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a b s t r a c t
Pollination services are known to provide substantial beneﬁts to human populations and agriculture in
particular. Although many species are known to provide pollination services, honeybees (Apis mellifera)
are often assumed to provide the majority of these services to agriculture. Using data from a range of
secondary sources, this study assesses the importance of insect pollinated crops at regional and national
scales and investigates the capacity of honeybees to provide optimal pollination services to UK agriculture. The ﬁndings indicate that insect pollinated crops have become increasingly important in UK crop
agriculture and, as of 2007, accounted for 20% of UK cropland and 19% of total farmgate crop value. Analysis of honeybee hive numbers indicates that current UK populations are only capable of supplying 34%
of pollination service demands even under favourable assumptions, falling from 70% in 1984. In spite of
this decline, insect pollinated crop yields have risen by an average of 54% since 1984, casting doubt on
long held beliefs that honeybees provide the majority of pollination services. Future land use and crop
production patterns may further increase the role of pollination services to UK agriculture, highlighting
the importance of measures aimed at maintaining both wild and managed species.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction
Human societies derive great beneﬁt from a range of natural ecological functions, referred to as ecosystem services. Insect mediated
pollination, the transfer of pollen within or between ﬂowers via
insect vectors, is one such ecosystem service, regulating a range of
direct and indirect beneﬁts to human societies (Fisher et al., 2009).
Insect pollination is thought to beneﬁt the yields of 75% of globally
important crop species and is responsible for an estimated 35% of
world crop production (Klein et al., 2007). The nature and extent
of these beneﬁts can vary between crops, ranging from increasing
the quantity and quality of fruit or seed produced to hastening crop
development and increasing genetic diversity within crop species
(Free, 1993; Shipp et al., 1994; Hajjar et al., 2008). Economically, the
value of insect pollination services to crop agriculture has been estimated at ∼£400 million per annum within the UK (POST, 2010) and
D 153 billion per annum globally (Gallai et al., 2009). Insect pollination services are also essential to propagating numerous wild plant
species (Ollerton et al., 2011), many of which contribute to human
welfare indirectly as important components of landscape aesthetics (Willis and Garrod, 1993). Other insect pollinated wild plants,
such as hawthorn (Crataegus monogyna), provide important winter forage for farmland birds and other wildlife (Jacobs et al., 2009)
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that contribute to human welfare through more indirect non-use
values. Bees (Apidae) are generally regarded as the most important
pollinators, in particular an estimated 80% of global agricultural
pollination services are attributed to the domesticated European
Honeybee (Apis mellifera) (Carreck and Williams, 1998). Furthermore, several other bee species, such as the buff-tailed Bumblebee
(Bombus terrestris), have recently been commercially domesticated
for large scale agricultural pollination (Delaplane and Mayer, 2000).
However, a growing body of research indicates that wild pollination services could account for a substantially greater proportion
of pollination services than previously thought, even in modern,
intensive farm systems (e.g. Winfree et al., 2008) prompting some
to suggest that the importance of honeybees in providing pollination services may have been over estimated (Westerkamp and
Gottsberger, 2000).
Concerns regarding the stability of pollination services have
existed for as long as the concept of ecosystem services themselves
(Nabhan and Buchman, 1997). Although some have claimed that
these concerns are exaggerated (Ghazoul, 2005), there has recently
been mounting evidence of a global decline in wild pollinator populations (Potts et al., 2010a) and honeybee hive numbers are now
thought to be in a long-term state of decline in many developed
nations (Potts et al., 2010b; vanEngelsdorp and Meixner, 2010). Furthermore, although global honeybee hives numbers have grown by
∼45% since 1961, the area of insect pollinated crops has grown by
>300% in the same period, now accounting for 6.1% of global crop
land (Aizen and Harder, 2009). While trends in global yields do
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not demonstrate any signiﬁcant global pollination shortage (Aizen
et al., 2008), regional declines have been associated with localised
shortfalls in pollinator populations (Steffan-Dewenter et al., 2005).
Within Europe, the UK has experienced particularly well documented pollinator losses, with widely recorded declines in the
diversity and distribution of wild bees, butterﬂies, hoverﬂies and
wild plants during the last 50 years (Biesmeijer et al., 2006; Thomas
et al., 2004; Carvell et al., 2006) and a 54% fall in honeybee hive
numbers in England between 1985 and 2005 (Potts et al., 2010b),
raising concerns over the long-term stability of UK pollination
services.
Although pollination services provide substantial beneﬁts to UK
crop producers and consumers, there have been few published
accounts of the extent and distribution of these beneﬁts across
the UK. In order to bridge this gap, this study examines the proportion of UK crop area and market value stemming from crops
which beneﬁt from insect pollination so as to gauge how important
insect pollinated crops are to UK agriculture. Similarly, although it
is widely assumed that honeybees provide the majority of pollination services currently no research has demonstrated the validity
of this speculation. While recent studies have suggested that honeybees may not always be optimal or even effective pollinators of
certain crops (e.g. apples; Thomson and Goodall, 2001), they are
easily managed, are active earlier in the year than many wild pollinators, and can be moved between crops in bloom (Delaplane and
Mayer, 2000). As such, honeybees can provide invaluable pollination services in the intensively managed systems that typify UK
cropland. Declining numbers of honeybee hives during the last 20
years therefore have serious implications for both the provision
of pollination services and the UK’s ability to cope with changing
demand for pollination services. This study explores this potential
deﬁcit by examining trends in the potential of UK honeybees to
supply demands for pollination services at a level where yield and
quality beneﬁts to crops are maximised.

2. Methods

The value of changes in stock and subsidies for arable crops were
not included (DEFRA, 2010a).
At a regional level, crop speciﬁc data from the June
censuses of each constituent country (England—DEFRA,
2008a;
Scotland—Scottish
Government,
2007;
Northern
Ireland—Department of Agriculture and Rural Development)
and the orchard fruit and glasshouse surveys (DEFRA, 2007b,
2008b) were used to estimate the percentage of individual crop
occurring within each region. Further crop speciﬁc area data
concerning soft fruits and pulses were provided by members of the
census teams (H. Hoult, L. Reid, C. McCormack, Pers. Comm., 2009).
As crop speciﬁc data is not collected for any insect pollinated crops
in Wales, no analysis of the pollinator dependence of the country
could be conducted (Welsh Assembly Government, 2008). For
the census category peas and beans, which includes both insect
pollinated and non-insect pollinated crops, this area was divided
proportionately between the constituent crops based on their
total national area reported in DEFRA (2009). Any orchard fruit or
glasshouse crop area not speciﬁcally allocated in DEFRA (2007b,
2008b) was distributed among the remaining counties, weighted
by their total area of top fruit or protected vegetables reported in
DEFRA (2008a), Scottish Government (2007) and DARD (2008).
These procedures assume that all crops can be grown in all regions,
however, the range of climates across the UK will likely have a
substantial inﬂuence upon farmers ability to grow some crops,
particularly fruits. The percentage of each crop occurring within
each region was then multiplied by the area and value of each crop
as reported by DEFRA (2009, 2010a) which, in some cases, differ
substantially from DEFRA (2008a) and DEFRA (2007a, 2008b) due
to differences in survey methodology. Where areas of individual
crops were not identiﬁed by any source, for example open grown
vegetables which are only reported as a group, the sum market
value of all crops within the group were used to estimate regional
value. Mushrooms were excluded from this study as their planted
area is not reported at either a national or regional level by any of
the sources above, although their economic value is substantial
(£104 m in 2007; DEFRA, 2009). All value ﬁgures were inﬂated to
2007 values using consumer price indices (ONS, 2009).

2.1. The importance of insect pollinated crops to UK agriculture
2.2. Pollination service capacity of UK honeybees
A total of 19 crops and crop groups recorded by the Department
for Environment Food and Rural Affairs (DEFRA) which beneﬁt from insect pollination to any extent were identiﬁed using
Klein et al. (2007) (Appendix A). While certain varieties of some
crops such as oilseed rape (Brassica napus) and cucumber (Cucumis
sativus) are entirely self-fertile and do not require insect pollination (Free, 1993), it is assumed that only insect pollinated varieties
are utilised, primarily because varietal data is unavailable for most
crops (DEFRA, 2009, 2010a) and data on the pollination requirements of most varieties are also unavailable. The proportion of
crop area and value derived from insect pollinated crops was estimated at a national level using data for all food and non-food crops
reported in the 2008, 2000 and 1996 Basic Horticultural Survey
(DEFRA, 2009; Ministry of Agriculture Fisheries and Food—MAFF,
1999, 1996) and the Agriculture in the UK report (DEFRA, 2010a).
While area and value data for horticultural crop groups are reported
in DEFRA (2010a), data from DEFRA (2009) and MAFF (1999, 1996)
are used to allow for assessment of trends on a per crop basis.
Although area data reported in DEFRA (2009) and MAFF (1999,
1996) is estimated for crop years it is approximately consistent
with calendar year fresh fruit area data found in DEFRA (2010a).
1984 horticultural crop area data was taken as calendar year data
from MAFF (1995) and adjusted by the average difference between
crop and calendar year area data for years also reported in MAFF
(1996). All value data were reported for calendar years and represent value paid to producers, not necessarily ﬁnal market prices.

The maximum capacity of honeybees to satisfy optimal pollination service demand (OPCmax,t ), a ratio of effective total honeybee
hives over total pollination service demand from UK crops was
estimated mathematically; let c = crop, t = year and p = phenological
(ﬂowering) period (1. . .P) within t, each representing a month long
interval, beginning from mid-March until mid-June. P is determined
based on the number of different crops a beekeeper could move
their hives between within a single t. P is assumed to be 3 as this
is maximum number of crops a professional beekeeper will be
able to move between in a year (John Howat, Pers. Comm., 2010).
Although varieties of some crops may bloom after this end point
(e.g. Wagstaffe and Battey, 2006) varietal data is not available for
most crops and therefore could not be incorporated. Actp represents the area of each crop grown in each p within t (as reported
by DEFRA, 2009, 2010a). Areas of crops listed as glasshouse crops,
i.e. those grown exclusively in fully enclosed glasshouses (tomatoes, cucumbers and sweet peppers) were excluded as honeybees
are seldom used in such environments due to management difﬁculties (Delaplane and Mayer, 2000). Crops grown under partially
enclosed poly-tunnels, such as strawberries, were included in this
area as honeybees can be used in such systems and estimates of the
applicable area is not available for each year under consideration.
Rc represents the recommended hive density for optimal pollination of crop c as derived from published sources (Appendix A). Dtp
is the total pollination services demanded (expressed in number of
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Fig. 1. Graphical representation of trends in total insect pollinated crop area (a) and market value in the UK (b) and the proportion of total UK crop area (c) and value (d)
represented by these crops between 1984 and 2007.

honeybee hives) in each p within each t, deﬁned as:
Dtp =



Actp Rc

(1)

c

Ht represents the reported number of managed UK honeybee
hives (as reported by MAFF and the National Bee Unit, see Potts
et al., 2010b). In years where Ht is not formally reported for one or
more constituent nations then it is assumed hive numbers have

remained constant between t and t − 1. Under this assumption,
which differs from those employed in Potts et al. (2010b), total hive
numbers in the UK have grown by 22% since 1984 to 289,750 in
2007, however this number remains constant from 2002 onwards.
In the absence of data on stocking practices, growers are assumed
to stock no more than Rc per hectare. Etp represents hives in excess
of those required in phenology period p and is calculated as:
Etp = Ht − Dtp

(2)

Table 1
Summery of the importance of insect pollinated crops to UK farming regions in 2007 including total area and value of insect pollinated crops and % of total regional crop area
and value represented by these crops.
Region

Insect pollinated
crop area (000 ha)

Insect pollinated
crops as % of
regional crop area

Insect pollinated
crop value (£ M)

Insect pollinated
crops as % of
regional crop value

North West
North East
Yorkshire and The
Humber
West Midlands
East Midlands
Eastern
South East
South West
England
NW Scotland
NE Scotland
SE Scotland
SW Scotland
Scotland
Walesa
N. Ireland
UK total

6.2
32.9
98.6

7%
22.9%
20.6%

£21.2
£24.7
£86.7

11.3%
19.1%
17.1%

67.3
187.3
191.8
137.2
77.8
799
2.2
15.5
28.6
1.6
48
n/a
2
848.95

20.8%
27%
20.4%
29.5%
19.9%
22.7%
4.4%
8.9%
9.7%
2%
8.4%
n/a
4.6%
20.4%

£124.2
£143
£198.9
£234.1
£85.1
£918.2
£4.1
£21.5
£77.5
£11.8
£114.9

25.9%
15.9%
17.1%
36%
14.7%
20%
8.1%
12.5%
19.5%
12.8%
16%
n/a
27.7%
19.3%

a

Crop speciﬁc data is not collected for any insect pollinated crops in Wales.

n/a
£24.6
£1,057.8
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PHt −

Itp Etp

(3)

p

where Itp = 0 if Etp < 0 and 1 otherwise. Consequently, 0 ≤ Qt ≤ PHt .
Under these deﬁnitions OPCmax,t is deﬁned as:
OPCmax,t =

PHt − ˙p Itp Etp
St
=
Dt
˙p ˙c Actp Rc

(4)

OPCmax was recalculated at a range of Rc , representing the lowest, highest and average recommended hive density per hectare.
National area of winter sown oilseed rape was acquired from DEFRA
(2010b) and Hoult H. Pers. Comm. (2010) with an average area
applied to each year not reported.
3. Results
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Fig. 2. Maximum capacity of honeybees to satisfy optimal pollination service
demand (OPCmax,t ) to UK crops by honeybees between 1984 and 2007 at the lowest,
average and upper recommended hive densities (RD) per hectare.

3.1. The importance of insect pollinated crops to UK agriculture
Analysis of cropland in the UK since 1984 indicates that insect
pollinated crop area has risen by 57.5% covering 848,946 ha of UK
cropland in 2007, growing at an average rate of 21,250 ha per year
(Fig. 1A). This represents 20.4% of 2007 UK cropland, more than
double the proportion of total crop land occupied by these crops
in 1984 (7.2%, Fig. 1C). The exclusion of insect pollinated minority
crops, such as Borage, and the indirect techniques used to produce
horticultural crop area estimates (DEFRA, 2010c) will inﬂuence this
ﬁnding to an unknown extent, however, the magnitude of these
effects is likely too small to signiﬁcantly affect the ﬁndings. Much
of this growth stems from substantial rises in oilseed rape and
ﬁeld bean area, collectively rising by 503,000 ha since 1984 (DEFRA,
2010a) at the expense of barley and other arable crops. In comparison, the area of fruit crops, all of which beneﬁt from insect
pollination, has fallen by ∼17,900 ha during the same period with
particularly sharp declines in dessert and culinary apples, likely due
to falling prices/tonne and increased costs (Nix, 1984, 2010; DEFRA,
2009; MAFF, 1999, 1996). These results are distorted somewhat by a
spike in the area of oilseed rape in 2007, which has since returned
to levels similar to previous trends (DEFRA, 2010a). Overall, the
total area of cropland in the UK has fallen by 831,366 ha within the
same period, with particularly strong declines in the area of barley
(−54.6%), potatoes (−29.3%) and other vegetable crops (−23.6%).
Much of this land has become pastureland, although ∼61,000 ha of
total agricultural land have been taken out of production (DEFRA,
2010a).
Regionally, South East England has the greatest area of insect
pollinated crops, occupying ∼30% of cropland (Table 1) due to large
areas of fruit growing within the region (DEFRA, 2008a). In spite of
these rises in insect pollinated crop area, by 2007 the total value of
insect pollinated crops has fallen by £626M (2007 £) since 1984 to
£1057M (Fig. 1B) as a result of falling prices and declining planted
area of high yielding fruit crops such as tomatoes and dessert
apples. This trend is in part a product of the methodology used;
while prices for insect pollinated crops have grown by an average
of 102% since 1984, this growth is substantially smaller than the
growth in inﬂation (231% cumulative) by which crop value was
adjusted. Consequently when unadjusted for inﬂation, this overall
downward trend is reversed, with total value of insect pollinated
crops rising by £329M since 1984. Nonetheless, the proportion of
total crop value represented by these crops has grown, albeit inconsistently, from 15.1% in 1984 to 19.3% in 2007 (Fig. 1D) due also
to widespread increases in oilseed rape and ﬁeld bean production in place of other arable crops (DEFRA, 2010a). At a regional
scale, insect pollinated crops represent the greatest proportion of

crop value in South East England, the West Midlands, and Northern Ireland. However, their absolute value was greatest in Eastern
regions of England (Table 1). This disparity stems from varying
scales of agriculture between regions and the higher per hectare
value of fruit crops, which are commonly grown in Eastern regions,
compared to arable crops (DEFRA, 2009, 2010a).
3.2. The pollination service capacity of UK honeybees
In spite of growth in honeybee hives arising from the assumptions made in this study, the capacity of honeybees to supply
pollination service demands (OPCmax ) has fallen by more than
50% during the study period from a peak 70.3% in 1984 to
34.1% by 2007 (Fig. 2). This trend is a product of substantial
growth in insect pollinated crop area, particularly oilseed rape
and ﬁeld beans, each of which requires several hives per hectare
to ensure optimal pollination. Under higher recommended density assumptions, managed honeybees may only contribute as
little as 11.7% of optimal pollination services. In all years, only
a small proportion (1–11%) of available hives are required in
the ﬁrst phenological period and sufﬁcient hive numbers are
available throughout the year to provide optimal pollination services to UK fruit crops (Appendix A). Regionally demand for
pollination services, in terms of total hives required, is greatest in Eastern regions of the UK (Table 2) which, as highlighted
Table 2
Summery of the number of honeybee hives (in thousands) required to provide optimal pollination services to different UK regions in 2007 at a range of recommended
hive densities per hectare.
Region

Lower RD

Average RD

Upper RD

North West
North East
Yorkshire & The Humber
West Midlands
East Midlands
Eastern
South East
South West
England
NW Scotland
NE Scotland
SW Scotland
SE Scotland
Scotland
Wales
N. Ireland
UK total

12.9
67.0
200.7
132.5
382.4
396.7
272.5
154.4
1,619.2
3.4
29.6
54.3
1.9
89.2
n/a
2.4
1,710.8

29.2
161.9
477.9
316.8
895.0
901.7
642.3
358.2
3,783.0
8.6
72.9
133.5
4.5
219.4
n/a
7.9
4,010.2

78.4
469.7
1,365.8
851.5
2,516.9
2,455.8
1,782.9
980.1
10,501.1
25.6
212.5
377.6
12.6
628.2
n/a
25.5
11,154.9
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above, have higher areas of insect pollinated crops (DEFRA,
2008a).

4.2. Trends in the pollination service capacity of UK honeybees
Despite growing demand for pollination services and rising hive
numbers, the OPCmax of honeybees has declined by more than 50%
since 1984 and will fall further if recent honeybee declines are
considered (see Potts et al., 2010b). This ﬁnding is subject to a
set of potentially distorting assumptions. First, most data on managed honeybee hive numbers are taken from member information
provided by beekeeping organisations and as such excludes hives
managed by non-members. Second, feral honeybee colonies are not
included in these estimates as their distribution and abundance are
largely unknown and consequently their impact upon pollination
services cannot currently be estimated (Carreck, 2008). Third, as
highlighted in the methodology, the area of each crop was assumed
to solely comprise of insect pollinated varieties, possibly exaggerating the area of crops requiring insect pollination. Each of these
assumptions may produce an underestimation of actual pollination services provided by honeybees. By contrast, a number of other
factors can exaggerate the OPCmax of honeybees. Foremost, in light
of the sharp decline in honeybee hive numbers reported in Potts
et al. (2010b), the assumptions made regarding hive numbers in
years where no ofﬁcial reports were available are likely to produce
overestimations in recent years. Furthermore, the recommended
hive density values are derived from a wide range of sources from
different countries and methods (Delaplane and Mayer, 2000).
While these values are seldom speciﬁc for the UK, they are generally accepted to be appropriate and have rarely been challenged.
Colonies were assumed to be at optimal health, ignoring the potential impacts of pests and diseases upon foraging activity (Ellis et al.,
2003 but see Ellis and Delaplane, 2008). Although data on honeybee disease incidence are available from the National Bee Unit, as
inspection is voluntary and there are few estimates of the relation
between health and pollination efﬁciency, such data cannot yet add
meaningfully to the ﬁndings. Most critically, all UK honeybee hives
were assumed to be actively managed for pollination service provision throughout the crop year. In actuality, most UK beekeepers
are amateurs or professional honey producers that typically position their hives in nectar rich semi-natural habitat, although some
crops, such as apples are often cited as important nectar sources for
honey production (Carreck et al., 1997). Currently, only about 2% of
UK hives (∼5700) are known to be professionally managed for pollination services (John Howat, Pers. Comm., 2010), accounting for
<0.5% of OPCmax even under lower required density assumptions. As
other beekeepers are unlikely to move their hives as often, reduc-

30
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This study indicates that insect pollinated crops have become
an increasingly substantial component of UK crop agriculture since
1984, accounting for ∼20% of UK crop land and ∼19% of total crop
value in 2007. Much of this growth stems from rising areas of mass
ﬂowering arable crops, likely due to past Common Agricultural
Policy subsidisation. Oilseed rape has also beneﬁted from rising
EU demands for biofuels (Stoate et al., 2009) and the advent of
cultivars with low glucosinolates and erucic acid content, allowing for use as animal feed (Burgess and Morris, 2009). Fruit crops
have also become more important to total UK crop value thanks
to advances in growing systems and, in the case of strawberries,
breeding cultivars that bear fruit outside of the normal growing
season (Wagstaffe and Battey, 2006).
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Fig. 3. Average % change in per ha yields of insect pollinated crops and all other
crops in the UK using 1984 as a base year.

ing the value of P (see methodology) from 3 to 2 may better reﬂect
this, however, the large excess of hives in the ﬁrst phenological
period implies that only a minority of hives are moved more than
once. Finally, no account is made of the contribution of other managed bees, such as the ∼10,000 B. terrestris hives imported into the
UK each year (POST, 2010). As managed B. terrestris are most often
used for pollination within fully enclosed systems which are neither accessible to wild pollinators nor suitable to honeybees, their
inclusion is unlikely to affect conclusions reached.
4.3. Trends in insect pollinated crop yields
Contrary to the fall in the OPCmax of honeybees, per ha yields of
insect pollinated crops have risen by an average of 54% since 1984
(Fig. 3). Regression analysis using R (R project, 2010) indicates that
average yields of insect pollinated crops as a group have grown
at a signiﬁcantly faster rate per annum than other crops (t = 3.611,
P = <0.001, see Appendix C for details). The inconsistent nature of
honeybee hive data and substantial auto-correlation arising from
the resultant assumptions, prevents valid assessment of correlations between yields and honeybee numbers. In line with ﬁndings
by Aizen et al. (2008), the observed trends in yield suggest that there
has not yet been a detectable loss of pollination services within
the UK. Subsequently, these ﬁndings infer that wild bee populations may make a much greater contribution to UK crop pollination
services than previously thought. This is somewhat speculative
given the observed declines in wild bees during the study period
(Biesmeijer et al., 2006; Carvell et al., 2006), although as many wild
bees can be substantially more effective pollinators than honeybees (e.g. Thomson and Goodall, 2001) it is possible that, even in
reduced abundance, these species can provide effective pollination services to crops. Furthermore, increased availability of mass
ﬂoral resources (Diekötter et al., 2010), may have created a population sink effect in wild bees in light of reduced competition from
honeybees (Goulson and Sparrow, 2009) and declining wildﬂower
availability (Biesmeijer et al., 2006). Alternatively, intensiﬁcation
and agronomic advances, such as increasing fruit tree density
and selection of higher yielding arable crop cultivars, might have
enhanced yields sufﬁciently to mask declines in pollination services. Growers may themselves have reacted to pollination service
declines by utilising more self-fertile or parthenocarpic cultivars.
However, as pollination requirements are seldom considered when
developing new cultivars (e.g. Home Grown Crops Association,
2010) this seems unlikely. Under these circumstances, honeybees
may be more major contributors to pollination services than is
apparent from the data presented here. Another possibility is that
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pollination service deﬁcits may only have arisen in a few crops
which honeybees are rarely employed to pollinate, such as mass
ﬂowering arable crops (John Howat, Pers. Comm., 2010). This is
supported in part by the 10–22% decline in ﬁeld beans, oilseed rape
and linseed yields (Appendix B) since 1984.
4.4. Future demand for insect pollinated crops
A number of market factors and policy are likely to inﬂuence
the future importance of pollination services to UK crop agriculture. Firstly, demand for oilseed rape may rise further as ∼1.4
million ha of the crop is required to meet the UKs EU 2020 biodiesel
target (Foresight Land Use Futures Project, 2010) although noncontrollable pest and disease species are likely to restrict the
regularity with which it can be included in rotations (Berry and
Spink, 2006). Similarly, although the UK has become increasingly
reliant upon low-cost imports to satisfy demand for many insect
pollinated crops (DEFRA, 2009), demand for locally sourced produce, arising from perceived environmental, economic and health
beneﬁts (Brown et al., 2009) may bolster the market for home
production of many crops. Finally, government policy aimed at
improving dietary health is projected to encourage a substantial
rise in the area of fruit crops, particularly in southern and Eastern
regions of England, at the expense of pasture farming, ﬁeld bean
and oilseed area as demand for meat and feed falls (Arnoult et al.,
2010). Accordingly, insect pollinated crops account for a lower proportion of crop area under this scenario compared to the reference
run.
4.5. Conservation recommendations
In light of the current and potential future importance of insect
pollination, bee conservation efforts are likely to produce substantial long-term beneﬁts to UK agriculture. The ﬁndings of this study
suggest that these efforts should be focused on a suite of wild and
managed pollinators, rather than over-relying on honeybees as sole
service providers. Currently there is no national UK conservation
policy targeted towards pollination services, however, recent government investment in pollination research (POST, 2010) combined
with a shift towards ecosystem oriented conservation (DEFRA,
2007b) are promising ﬁrst steps. While current agri-environmental
schemes provide some options that are beneﬁcial to pollinators,
such as nectar ﬂower mixes (Potts et al., 2009), without added
incentives, these options suffer from poor uptake compared to
lower-cost alternatives (Hodge and Reader, 2010). Clearly deﬁned,
quantiﬁable ecosystem service outputs and speciﬁc incentives for
more beneﬁcial activities are likely to eliminate this shortcoming,
creating a cost-effective market for the production of pollination
and other ecosystem services (Smith, 2006). Unfortunately, primary conservation research seldom translates into effective policy
as political actors often fail to act on an effective time scale (Knight
et al., 2006) or to the required extent (Wu et al., 2003). As such, it
is essential that future research demonstrate the beneﬁts of pollination services to growers, particularly for crops which beneﬁt
in a signiﬁcant but less overt manner, such as oilseed rape (Klein
et al., 2007), to encourage them to adopt pollinator conservation
measures.
As wild pollinator populations often lack the abundance necessary to pollinate intensive, large-scale crop systems and their
population dynamics can very strongly between years (e.g. Rader
et al., 2009), honeybees are likely to remain an important component of UK pollination services. Apiculture is a declining industry
in the UK (Potts et al., 2010b) and therefore securing and expanding honeybee populations will probably entail substantial increases
in payments for pollination services, particularly for crops such as
oilseed rape where beekeepers seldom receive payment (Carreck

et al., 1997) in order to provide sufﬁcient incentives to beekeepers. Although producer willingness to pay for these services may
rise with increasing demand, these increased costs, which are vulnerable to price shocks in years of disease outbreak (Sumner and
Boriss, 2006), combined with rising prices for inputs (Nix, 2010)
may dissuade many producers. Expanded use of other pollinating
insects, such as bumblebees or red mason bees (Osmia rufa), which
are purchased rather than rented, may provide growers with a
more-cost effective means of ensuring optimal pollination services,
particularly when honeybees are sub-optimum pollinators of a particular crop (Delaplane and Mayer, 2000). Geographically speciﬁc
standardised assessments of optimal pollination requirements for
different crop cultivars will also be necessary to ensure producers
and beekeepers are able to maximise the service provision by managed pollinators. Nevertheless, the use of any managed pollinators
should be undertaken with considerable caution as their release
can inﬂuence forage resources (Goulson and Sparrow, 2009), disease prevalence (Colla et al., 2006) and population size (Stubbs
and Drummond, 2005) in nearby wild pollinator populations. Consequently, it is essential that wild pollinator conservation policy
evolves in parallel with a focused expansion of the UK beekeeping
industry in order to supply optimal pollination service demands to
UK agriculture into the long-term future.
5. Conclusions
This study has demonstrated that, in spite of rising demand for
pollination services, the capacity of UK honeybee populations to
provide optimal pollination services has fallen dramatically during
the last 20 years. In contrast to expected trends, insect pollinated
crop yields have risen substantially during this time, implying that
wild pollinators make a substantially greater contribution to UK
crop pollination services than previously assumed. These ﬁndings
should be treated with a degree of caution as the assumptions made
may marginally under- or overestimate the relative contribution of
honeybees to actual pollination services. As insect pollinated crops
are likely to become increasingly important to UK agriculture in
the immediate future, clarifying these assumptions will be useful in
directing new developments in effective pollination management
at a ﬁeld and landscape scale.
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