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Abstract. 1. In response to evidence of insect pollinator declines, organisations
in many sectors, including the food and farming industry, are investing in polli-
nator conservation. They are keen to ensure that their efforts use the best avail-
able science.

2. We convened a group of 32 ‘conservation practitioners’ with an active
interest in pollinators and 16 insect pollinator scientists. The conservation prac-
titioners include representatives from UK industry (including retail), environ-
mental non-government organisations and nature conservation agencies.

3. We collaboratively developed a long list of 246 knowledge needs relating
to conservation of wild insect pollinators in the UK. We refined and selected
the most important knowledge needs, through a three-stage process of voting
and scoring, including discussions of each need at a workshop.

4. We present the top 35 knowledge needs as scored by conservation practi-
tioners or scientists. We find general agreement in priorities identified by these
two groups. The priority knowledge needs will structure ongoing work to make
science accessible to practitioners, and help to guide future science policy and
funding.

5. Understanding the economic benefits of crop pollination, basic pollinator
ecology and impacts of pesticides on wild pollinators emerge strongly as priori-
ties, as well as a need to monitor floral resources in the landscape.

Key words. Bees, ecosystem services, food security, hoverflies, pesticide, policy,
pollination, pollinator.

Introduction

Insect pollinators are key components of biodiversity

and provide the crucial ecosystem service of pollination
to many crops and wild plants. There is evidence of
recent declines in both wild and managed pollinators

(e.g. Potts et al., 2010), and indications of parallel declines
in wild plants dependent on pollination (Biesmeijer et al.,
2006). Globally, an estimated 88% of wild plants
(Ollerton et al., 2011) and 65% of crop production by

volume (Klein et al., 2007) depend on insect pollination
to some extent. While there is no evidence of global
declines in insect-pollinated crop yields, reliance on insect

pollination in food production is increasing (Aizen &
Harder, 2009).
The implications of pollinator decline, particularly for

food production, have led to substantial attention and
resources being directed towards pollinator research, con-
servation and public understanding from the public, pri-

vate and third sectors. For example, the International
Pollinator Initiative of the UN Food and Agricultural
Organization (Food & Agriculture Organization of the
United Nations, 2012), the recently established IUCN

Bumblebee Specialist Group, the UK’s £9.6 million Insect
Pollinators Initiative (IPI), several high profile campaigns
(such as Friends of the Earth’s Bee Cause, the Co-opera-

tive’s Plan Bee, the Sainsbury’s Bee Happy campaign,
Neal’s Yard’s Bee Lovely campaign, Syngenta’s Operation
Pollinator and the Xerces Society’s Pollinator Conserva-

tion work in the United States), and entire non-govern-
mental organisations (NGOs such as the Bumblebee
Conservation Trust and the Bee Guardian Foundation),

are all focussed on conserving or mitigating threats to
insect pollinators. In addition, broader activities relating
to wildlife or ecosystem conservation, such as on farm-
land, are increasingly identifying pollinators as conserva-

tion targets. Sowing nectar flower mix for flower-visiting
insects is an option under the Entry Level Stewardship
agri-environment scheme in England, for example. Many

organisations, including the Royal Society for the Protec-
tion of Birds, now provide advice on establishing and
managing nectar flower mix (RSPB, 2012).

Most groups investing in pollinator conservation are
keen to ensure their efforts are based on the best available
evidence. Current scientific opinion is that pollinator

decline is likely to be caused by multiple interacting pres-
sures lowering pollinator health, abundance, and diversity,
rather than any single threat (Potts et al., 2010). This
makes the problem complex and difficult to tackle. As the

science itself is developing rapidly, now is a good time to
identify the most pressing knowledge needs, from both
scientist and practitioner perspectives.
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Two of the authors (LVD and WJS) have been involved
in several previous exercises to identify questions of
importance to policymakers and practitioners (Sutherland
et al., 2011a). These have generated substantial interest

and have been used to shape science policy. For example,
in the UK Government’s Marine Science Strategy (Defra,
2010), the research questions in each of the three sections

were acknowledged as being based on the UK 100 ques-
tions exercise (Sutherland et al., 2006). The exercise to
identify the top questions in agriculture (Pretty et al.,

2010) was subsequently used as the basis for a workshop
that informed the initial priorities of the UK’s Global
Food Security Research Programme.

A critical objective of these exercises is to ensure that
policymakers and practitioners are an integral part of the
process. We are seeking to identify their knowledge needs,
so their perspectives and experience, which could be called

‘experiential knowledge’ (Nutley et al., 2007), are as
important to the process as the theoretical and empirical
knowledge that experts bring. Where the scientific evi-

dence is complex and difficult to interpret, as is arguably
the case for insect pollinator conservation, a process of
open discussion between stakeholder groups and scientists

is a particularly important element of the exercise.
Practitioner involvement can also bring benefits to

researchers. For example, Phillipson et al. (2012) surveyed
21 research projects and showed that ‘stakeholder engage-

ment was perceived as bringing significant benefits to the
process of knowledge production’.
Here we report on an exercise to identify the priority

knowledge needs for wild insect pollinator conservation in
the UK. Such knowledge needs can be used to structure
ongoing work to make existing knowledge accessible to

research users, and will help to guide future science policy
and funding towards the areas where research is likely to
have real impacts in practice.

In this article, we follow previous authors (Kuldna
et al., 2009; Potts et al., 2010) in distinguishing wild from
managed pollinators. We only consider wild pollinators
native to the UK. Following the UK National Ecosystem

Assessment (Smith et al., 2011), we count as wild pollina-
tors all flower-visiting insect groups that have the poten-
tial to pollinate crops or wild flowers, including butterflies

and moths. Managed pollinators in the UK are primarily
the honeybee Apis mellifera, captive-reared bumblebees
(always Bombus terrestris in the UK) and, to a much les-

ser extent, solitary bees (including species of Osmia and
Megachile) sold as glasshouse or orchard pollinators.
There is evidence that honeybee populations across Eur-
ope are mainly composed of managed hives (Jaffe et al.,

2010) and in the UK the majority of these managed colo-
nies consist of various hybrids with exotic subspecies
(Carreck, 2008).

Wild insect pollinators currently provide pollination at
no direct cost to farmers or land managers. Managed
pollinators can be used to supplement this free ecosystem

service and their management is directly controlled by
farmers or beekeepers. Protecting managed pollinators

poses different challenges from those linked to pollinator
conservation in the wider environment, being largely con-
cerned with husbandry and disease management in a
small number of species or subspecies (see, e.g. Morse,

1998; Bosch & Kemp, 2002). We excluded managed poll-
inators from this exercise to allow a clear focus on man-
agement of natural ecosystems. We did not exclude

knowledge needs that would relate to the conservation of
wild-living native honeybees (Apis mellifera mellifera), or
to interactions between wild and managed pollinators.

Much of the evidence for wild pollinator decline is
inferred from changes in the recorded occurrence of spe-
cies of bee, fly, beetle, or wasp (e.g. Biesmeijer et al.,

2006; Cameron et al., 2011). These records are generally
collected by volunteer participants without following a
defined survey protocol. The primary aim of such record-
ing is to produce distribution atlases (e.g. Collins & Roy,

2012), although methods to extract trends in geographic
range and frequency from these data are developing (Bies-
meijer et al., 2006; Morris, 2010; Hill, 2011).

The direct evidence we have of declines in wild pollina-
tor abundance over time (as opposed to declines in diver-
sity or range) comes largely from long-term data on

butterflies (and, to a lesser extent, moths), collected
through participatory monitoring schemes with defined
survey protocols involving standardised observations
repeated regularly over space and time (e.g. Warren et al.,

2001; Conrad et al., 2006; Fox et al., 2011). There is now
also some direct evidence for changes in the relative abun-
dance of long-tongued bumblebee species in Europe

(Bommarco et al., 2012).
Our process to identify knowledge needs was designed

to be as open as possible, to accommodate the full range

of possible objectives in wild pollinator conservation.
These objectives include understanding and reversing
reported declines in pollinator numbers, pollinator diver-

sity, ranges of rare pollinating species, and pollination ser-
vices to wild plants or crops, as well as raising awareness
about wild pollinators.

Methods

All 48 participants in this exercise are authors. They
comprise five people from governments and agencies, 14
from businesses involved in food production or retail,

two from agrochemical companies, 11 involved directly
in insect or plant conservation, and 16 research scientists.
The scientists included representatives from the seven IPI
research projects relevant to wild pollinator conservation.

We use the term ‘conservation practitioners’ for all the
non-academics, or end-users of research in the process.
This encompasses people engaged in pollinator conserva-

tion at a wide range of levels, from corporate sustainabil-
ity strategy to detailed collation of data collected by
volunteers.

Our methods involved collaborative development of
an initial long list, followed by three stages of voting or
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scoring. Online surveys were designed and conducted
using the online survey tool Qualtrics (Qualtrics, 2012).
Table 1 shows how the initial long list of knowledge

needs was structured and drawn up. An online survey of

all authors was used to construct the status and response
sections of the list, because we did not consider the exist-
ing sources for these sections (listed in the final row of

Table 1) provided comprehensive coverage of possible
knowledge needs in these areas. The survey presented par-
ticipants with a small number (eight) of existing sources

of data on wild insect pollinators, and a small number of
possible science questions (five, drawn from the sources
listed in the final row of Table 1). Participants were asked

to suggest other data sources and associated knowledge
needs or new questions.
In the first voting stage, all members of the group anon-

ymously voted on the long list of knowledge needs, using

another online survey. They were asked to select between 5
and 20 items from each part of the list (status, response,
environmental change, and underlying science) that repre-

sented the most pressing knowledge needs for wild pollina-
tor conservation. The status section of the list was

accompanied by a brief explanation of the extent and char-
acteristics of each existing data source, and live links to
websites with more information where possible. Items in
the response part of the list that were previously identified

as research priorities for wild bee conservation (Sutherland
et al., 2011b) were identified with an asterisk. Those for
which certainty of knowledge about beneficial effects was

scored 50% or higher by an expert panel in the same exer-
cise (Sutherland et al., 2011b) based on evidence described
in Dicks et al. (2010) were marked with a ‘#’. Items in the

environmental change part of the list were marked with an
asterisk if they related to one of three threats judged by a
panel of experts to pose the greatest threats to unmanaged

pollinators in Kuldna et al. (2009). These three threats
were: loss of habitat and ecological resources (such as flow-
ers); application of pesticides and introduction of GM
crops. Participants were also given a chance to comment

or suggest amendments to each item on the list.
The final prioritisation of knowledge needs took place

at a one-day workshop held in Cambridge on the 29th

May 2012. In the second stage, each item on the long list
was discussed during a 90–120 min session dedicated to

Table 1. Structure of the initial long list of knowledge needs for wild pollinator conservation. Different parts of the list were constructed

differently. Sources listed in the final row (‘Entire list’) provided material for all sections of the list.

Section Sources used to generate list Number of knowledge needs

Status: Actions to help understand

the status of wild pollinators

and pollination

Actions suggested by full group of authors using an online

survey (see text for details)

74

Response: Actions that directly

benefit wild pollinators

List of interventions for wild

bee conservation

(Dicks et al., 2010)

List of interventions to enhance

regulating ecosystem services

(which include pollination).

This is currently under

development

Additional actions suggested

elsewhere in the scientific

literature

(e.g. by Meeus et al., 2011)

92

Environmental change: Questions

or knowledge needs about the

effects of environmental change

or drivers of change (threats) on

wild pollinators

List of threats identified by

academics (Kuldna et al., 2009)

53

Underlying science Questions about

the science of pollinators and

pollination

Questions suggested by full group

of authors using an online

survey (see text for details)

27

Entire list Knowledge gaps for science and

policy identified at an

International Pollinators Workshop

organised by the Science and

Innovation network of the UK

Foreign and Commonwealth Office

in February 2012

Recommendations to Government

listed in a Friends of the Earth report

(Breeze et al., 2012)

246
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each section of the list (status, response, environmental
change, and underlying science; see Table 1). The full
group was split in half and two sessions ran in parallel, so
each person was involved in discussing two sections of the

list. Participants were assigned to discussion groups before
the meeting. Initially, this was done systematically by
alternate allocation down an alphabetical list. Then each

person was assigned one or more of the following areas of
interest: retail, conservation, food production, agrichemi-
cal production, knowledge exchange, scientist (pollinator

health), scientist (pollination), scientist (pesticide impacts),
scientist (pollinator ecology), and the groups were re-
balanced without reference to individual names to give

equal representation of each interest area in each group.
For the second session, half of each group was moved to
the other group, and the groups were re-balanced accord-
ing to interest as before. This process was designed to

create groups small enough to encourage discussion and
allow consensus, but with the full range of interests and
expertise represented in each group. Including as wide a

range of interests as possible in the group has been dem-
onstrated by social psychologists to be important for elic-
iting expert judgement effectively (Yaniv, 2011; Bolger &

Wright, 2011; Hussler et al., 2011).
During the discussion sessions, all participants could

see the anonymous comments others had made during the
first voting stage, and the number of votes for each

knowledge need. In general, knowledge needs with more
votes were given more discussion time, but there was
ample opportunity to speak up for needs that had no

votes, or few votes. Some knowledge needs were re-
worded or amalgamated with others at this stage, by con-
sensus. Voting by show of hands during each session was

used to produce a shorter list of knowledge needs under
each section. We aimed to emerge from each of the status
and response sessions with 16 knowledge needs, and from

the environmental change and underlying science sessions
with eight needs each.
In a final plenary session, the 48 knowledge needs drawn

from all sections of the long list were each briefly discussed

by the whole group (largely for the benefit of those who
had not been in the relevant sessions). Then all participants
privately scored each knowledge need between 0 and 10

using another online survey, with 10 being of highest
importance. The workshop facilitators (WJS and LVD) did
not vote or score the questions at any stage. The final list of

priority knowledge needs comprised the top 20 knowledge
needs according to the scoring by conservation practitio-
ners, along with any ranked in the top 20 by scientists. We
used a Friedman test to identify whether any of the knowl-

edge needs were scored significantly differently from others.
We used a Multiple Factor Analysis, using the R Package
FactomineR (Husson et al., 2012), to look for differences

in scoring patterns between scorers. We also used a Spear-
man rank correlation test to assess the correlation between
conservation practitioner and scientist scores. All statistical

analyses were carried out using R (R Development Core
Team, 2010).

Results

Our initial list comprised 246 potential knowledge needs
(Table 1). All 32 conservation practitioners were engaged

in at least one stage of the process. The one-day work-
shop was attended by 16 scientists and 26 conservation
practitioners. Ten practitioners were unable to attend

either the workshop itself, or the final voting session.
Table 2 shows the 35 top ranked knowledge needs, pre-

sented in order of selection by the 22 conservation practi-

tioners who submitted final scores. The median scores of
conservation practitioners and scientists are given sepa-
rately in Table 2.

The knowledge needs in Table 2 are assigned to sections
of the initial long list. In most cases, these are the sections
in which the knowledge need originated. In three cases,
discussions and re-phrasing during the meeting led to the

knowledge need becoming more relevant to a different sec-
tion of the list. Knowledge need nine in Table 2 began in
the status section, as an action to monitor floral resources

at a landscape scale. Its emphasis changed to a focus on
how floral resources are changing, and so it has become
more relevant to environmental change. Knowledge need

11 in Table 2 began in the environmental change section,
where it was considered to be about the effects of loss of
habitat. It is now focussed on measures to create habitat
and belongs in the response section. Knowledge need 21 in

Table 1 also began in the environmental change section of
the list as the question: How does loss and fragmentation
of habitats affect wild pollinators? It became a question of

underlying science about the effects of habitat structure
and spatial arrangement on pollinators. Here, participants
felt we could not understand the effects of change without

first understanding the basic ecology.
Of the 35 priority knowledge needs, seven are about the

status of pollinators, 13 about responses, six about envi-

ronmental change and nine about underlying science.
A Friedman test found that there were significant differ-

ences between the scores of the different knowledge needs
(Friedman test statistic M = 211.82, P = 2.2 9 10�16). We

do not present the results of post-hoc tests to identify
where these significant differences lie, because the high
number of pairwise tests required with 48 knowledge

needs makes it difficult to assign significance to any differ-
ences.
The results of our Multiple Factor Analysis of scorers

are shown in Fig. 1. Scorers are plotted according to the
first two dimensions generated by the analysis (top panel).
It is clear that conservation practitioners (closed circles)
and scientists (open circles) do not separate in the multi-

variate space. The groups of knowledge needs (bottom
panel, corresponding to the four sections of the list in
Table 1) are relatively equal in their importance to the

classification. Environment and response knowledge needs
are most important in the first dimension, while status
and underlying science are most important in the second

dimension. This analysis shows there were not strong dif-
ferences between scientists and conservation practitioners
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Table 2. The thirty-five highest scoring knowledge needs, according to median score (1 = low priority, 10 = high priority) from conserva-

tion practitioners (n = 22). The median scores according to scientists (n = 16) are also given and the overall median from scores across

both groups. This list includes the knowledge needs ranked in the top 20 by both conservation practitioners and scientists. As a result of

frequent ties, ranking by median produced 28 top knowledge needs for conservation practitioners and 29 for scientists, with a median of

7.0 the lower limit for both groups. When practitioner medians were equal, knowledge needs are ordered according to overall rank.

Knowledge need List section

Median

conservation

practitioner

score

Median

scientist

score

Overall median

(interquar-tile

range)

1 How important is the diversity of pollinator species

to the resilience and reliability of the pollination service?

U 8.0 9.5 9.0 (2.75)

2 What are the relative contributions of wild and managed

pollinators to crop yield (for a few crop models)?

U 8.0 9.0 8.0 (2.75)

3 What are the costs and benefits of maintaining and

restoring the pollination service in farmland and how

are they linked to farmers’ evaluation of pollinators?

U 8.0 8.0 8.0 (2.0)

4 What are the sub-lethal effects of chemicals (pesticides

and other environmental pollutants) on wild pollinators?

E 8.0 8.0 8.0 (3.0)

5 How much does insect pollination contribute to economic

output (yield and quality) for a few crop models such

as a fruit tree, a vegetable and an oil seed? What are

the uncertainties?

U 8.0 7.5 8.0 (2.75)

6 Training for conservationists, agronomists and land

managers on pollinator ecology and conservation

R 8.0 7.0 8.0 (4.0)

7 How can current and potential future agri-environment

options for pollinators be bundled together and

spatially targeted to maximise benefits?

R 8.0 6.0 8.0 (4.0)

8 How can we actively encourage the uptake of

agri-environment options that benefit pollinators

(such as nectar and pollen mix)?

R 8.0 7.0 7.0 (5.0)

9 What floral resources are currently available to pollinators

at a landscape scale, and are these resources changing?

E 7.5 8.0 8.0 (3.0)

10 What are the implications of various sustainable agricultural

intensification methods for pollinators?

E 7.5 8.0 8.0 (4.0)

11 What habitat creation measures can most help restore

pollinator populations in rural and urban scenarios

(taking their full life cycle into account)?

R 7.5 7.5 7.5 (3.75)

12 What naturally limits pollinator populations and at what

stage in their life cycles is the greatest mortality?

U 7.0 9.0 8.0 (3.75)

13 Do interventions to mitigate threats increase pollinator

populations or just change pollinator behaviour/

local distribution?

R 7.0 8.5 8.0 (3.0)

14 How do different threats interact to affect wild pollinators? E 7.0 8.5 8.0 (2.75)

15 Evidence to inform amendment of pesticide accreditation

to include risk assessment for wild and managed

pollinators in laboratory and field conditions

R 7.0 8.0 8.0 (4.75)

16 How far do different pollinator species move, especially in

patchy or fragmented habitats, including for dispersal,

foraging, mating?

U 7.0 8.5 7.0 (3.0)

17 How will pollinator populations and the services they provide

respond to climate change (is evidence from butterflies

representative of other groups)?

E 7.0 8.0 7.0 (3.75)

18 Data on flower resources in the landscape collected alongside

pollinator monitoring (including timing of flower bloom)

S 7.0 7.5 7.0 (2.0)

19 Extension of the Wider Countryside Butterfly Survey’s coverage

of hoverflies and bumblebees

S 7.0 7.0 7.0 (3.0)

20 How resilient are pollinator communities to environmental

change and how does this affect pollination?

E 7.0 7.0 7.0 (3.5)

21 What is the relationship between habitat (patch size, quality,

type, connectivity) and pollinators?

U 7.0 7.0 7.0 (2.75)
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in the way they scored. If scientists had favoured ques-
tions of underlying science, and conservation practitioners
had favoured responses in their scoring of knowledge
needs, such a pattern would be visible in Fig. 1.

Figure 2 shows how the conservation practitioner and
scientist median scores for all 48 scored knowledge needs
were positively correlated (Spearman rank correlation test:

rs = 0.53, P = 0.00011). There are two outliers in Fig. 2,
scored unusually low by scientists compared with conser-
vation practitioners. The first is ‘An exploration of the

possibility of including flower usage in existing monitoring
schemes, such as the Bees, Wasps, and Ants Recording
Scheme and UK Butterfly Monitoring Scheme’ (median

practitioner score = 6.0, median scientist score = 2.5).
This did not make it to the top 35 because it had a med-
ian score under 7.0 in both groups. The second is: ‘Evi-
dence to inform revision of the Bees Act 1980 and its

associated orders, to include provisions for maintaining

the health of all bees in addition to honeybees’ (median
practitioner score = 7.0, median scientist score = 3.0;
knowledge need 28 in Table 1). This is a strongly policy-
linked knowledge need.

Discussion

Whilst there were some differences in scoring between sci-
entists and conservation practitioners, the general pattern

was of consistent scoring across the two groups. This is
true both for individual knowledge need scores and for
scoring patterns across different sections of the list. Con-

servation practitioners and scientists generally agree on
what is needed, despite coming from a wide variety of
backgrounds.
A number of pure ecological questions emerge as

important knowledge needs. For example, a longstanding

Table 2. Continued

Knowledge need List section

Median

conservation

practitioner

score

Median

scientist

score

Overall median

(interquar-tile

range)

22 Long-term objectives for agri-environment schemes that enhance

their scale and effectiveness for pollinators

R 7.0 7.0 7.0 (3.75)

23 How can we optimise pesticide use to minimise damage and

maximise foraging resources for pollinators?

R 7.0 7.0 7.0 (4.0)

24 Evidence to inform the uptake of alternative pest management

methods on farms, such as the use of natural enemies

R 7.0 6.5 7.0 (3.75)

25 Improved access to data on aspects of land use (crop rotation,

field size) alongside pollinator monitoring

S 7.0 6.0 7.0 (3.0)

26 Evidence to inform increased protection of existing natural or

semi-natural habitats of importance to pollinators

(such as species-rich grassland)

R 7.0 5.5 6.5 (3.75)

27 Improved access to existing information on pollinator habitat

or forage resources nationally

S 7.0 5.0 6.5 (3.75)

28 Evidence to inform revision of the Bees Act 1980 and its

associated orders, to include provisions for maintaining the

health of all bees in addition to honeybees

R 7.0 3.0 5.0 (6.75)

29 Which insects pollinate which wild plants and how much do

wild flower species (or some key species) in the UK rely

on insect pollination?

U 6.5 9.0 7.5 (4.0)

30 Standardised, cost-effective methods for monitoring pollinators

to be used by all (on farms or in any landscape)

S 6.0 8.0 7.5 (3.0)

31 An integrated system for identifying pollinator species,

including keys (online and books) & automated methods

(DNA, barcoding, wing venation recognition)

S 6.0 8.0 7.0 (4.0)

32 New agri-environment options that provide nesting

resources for bees

R 6.0 7.5 7.0 (3.75)

33 Assessment of the positive and negative effects of restoring

pollinator habitat on road verges

R 6.0 7.0 7.0 (2.75)

34 A UK-wide commercially viable monitoring scheme for crop

pollination deficit

S 6.0 7.0 6.5 (3.0)

35 What factors increase or reduce pollinator movements

through landscapes?

U 6.0 7.0 6.5 (3.0)

The sections of the list to which each knowledge need belongs are described in Table 1: S, status; R, response; E, environmental change;

U, underlying science.
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ecological question about the interaction between ecosys-
tem function (the pollination service) and diversity
(Hooper et al., 2005; Mace et al., 2012) achieved the high-
est overall rank. Knowledge needs 12, 16, 21, 29, and 35

in Table 2 are also questions of pure, rather than applied,
pollinator ecology.
The economic benefits of wild pollinators for crop pro-

duction are clearly seen by all as a very high priority, with
three related questions in the top 10 (numbers 2, 3 and 5
in Table 2). In fact, four of the top five knowledge needs

in Table 2 relate to the ecosystem service provided by
pollinators (including number 1). This surely reflects the
rapid shift of focus over the last five years in the policy

and practice of wildlife conservation, towards understand-
ing and maintaining ecosystem services (Eigenbrod et al.,
2009; European Commission, 2011; UK National Ecosys-
tem Assessment, 2011). To some extent, the scientific

knowledge base is still catching up with this change,
which may be why these knowledge needs are the most
urgent.

Our process was strongly framed as having the objec-
tive of wild pollinator conservation from the outset. Of
the 32 practitioners involved, four came from national

level Government nature conservation or environment
agencies or departments, and nine came from non-govern-
ment organisations with a focus on nature conservation

(all the NGOs in the process apart from the Bees, Wasps
and Ants Recording Society and the National Farmer’s
Union). Given this, the prominence of pollination, partic-

ularly crop pollination, is probably not because there was
an over-representation of commercial food production
interests. The top knowledge need – the importance of

diversity for pollination – perhaps reflects a desire within
the group to reconcile new ecosystem service objectives
with more traditional objectives to conserve the diversity
of species and habitats.

The results demonstrate that conservation practitioners
in the group are focussed on existing agri-environment
schemes as a mechanism for wild pollinator conservation

(as described by Pywell et al., 2011). Three knowledge
needs that would help improve their effectiveness or
uptake appear in the list (numbers 7, 8, and 22 in

Table 2). Two of these were scored lower by scientists in
the group. By contrast, scoring by scientists indicates a
need for new agri-environment options that consider nest-
ing resources for bees (number 32 in Table 2).

Pesticides are a high profile issue. Four priority
knowledge needs relate to the impact of pesticides on wild
pollinators. The highest priority amongst them (number

4) is to understand the sub-lethal effects of pesticides and
other chemicals on wild pollinators. This is perhaps not
surprising, given recent discoveries about sub-lethal effects

of neonicotinoids on bumblebees (e.g. Whitehorn et al.,
2012). One knowledge need is strongly related to pesticide
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regulation (number 15) and two (23 and 24) are about
minimising risks to wild pollinators from pesticides by
changing land management practices.
Thirty-two of the 74 options in the status section of the

initial long list were different ways to improve our knowl-
edge about the status of wild insect pollinators through
enhanced or new monitoring of the insects themselves, a

need already identified by scientists (Potts et al., 2011;
LeBuhn et al., 2013). These included directly funding,
expanding, or enhancing a range of existing volunteer

recording schemes for bumblebees, butterflies, moths and
hoverflies, setting up a new comprehensive pollinator
monitoring network (similar to that recommended by

LeBuhn et al., 2013), and engaging the public in a citizen
science monitoring scheme, such as the Great Sunflower
Project (USA) or Spipoll (France). Of these options, only
one came through the process as a clear priority to both

conservation practitioners and scientists. This is to extend
the use of the Wider Countryside Butterfly Survey to
monitor hoverflies and bumblebees, using methods that

have already been tested for 12 easily identifiable wild pol-
linator species (Brereton et al., 2011; number 19 in
Table 2). This seems a very rational choice. It makes use

of an existing scheme that generates good quality abun-
dance data based on systematic site selection, rather than
user-selected sites that may generate biased results. Three
other options related to monitoring of pollinators (num-

bers 30 and 31 in Table 2) or pollination (number 34)
were ranked in the top 20 by scientists but not scored so
highly by conservation practitioners. One is to develop

standard cost-effective monitoring methods to be used by
everyone, including farmers (number 30). A possible
approach to this has recently been piloted by the Centre

for Ecology and Hydrology, Syngenta and Linking Envi-
ronment and Farming (LEAF) as part of LEAF’s Open
Farm Sunday event (Biological Records Centre, 2012).

Three of the priority knowledge needs relate to the
availability of floral resources for pollinators in the land-
scape. A variety of evidence suggests that floral resource
availability is the primary direct factor influencing wild

bee abundance (Roulston & Goodell, 2011). Forage plants
important for bumblebees are known to have declined
nationally since the 1930s in the UK (Carvell et al., 2006),

but there is a perceived need for regular monitoring and
greater awareness of the status of these resources. The
aspects highlighted are: access to existing information,

including data captured by the Countryside Survey (Carey
et al., 2008), for example (number 27, ranked in the top
20 by conservation practitioners, but not scientists);
assessment of current status and change in floral resource

availability (number 9) and ongoing monitoring of flowers
in the landscape linked directly to insect monitoring
(number 18).

If conservation of managed pollinators had been
included in the process, many of the same issues would
probably have been prominent. For example, honeybees

have also been shown to suffer adverse sub-lethal effects
from pesticide exposure (Henry et al., 2012) and may be

threatened by reduced density of flowers in the landscape
(Kuldna et al., 2009). There might, however, have been
some differences in the priority list. We would probably
have seen a greater prevalence of pollinator health and

disease management issues, both in the initial long list
and the identified priorities, had conservation of managed
pollinators been considered. There were several knowledge

needs in the initial long list about wild pollinator health,
such as ‘What parasites and pathogens do normal healthy
pollinator populations carry?’ and ‘What are the emergent

problems for pollinator health?’ None made it through to
the top 35 priorities, despite several parasites being per-
ceived by scientists as potential or emerging threats to

wild pollinators (Evison et al., 2012). We might also have
identified a need to understand the extent of convergence
or trade-off between conservation actions to benefit wild
pollinators and those focussed on managed pollinators.

Next steps

In the next stage of this process, the same group of sci-
entists and conservation practitioners will further analyse

the priority knowledge needs we have identified. The list
includes a range of different types of question and levels
of information. Some are scientific questions that require
large research programmes. These may need to be

unpacked into smaller more manageable scientific ques-
tions. Aspects of many of the knowledge needs have
already been tackled, or are in the process of being

answered by existing projects in the UK (such as the pro-
jects within the IPI) or internationally. Here, the need is
to review and synthesise existing and emerging knowledge,

and make it accessible to an array of users. Other priority
knowledge needs require new standardised data collection,
or stakeholder-driven policy development.

We will continue to work collaboratively, with iterated
discussions, to specify in detail what is already known in
each area, where the relevant knowledge lies and what
steps can be taken within or outside the group to meet

the knowledge need cost-effectively. Our aim will be to
ensure that knowledge and data from all sectors are taken
into account. For example, to define which parameters

are important to the economic output from insect-polli-
nated crops (knowledge need number 5), we may need to
draw on the combined knowledge of retailers, suppliers,

growers and scientists. Similarly, nature conservation
agencies and NGOs amongst us are testing ways to
encourage uptake of particular agri-environment options
(see, e.g. Natural England, 2011). This experience, com-

bined with emerging scientific understanding about the
effectiveness of options such as sown nectar and pollen
mix, will be important in defining the next steps towards

meeting knowledge need number eight.
Clearly, the priorities that emerge from a process like

this depend to an extent on the participants involved. As

in previous similar exercises, we made every effort to be
as inclusive as possible, and to involve representatives
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from all sectors, so we suggest that these results reflect a
broad range of interests relevant to the implementation of
wild insect pollinator conservation.
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