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Executive Summary

Insect pollinators provide vital economicand ecologicakervice throughthe pollination of crops

and wildflowers. Howevermany insect pollinators are becoming less widespread Britain and
elsewhere and we have a poor understanding of the effect of these chamgdke socalled
dpollination services  LIN& ByAthfese insectsThis is largely due tdhe lack of longterm
standardised monitoring of wild bees and hoverfliekere we describe a twgear research project
which developed and tested range ofapproachedo derive a National Pollinator and Po#ition
Monitoring Framework (NPPN¥. The NPPMF aims to address two core questions, with a focus
on wild bees and hoverflies, and on pollination servicesrtpsrather than wildflowers, but with
overall scope to better understand changes in populatstetus of the full community of flower
visiting insects across GB

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

b) How arepollination servicet agicultural and horticultural crops changing over time?
We addressethe followingfive Objectives

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

2. Develop a variety of robust and realistic survey methods, specifically assessing their suitability for
use by both profesional and volunteeracorder 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 -sraforal
changes for different pollinators and pollinati sevices;

4. Conduct a pilot study of the proposed NPRNEsting best methods across a ssdt of potential
sites and produce detailed protocols, including eloshefit analysis, for successful delivery of each
potential component highlighting appropriate statistical methods and the requiremestsssaryo
support the scheme (validation, verificatiodata flow and data management);

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

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

1 A review of existindgNational Recording Schemes and Societies (NB§gcts and datasets
highlighted the value of verified (high quality) occurrence records compiled pgrtsx
within BWARS and HRS' for estimating longterm trends in species distribution3here
are no longterm (>2 year) datasetsollected using systematic methods, that show changes
in pollinator abundance or pollination service levels, and thosegkis that do exist are
small and biased twardsEnglandSection 1.1).

1 New modelling approaches using NSS datasets allowed robust estimates of $pesies
trends in occupancy of 1km squares across Britmibe made for around 50% of bee and
hoverfly sgcies over a 30 year time period (198010). Of these, 281% became less
widespread, whereas only 127% became more widespread, with the remaining species
classified as stable (depending on the criteria used to classify change). During a similar time

! Guide to main acronyms: NPPMF = National Pollinator and Pollination Monitoring Framework; NSS = National
Recording Schemes and Societies; BWARSs; Wasps and Arecording SociefHRS = Hoverfly Recording
Scheme; NPS = National Pollinator Strategy.

1
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period, the demand for pollination services to cropadthe area of insect pollinated crgp
have risen by more than 20%heprecision of these trend estimatagould be improvedfor

some species at leashy combining theNSSoccurrence data withstratified systematic
surveygSection 1.2)

1 There are around 26Bee species and 284 hoverfly species in the UK. The majority of crop
pollination is providedby a small proportion of commonyidespreadspecies that are
effective in transferring pollen between fless. We present a list of candidate species,
meeting these and other criteria, for analysis from any l@rgn monitoring scheme, given
that even a welldesigned systematic scheme is unlikely to detect reliable trend estimates
for all specie¢Section 1.2)

1 We estimated thesample sizes and site networks required from different methods to
achieve statistical power to detect trends in key measures relatingpdlinators (e.g.
I odzy R yOS (G a LIS O ApSlimatiéh Nérvieeha\gR mirlidetiorfieScfd) $vieta I y R
10 year period. This suggested that between 20 and 75 sites across GB could provide
sufficient power (>80%) to detect a -30% change over 10 years (equating to 8.3%
annual change) fowidespread, common species a@roups (eg. summed alindance of
bumblebees) with initial annual counts &0 or more individualper 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 20D fields per cropwvould be required to
detect 10year changes of 30% in direct measures oflipation service or deficitthough
ideal detection levels are likely to vary between crops with per hectare value and level of
dependency on insect pollinatiqi®ections 1.3 and 4).

I 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 volests. However, the NSS represent
substantial value. Assessment of the time spent orotination and administration of
BWARS and HRS revealed that equivalent professional staff would cost ~£143,000/year, in
addition to time spent by volunteers in gatheg and submitting the ca 51,000 records
received each year (Section 1.4).

1 For monitoringpollinatorsin 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 protocotarried out by different recorder groupscross 14 sites in
England, Scotland anWales, identified acombination of wateffilled pan traps, fixed
transect wallks and timed floral observationas providing a comprehensive taa for
assessing pollinator diversity and wildflower visitation. This protocol would generate sample
sizes required to assess loterm trends in abundance at broad group level (bumblebees,
solitary bees, hoverflies) but probably only at sped¢ia®l fa 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 methodsand develop robustprotocols for monitoring
pollinators and pollination services to crops (Bat2.1).

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 slmalsolitary bee and heerfly
species (Section 3.1a). Trials d-@ hour trapping duration performed as well as 24 hours
with regard to number of insects caught, provididgta of sufficient quality for quantitave
analysis (Sections 2.1a1a).

1 Fixedtransect walkssampled comparable numbers of individuals and species of bumblebee
to pan traps.Numbers of hoverflies on transectsvere similar to those in ctocated pan
traps but the number of species sampled was significantly less and for solitaryréesscts
were less Hective than pan traps fonumbers of individuals andpecies (Section 3.1a). A

2
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transect width of 1m width is recommended if all flowdsiting insects are to be recorded,
rather than the 45m used by other singl@axon monitoring shemes (eg. UKBMS,
BeeWalks), to minimise bias towards more conspicuous species (Sectmn Pansects
present an accessiblmethod for recorders at different levels, can provide data on insect
flower interactions andkstimates of pollinator density pemit area (Section 3.1a).

1 Timed focal flower observatiorf&0O-minute watches of insect visits tdefined plant species
within a 50x50cm quadrat) offer an accessible and enjoyable approach to generating data on
abundance and visitation rates at least to groupelewhich are showrto correlate with
those from fixed transects. With training, they cdlle implemented by volunteers as part
of a wider citizen science initiative. Selecting from a defined list of common plant species
would help standardise observians, though further development is required to understand
trade-offs between the area, duran andnumber of observations required amthta qualiy
(Section 2.1a, 3.1a).

1 For all three methods it is importamo factor in information orthe availability of flowers, as
this will have an influence on theumber of insects recorde(Section 2.1a).

1 Forpollination serviceso 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. Howdirect measures of pollination
using hand pollination and bagging experiments remain the most reliabletwaletect
changes in pollination service or identify possible deficits that are independent of agronomic
or regional variation (Section 2.1b).

1 A better uncerstanding of the relationship between pollinator activity, pollination service
levels and crop vyield for different crops is required before estimates of changing crop
production due to insect pollination, can be made based on detecting changes in pmilina
activity or crop pollinatioralone. Based on findings from this project, the use of simple
measures suchsseed set sbw potentialfor some crops but require furthedevelopment
andtesting (Section 22

Presenting a Framework and costed scenariosmonitoring pollinators and pollination services

Here we summarise the research findingsfiae potential scenariofoptions with varying levels of
professional and volunteer involvement, which range both in cost (£4886M over 10 years;
between£4.5K- £851K annually for yearsI) and in the specific metritkey 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 iamthtions of each.The scenarios

are not mutually exclusive and indeed may be complementary, offering overall cost savings if
particular options are implemented in combination; Scenariog # representpotential new
activitiesin order of increasing vohteer involvement and decreased likely cost, and Scenario 5
represents existing biological recording activity with a simulated 10% increase in humber of usable
records:

SCENARIO 1: Professionlty systematic repeated sampling of a stratified networld kifn squares
across GB

SCENARIO 2: Professiontly repeated systematic sampling focussed on crop pollination
SCENARIO 3: Voluntded pan trap network (using conventional taxonomy or DNA barcoding)
SCENARIO 4: Timed floral observations on existimgrechites 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 variationsrafr® 1

or2,with75-1504 A 1 S& 'y R RSSOl A 2woul@rieet ¥p:triteria o yutlylagsesO K I y 3 S
the sampling needs okightkeyresearch questionen the drivers of pollinator declindour of which

3



Defra project WC1101: Design and Testing of a National PollinadoPallination Monitoring Framework
FINAL REPORT

g2d2 R YSSG G(KS SEKSNENOHe mom&Bingt netviksi propésedNdRve 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 negsiection 5).

There are many opportunitiesub also challenges for increasinglunteer involvementin pollinator
monitoring. These challenges relate to

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

i) sampling methods¢collection of standardised data requires the consistent use of reliable
methods, potentially involving capture of specimens, with associated requirtsrfen
training and support);

i) recruitment and retentiorjpotentially only ca. 50 active volunteer experts within BWARS
and HRS combined with skills for spedms| identification of bees and hoverflies, but
with limited time to engage with training arglipporting new recorders);

iv) data verification and managemeigturrent efforts of volunteer NSS organisers in record
verification are unsustainable; online systems (e.g. cksagircing identifications from
photographs) and novel technologies (e.g. DNA lding) offer potential for increasing
numbers of verifiedrecords and supportingolunteers but none are yet sufficiently
developed for implementatiomnd the capacity for verificatiolemains limited) (Section
4).

In conclusion, there is considerable seof enhance monitoring opollinators and pollination
servicego ensure a robust and rigorous evideRgase to support the needs of policy, however this
project has demonstrated clear tradefs between likely cost and data quality, especially in terms of
the taxonomic resolution and accuracy of species identificati 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. Indeeddtal value of voluntary

work provided by BWRS and HRS uerdScenario 5 is estimated, based on current levels, to reach in
excess of £5M over teyears Repeated systematic sampling from a stratified network of sites not
typically covered by the NSS has the potential to add considerable valuedipgpwdata 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 pollinatorsand pollination servicesver largespatial and temporal scales will depend on
adequate resources to support capacity building, coordination and implementation.
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Introduction ¢ why monitor pollinator populations and pollination services?

The National Pollinator StratediNPS)was publishedby Defrain November 201% settingout an
integrated approach to address the threats faced by pdilitainsects in England. any of these
threats, the species facirtfhem and the most appropriate ceervation actions are common across
Great Britain, indeedhe Actian Plan for Pollinators in Wales (201 recededthe NPSand similar
strateges are being developed in Scotlarahd Ireland The NPS sets out 11 key Actions to improve
evidence on the status of pollinators and the service they prowidld, the first of these being to:

dDevelop and fieltest a new Eustainable longterm) monitoring framework that can be
implemented by professionals and voluntéer®

This report summarises the findings of a project undertaken during -201% by a team of
Research Institutes, Universitie$ySSand NGOs to address this evidencgti@an. We present a
framework with costed scenarios for potential hew monitoring activities that raimgéevels of

professional and volunteer involvement (see Fig. 1.0 and Section 4)

A report (hereafter Status Report) was published alongside the NPSamisimyg 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 £632f1"? based on the
dependence and production value ofkect pollinated crops in the UK including field crops, top fruit,
soft fruit and horticultural cropsand the pressures on them from various environmental drivers

The Status Report concluded that there is good evidence that species diversity and distributions of

wild bees are changing in Britain, with more areas showilngsof speciethan increase. However,
it also highlighted the lack dbngterm standardisednonitoring of wild bees and hoverfliethe
most important pollinators of crops and wild plants in GB.

Outputs
g' A /\
2
N 2 Pollination proxies
S § Intensive survey (e.g. visitation rates)
6 © linking pollinators and production metrics
28 with crop > within the cropped
cE pollination environment
£2 service (c)

E -
% S Systematic Abundance proxies
£ < standardised survey (b)

O T

o5

£ .
&8 Modelled species
g Opportunistic recording (a) distribution trends
G | e e N .

1y

Greater number of sites/ recorders Analysis with wider data sets (e.g.
land-use) to interpret trends

A
v

2 Updated from 2007 using 2012 Defra agricultural statistics using the methodology from tkatldiKal
Ecosystem Assessmgi2011) Chapter 13.
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Figure 10. lllustration of the overarching objectives for pollinatomonitoring 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 employ&m levels a ¢ (modified from Isaac & Pocock (2o‘iamd M. Stevenson pers. comm.)

Since publication of the NRP&d Status Report, several new studies have added to the growing
evidence of declines in pollinators, linked in particular to lesgale agricultural changes during the

20" century’®. Each one fothese publications has usempportunistic recordsf species occurrence

submitted byvolunteer recordergFig. 1.0 Leved) across Britain. These largeale and longerm

distribution datasets offer unparalleled opportunities for trackilegge-scale chnges in species
distributions but provide no information on abundance and hence population siaed are known

to be temporally and spatially biased because people record wherever and whenever they“‘choose
Furthermore their application to the recent European Red List of Bees concluded that theitymajor

of species 57%,6 SNBE WRI G RSTAOASY G Q I|of Be assi§nttORDr UK K NS |
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 monitogimds in

population size and indeed the latest analyses of these laiggale and longerm abundance

datasets reveal significant declif@sHowever, despite their sharecuse of floral resources, the

major life history differences between buttdies ormoths and other pollinator taxa make them a
weakproxy for oher speciedd | &A RS FNRBY (KS . dzy nétsock®fa. 28y a SN |
W, SS21f1Q odzvof So6SS (i Nheyeas Quedly nodnliyaleyt Standaidiged0S H M
data on changes in abundancel#esor hoverflies(Fig 10 Levelb) for any country across the globe.

To date there are no schemes or frameworks for monitoring pollination services to crops or wild
plants(Fig. 10 Levelc).

Understanding of the functional links betweémsect pollinators and the production of crops which
benefit from insect pollinatiors improving, however much of the evidence is correlative rather than
based on direct evidené&. Several studies show that wild insects, and not honeybees, are the
main providers of crop pollination servicé&ig. 20)™*** and that in general just a srhdandful of
common species provide the vast maijty of services. Similarly mucbf the evidence for
relationships between land us@ habitat managemenand pollinator populationss indirect and/or
correlative limiting our ability to assess the impact of interventicatsrepresentative scalege.g.
from farm-country) For example a largscale experiment showed that where flowech habitats

for pollinators were sown along field margins, withfield yields & crops such as field beans
significantly increased over tirffe Likewise research in towns and cities has revealed a wealth of
pollinating species wherfavourable habitats»ast. This suggestshat pollinatorfriendly actionsas
encouraged through the NPS and the new Countryside Stewardship scheme in Eid|acah
reducethe loss of pollinators antesuting erosion of the pollination services anther benefits we
derive from nature.However,better evidence informed by standardised monitoring of pollinating
insects and pollination would improve our ability aocuratelypredict the effects of conservation
measures, future landise changes and other environmental pregsuon pollinatorsand pollination
servicedrom local tonationalscale$’.

Monitoring pollinatorswill be more challenginghan for somealready monitoredaxasuch as birds,
becausei) there aremany more specigsi) most ofthese camnot be identified to species in the field
socapture d specimendecomes necessariii) there arecomparativelyfew volunteer recordersr
citizen science initiativefcussed on pollinating insec¢tandiv) identification of collected specimens
is timeconsuming and requirespecialist skg. Therefore, the sampling design, taxonomic
resolution and range of species agroups to be monitored, levels of volunteer and professional
involvement data handlingand support toolswill all be critical to the success of any lemgm
pollinator monitoring frameworKFig. 10).

® https://www.gov.uk/government/collections/countrysidestewardshipget-paid-for-environmentafland-
management
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Figure 1.1Bumblebeeqleft, the rareBombus ruderatuyd.arge Garden Bumbleb&C. Carvejland

solitary beesare consideredhe mosteffective andimportant wild pollinators honeybees(centre,

Apis mellifera©M. Nowakowskilcan beimportant crop pollinatordn the vicinity of hivesthough

may be less effective per visit if, as shown here visiting apple blossontramsferring pollen via
stigmd contact hoverflies (right, the commonEpisyrphus balteatysviarmalade hoverfly ©N.

Mitschuna$ carry less pollen than bees but their large numbarsl diversityoften make them
important pollinators of crops and wild plantsee Section 1.2b)

Thelevel oftaxonomic resolutiomequireddepends orthe question policy needr hypothesis being
tested Speciedevel data are requiredof assigning a@nservation statu} understanding the
direction and magnitude of change in population sizes and in patterns of species diversity.-Species
level data has added importanggiven the potential turnover in species and communities with
environmental chang® that could see dominant crop types native plant communitiesand their

key pollinators change in the futurélowever, given the challenges of identificationsjpeciesfor

many insect groups and sampling intensities required to detect changes for the tessocospecies
(addressed in this report), highdgvel taxonomic groupings are often useStudies suggest that
analysis agenuslevel does rot affect our ability to discerchanges in community composition for
some invertebrate assemblag&sbut 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 @eparating to bumblebees, solitary bees and honeybees) offers more
potential for nonexpert involvementespecially if standardised counts and/or flower visitation rates
can be generated. Theseetrics provide groxy forchanging levels of pollination séce 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 reportSsetion2). We also consider the
potential value of DNA barcodinggchniquesand online crowesourcing with photographgor
specimen identification to support larggeale monitoring (Section 4).

We focus here ombees(considering bumblebees, solitary bees and honeybees as ditixahomic

groups)and hoverflies(Fig. 11), although the methods proposed are appropriate to sampling a wide

range d other flowervisiting insectshat may be important pollinators in some contextshiéve we

NEFSNI G2 aLRffAYIlIG2NERES alonwervisitBNdsetshvith theNBveaR f &  dza
that their particular behaviour, morphologyctivity periodt Yy R KSy OS aSFFAOASy Oe¢
viablepollen between flowers will be the true determinant of their effectiveness as pollin&tors
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Project Amsand (bjectives

The ovearching aim of this project wa® desgn 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
compositon) and the pollination services they provide to crops.

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

a) How is thestatus of insect pollinator populatiorend communities changing over time in both
agficultural landscapes and the wider environment?

b) How arepollination servicet agricultural and horticultural crops changing over time?
For each of thesquestiors we addres®d the followingfive Objectives

1. Review existing schemes, datasets andthods 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 aadpeal to volunteer recorders;

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

3. Identify appropriate sampling frameworks for selected methods (from Tasks 1 and 2) to ensure
that monitoring will be represeritive from regional to national (GB) scales and capable of detecting
spatiotemporal changes for different pollinators and pollinatiomsees;

4. Conduct a pilot study of the proposed NPENEsting best methods agreed from Task 2 across a
subset of poential sites and produce detailed protocols, including dwestefit analysis, for
successful delivery of each potential component highlighting appropriate statistical methods and the
requirements necessaryto support the scheme (validation, verificatiomlata flow and data
management);

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

This report provides aummary of projecfindings and key recommendationgresented under the

two core themesrelating to a) pollinators and b) pollination servidgescropswhere these were
addressed under separate task$ull details bmethods and resultsre provided within technical
Annexes (A; G), and within twoacconpanying Electronic AppendiceShe scope of the project
extended in most cases to th@Blevel (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 presentegbation 1.2 include data from N Ireland.
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1: Review of existing schemes, datasets and methdds measuring status
and trends in pollinatorgObjective 1).

A variety of approaches are currently used to gather information on insect pollinators and
pollination services across GB, from mass pigditon citizen sciencdo hypothesisled 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 review existing schemes, datasets and methods nfeasuring
status and trends of UK pollinators and pollination services to idetiiéykey strengths and
limitations of each in terms of scientific robustness, statistical power, costappdal to volunteer
recorders.

1.1 Metadata capture from existinggchemes and datasets

The project teamcomprisinga broad range oftaxonomic expertise&ind spanning professional and
volunteer sectorsompiled nformation on a range of relevant schemeimdludingNS$, projects
and datasets covering wildnd managed bes, hoverfliesputterflies and measures of pollination
service in crops and wild plant$able 11 providesexamples, and full catalogue isprovided in
Electronic Appendix,lincludinginformation on ownership, survey design, spatial and temporal
scale survey methods and taxonomic coege.

For pollinators a total of 7NSSor established volunteer recording networks; 11 citizen science
initiatives or projects involving public participation in recording pollinafanany now inactiveand
35 different largescaledatasets from systematic surveys or research projeetse identified

For pollination services47 potentially relevantdatasetswere identified from 11distinct research
projects, covering the field crops oilseed rape and be#ms fruits (including apples and pegrand
the soft fruits strawberries and blackcurranB@ata from a number of different standardised survey
methods were available (includinpan traps, fixed transectdjmed observationsand hand
pollination and bggng experiments).

For pollinatorsand pollination serviceshere was aclearshortage of longerm systematic datasets

of >2yearsinvolving repeated sampling of the same locaticarsl a general bias towards England in
coverage.Furthermore, @en largescale systematic surveys being undertaken by professionals as
part of funded research projects do not always generate spdeiad data on bees and/or hoverflies
(depending on their overall aims), and where they do, these records are often not submitted (a
standard practice) to the relevaiMSS
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Table 11. Examples of schemes and projects involving volunteers that generate data on UK

materials sent td

schools

checked)

pollinators. See Glossary for project aims or definitions; key to categories below.
Scheme/ V/ P|Routes to Quality Training Annual no. [Average Response Weblink
Project Name involvement assurance participants|annual no. measures
records \
= verified to
species level
Bees Wasps an{V Website, annualHigh Courses 400 25,000 vs SP; DO; FD; Shttp://www.bwar
Ants Recording meeting, training (members onlyymembers [(bees) s.com/
Society courses, forum, forums
(BWARS) social media
Hoverfly \Y Website, annualHigh Paid and >1000 26,293 vs SP; DO; FD; Shhttp://www.hove
Recording meeting, training members only (hoverflies) rfly.org.uk/portal.
Scheme (HRS) courses, forum, courses; forumg php
social media
BeeWalks P Website, Medium Online & paper|232 30,000 SP; DO; FD; SO http://www.beew
training courses ID resources; mostly vs AbGp; AbSp |alk.org.uk/
photo support; (bumblebees)|bumblebees
forum only; Hab
BeeWatch P Website Medium Online ID 920 2,141 vs SP; DO; FD; SO http:/bumblebe
resources; 2,800 total bumblebees |econservation.o
photo support; only a/get-
forum involved/surveys
UK Butterfly P Website, annualHigh Online 630 563,000 vs SP; DO; FD; SO http://www.ukbm
Monitoring meeting materials (butterflies) |AbGp; AbSp |s.ora/
Scheme butterflies
(UKBMS) only; Hab
Wider P Website, annuallMedium Online 643 101,000 vs SP; DO; FD; SO http://www.ukbm
Countryside meeting materials (butterflies, |AbGp; AbSp [s.ora/wcbs.aspx
Butterfly Survey moths, butterflies
(WCBS) dragonflies) |only; Hab
Open Farm P Website, Low On-line 480 11,000 AbGp; VR; Hal http://www.farm
Sunday attendance at [(untrained |podcasts and (flower sunday.org/ofs14
Pollinator participating volunteers) |guidance from visitors) b/open/Pollinato
Survey farm to high ecologists on rSurvey.eb
(professionalselected farms
surveys)
Great British P Smartphone apgLow Online 23,732 832,110 AbGp; SP for |https://www.foe.
Bee Count Website materials (bees) ~10 targeted |co.uk/what we d
bee species |o/the bee causq
(2014) home_map 393
Big Bumblebee|P Website; on-line|Low to On-line 13,000 4,000 AbGp; VR http://jointhepod
Discovery supporting Medium podcasts bumblebees |.org/campaigns/d
materials; Log |(sample of only ampaign/31
books and records

V/P Volunteer orProfessionalled (whether coordinated by volunteers graid professionals)Quality assurancgdegree

of data verification by expertspnnual number of participant§annual average from the lifespan of the project; in many

cases only a small proportiongr WI OG A @S Q NE/&agé anhlial NEBnOez i FeSNENOUERI average from the

lifespan of the project, in the case of BWARS and HRS, averages between the ye@812)(Besponse measurethat

could be assessed from the data generated (SPesiap 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/ projes 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 (GiBdatlyftom all projects is currently

biased spatially and temporally. There is one citizen science project currently generating data on pollination service
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1.2 Understanding statusand trends from existing National Recording Schemes and Socieines
other datasets

1.2a) Pollinators

Aims:usinga combination of volunteecollected occurrence and systematically collected dimta

i) Estimate reliable trenslin occupancydistributions) of alUK bees and hoverflies
between 1980 2010

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

1.2ai) New trend estimates for bees and hoverflies using voluntemilected ocarrence data

Volunteercollected occurrence data from NSS provide valuable information about changes in
& LIS QimstBbatians and statusHowever, extracting this information and using it to analyse trends
over time is difficult, because records are nailected in a standardised way and are subject to
many forms of bias Techniques have been developed to account for these biases in recording effort
and currently occupancydetection modelsire considered to provide the most robust restftts.

Here, we use occupancy modédsestimate reliable speciespecific trends for all hoverfly species

FyYyR ff 6AfR 0SS aASAIMSAE 1@2WBEA RARONBIR. (@0 16dSSRY 2 ¥
occupancy models were also used to assesmposite trendsacross multispeciesWL Y RA O (i 2 NI
groups? Ocupancy models estimatthe 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 estimatesnly 1km cells with at leas® years of data were

included. Final datasets consisted of 38,20ty across 3234 cells for 159 bee speeied 67,074

visits across 5882 cells for 263 hoverfly speciewisit is a record of any species within the target

group. Each model was run énBayesian 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 (includiantl) Ir

for consistency with the Indicator work, but records fros Ireland constituted a very small
proportion of the total.

Speciedevel trends

Two occupancy trend estimates were calculated for each specitmgterm 30-year (1980 to

2010) andshortterm 10-year (2000 to 2010) trend. Speciestrends were calculated as the
percentage change in fitted occupanayer each time period.Statistically robust trend estimates
could be made for onlyapproximately 50% of speciedue 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 lihited

Trend estimates for all species are given in Annex A) examples in Figure 1.2 and Table 1.4.
Overall, a greater proportion of specisignificantly decreasethan increased in occupanof 1km
squaresin both the longterm (28% of species decreased; 14% increased) shortterm (11% of
species decreased; 9creased). 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 increasingnd 60% remaining stabter the longterm but 46% of the 11 modellespecies
decreasing over the sheterm.

The annual variation in the occupancy estimates (Figure 1.2), and contrasting patterns between time
periods (Figure 1.Inhay be partly explained by variation in weather conditions, although a number
of pressureqincluding climate, landise and management intensitgre likely toimpact on local

11
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pollinator distribution and abundané? It is not knownwhether the more recent decreases in
occupancy of several bumblebee species since 2000 represent the start of atemgdrend or a
short term fluctuation or some uamodelled source obias (e.g.a tendency among recorders to
submit fewer records of common bumblebee spetiéd/e note that this assessment covers
relatively recent patterns of change (192010) and many species are likely to have experienced
most severe declines in the ped before 1986 Furthermore the degree to whichihese trends in
occupancy are accompanied by changes in abundance is not knewndikidual speciebecome
more or less widespreadheir relative abundances are likely to change @ahd communities in a
given area becomenore or less diverse.his hasimplications forpollination servicesince more
diverse pollinatorcommunitiesare more effective at llinating a range otrops” and wild plats
(see Section 2.2).

a) Longterm trends (198@; 2010)

Figure 11. The percentage of species
in each taxonomic grouping that had

and b) 2000 to 2010 (shorterm,
bottom graph). Figure is based only on
those species where a trend could be
reliably estimated (longerm = 586 and
40% of all bee and hoverfly species
respectively, shorterm = 626and 48% of
allbee and hoverfly species respectively).

Bumblebees

Hoverflies . increased (blue), were stable (grey) or
declined (red) in occupancy of 1km
squares across the UK betwee)

Solitary bees - 1980 to 2010(longterm, top graph)

[=]
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b) Shortterm trends (2000¢
2010)

Hoverflies .

For the longterm trend (a) the figure is
based on 82 solitary bee species, 10
bumblebee Bombu3 species,and 105

Solitary bees
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(b) is based on 8%olitary bee species,
11 were Bombus species and 126
hoverflies.The correlation between the
longterm and shoriterm trend was
low.
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Figure 1.2 Annual occupancy estimates féndrena fulvathe Tawny mining beéight, © Steven
Falk) a relatively commorspecies and crop visitor that has undergone a significant decrease in
occupancyof 50%sincel1980 The grey band represents the 95% credible interval surrounding each annual
occupancy estimatas a measure of uncertainty, hence we can be 95% certain thatukevaluefalls within

this range The red pointhighlighs anunreliable occupancy estimatehere the modelfailed to converge.
Note interannual variability that is likely to be parixplained by annual variation in weather.

Pollinator indicator

Our headline figure of 28% is lower than the 51% of bee and hoverfly species that were redported

have become less widespread asthe recent 2015 Indicator of Pollinating Insé&t3 he 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, spécie g SNBE Of  aaAFASR | O0O2 NRA Y -
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

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 ratheertat about this valuéi.e. the decrease

Aa adzmadlydaAalrft odzi y2i WaAa ItfekefisiaBhafl dudbehof spaciesd G | G A :
for which the converse is true (i.e. we are very confident that they declined, but the magnitude of

the dedine 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 allspecies are giveaqual weight in the pollinatoindicator; effetively assumingpecies

are equally valuable in terms of their contribution to pollination services. However, contribution to
pollination is known to vary between speciand with overall abundance, and groups other than
bees and hoverflie such as anthomyid or muscid flies may be important in certain situations (see
Sections 1.2b and 2.2). Future work wiamine tle feasibility of weighting thentlicator to take
account of this variation in spec@snportance as pollinatorand to inclue trends from other
taxonomic groups known to pollinate crops and wild plants (see Section 1.2c).

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

The project consideredthe capacityto build on existingNSSactivities using where relevant,
systematically collected dat&n combination with unstandardised occurrence recordSuch a
combinationhas the potential to add value to the current occupancy modelling approach by a)
reducinguncertainty in currenestimates of statusfor multiple species and b) improving the spatial
resolution or reducingpatchiness of current recording activityo demonstrate this potential, &v

13
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present apreliminaryanalysisusing the occupanegietection models described abovYer two bee
species comparing and combiniragcurrence data (BWARS)rom a single year (2012)vith
systematically collected data frorthe IPI Agriland project(see Glossg) in which professional
researchers surveye®6 predominantly agricultural siteson three occasions during 2012 for
pollinatorsusing pan trapsThe approach is basesh the principle thatadding more records to a
model will almostalways increasés precision;an important question is whether the improvement
per record from systematicigveys iggreater than adding the same number of unstructuredords.
Note that we make the simplifying assumptidrere that recording scheme datasets are a random
draw from across the UKvhich as explained is not the case, and is likelgad to diffeent forms of
bias for habitat specialistompared with those occurring across tweler countryside

The total number olunique bee recordsacrossall specieqwhere a record is defined as a survey
event on which a species is recorded)BWARS and Agniid for 2012 were very similar (2367 and
2596 respectively) despita ten-fold difference in the number of sites (1047 v8)90ccupancy
estimates for thetwo datasets were quite different (Table 1,2)s expectedbecause they sampike
both the landscapeand the bee speciedifferently. BWARS sites are biased towards seatiral
habitat in southern Englandith direct observations of individuals being made on arhad basis
whereas Agrilanditeswere stratified acrosgradients of lanelise intensityn six regionof England
and Scotlandthus can be considered more representative of GB as a wthale the BWARS daja
with bees sampled passively in pan trapdoreover, no sites were shared between datasets.
However, for each species the occupancy eatemn from both datasets combinedvere
intermediate between thee from the individual datasetsFor Bombus pascuorumthe more
widespread of the two speciegrecision(the converse of uncertainty as referred to in Figure 1.2)
was considerably improved whenlatasetswere combined. Thisvas not the case forAndrena
haemorrhoa for which the estimate from Agrilangas more precise than the combined estimate.

Table 12. Results of occupancy models for two bee species usiolginteercollected records
(BWARS) anslystematiaepeated samplingAgriland) 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 pascuoruiis common and widesprea&ndrena haemorrho# more patchy in its distribution.

AgrilandRF G 6SNB GNBFGSR a LINBaSyOSklIoaSyOS NIGKSNI GKIy
LINBLRNIA2Y 2F 200dzLJA SR & A (S aif theldtcNdArOysimate atass all mddelS NB OA L
runs for each species

These preliminary resuts suggestfirstly that modelled estimates of occupancy or distribution may
differ depending onsurvey and sampling approachesec8ndly they suggestthat combining
occurrence records with systematically collected data may influence precision of the &stima
ways that vary among specieepending for example on whether they are habitat specialists or
more generalist and widespreadepeated systematic sampling from a stratified network ivéss

not typically covered by NSBerefore has the potential toimprove both the precision of current
occupancy estimates and fill gaps in the spatial extent of typical recording aduvitgome
(especially widespreadpecies 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.

14
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1.2b) Pollination Services

Aims: usingexistingsurveydata sets the wider literatureand current nationascale cropata, to:

i)) Identify key crop pollinators iGBto inform any targeted crop ptihator monitoring scheme;
i) Estimaterecent trends in the demand for crop pollination acr@Band ata 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 fieldnd the efficiency of thoseisits intransferringviable
pollen andimproving fruit set or seed set. Usingigting data setproduced by the IPI Sustainable
Pollination Services for UK Crops Préféét we identified the species thawere the most abundant
flower visitors to four key UK crofs our study regionsoilseed rape(Yorkshire) field bears
(Berkslire and Oxfordshire) strawberries (Yorkshire) and apples (Kent) Combining these
observationswith experimental data on pollination efficiency from the wider literaturéwith
broader geographic coveragge)potentially important taxa providing pollinatioresrices to these
cropscan be summarised as folloseeAnnex Aor full details):

1 The most abundant visitors to apple flowers in tentorchards surveyed were solitary
bees, constituting over 49% of visitors.  Abundant species includadrena
haemorhoa, Andrena nitida and Andrena dorsata More widely, Andrenaspecies are
efficientapple pollinators and can be more effectiog a per visit basis than honeybees
and bumblebees.

1 Bombus terrestris/lucorumApis melliferaand Bombus lapidariuswere the most
abundantfield beanflower visitors observean fields in Oxon and Berksonstituting
more than 77% of visitordlore widely,Bombus terrestriss anefficient bean pollinator
when not involved iy S O (i I NbehsRiau@niakirg foles ihe flower corolla to
allow direct access to the nectariem)d the longtongued specieBombushortorumand
Bombus pascuorumre alsoeffective pollinators.

1 Common flower visitors toilseedrape (on fields in Yorkshirdncluded Apis mellifera
Bombusterrestris/lucorumand some hoverfly species The most common hoverfly
species werdlelanostoma mellinurhscalareand Platycheirus manicatu#tany species
have been shown to be effectiyeollinators of oilseedape, includinghoverflies, and
solitary beesfor which the likelihood of pollen transfer may be greater than for
honeybees or bumblebees.

i Strawberries were visited most often #pis melliferaBombus terrestris/lucorurand
Bombus lapidariugon fields in Yorkshire)More widely, honeybees and species of
bumblebee, solitary bee and hoverfly can alldfficient strawberry pollinators.

1.2b i) Trends in supply andemandfor crop pollination

Quantifying he demand for pollination service® cropsis challenging Most accuratelyédemay” R ¢
can be defined athe sum number of pollen grains that need to be transferred to receptive flowers,
however this iurrently unknown and very difficutb estimate for most crps. Furthermore, the
demand for pollination services to cropgll change spatially and temporally due to a range of
climatic and economiéactors including thosewhich limit crop production and their subsequent
depencence on pollination by insect€onsequentlythe area of insect pollinated crop is often used
as a proxydr demard®?®. However the efficiency of pollinators and the demands forlpation

can vary between cropsso some studies have instead quantified demand as the number of
honeybee colonies required to provide recommended levels of @aitin'®. The supplyof and

* http://www.reading.ac.uk/caer/Project_IP1_Crops/project_ipi_crops_index.html
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demand for wild pollinators required for crop pollination is extremely difficult to quantifyhag
abundance and diversity are affected tmltiple environmentalfactorsand there is no standardised
and systematic monitoring of their populatians

The demand for honeybee pollination secés (using data from Defra, 201&nd the methods of
Breeze eal, 2011") and the area of insect pollinated crops have risen by 54% and&g¥ctivey
between 1992 and 2012 (Annex)AThe uneven distribution irdemand for crop pollinations
highlighted by a comparisoacross Scotland, Wales and England (Table 1t.3% 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 scaadtarget any crop pollination service
monitoring to the most vulnerable areas. Spatial mappollination servicéhave been developed

for a limited number of UK crops includifigld bean$® and apple®’, but data to do this for all UK
insect pollinated crops is currently lacgin

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

Scotland Wales England

Area Demand| Area Demand| Area Demand
Crop Hivegha | (ha) (hives) | (ha) (hives) | (ha) (hives)
Orchardfruits 1.3 89 113 365 464 | 24,200 30,769
Oilseed Rape 1| 39603 39603| 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 25 3,789 9,472 96,000 240,000
Total 45482 52469 | 6,401 6,729 | 913600 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 insteadHives/ha= the lowest recommended stking rates reported in Breezt al. (2014). For crop categories, an
average of all applicable UK crops was ugeda= the area (in ha) of crop reped in Defra(2012), SAG (2015) and WAG
(2015).Demand (hives)y demand for pollination services, measured as the total number oéyioee 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 ofandidate species for lorgerm monitoring?

Givenlimited resources, even a wealesigned systematic monitoring scheme is unlikely to be able to
detect reliable trendestimates for all species (seeclons 3 and4). We thereforeproposea list of
candidate species fanalysis from any lonterm systematianonitoring effort, selected on the basis

of being widespread and abundant in the wider countryside or suburban areas across GB (using
detectability within a largescale pan trapping stly as a proxyand/or abundantvisitorsto key UK
crops(see 1.2b)Table 1.4)Species within the list show bottecreasing anihcreasingecentlong

and short term trendsin occupancythese trend estimates teridg to have less uncertainty than
thosefor the rarer specie$Annex A)given thatthe widespread species are usually associated with
more records These species are likely e encounteredin sufficient numbers across different
regionsto detect longterm changes in their populationand manyare functionally important
pollinators of crops and wild plania the current climate Such changes couttierefore act asa
measure of the longerm capacity of the pollinar community to provide pollination services
alongside measures of overgllouped abundancand species diversitisee Framework,egtion 4)

A better understanding ofspecies ecologypollination efficiencyand how this varies between
regions and crops is required tefine any listof appropriate indicator species for monitog.
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Table 1.4Candidatespecies for longerm systematicmonitoring.

Extent of occupancy

Trend in occupancy

Ease

of Flight Detect | Crop Eng Scot
Species name Group | ID season ability | visitor land Wales land Longterm 19802010 Shortterm 20002010
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 \a 104 126 31 49.82 (25.8 76.36) -22.2 €32.39--10.54)
Bombus lucorum s.I. BB é* Mar-Oct 1 L 101 75 107 NA NA
Bombus pascuorum BB 2 Mar-Oct 1 Y 109 133 94 53.2 (34.8% 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* | FebOct 1 \= 97 54 26 11.18 €9.69- 34.6) -34.65 (43.49- -24.13)
Apis mellifera HB 1 JanDec 1 Y 55 6 22 NA NA
Andrena cineraria (S) SB 1 Mar-June | O Y 47 19 0 322.19 (179.13557.59) 46.4 (1.82 124.01)
Andrena dorsata SB 3 Z:p:** 0 Y 49 0 331.46 (201.18527.11) | 8.94 (16.54- 46.98)
Andrena flavipes SB 2 Mar-Sep | 0 Y 48 10 60.41 (27.43 104.51) -9.74 (28.63- 12.44)
Andrena fulva SB 1 Mar-June | 1* \s 62 21 -49.53 (65.3- -30.5) -38.82 (60.98- -7.52)
Andrena haemorrhoa SB 1 Mar-Jul 1 \& 75 37 19 -5.74 ¢19.35- 12.28) -0.86 (24.67- 27.69)
Andrena nitida (S) SB 2 Mar-Jul Y 52 32 6 55.84 (14.21 113.76) -14.48 (38.48-17.61)
Andrena scotica SB 3 Mar-Jul Y 72 41 22 -6.32 (25.66- 18.34) 11.95 ¢22.11- 50.61)
Anthidium manicatum SB 1 May-Aug 1* 36 13 32.3 €32.77- 128.23) -47.19 (69.8--9.95)
Anthophora plumipes SB 2 FebMay 1* 53 4 77.73 (3.74- 178.02) -14.59 (36.98- 18.35)
Lasioglossum albipes SB 3 Mar-Sep 1 59 25 -12.67 ¢38.44- 28.36) -12.59 (46.56- 39.15)
Lasioglossunsalceatum | 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 JanDec 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 JanDec 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 (5.0% 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)
Platycheirusalbimanus 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 bk = honeybeddF = hoverflySpecies were assessed according to their
Ease of ID(identification difficulty scoregepresentng ease of ID by any recorder regardledsegperience;
generated by NSS experfis= 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 dgpt#=Can be identified in

the field with careand 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 ph8teddentification only
accepted from known recorders or else needs confirmatiormfreice county recorder4 =Species needs
confirmation from national expert5 = Voucher specimen required to be examined by national expgeg?)
denotes that forB. lucorumand B. terrestris queens may be easily identified but workers are difficult to
separate, andB. lucorumiA y Of dzR S &
Hight period (months during which the species is typically on the witigwo generations MasMay/JutSep;
Detectability (a proxy based othe largescale Agriland pan trapping study =mean annual aburahceper
site >1 and/or detectedn pan trapsat 40 or more out of 96 si&g 0 = mean annual abundance <1 and/or
detected at fewer than 40 site§ species not abundant in pan trafps countrysi@ but frequently seen in
gardens/parks))whether keyQrop visitors (most abundant flower visitors to four key UK crdpslIPI crops

wo2YLX SEQ 27
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project, see above 1.28:"% indicate rankings oEuropean crop pollinatorBom arecent metaanalysis, also
includinglPl UK Crops Project datidleijn et al. 2015))¥xtent of occupancy in England, Scotland and Wales
(% coverage based on BWARS/ HRS records from2Dd®6applied at country levellong and shoriterm
trends (% change in occupancy @K level based on ogpancydetection model output; pecies where the
95%credible intervalss (in brackets)span ero were defined as stable, status of the others was classified as
either increasing or decreasing based on their trei&pecies with (S) are listed on the SightBiodiversity List

as priorities for conservation, no other species currently of conservation conicefingland, Wales or
Scotland

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

Appropriate design and statisticabwer are essential to any biodiversity monitorisgheme if the
resulting data are to be widely accepted asdibde indicators ofchange 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 sitefield 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

i) measures of pollination service provision (deficits and visitatibes) for oilseed rape, field beans
and apples.

Input data (ikely initial count valueand parameters representing variation in counts and in rates of
change over time between sitg$or the power simulations were derived from systematic survey
data from the IPI AgriLand and IPI Crops projgsee Glossary). Variousemarioswere explored
that differed ininitial pollinator abundance or levels of service provisiolegree of % change over 10
yearsand number of sites monitoreffull details given in Arex B).

Results suggest that between 20 and Sites across GB couffovide sufficient power>80%) to

detect a 3050% changeover 10 years(equating to 3.5¢ 7% annual changefpr widespread,
commonspecies or pollinator gups (eg. summed abundance olimblebees) with initial annual

counts of 10 or moreindividualsper site. Standardised surveys usin@rp trapsand/or transect
YSGK2R& FLIWJX ASR G €SIFad (KNXBS-colldbeé S8sédo Bededadtey 3 (1 K S
such countsHighea numbersof sites wouldbe 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
arisSa 02 RSGSO0G Xmm: OKIFy3aS 2 @S NNotemhowedeSthahthis> S |j dzl
difficult to estimate the likelwariability in pollinator numbersver a 1Gyear period with existing

datasets which typically span up to 3 yeashow large variatiorbetween sitesand seasons and

contain many zero values. In a recenalysis 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 group$®. Ourestimates of likely poweshould thereforebe considered as coarse rather than

precise indications;zontingenton building up data over the initiat B0 years of any futurecenariq

and using summed abundances to group lewdlere speciedevel counts aransufficient to show

robust trends

Data generated bygrop pollinator surveyge.g. transect counts of crop visitorsre similar to those
of the broader pollinator surwes. The number of sites required to detect a changedirect
measure®f pollination servicevaries considerably between crops and whether a deficit or chamge
pollinationserviceis being detected. In all cased least100and possibly up to 208ites(fieldsper
crop) are needed to detect 30% changespallination service or deficits over 10 yeafexcept
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service in oilseed rapeln most casegletecting a change in service levels requires fewer sites than
detecting a change in deficits, due 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 adhe difference in proportion of pods or fruit set between open and {paiichated
flowers

Defining the level of change in population siz# pollination servicethat should be detectable
from a monitoring scheme

An important question isvhether a detection level 0B0% over 10 year®r 3-4% annual changés
sufficiently sengive, for example, to allowfor mitigation responses to be implemented within
adequate timeframes to reverse pollinator declines, tr meet the thresholds that growers would
tolerate or need to respond to in different crop®utcomes of the benefitssurvey of expert
researches &ction 5 and Annex)ffer valuable insight suggesting thatletection rates of 5%
annual decline (equating to a 40% decline over 10 years) for each pollinator response meaadure
10% annual decline in crop outpwbuld meet expert recommendations formaeffectivemonitoring
network. The detectionof a 30% decline in population size over 10 yedse matches the criterion
applied urder the IUCN Red Ligtvww.iucnredlist.ord to caegorise a species within the lowest
GKNBI G OF (S 32 dkkecently usetidalproyudal EusopedriRed List of Bées

Sinceour understanding of the relationship between local crop pollinator abundance and service is
quite limited and varies with crop type and contg@8ection 2.2), it is not yet possible to define
levels of pollinator population change that would significantly comproroieg pollination services.

We focussed instead odirect measures othange in crop pollination servicdhe percentage
change inproduction directly related to animal pollinatiaimat growers may tolerate will of course

vary between crops depending on factors such as per hectare value and level of dapgrah
insectpollination. Where the latter is low, such as in oilseed rape ¢blfy 2025%),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 >509% fruit grower may be interesi in a very small %
change, closer to between3%.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 ke
guestion or response measure and the level of resourcing available to run a viable monitoring
scheme.

1.4: Costefficiencyanalysis of existingNational RecordingSchemesand Societiesand associated
datasets

Aims: To assess theelative costefficiency of monitoring schemes and research projects in collecting
and identifying records for use in scientific analysigl to identify the otherwise uncaptured value
of voluntary labour

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

The costs of existinlSS(BWARS, HR8e Wider Countryside Butterfly Surveynd Garden Bird
Watch) were derived fromdata supplied by participatingrganizations. This included the average
number of voluntary hours thaschene coordinatorshad worked annually over the 5 year period
20082012 Data were not available toalculate the time taken by volunteer recorders to collect and
submit records The effective economic value of thisluntary labour was estimated using the
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replacement cost method, which equatéise monetaryvalue of a schemewith the costs of hiring
professionakonsultans to undertake the workat £40/hr).

Costs forgenerating reords from research projects weestimated from the projects within the
InsectPollinator Initiative(IPl)and the Status and Trends of Europeaallihators (STEP) conducted
by the University of Reading and the University of Ledts. the AgriLand project, costs are
subdivided into Agriland (max), the core 96 sites, and Agrilaite) (khich covers the additional 24
sites surveyed by the University of Reading as part of the projéetseare presented together as
Agriland (All). These costs do not include the costs of data analysis or dissemination work.

Table 1.5Cost efficieng per record from existinblSSand studies

Base Unpaid | Value of Cost/ Cost/R
Scheme/study * labour | unpaid Full costs| Records | Record | ecord

costs

(hours) | labour (base) | (full)

oees :C’aSpS and Ants Recording | 07 5431 1700| £70,000] £77,543| 25000vs| £0.30| £3.10
Hoverfly Recording Scheme £16,000 1832| £73,280| £89,280| 26293vs| £0.60| £3.40
Wider Countryside Butterfly Survel £45,000 620 | £31,000| £76,000| 29300 vsb| £1.54 £2.60
Garden BirdVatch £150,000 b! Y 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 9347vs| £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
SEMBEMOAEIS CHAMEEE - mageall oA NA| £82,486| 32214vs| £0.87| £2.56
Pollinators

*NSSand ongoing surveys in white; previous studies or projects in Base costs paid administrative costs, field staff,

mandatory training costs for recorders and materials cddtyaid labour (hoursy the number of hours of

administration, identification and data management undertaken by experts in the scfid@®@ including hogrspent by
volunteerrecorders2 y 2/ . { YR D. 2T MLINAYI NBE & dzLJLJ2 Wdiue @ @npaiddabobit & 2 OA | G SR
sum value of all voluntary hours at £40/Rull costs= the total costs of the scheme, including the value of paid or unpaid

labour, all field staff, fuel costs and identification wofRecords= the number ofecordsof beesand/or hoverfliesat
species, genus or family kehcollected annuallysQ ' NB O 2 WeRfiad taiskedcids lekeNgd = butterfly records;
WhQ ' dzy OSNARTFASR NBO2NRaA 27F 0 S SCostsandiesbrdsiare based mroan anylual
average from the lifespan of the project or, in the case of BWARS andtH&gears 20082012.

0dzii G SNF £ A

The findings indicate that the full cost$ generating records are generally lower fd6Shan for

research studies due tihe substantiakosts of travel and staff involved in field data collection. This

Ad LI NIAOdzZ NI @8 LINPYy2dzyOSR Ay (KS LtL nda@dNAfLl YR
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 fassional research organizations.

The results also illustrate the substantial value addedBy with schemecoordinators committing

the equivalent of 447 working days of labour to tiNSS worth ~£143,000/yearin equivalent
salaried staff timebetween BWARS and HRS alombe NSSmake substantial contributios to
research andpolicy ?* . Not only are the contributions from NSS either low or no dmst the
taxonomic resolution and quality of the records are high. Verified records of species have
considerably more value for assessing trendpatlinatorsand associategbollination serviceshan
unverified records or records for which the taxonomasolution 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
expertie represented by the NSS is maintairsedl ideally enhanced

Key findinggSection/Objective 1)

)l

A review of existindgNational Recording Schemes and Societies (M&%$¢cts and datasets
highlighted the value of verified occurrence records compiled by experts within the NSS,
specifically theBees, Wasps and Ants Recording Society (BWARS) and Hoverfly Recording
Scheme (HRSJor generatingestimates of specielevel gatus and longerm trends in
distribution. Thereis a clear shortage of lontgrm systematic datasets of >2 years including
measures of abundance for both pollinators and measures of pollination service, with
existing datasets showing a bias in coveramyeards England.

New modelling approaches allowed robust estimates of trends in occupancy of 1km squares
across GBo be made for around 50% of bee and hoverfly species a 30 year time period
(198062010) Of these, 2861% became less widespread, wherea$y 1427% became more
widespread, with the remaining species classified as stable (depending on the criteria used
to classify changePuring a similar time periodhe demand for pollination services to crops
andthe area of insect pollinated crgphae risen by more than 20%heprecision of these

trend estimatesandour ability to quantify thedemand for wild pollinators required for crop
pollination would be improvedfor some species at leadty combining theNSSoccurrence

data withstratified systematic surveys

To understandthe degree to whichthese trends inoccupancy and distribution are
accompanied by changes in abundanesmd hence their likely impacts on pollination
services,additional systematically collected datoupled with a betterunderstanding of

important crop pollinators across different regioare required.

Statistical power analyses suggest that between 20 and 75 sites across GB could provide
sufficient power (>80%) to detect a -80% change over 10 years (equating to 8.3%

annual change) forwidespread, common species or pollinator groueg. summed
abundance of bumblebees) with initial annual counts from systematic survey® @f more
individualsper site. Moresites would be required (ca. I1or species or groups oarring in

small numbers (initial counts of 1 petejior to detectsmaller changesBetween 106200

fields per crop would be required to detechanges of 30% in direct measures of pollination
service or deficit over 10 years, with ideal detection leliklly to vary between crops with

per hectare value and level of dependency on insect pollination.

It is difficult to estimatelikely variability in pollinator numbersver a 10year period with
existing shorterm datasets whictshow variation between $és and seasonsnd contain
many zero valueOur estimates of likely power shoutterefore be considered as coarse
rather than precise indicationgpntingent on building up data over the initiall® years of
any future scenaripand using summed abundees to group levelhere speciedevel
counts areinsufficient to show robust trends

Assessment of the costs of collecting pollinator recahdsugh research projects indicates
that they vary greatly in their costs/record, depending largely on the numbkt sites
sampled and the distribution of these throughout the UK. The highest cost/record research
project (IP1 Agriland), was also the most rigorous as it included many sites that are not
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typicallyvisited by volunteers. Costs/record are much lowervoluntaryNS$ but increase
when identification is conducted to species level.

T ¢KS !'YQa YI Ay OotiansNSHNEeprds&hiOsbsiariial Added value.
Assessment of the time spemin co-ordination and adninistration of BWARS anHRS
revealedthat equivalent professional staff would cost ~£143,000/year. This figure is an
underestimate of the totalW A Y RQ @I { tub thesd scherie® adNdata is not
available to accurately estimate the time spent by volunteers in gathering and sulgnittin
the ca51,000records that the NSfeceive each year.

2: Developingrobust and realistic surveynethods for monitoring pollinators
and pollination servicegObjective 2).

The last section dealt with how more could be gleaned from existing datasets raedgiag
analytical tools. The following sections allewith how these could be supplemented using
standardised survegnethodsto provide additional information on changing pollinator populations,
starting with consideration othe suitability of different nethods for diferent recorder groups and
then improvingtheir effectiveness in the field.

Aims: to dewelop 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 theapacity of different! NB O 2 NR Sahd samnpliy drefiofsto provide data
on different measures of interesthrough a scoring exercismnducted by the project team and at
stakeholder workshops

i) Smaliscale field trial$o refine methods and protocols for monitoring pollinators and pollination
services and inform the design of lareggrale pilot studies for 2015.

2.1a) Pollinators
i) Assessing the capacity of recorder groups and methods for monitogalinators

A rangeof potential methods for surveyingollinators wereassessedor their capacityto provide
measures relevant to informing longrm monitoring (e.g. abundance of key pollinator groups or
species, species richnesslhen implemented by different tygs of recordelprofessional experts or
non-experts and volunteer experts or naxperts; see Glossary for descriptionsnoéthods and
terms). 'y | 845384 YSy (i WeydteindtiBally@ssign séoresira éach Récacddethod

¢ Measure combinationbased on whether it could be achied and what degree of training might

be required. This exercise was conducted first by the project team using expert opinion and
published resarchand considering up to 15 different methodfill scores and means across each
method provided in Electronic Appendix Z)he same assessment matrix was then used at a
stakeholder workshop (December 2014), during which a range of methods were distwsseith

the scoring exercise focussing @an traps, transect walkg¢either observational or using hand
netting to collect specimensind timed floral observations & G KS f A1 Sf& WFIFNRY
pilot testing Participants at the workshop rementedthe volunteer recording commuty, NS5,
NGOs, Agencies andademics(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 agssmentcan be summarised as follows:
1 Current monitoringbased on a¢hoc recoré submitted to NSScored poorly for all potential
measures of community compaosition relating &bundance It was thought possible that
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additional metadata could be collectefibr example whether a complete list of species was
included for each visibut it is very uncertain whether this is achievable

1 Professionaland volunteerexperts were generallgonsideredcapable of collecting and
processingspecimens or recordasingmost methods,but could not consistentlyprovide
data to species levelwhen the method was entirelybased on fieldobservatiors (ie.
specimens would need to be collected on transects for identification).

1 There was little confidence in the ability oon-experts (pofessonal or volunteen to
provide datafrom 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 Imblebees on transects. At beatlarge amounbf training
and investment would be required for identification to species level in the field or from
collected specimens.

T /2¢€SO0GAy3 RIFEGE 2y GKS FodzyRIyOS 2F WwWfSaa

achieved without the use of targeted surveys.

1 There was general consensus between the mean scores frorxipertQand stakeholder
workshop assessments, with both reflecting low confidence in the ability ofesperts to
provide data at the resolutiorof species. Howeverfor the observational methods
(transecs and imed floral observation workshopparticipantsscored the capacity of nen
experts lower than the expert assessment, suggesting less confidence in the chance of
adequately training nomxperts in species identification.

if) Smaltscale 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 minimisitgas and remaining fedde. Pan traps, transects and
timed focalfloral observations were all used in the 2015 pilot, but in 2014 and 2@#&ionalsmall

trials were conducted for each method to identify the optimal protocol for egs#e Annex D for
study design, analysiyll resultsof trials):

Figure 2.1 Standardised methods for monitoring pollinators. Pan trafeft ©C. Carvell)ifransect
walk (centre © H. Lowther) antbcal floral observationgright ©M. Harvey).

Pan trapsare apassive samplingpproachusingwater-filled bowls typically of three colours set on
stakes at vegetation height to mimic flowers and odilel after a specified duratiofrials showed

that the duration traps were left out in the field only slightly influenced total catch, with highet tota
abundance and species richness of bees and hoverflies over 48 hours, but no difference befiveen 6
hour and 24hour trapping periods Bow! size affected the total catch across all insect groups, but
had variable effects on bees and hoverflies, leadmgur choice of three 120341 ml)bowls (as
shownin Fig. 21) for the pilot study (Obj. 4Resultsalso showed that the number dfees caught

® Resullts refer throughout to tests for statistical significance at the 95% lev@lOk 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 shouldlsobe collected.

Transect walkslescribelinear transectof defined width and length (up to 1km) over which insects
seen visiting flowes (or in flight) are recordeduring good weatherthey can includenetting for
identification to species leveTrids showed that whilst increasing the width of transects from 1m to
2m can increase t number of insects recorded, thisads to a larger increase in the number of
bumblebees recorded than for hoverflies. This is probably because larger, more conspissmts i
remain visible at larger distances while smaller insecé harder to see. As such, when collecting
data for such diverse groups as all beend hoverflies, a 1m transewatidth is recommendedo

avoid creating a bias for recording larger speciBsals also confirmedhat the abundance of
pollinators on transects can be strongly influenced by the number of flowers, especially for
bumblebeeshencedata on theavailability of floral resources shouddso be collected.

Focalfloral observatiors (FFOs) involve a standardised floral resource beimapserved over a set
period of time to reced all insects visiting flowerdisits to flowers from a list 250 1 Wi 2 LJIQ LJX |
for pollinatorswithin a 0.5 x 0.5m quadrafFig. 2.1were observedor 10 minutesduring our 2015
pilot. Trials revealed that increasing observation time to 20 minutes and the area observedto 1m
increases the number of insects recorddujt risks increasing the number of smaller insects
recorded (such as hoverflies) meothan the number of larger insects (such as bumbleb€elss is
problematic given that it was much harder to keep track of hoverflies when observidgrédncing

the reliability of counts. Observing a 0.25area for 10 minutes is a good compromiserfo
maintaining data qualit, whilst collecting sufficient observations for monitoring purposathough
greater replication or longer observation times may be required during times of the year when
general flowering and flying activity are low

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

1. How well do pantraps and transects represent thabundance of different pollinator speciésA
trial on thelsles of Scilly

A study was carried out durirtge summer of 2014 on two islands of the Isles of Sailith the aim

of assessing how well pan traps and transects represented the actual abundance of different
pollinator species. Standardised pan trappargl transect methods were conducted alongside an in
depth MarkReleaseRecapture (MRR) study of individual bees and hoverflies which attempted to
estimate population sizes for individual species. The results shasdled/ G NJ LJa | R &G FNBS
(used iNMRR surveysgaptured more species thastandardised transectsand pan traps caught
many more small solitary bees than did either of the transect methadsundertaken by research
staff). MRR population estimates closlionly be made for -8 species thahad recaptureson each
island. Overall, these estimates fblitween pan traps and standardised transects on Little Ganilly,
whereas on Great Ganinick the MRR estimate differed from both standardised methagkneral,

low confidence in population sizetenates fromthe MRR mean that no solid conclusions can as yet
be drawn as to whether pan trap or transect metls provided a better estimate of abundance.

2. Comparing bumblebee transect walks between expert and rexpert volunteers

The aim of this trialvas to compare data collected Melf-selectedd/olunteer recorders with that

02ttt SOGSR o6& |y SELSNI 6AGK Ylye &SINBRQ SELISNJ
monitoring, using the BeeWalk protocol. Expert and 4eaperts (with a range of levets training

through the Bumblebee Conservation Tius$bllowed 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 expeea aA3IKGAy3Ia |FyR GK2aS$s
O2yaARSNBR gA0GK SIOK &aSOGA2Yy 2F GNIyasSoOd Fra | a
ability were generally good: volunteers were able to accurately follow the recording protocol, and
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when dealing vth unusual bumblebees they correctly recorded individuals they were uncertain of
I Bombusa LIPQ NI G KSNJ GKFYy NBO2NRAY3I 6A0GK &LlzNR 2 dza

2.1b) Pollination Services

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

Potential methods for monitoring pollination services weassessedby the project teant(full scores

and means providedn Electronic Appendix 2and with representaties of the stakeholder
community on their capacityto provide different measure of interest (e.g. abundance of key
pollinator groups,direct measures of service provisjorusing the samassessmentfhatrixQ | y R
scoring system as for pollinators in 2. Bathe stakeholder workshop on monitorincrop pollination
services lfeldin December 2015) participants representéarmers, agronomistyollination service
suppliers NGOs and academics. Three key questiom®ewexplored in breakout grougsee Annex G

for full workshop report):

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

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

(3) Howto build a user communityThisexplored who could potentially bevolved n a recorder
community, whatincentives and barriers there are for these groups and what support and training
would be needed

This assessment suggestttht all recorder groups have the capacity to implement all pollinator
survey methods on cms, but the level of training required is considerable for +smperts, and
againnon-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 atleénods. With
training, some pollination service measures taken directly from the crop (e.g. using bagging
experiments) could be implemented by all recorder groups. Howexeess to field level crop
production data could be achieveaxhly with the involvement of farmes or agronomiss, and pollen
deposition experiments would not be possible for rexperts.

i) Smaltscale field trials to refine methods and protocols

In 2014, thredfield trialswere implemented with three distinct aims; 1) to tagpollination 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 yieldr a yield deficit and 3) to refine methods for measuring
pollination service andeficits in strawberries (See AnnBxor experimental details and results). In
summary, theserials showed that:
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1 it is possible to develop a protocol for measuringipollinators and crop pollination
services which can be implemented by novice volunteers although some variability in
the data collected was apparent.

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

9 it is possible to effectively measure levels of pollination service in strawberries using
flower bags but hand pollination to simulate maximal pollination is rfdeative. If
pollination deficits in strawberries are to be monitored long term then an effective

& 1 <
method needs to be developed.

Figure 2.1 Standardisedmethods for measuring pollination service to crops. Transect walk to

count crop flower visitors(left); and directmeasures of pollinatiomsingbagging(apple blossom

covered with mesh bag to exclude insects and assess pollination defightre) and hand

pollination WYl EAYdzYyQ LRffSy GNIyaFSNI YSRALFGSR dzaAy3 |
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 thHevel of activity of pollinatorsisiting crops andneasures of crop
pollination service

ii) Further understand the relationship between measutedels ofcrop pollinationby insectsand
actual crop yieldesponses.

To address these objectives, field trials were set up in oilseed, beans and apple crops. Large field
cages were used to manipulatevels of pollinator activityluring flowering so that crops received
normal insect pollination, reduced pollination or nséct pollination. Measures of crop pollination

(eg. seeds per podnd standardneasures opollination sevice and deficit were taketo assess the

impact of these pollinatocommunitymanipulations on pollination and resulting yield (Se®mex D

for full study designanalysis, results and discussion).

Crop pollinator manipulations using field cagedfected crop production with greater crop yield
following normal insect pollination compared to reduced pollination or no insect pollination for
oilseed anl apples although this was only statistically significanafigpleS. 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 nm@eeds and more fruit under insect

® 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 significanthnfex ). 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 isgetbss time

and space. The exact nature of the relationship between pollinator actawity crop pollination
responses needs to be well established for different crops so predictions about levels of insect
pollination carbe made in line with Bjective i
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Figure 2.2 Pollinationof oilseed (left), apples (centyeand field beans (rightipllowing 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 levelspdllination service apparent in insect pollinated
plots than pollinator excluded plots for bottoilseed rapeand beans although this was not
significant for oilseed Similarly pollination deficits were detected in pollinator excluded plots and
deficitswere not apparent in insect pollinated plot&nnex 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 pdltion 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 adeqtatensure statistical power anth
guantitativdy link measures o€rop pollination with crop pollinator activity imny given locality
(Objective).

In order to address Kective ij this experimental design enables us to link metrics of crop
pollination, pollination service and pollination deficitgth final crop output Analysis of simple
proxies of crop pollinationsome ofwhich have been shown to respond to levels ttggollination
(Fig 2.2, such as seeds ppod in oilseed, seeds per appde 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 pigldhis was
not the case for pods set ibeans Fig. 2.3. With regardgo 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 plethich in turnhad greateryield, and deficits in
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pollinator excluded plotsvhich hadlower yield although due to low replication these were not
statistically significant Howeverin the case of beans large pollination deficivasdetectedby the
hand pollination egeriment but resulting bean yield was similar under all field pollination
treatments suggesting no yield deficit and plants were able to compensate for reduced pollination.
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Figure 2.3 Relationship between metrics of crop pollination and final crepdpction in oilseed
(left) and applesr{ght).

In summarysome metrics of crop pollination includirsgeeds per podr seeds per apple were highly
sensitive to field cage treatments witkignificant 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@nd could be used to monitor changes in the
activity of crop pollinators in space and time. Ttia@se 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 maybe affected bychanginglevels of insect pollination in any given léta as outlined by
Objective it Hand pollination and bagging nheids are more labour intensiveut these methods

have the advantage of controlling for agronong@ind regionalvariability. However, the level of
replication and metrics used need to be appropriate and in sonmsesauch as for beans in this
study, they may not reflect final crop yield deficitdgain lnks between pollinator activitpneasures

and service and deficitdetected (Objective)iand final crp production metric{Objective ) need

to be well establised 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 communitiegthose insects seenisiting flowers)are positively related to the delivery of
pollination services to both patiator-dependent crop¥ and wild flowerd’. However, the form of

the relationship between these pollinator community attributes and tbeel of service iighly
dependent oncrop type® or environmentalcontext For instance, thegronomiccontext, such as
nutrient availability, drought stresand pest pressurewill affect crop demand or depettence on
insect pollinatiof***. Furthermore, the visitation to crops by local pollinator communities is also
influenced by the environmentalontextbeyond thefield or farm scale. For example, visitation rates
are governed bygeographic location, time (year, season, time of day), local plant and pollinator
community structureand landscape compositiari-or the UK, datasets (e.g. from the IPl Sustalian
Crops poject®) and work carried out as part of this projeare availableto characterise the
relationship between the pollination ofome crops and wildflowerand their flower visiting
community in particular locatiod® However, theability to generalise the relationship between
pollinators and pollination services is limited.

Emerging findings from the NPPMF project indicate 8mahe measures of crogpollination, such as

seed set respond to levels of insect pollination and are linked to final crop yield these
relationships need to be quantified for different crops and varieties if these metrics are to be used as
part of a crop pollination servicamonitoring scheme Direct measure®f pollination services (e.g.
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using pollinator exclusioand hand pollination methods) amirrently thebest wayto quantitatively
assess pollination servickelivery (i.e. the contribution of insect pollinators to prpollination) and
pollination service deficits (i.e. the gap between ambient and maximum potential pollination)
Visitation rates to crops of known piolating species or taxa (see key crop visitors, Tablg ¢otild

be used as a crude proxy of fwhtion, and may be useful for comparing relailevels of service
provision However,they are not sufficiently robust to quantify the level ofpollination service
contributing to crop production itself given confounding effects of other variabléscting cop
productivity. The NPPMF project cannot inform on the utility of monitoring wild flower pollinators
as a proxy for wild flower pollinath as this aspect was outsitlee tender remit; however, the same
limitations are likely to apply as for crop podiion.

Further synthesis and mefanalysis of UK (and select European) datasets are needed to: (i)
further characterise the relationship between pollinator visitation and crop pollination services; (ii)
assist in the identification of suitable proxiessefrvice provision or identify where no suitable proxy

is currently availableiii) understand how geographical location, particularly across the UK, affects
the pollinator communiies servicing crops and (iWighlight 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 findinggSection 2)

T Smaliscale field trials were conducted to test feffects of pan trap size and duration on
insects caughtThe largest bowl siz€120z) caught the largest number of insects, bus7
hour trapping duration performed as well as 24 hours with regard to number of insects
caught (typically on average43bees 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). Increasedfloral resourcessurrounding a trap also increased the number of bees
caughtand sofloral resources should be recorded.

1 With fixed transect walksptreasinghe width of transects from 1m to 2m could lead to a
bias towards recording larger, more conspicuous inseitgethey remainvisible at greater
distances tharsmaller insects As such retaining a 1m transect widthrecommended if all
flower-visiting insects are to be recorded, rather than thé&m used by other singl@axon
monitoring schemes (eg. UKBMEBeeWalks)An increase in the nunds of flowers on a
transect canincrea® the number of insest recorded so floral resources should be
recorded.

f  With timed focal flower observationbserving a 0.25farea 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 flomgriand flying activity are lowlhe
type o flower chosenwill influence the types of insececorded. Selecting from a defined
list of common plant species wouttierefore help standardise observations across regions
and habitats, though further developmeis required to understand tradeffs between the
area, duration and number of observations required, data quality and the volunteer
WSELISNASYyOSQ

1 For pollination servicego crops transect walks in flowering crop fields can be used to
monitor changesn crop pollinator activity, generating counts of flower visitors by broad
groups or to species level for a few easily recognised species. Howl@eet,measures of
crop pollination using hand pollination and bagging experiments remain the most reliable
wayto detect changes in pollination service or identify possible deficits that are independent
of agronomic or regional variation.
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1 A better understanding of the relationship between pollinator activity, measures of
pollination service levels and crop yidlor 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 meases such as seeskt show potential as simple measures for some
crops but require further testing.

3: Pilot study of proposed best method©bjective 4)

The methods selectedby the project team, in consultation with stakeholders at the workshop
described hove, asthe most promising for standardised monitoring of pollinators and pollination
services to cropsvere refined to ensure suitabilitior a range of endisers We thenconducted a
pilot study during 201%cross a range of agriculturahd seminatural sites in England, Stamd and
north Wales Aims

i) Compare mdtods for sampling pollinatorsin terms of their complementarity and
ability to generate sample sizes suitalfite detecting trendsover time Gection 3.1a,
Annex EandPF);

ii) Compare i KS OF LI OAG& 2F RAFTFSNBYyd WNBEO2NRSND
methods andprotocols (Table3.1) and how ths influenced the data generatddections
3.1a and 3.1b, Annexdnd F;

iii) Gather feedback from recordemn the surveymethods and protocls used, including
how straightforward and enjoyable they were to implement and whether people would
be willing to apply them as part of a veid pollinator or pollination servicanonitoring
framework(questionnaire resultssections 3la and b)

iv) Generate @tailed information on implementation costs and support requirements for
each methodbr combined protocol (section, Annex C).

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

Replicationwithin Professional | Volunteer
Method Research Farmers/
(report section) LDl staff Experts Norrexperts agronomiss
field (consultants) | (novice)
Pan trapping 1km Y (with
square(3.1a) 5setsof 3pans | Y(spy N research staff) NA
Fixed transects 5 transects of
pollinator survey3.1a) | 200m each Y (sp) Y (sp) ¥(grp) NA
Fixed transects flower | 5 transects of
survey (3.1a) 200m each Y Y Y NA
Timedfocalflower
obsevations(FFO$ 2 (50x50cm Y(grp) Y(arp) Y(grp) NA
quadratg
(3.1a)
¢AYSR WTNSB{ 2fixed areas of
pollinator survey in 1000nf for 30- N Y (sp N NA
good habitatq3.1a) mins
Pan trapping crop fields
(3.1b) 3setsof3pans Y N Y Y
Transect walk through | 3 transectsof 50m v N v v
crop (3.1b) down tramlines
Hand pollinatiorand Max 3 sampling v N v v
bagging(3.1b) points ontransect
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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 doaups and other flies, wasps, beetles,
butterflies, moths).* all specimens sampleith pan traps under 3.1a have been sent to the Natural History
Museum to aid the development ddNA barcodingpproaches for specidsvel identification o |j dzF R NJ i
samples (spaced at 100m intervals) in which all open arpwidihated flowers were recorded to species, and

an overall (scaled) estimate of flower abundance across the whole tranddet?lant species were selected

from a list of 25 commorspecies providing nectar and/or pollen resources, including examples flowering
during each month of the survey (Annédy F

3.1a) Pollinators in agricultural landscapes and the widsrvironment

This pilot was run across a total of 14 sites in four regibh€nglandt(o sites around Leeds), S.
England tvo sites around Wallingford and twevest of Salisbury), N. Wales (oreing the
Environmental Change Netwoslite at Snowdon and one on a coastal farm), and Scotlsirgi{es
south of Edinburgh in the tlmans and Scottish Borders). In each region both agricultural and semi
natural sites weresurveyed mostly selectedfrom the network of 1x1km squares that form the new
National Plant Monitoring Scheme (NPMS, led by CEH, BSBI and Plantlife). Each sitweyad
four times between early May and Septemlt#015 A set of sampling methods was implemented
according to aéne day by one persdiprotocol for eachda I Y LI A y TFig.NeEL)avigh Rliferent
recorder groups working at varying levelgafonomicresolution as summarised in Tal3el

a b C

= 1km
Cz- Pan Trap Station

@— - Transect Section
—> - Pollinator Survey

<— - Floral Survey

Figure 3. { OKSYIF GA O 2F GKS fleé2dzi 2F LIy GNI LA FyR 0
sampling sitea) Researchers and volunteesst out pan traps on arrivaFor the consultants protocol this steprist

OF NNA SR 2dzii T 0 dziis comdutt@dddirihg tNeTdalS EPolllaBor Al fofal survesransectsof 200mare

walked in reverse order. Timddcal flower observations are conductdd between other tasksat two 50x50cm patches

of floweringplants chosen from a list and located anywhere within the 1km sque)€he dayends by bringing in pan

traps in the same order in which they were set out, after approximately 6 hours.

Sample Size Achieved

The power angfsis under Objective 1 indicatéldat a minimumannualsample size 010 individuals

2T | IAGSWRIAIROALBANI & NG ®Falert drarigesd 38-5096&& ROS/&arsor

of 1 individual given a larger sample site netwofigure3.2 summarises the dataseollected by

the Research stafécross the four sampling roundsOur 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. dddeven 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 sampledfficientnumbers(21% of the
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108 species identified from patrapping and transect walks with a mean count of >1 per site, see
Annex Table E3) allow speciedevel monitoring at a local scale

Figure 32. The mean number of individuals sampled per site (total annual count for 2015) by
research staff usingifferent sampling methods and all sampling methods combined for different

taxonomic groupings, with threshold lines for 10 individualagk) and 1 individua{red). FFO = Focal
Floral Observation€rror bars show 1 standard error above and below thame

Method comparisons and complementarity

Comparisonsof estimates ofabundance and species richnepsovided by different sampling
methodsallow us to assess how simikapicture of the pollinator communitis producedor a given

site, and hence the égree of potential complementarity of surveyethods(methods acting more
effectivelywhen in combination tharwhen conducted in isolation) The objective of the sampling
will also dictate, to some extent, the sample size needed to detect change. Fopkxasample
sizes wald need to be greater to detect changesdahundance omloccurrenceat the species level
compared to thoseneeded to detect change ibroad taxonomic groupings (e.g. bees, hoverflies)
(Section 1.3) In general, larger sample sizes are required for monitoring at finer taxonomic
resolutions.

Across methodsA total of 2123 bees and hoverflies were recorded from the researcher dataset
across pan traps, transects and focal floral observations. Pan @magstransects sampled 80
species in total, with 1634 of the 1858 insects recorded thraihgise methods identified tapecies
level. At the resolution of albees and hoverflies and within broad taxonomic groups, estimates of
abundance for focal floral aervations(FFOs)transects and pan traps were signifitlg positively
correlated (Fig. 3,3shows the correlations between methods feummed counts o&ll bees and
hoverfliesy. Thislink betweenthe FFOs and transecis promisinggiventhat they werenot spatially
coincidentat each site suggesting that visitation rates to local flowering plant patches ray
broadly representative of pollinator activity across a larger area (e.g. 1km sqltboeever, the
degree of correlation between methods was akeand 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 (e. more replicates) would be required if only a single method were to be adopted as part of a

"Results refer throughout to tests for statistical significance at the 95% level (p<0.0Bshilts given in
Annex D
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