral resources surrounding a trap also increased the number of bees 
caught and so floral resources should be recorded.  

¶ With fixed transect walks, increasing the width of transects from 1m to 2m could lead to a 
bias towards recording larger, more conspicuous insects, since they remain visible at greater 
distances than smaller insects.  As such retaining a 1m transect width is recommended if all 
flower-visiting insects are to be recorded, rather than the 4-5m used by other single-taxon 
monitoring schemes (eg. UKBMS, BeeWalks). An increase in the number of flowers on a 
transect can increase the number of insects recorded, so floral resources should be 
recorded. 

¶ With timed focal flower observations, observing a 0.25m2 area for 10 minutes is a good 
compromise for maintaining data quality, whilst collecting sufficient observations for 
monitoring purposes, although greater replication or longer observation times may be 
required during times of the year when general flowering and flying activity are low. The 
type of flower chosen will influence the types of insect recorded. Selecting from a defined 
list of common plant species would therefore help standardise observations across regions 
and habitats, though further development is required to understand trade-offs between the 
area, duration and number of observations required, data quality and the volunteer 
ΨŜȄǇŜǊƛŜƴŎŜΩ. 

¶ For pollination services to crops, transect walks in flowering crop fields can be used to 
monitor changes in crop pollinator activity, generating counts of flower visitors by broad 
groups or to species level for a few easily recognised species. However, direct measures of 
crop pollination using hand pollination and bagging experiments remain the most reliable 
way to detect changes in pollination service or identify possible deficits that are independent 
of agronomic or regional variation. 
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¶ A better understanding of the relationship between pollinator activity, measures of 
pollination service levels and crop yield for different crops is required before estimates of 
changing crop production, due to insect pollination, can be made based on detecting 
changes in pollinator activity or crop pollination alone.  Based on findings from this project, 
the use of simple measures such as seed set show potential as simple measures for some 
crops but require further testing. 

3: Pilot study of proposed best methods (Objective 4) 
The methods selected by the project team, in consultation with stakeholders at the workshop 
described above, as the most promising for standardised monitoring of pollinators and pollination 
services to crops were refined to ensure suitability for a range of end-users. We then conducted a 
pilot study during 2015 across a range of agricultural and semi-natural sites in England, Scotland and 
north Wales.  Aims: 

i) Compare methods for sampling pollinators, in terms of their complementarity and 
ability to generate sample sizes suitable for detecting trends over time (Section 3.1a, 
Annex E and F); 

ii) Compare ǘƘŜ ŎŀǇŀŎƛǘȅ ƻŦ ŘƛŦŦŜǊŜƴǘ ΨǊŜŎƻǊŘŜǊΩ ƎǊƻǳǇǎ ǘƻ ƛƳǇƭŜƳŜƴǘ ŘƛŦŦŜǊŜƴǘ ǎǳǊǾŜȅ 
methods and protocols (Table 3.1) and how this influenced the data generated (sections 
3.1a and 3.1b, Annex E and F); 

iii) Gather feedback from recorders on the survey methods and protocols used, including 
how straightforward and enjoyable they were to implement and whether people would 
be willing to apply them as part of a wider pollinator or pollination service monitoring 
framework (questionnaire results; sections 3.1a and b). 

iv) Generate detailed information on implementation costs and support requirements for 
each method or combined protocol (section 4, Annex C). 

Table 3.1. Methods tested by different recorder groups across 1km squares and crop fields. 

Method  
(report section) 

Replication within 
1km square or 
field 

Research 
staff 

Professional 
Experts 
(consultants) 

Volunteer 
Non-experts 
(novice)  

Farmers/ 
agronomists 

Pan trapping 1km 
square (3.1a) 

5 sets of 3 pans Y (sp)*  N 
Y (with 
research staff) 

 NA 

Fixed transects 
pollinator survey (3.1a) 

5 transects of 
200m each 

Y (sp) Y (sp) Y (grp)  NA 

Fixed transects flower 
surveyϞ (3.1a) 

5 transects of 
200m each 

Y Y Y   NA 

Timed focal flower 
observations (FFOs)ϞϞ 
(3.1a) 

2 (50x50cm 
quadrats) 

Y (grp) Y (grp) Y (grp)  NA 

¢ƛƳŜŘ ΨŦǊŜŜ ǎŜŀǊŎƘΩ 
pollinator survey in 
good habitats (3.1a) 

2 fixed areas of 
1000m

2
 for 30-

mins 
N Y (sp) N  NA 

Pan trapping crop fields 
(3.1b) 

3 sets of 3 pans  Y  N  Y Y  

Transect walk through 
crop (3.1b) 

3 transects of 50m 
down tramlines  

Y   N  Y Y  

Hand pollination and 
bagging (3.1b) 

Max 3 sampling 
points on transect 

Y  N  Y  Y 
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(sp) = data collected at the species level for bumblebees, honeybees, solitary bees and hoverflies; (grp) = all 
insects classified into broad taxonomic groups (e.g. the above four groups and other flies, wasps, beetles, 
butterflies, moths). *  all specimens sampled in pan traps under 3.1a have been sent to the Natural History 
Museum to aid the development of DNA barcoding approaches for species-level identification. Ϟ о ǉǳŀŘǊŀǘ 
samples (spaced at 100m intervals) in which all open animal-pollinated flowers were recorded to species, and 
an overall (scaled) estimate of flower abundance across the whole transect.   ϞϞ Plant species were selected 
from a list of 25 common species providing nectar and/or pollen resources, including examples flowering 
during each month of the survey (Annex Fi). 

3.1a) Pollinators in agricultural landscapes and the wider environment 

This pilot was run across a total of 14 sites in four regions: N. England (two sites around Leeds), S. 
England (two sites around Wallingford and two west of Salisbury), N. Wales (one being the 
Environmental Change Network site at Snowdon and one on a coastal farm), and Scotland (six sites 
south of Edinburgh in the Lothians and Scottish Borders). In each region both agricultural and semi-
natural sites were surveyed, mostly selected from the network of 1x1km squares that form the new 
National Plant Monitoring Scheme (NPMS, led by CEH, BSBI and Plantlife). Each site was surveyed 
four times between early May and September 2015. A set of sampling methods was implemented 
according to a Ψone day by one personΩ protocol for each άǎŀƳǇƭƛƴƎ ǊƻǳƴŘέ (Fig. 3.1), with different 
recorder groups working at varying levels of taxonomic resolution as summarised in Table 3.1.  

Figure 3.1. {ŎƘŜƳŀǘƛŎ ƻŦ ǘƘŜ ƭŀȅƻǳǘ ƻŦ Ǉŀƴ ǘǊŀǇǎ ŀƴŘ ǘǊŀƴǎŜŎǘǎ ŦƻǊ ŀ ΨƻƴŜ Řŀȅ ǇǊƻǘƻŎƻƭΩ ŀǘ ŀ мƪƳ2 
sampling site. a) Researchers and volunteers set out pan traps on arrival. For the consultants protocol this step is not 

ŎŀǊǊƛŜŘ ƻǳǘΣ ōǳǘ мƘǊ ƻŦ ΨŦǊŜŜ ǎŜŀǊŎƘΩ is conducted during the day. b) Pollinator and floral survey transects of 200m are 
walked in reverse order. Timed focal flower observations are conducted in between other tasks, at two 50x50cm patches 
of flowering plants chosen from a list and located anywhere within the 1km square. c) The day ends by bringing in pan 
traps in the same order in which they were set out, after approximately 6 hours. 

 
Sample Size Achieved  
The power analysis under Objective 1 indicated that a minimum annual sample size of 10 individuals 
ƻŦ ŀ ƎƛǾŜƴ ǎǇŜŎƛŜǎ ƻǊ ΨƎǊƻǳǇΩ ǇŜǊ ǎƛǘŜ ǿƻǳƭŘ ōŜ ƴŜŜŘŜŘ to detect changes of 30-50% over 10 years, or 
of 1 individual given a larger sample site network. Figure 3.2 summarises the dataset collected by 
the Research staff across the four sampling rounds.  Our combined pilot protocol (including pan 
traps, transects and FFOs) provides large enough samples to assess trends in combined abundance 
of bees and hoverflies or at the broad taxonomic group level.  Indeed, even taking pan traps or 
transects alone would provide sufficient samples at this resolution (except for solitary bees from 
transects). However, only a few individual species were sampled in sufficient numbers (21% of the 
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108 species identified from pan trapping and transect walks with a mean count of >1 per site, see 
Annex Table E3) to allow species-level monitoring at a local scale. 

 

Figure 3.2. The mean number of individuals sampled per site (total annual count for 2015) by 
research staff using different sampling methods and all sampling methods combined for different 
taxonomic groupings, with threshold lines for 10 individuals (black) and 1 individual (red). FFO = Focal 

Floral Observations. Error bars show 1 standard error above and below the mean. 

Method comparisons and complementarity  
Comparisons of estimates of abundance and species richness provided by different sampling 
methods allow us to assess how similar a picture of the pollinator community is produced for a given 
site, and hence the degree of potential complementarity  of survey methods (methods acting more 
effectively when in combination than when conducted in isolation).  The objective of the sampling 
will also dictate, to some extent, the sample size needed to detect change. For example, sample 
sizes would need to be greater to detect changes in abundance or occurrence at the species level 
compared to those needed to detect change in broad taxonomic groupings (e.g. bees, hoverflies) 
(Section 1.3). In general, larger sample sizes are required for monitoring at finer taxonomic 
resolutions. 

Across methods: A total of 2123 bees and hoverflies were recorded from the researcher dataset 
across pan traps, transects and focal floral observations. Pan traps and transects sampled 108 
species in total, with 1634 of the 1858 insects recorded through these methods identified to species 
level. At the resolution of all bees and hoverflies and within broad taxonomic groups, estimates of 
abundance for focal floral observations (FFOs), transects and pan traps were significantly positively 
correlated (Fig. 3.3, shows the correlations between methods for summed counts of all bees and 
hoverflies)7. This link between the FFOs and transects is promising given that they were not spatially 
coincident at each site, suggesting that visitation rates to local flowering plant patches may be 
broadly representative of pollinator activity across a larger area (e.g. 1km square). However, the 
degree of correlation between methods was weak, and was reduced further at lower sample sizes 
(i.e. when including fewer than 5 pan trap or transect replicates). This suggests that larger sample 
sizes (i.e. more replicates) would be required if only a single method were to be adopted as part of a 

                                                           
7
 Results refer throughout to tests for statistical significance at the 95% level (p<0.05): full results given in 

Annex D 




























































