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Review
Pollinators are a key component of global biodiversity,
providing vital ecosystem services to crops and wild
plants. There is clear evidence of recent declines in both
wild and domesticated pollinators, and parallel declines
in the plants that rely upon them. Here we describe the
nature and extent of reported declines, and review the
potential drivers of pollinator loss, including habitat loss
and fragmentation, agrochemicals, pathogens, alien
species, climate change and the interactions between
them. Pollinator declines can result in loss of pollination
services which have important negative ecological and
economic impacts that could significantly affect the main-
tenance of wild plant diversity, wider ecosystem stability,
crop production, food security and human welfare.

Importance of pollinator declines
Pollinators play an important functional role in most ter-
restrial ecosystems and represent a key ecosystem service
that is vital to the maintenance of both wild plant commu-
nities [1,2] and agricultural productivity [3,4]. Insects,
particularly bees, are the primary pollinators of most
agricultural crops and wild plants and so our review will
focus on insects. Pollination services depend on both dom-
esticated and wild pollinator populations, both of which
might be affected by a range of recent and projected environ-
mental changes, such as habitat loss and climate change,
withunknownconsequences forpollination service delivery.
Growing concern about the fate of both domesticated and
wild pollinators has resulted in the establishment of special
initiatives by the Convention on Biological Diversity (Inter-
national Pollinator Initiative, http://www.cbd.int/decision/
cop/?id=7147) and several continental, national and
regional programmes to tackle the issues of pollinator
declines.

However, whether substantial evidence exists for wide-
spread declines and negative impacts on pollination ser-
vices was recently questioned [5], although since then
published literature on the subject has greatly expanded.
Here we review our current understanding of the status
and trends of pollinators, and how pollinator declines and
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associated loss of pollination services impact floral biodi-
versity and human livelihoods. We assemble and appraise
a diverse set of studies addressing the question of what are
the actual drivers of observed pollinator declines and what
are the consequences. Finally, we identify themost import-
ant future research directions.

Current status and trends of pollinators
Globally, the pollinator that is predominantly managed to
enhance agricultural production is the honey bee (Apis
mellifera), although other species of bee are used in special-
ist contexts (e.g. the leafcutter bee Megachile rotundata)
[6]. The honey bee, which has been well studied compared
to other bee species, has been documented to be capable of
increasing yield in 96% of animal-pollinated crops
(Appendix 1 and 2 in [3]). The honey bee also provides
pollination services to many wild plants, but the amount
they contribute is not always well supported by empirical
data, and the contribution of wild pollinators might be
higher than previously acknowledged [3]. There is clear
evidence for severe regional declines in domestic honey bee
stocks in the USA (59% loss of colonies between 1947 and
2005, [6,7]) and Europe (25% loss of colonies in central
Europe between 1985 and 2005, [8]) making the depen-
dence of agricultural crops, and possibly wild plants, on a
single species worrisome. Substantial concerns have been
raised about the future availability of honeybee pollination
services. Indeed, owing to the ectoparasitic mite Varroa
destructor, an invasive species from Asia [9], most wild and
feral honey bee colonies in Europe and the USA have
vanished, leaving only those kept by beekeepers [10–12].
Unfortunately, in recent decades beekeeping has been an
industry in decline in the USA [6,7] and most European
countries [8]. Despite these regional losses, worldwide the
number of honey bee hives have increased by �45% since
1961, however, the proportion of agricultural crops
depending on pollinators is increasing much more rapidly
(>300%) so that the demand for pollination services could
outstrip the increase in hive numbers [13].

Honey bee population shifts are poorly documented, but
even less is known about recent changes in wild pollinator
populations and communities. Until recently there was
01.007 Available online 24 February 2010 345
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Box 1. Declines in wild bees and hoverflies in the UK and Holland

Biesmeijer and colleagues [18] analyzed species diversity change

utilizing the accumulation of records in national entomological data-

bases, collected largely by amateur naturalists from societies such as the

Bees Wasps and Ants Recording Society in the UK (www.bwars.com)

and the Netherlands Entomological Society. Although not representing

systematic sampling programmes, these databases contain hundreds of

thousands of carefully collected records. Rarefaction analysis was used

to provide a robust measure of species diversity change despite uneven

sampling effort. The results show that, in both countries, bee diversity

has fallen significantly in most landscapes (pre- versus post-1980),

whereas hoverfly diversity increased in the Netherlands, with a mixed

response in the UK (Figure I). Analyses of pollinator traits demonstrated

that in bees and hoverflies, specialist (diet and/or habitat) and sedentary

species tended to decline, whereas mobile generalists tended to thrive.

In addition, parallel losses were demonstrated in wild plant

communities. In the UK, animal-pollinated plants have declined

more (mean relative change according to UK plant atlas: �0.22) than

self-pollinating (�0.003) and wind-pollinated species (+0.18). How-

ever, in the Netherlands, where bee diversity declines were

accompanied by increased hoverfly richness, only bee-pollinated

plants declined; plants pollinated by hoverflies and other pollinators

have continued to thrive. The parallel dynamics between plants and

their pollinators suggest a link between the two, although this is

correlative and the mechanism is as yet unknown. It could be that

plant declines are caused, in part, by a lack of pollination services, or

bees could be declining owing to a lack of floral resources, or indeed

both could be declining owing to shared sensitivity to environmental

changes.

Figure I. Changes in species richness since 1980 in 10 � 10 km grid cells for British bees (top left) and syrphids (top right) and Dutch bees (bottom left) and syrphids

(bottom right). Data used are available from the Bees Wasps and Ants Recording Society (UK bees, www.bwars.com), the Hoverfly Recording Scheme (UK syrphids,

www.hoverfly.org.uk) and the European Invertebrate Survey (Dutch data, www.eis-international.org/index.php). Bee diversity has overwhelmingly declined in

landscapes of both countries. Hoverfly diversity has increased in many Dutch landscapes, whereas we find balanced increases and declines of British hoverfly species

richness. Grey cells indicate cells with insufficient data for analysis. Adapted with permission from Ref. [18].
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little firm evidence of geographically widespread declines
for most groups [5]. Among bees, the best documented
group are the bumblebees (Bombus sp.), which have shown
evidence of an ongoing decline in diversity over much of
Belgium and the UK [14,15]. For example, in the UK 6 of
the 16 non-parasitic bumblebees have declined consider-
ably (including B. subterraneus which has become extinct),
4 might be declining and 6 are stable or increasing [16].
346
With the exception of butterflies [17], data for other polli-
nators, including other bee species, are fragmentary
because of the lack of coordinatedmonitoring programmes.
Consequently, scientists have had to rely on data collected
in less standardized ways to test for changes in the
pollinator community, such as comparing recording fre-
quencies between time periods or comparing species rich-
ness ([18], Box 1).

http://www.bwars.com/
http://www.bwars.com/
http://www.hoverfly.org.uk/
http://www.eis-international.org/index.php
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Indirect evidence of pollinator loss comes from studies of
pollinator communities along gradients of agricultural
intensification and habitat fragmentation as proxies for
temporal change [6,19–21]. Quantitative syntheses of
these local-scale studies suggest a widespread pattern of
loss of pollinator richness and abundance as a result of
agricultural intensification and habitat loss [4,21]. Asmost
natural landscapes around the world have been anthro-
pogenically modified, it is likely that pollinator abundance
and richness has declined in many parts of the world.
There is also evidence that pollinator losses are biased
towards species with particular traits: for example, bum-
blebees with narrow pollen specialisation [22], and dietary
and habitat specialists among pollinators in general [18].
Such biased extinctions raise concerns that important
functional roles, such as long-distance pollen dispersal,
will be lost, reducing the resilience of pollination services
across species, time and space [20].

Ecological and economic consequences of pollinator
declines
Pollinator loss will impact two broad groups of pollinator-
dependent flowering plants: wild flowers and cultivated
crops.

Impacts of pollinator declines on wild flower pollination

The decline in pollinator diversity and abundance can
bring with it a decline in pollination services for wild plant
populations, potentially affecting populations of animal-
pollinated plants (and thus potentially further reducing
floral resources for the pollinators). Most wild plant species
(80%) are directly dependent on insect pollination for fruit
and seed set, and many (62–73%) of the plant populations
investigated showed pollination limitation, at least some of
the time [1,23], although this may vary markedly between
sites and seasons. Obligate outcrossing animal-pollinated
plants are particularly vulnerable to declines in pollination
services [2], and such species have generally declined in
parallel with their pollinators (at least in Western Europe,
[18]). Such correlative approaches should ideally be backed
up bymore mechanistic evidence, but there are few studies
that have explored the consequences of pollen limitation on
plant survival and plant community composition [24,25].
Although there might be many ways for short-term com-
pensation for poor pollination (e.g. clonal propagation), this
cannot compensate in the long-term for a chronic loss of
pollination services [26]: in a meta-analysis of 54 studies
(covering 89 plant species), the most frequent proximate
cause of reproductive impairment of wild plant populations
in fragmented habitats was pollination limitation [2].

Among animal-pollinated species, those with the most
specialised pollination requirements might be expected to
bemost at risk, but there is little evidence of this [2]; it may
be that the redundancy that is built in to most plant–
pollinator networks can provide some buffering capacity
against pollinator species losses. Usually, plant–pollinator
interactions are asymmetric and generally nested [27],
with a core set of generalist species having key roles and
specialist pollinators often relying on generalist plants and
specialist plants often relying on generalist pollinators
[28]. Since generalist species are often less vulnerable to
change than specialist species [e.g. [18]18], they might
partly sustain network structure under changed con-
ditions. However, generalist species are still vulnerable.
For example, local extinction of the supergeneralist hon-
eybee as a result of disease is not unlikely and could lead to
considerable species loss of plants [29]. Asymmetric and
nested network patterns are widespread and largely inde-
pendent of community composition, geographic location
and other factors [27]; asymmetric networks are also
suggested to have a high level of redundancy [29,30]
making them relatively robust to the loss of species and
interactions. However, ongoing global change affects not
only species occurrences, but also species interactions and
interaction pathways [25,31,32]. Thus, in the face of severe
disturbance, plant–pollinator networks could also reach a
tipping point and collapse despite their seemingly robust
structure [29,30].

Impacts of pollinator declines on crop production

Insect pollination, mostly by bees, is necessary for 75% of
all crops that are used directly for human food worldwide
[3]. Although many of the highest volume crops (e.g. rice
and wheat) are wind-pollinated [5], a large proportion of
fruit crops (e.g. apple, melon and berry) are potentially
vulnerable to declines in apiculture and wild pollinator
stocks. The cultivation of pollinator-dependent crops stea-
dily increased between 1961 and 2006 [33]. Although the
average yield increase over time is no lower than for
pollinator-independent crops [33], a more detailed analysis
has revealed that a large proportion of this annual yield
increase can be explained by the use of commercial polli-
nators (usually honey bees) or hand pollination (a rela-
tively rare practice) [34]. Until now, most growers have
either matched their pollinator needs by renting honey
bees, or utilized the ‘free’ services of wild bee species
foraging in farm fields, a component of pollination services
that has largely been overlooked in economic calculations
(but see [35]). Despite the importance of pollination for crop
production, there is still a lack of basic information about
how species diversity, and the abundance and community
composition of pollinating insects, contributes to seed and
fruit yield and quality in most crops [but see [36,37]36,37].

The global annual economic value of insect pollination
was estimated to be s153 billion during 2005 (i.e. 9.5% of
the total economic value of world agricultural output con-
sidering only crops that are used directly for human food
(Box 2; [38]). Complete pollinator loss would translate into
a production deficit over current consumption levels of -
12% for fruits and -6% for vegetables [38]. Although this
scenario is unrealistic, the purpose of such calculations is
to demonstrate the relative importance of insect pollina-
tion as an important agricultural input. This calculation
takes into account the fact that production of most crops is
only partially reduced in the absence of insect pollinators,
and a pollinator dependence ratio (compiled in Ref. [3]) was
utilized to derive calculations of economic value [38].
Different crop varieties can have different yield responses
to changes in animal pollination, but little information
exists on these differences [3]. Accordingly, global economic
calculations of the value of pollination services could
change substantially if the true dependencies associated
347



Box 2. Economic value of pollination and vulnerability of global agriculture

Gallai et al. [38] estimate insect pollination economic value (IPEV) as a product of the proportional contribution of biotic pollination to production

(dependence ratio from Ref. [3]) and the total economic value (EV) of the 100 most important commodity crops used for human food (2005 FAO

crop database, http://www.fao.org), summed across crops. For all included crops, the global IPEV was estimated at s153 billion per annum,

which is equivalent to 9.5% of the value of world agricultural production.

The IPEV:EV ratio provides a measure of the economic vulnerability of each crop to the loss of pollinators and was found to vary widely across

crop categories. Globally, vulnerability was high for fruits (23%), vegetables (12%), nuts (31%), edible oil crops (16%) and stimulants (39%), lower

for pulses (4%) and spices (3%) and 0% for cereals, roots and tubers and sugar crops (Table 2 in Ref. [38]). Whereas staple crops, being primarily

wind-pollinated, have low vulnerabilities, those crops providing much of the proteins, vitamins and minerals in human diets are more reliant on

biotic pollination. Vulnerability values were heterogeneous across the globe, with some regions more at risk of pollinator loss than were others

(Table I, adapted from Table 3 in Ref. [38]).

The reliance of Gallai et al. [38] on market data for determining pollination value has five caveats: (i) it assumes accurate pricing of crops by the

market; (ii) it attributes the full value of crops to pollination processes, rather than utilizing the net value that subtracts the cost of other inputs; (iii)

it does not capture crop varietal differences that alter yield responses to pollination services; (iv) it does not include subsistence farming where

data for agricultural goods is never captured; and (v) it takes no account of other benefits provided by pollination services, such as contribution to

non-timber forest products, indirect value of livestock reliant on pollination products, maintenance of wider ecosystem functions and aesthetic

and cultural value [63]. Even though the analysis represents a situation in which all biotic pollination services are lost, there is no human

adaptation, and the costs of other inputs are not accounted for (therefore providing an upper-bound impact assessment) this total value is still

likely to be an underestimate if the values for (iv) and (v) were included.

Table I. Geographical distribution of the economic value of insect pollination and crop vulnerabilitya. Insect pollination economic
value (IPEV) is the proportional contribution of biotic pollination to production multiplied by the total economic value (EV) of the
100 most important commodity crops, summed for all crops in a region. The ratio of IPEV to the EV indicates the economic
vulnerability of crops to pollinator loss.

Geographical region (following FAO,

http://www.fao.org)

Insect Pollination Economic

Value (IPEV) in 109s
Vulnerability of region

(IPEV/EV)b

Africa 11.9 8

Central Africa 0.7 7

East Africa 0.9 5

North Africa 4.2 11

South Africa 1.1 6

West Africa 5.0 10

Asia 89.4 10

Central Asia 1.7 14

East Asia 51.5 12

Middle East Asia 9.3 15

Oceania 1.3 7

South Asia 14.0 6

South East Asia 11.6 7

Europe 22.0 11

European Union (25 members) 14.2 10

Non EU 7.8 12

North America (Bermuda, Canada and USA) 14.4 11

South and Central America 15.1 6

Central America and Caribbean 3.5 7

South America 11.6 6
aBased on data from Ref. [38].
bMean vulnerability for region calculated as unweighted mean of vulnerability of sub-regions.
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with each variety, and the area cultivated per variety, were
accounted for.

Potential drivers of pollinator declines
There aremany potential drivers that affect biodiversity in
general and pollinator abundance and diversity in particu-
lar [6], and different environmental drivers rarely act in
isolation [e.g. [39]39]. Interactive, non-additive effects,
where one sub-lethal driver increases the severity of
another driver, can help explain ongoing declines in wild
and managed pollinators (Box 3; [17,31,40]). However,
while awareness of the importance of interacting drivers
is increasing [32], most studies have analysed the impacts
of specific drivers in isolation, and therefore evidence of
interactive effects is scant (but see [41]). Among the most
important drivers are land-use changewith the consequent
loss and fragmentation of habitats [15,21,42,43]; increas-
348
ing pesticide application and environmental pollution
[44,45]; decreased resource diversity [18]; alien species
[46,47]; the spread of pathogens [48,49]; and climate
change [50,51].

Land-use change: habitat loss, fragmentation,

degradation and resource diversity

Habitat loss is generally thought to be the most important
factor driving bee declines [52]. In a quantitative review
(meta-analysis) of 54 studies on the effects of different
types of disturbances on bee communities, Winfree et al.
[21] found a significant, but relatively small, negative
effect, of various types of disturbance on wild bee abun-
dances and species richness, of which habitat loss and/or
fragmentation was the most important contributor. Sim-
ilarly, in a quantitative synthetic analysis of 23 studies of
17 crops in agricultural landscapes from around the globe,

http://www.fao.org/
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Ricketts et al. [4] found a strongly significant negative
effect of distance from natural habitat (due to habitat
loss and/or conversion) on the richness and abundance of
wild bees. In both quantitative reviews, no such effects
were found on honey bees, which occurred as managed
species in many of the studies considered. In summary, the
bulk of evidence from quantitative synthesis supports the
hypothesis that habitat loss reduces bee diversity and
abundance.

Nonetheless, several studies demonstrate positive
effects of urbanization or agriculture on selected bee guilds
(e.g. cavity-nesters within urban areas, [53,54]) or bee
abundance and richness [55]. Various factors might be
responsible for a positive effect of habitat conversion,
including intermediate levels of disturbance that promote
availability of resources for pollinators across multiple
partial habitats [53,56] and the introduction of novel fora-
ging and/or nesting resources or micro-habitats [53,55]. In
addition, because bees are highly mobile organisms
adapted to using patchy resources, certain bee species
can tolerate or benefit from amoderate level of disturbance
[54], including moderate levels of habitat loss [21].

Habitat fragmentation is also postulated to negatively
affect wild pollinator populations, but to date, relatively
few studies exist on effects of fragmentation on pollination,
per se (i.e. addressing habitat isolation effects indepen-
dently of habitat area effects) [21,57,58]. Several studies
have not found an effect of fragment area on overall
community richness or abundance of bee pollinators,
although they have detected differential responses among
Box 3. Multiple drivers of honey bee loss

Despite comprehensive research efforts on the recent major honey

bee colony losses, no single driver has emerged as the definitive

cause of the phenomenon [48,80]. Instead, interactions between

multiple drivers are the most probable explanation for elevated over-

wintering mortality in honey bee colonies. At a global scale, most

managed honey bee, Apis mellifera, colonies are infected by the

ectoparasitic mite, Varroa destructor (with few exceptions (e.g.

Australia, some isolated islands such as Fiji and Réunion, and

possibly some central African countries such as the Democratic

Republic of Congo [97]), facilitating the potential interaction between

this driver and multiple potential drivers almost anywhere in the

world. Moreover, many other prominent honey bee pathogens, such

as Nosema spp. and several viruses, now have almost global

distributions [97]. Therefore, multiple pathogen infections and

interactions between pathogens and other the suspected drivers of

honey bee loss are inevitable, at least in areas with established mite

populations. Whereas the list of potential drivers is not new, the

evidence of interactive effects, though limited, is important and

growing. These interactions are particularly worrying as sub-lethal

effects of one driver could make another driver more lethal.

Potential drivers can be grouped into pests and pathogens, environ-

mental stressors (e.g. malnutrition, exposure to agrochemicals and

apicultural mismanagement) and lack of genetic diversity and vitality

[49]. As shown in Figure I, Interactions can occur within each group

(blue arrows), such as between agrochemicals (‘Environmental stres-

sors’ arrow, [98]) or among honey bee pathogens (‘Pests and

pathogens’ arrow, such as between V. destructor and viruses [99]),

resulting in lethal effects for individual bees and whole colonies.

Moreover, interactions might also occur between groups of drivers

(green arrows). For example, a sub-lethal and chronic exposure to

pesticides, that causes no harm to healthy colonies, might enhance

pathogen replication by compromising the immune competence of

individual honey bees, thereby resulting in lethal consequences

for entire colonies already weakened by disease (arrow between
tribes or guilds, with some favoured by increased native
habitat, and others favored by increased (non-native)
matrix area [53,58,59]. Other studies report declining
species richness and abundance with decreased fragment
size for bees [57] and butterflies [60]. As for the previous
group of studies, results varied by guild, with stronger
effects of fragmentation on richness and abundance for
bees that were solitary, parasitic and/or collected special-
ized pollen resources (oligoleges) [57], and for butterflies
that were monophagous [60]. The variance in response to
fragmentation among studies and guilds within studies
may relate to the quality of thematrix surrounding habitat
fragments [61] and the dispersal abilities of pollinators
[57]. An important outstanding question is whether there
is a critical threshold of habitat area required to maintain
viable bee populations? In the Cape Floral region, a study
of pollination failure in an orchid, Ptergodium catholicum,
suggested that habitats of 385 ha or less, when separated
by an urban, but not a rural matrix, were too small to
maintain populations of its sole bee pollinator, Rediviva
peringueyi [62]. However, little additional information is
available to answer this critical question since the rural
matrix can both provide nesting and foraging resources for
bees and facilitate movements between patches of natural
or semi-natural habitat; it could be that urban landscapes
that provide hard boundaries between habitat fragments
will provide the best places for investigation [61,63].

Habitat degradation might affect bee species primarily
by the loss of floral and nesting resources, and the intro-
duction of insecticides with lethal or sub-lethal effects. To
‘Environmental stressors’ and ‘Pests and pathogens’). Likewise, a

reduced genetic diversity may result in higher susceptibility to

pathogens (arrow between ‘Pests and Pathogens’ and ‘Genetic

diversity and Vitality’). Although some drivers and a few of the

interactions are at least partly understood (e.g. between V. destructor

and viruses, [99]), most of these interactions remain poorly studied.

Indeed, very little is known about the nature (additive vs. non-additive),

mode of action (e.g. immune compromised) and the magnitude of

these interactions in the field. In light of the similar life histories of many

insect pollinators, it appears likely that the underlying interactions are

similar for wild bees (except apicultural drivers). Therefore, a much

better understanding of these interactions between multiple drivers

would be essential if we are aiming for sustainable pollination.

Figure I. Interactions among multiple drivers of honeybee loss. Blue boxes

represent the three main groups of drivers associated with honeybee loss; red

arrows represent direct pressures on honeybees from drivers; green arrows

represent interactions between drivers; and blue arrows represent interactions

within drivers.
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date, studies of drivers potentially leading to habitat
degradation (grazing, fire, urbanization, agricultural
intensification) are few, and findings from a recent
meta-analysis did not find these disturbances to have an
overall significant impact on bees, although this might
simply reflect low statistical power [21]. However, we know
that agricultural intensification has increased the use of
agrochemicals, resulting in potential habitat degradation
within agricultural areas. Insecticides can cause mortality
by direct intoxication [64] and can result in local shifts in
wild bee diversity and abundance [65], whereas herbicides
and fertilisers can affect pollinators indirectly by decreas-
ing floral resource availability [66,67]. Risk assessment
procedures for pesticides usually only consider effects on
honey bees even though the effects of pesticide exposure
varies between pollinator taxa [68]. Sub-lethal effects of
pesticides have been demonstrated [69] with implications
for the longer term survival of populations. A comparison of
fallow strips next to organic versus conventional wheat
fields found that both adjacency to organic fields and the
proportion of the landscape that was farmed organically
significantly increased bee diversity and abundance [67].
In addition, the effects of agrochemicals might not be
restricted to agricultural lands themselves because agro-
chemicals can drift into semi-natural habitats where pol-
linators nest and forage.

Plant biodiversity in most regions of the world has also
undergone rapid change in recent decades. Where high-
quality data sets have been compiled [70], local plant
diversity appears to have declined in most sites and most
habitats. These declines seem to have affected obligately
outcrossing animal-pollinated plant populations in
particular as they rely entirely on insect pollen vectors
[18], suggesting a general decline in floral resources for
pollinators. Indeed, in the UK, there is evidence that 76%
of forage plants used by bumblebees declined in frequency
between 1978 and 1998 [71]. Recent research has begun
linking these floral shifts to pollinator dynamics, both in
controlled experiments [24] and in the field [22,71]. If
wild floral resources have decreased, the planting of
mass-flowering crops such as oilseed rape and sunflowers
could provide valuable resources for pollinators [72].
However, such superabundant resources are only avail-
able for brief periods of time and as a consequence they
might have little effect in sustaining viable pollinator
populations [63].

Introduction of alien species: plants, pollinators, pests

and pathogens

There is empirical evidence that entomophilous alien
plants are readily integrated into native plant–pollinator
networks, and can act as additional pollen and nectar
sources [47]. In this case alien plants can buffer against
potential shortages in nectar (and pollen) supply under
environmental change [41]. For instance, the alien plant
Impatiens glandulifera facilitated the survival of native
bumblebees when native nectar sources were scarce [22].
Therefore, alien plants with showy floral displays and/or
large rewards decrease the dependence of native bees on
native plants. In Europe, a significant proportion of ento-
mophilous alien plants are ornamentals with long flower-
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ing seasons, appealing scent or showy flowers [73] and so
facilitate interactions with native bees. However, the
positive effects of alien plants might be limited to general-
ist pollinators, and indirect effects can disrupt native
plant–pollinator interactions. For instance, competitive
displacement of the preferred hosts of native pollinators
can lead to declines in native pollinator populations,
particularly specialist species [74].

Introduction of managed pollinators for crop pollination
and honey production can impact on native pollinators [46]
through competition for resources or direct interaction. A
high level of overlap in plant use (up to 90%) was reported
for alien Apis mellifera and native Bombus species in the
USA, [46] and up to 70% overlap for alienBombus terrestris
and native Bombus species in Japan, [75], indicating high
potential for competition. However, it still remains con-
troversial whether competition actually occurs and
impacts native pollinator population viability [47].
Whereas several studies show no support for negative
effects of domesticated alien pollinators [76,77], others
report impacts on reproductive success and body size
[46,78]. Alien pollinators can also have negative effects
through genetic dilution, for instance, sub-species of man-
aged honey bees and several bumblebees can interbreed
with endemic populations, thereby eroding genetic diver-
sity of native populations or even leading to the extinction
of local sub-species [79].

There is good evidence that translocated alien bees can
increase the risk of pathogen spread [47], including further
spread of the ubiquitous Varroa mite into new areas such
as Hawaii. Infection of colonies by multiple pathogens, and
the resultant interactions between pathogens and other
environmental stressors, is proposed as one of the reasons
for the recently observed honeybee colony collapse disorder
[48,80,81], a phenomenon which the authors expect new
studies to support. Climate change can affect the spread
and virulence of pests and pathogens [31,41], whereas
other factors such as land-use change, pesticide load, or
decreased resource availability might increase bee
susceptibility to pests and pathogens or vice versa (see
Box 3).

Although little is known about the potential for inter-
and intra-specific transfer of pathogens in bee commu-
nities, there is evidence that the extent and role of host
shifts and shared pathogens has been underestimated [82].
This is particularly true for honey bee viruses, including
the widespread deformed wing virus [83], which is able to
replicate within its mite vector [84]. Honey bee viruses can
invade multiple host species [85] and are thus likely to
infect non-Apis wild bees and wild bee viruses may be able
to infect honey bees. Indeed, preliminary data suggest that
the virulence of deformed wing virus might be higher in
bumblebees than in its original host, honey bees [86]. Non-
native domestic bees can also act as dispersal vectors for
parasites and associated diseases, leading to the infection
of congenerics (e.g. Varroa mites in Apis, Nosema spp. in
Bombus and Ascosphaera apis fungus in Megachile [87]).
Whereas the introduction of pest species (e.g. small hive
beetle, Aethina tumida) and various pathogenic viruses
have been shown to pose significant threats to feral and
managed honey bees [88], their effects on wild native
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pollinators remain unknown. There is, however, evidence
suggesting a host shift of A. tumida in the USA to com-
mercial bumblebee colonies [89].

Climate change

Most evidence for climate change impacts on pollinators
comes from butterflies, though studies on other pollinators
remain scant. Recent climate change has already affected
butterfly distributions [90], and future changes, which are
predicted to be greater in extent than recent historical
changes, are likely to have even more severe impacts [17].
These patterns are consistent with the few studies on bees;
Williams et al. [50] found a relationship between climatic
niche and declines in British bumblebees, whereas Dor-
mann et al. [51] projected general declines in future bee
species richness in Europe. Such impacts of climate change
occur at all organisational levels from the individual level
(e.g. changing the temporal activity of bees [91]), through
population genetics (e.g. evolutionary change in butterflies
[94]), species level shifts (e.g. changes in phenology [92],
bumblebee declines due to narrower climatic niches [50], or
local or regional extinction of butterfly species [93,94]), to
the community level (e.g. changing composition and func-
tioning of pollinator communities [95]). In addition to such
direct impacts, indirect effects, when climate change
affects interacting species, might be equally important
but is poorly studied. Climate change-induced mismatches
in temporal [92] and spatial co-occurrence [96], and
morphological and physiological interdependencies of dif-
ferently responding animal-pollinated plants and pollina-
tors can potentially disrupt their interactions [95].

Multiple drivers and pressures

The drivers described above act simultaneously and could
act synergistically on pollinator communities [32]. Based
on theoretical considerations and supported by evidence
from a broad range of organisms, including pollinators
such as butterflies, Didham et al. [39] conclude that non-
additive effects of multiple drivers and pressures can be
particularly important. However, most studies to date
addressing effects of multiple drivers have been relatively
limited in scope. The potential for interacting effects
requires that multiple drivers be simultaneously con-
sidered if we are to understand how pollinators and
animal-pollinated plants will respond to global change
[32,95,96]. One of the few insights into the interacting
effects of multiple pressures is for domesticated honey bees
(Box 3).

Conclusion and future directions
Growing evidence points to substantial losses of pollinators
in many regions of the globe, with the strongest evidence
coming from Europe and North America. Further studies
on other continents are needed to map the ubiquity of the
phenomenon. The integration of existing national and local
monitoring schemes and the establishment of a global
programme could yield important data to help direct policy
decisions regarding pollinators. Threats to pollinators are
diverse, and might interact; the current challenge is to
better quantify the relative importance of a range of dri-
vers and in particular their synergistic effects. With con-
tinued pressure from known drivers such as habitat loss
and pathogens, coupled with the clear ecological and
economic risks associated with pollinator loss, there is a
continued need to improve our understanding of the
nature, causes and consequences of declines in pollinator
services at local, national, continental and global scales.
Given the weight of evidence of pollinator loss and associ-
ated risks, investment in developing mitigation options
such as agri-environment schemes, protected area net-
works and alternative managed pollinators is essential
to ensure sustainable pollination services in a changing
world.
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